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ABSTRACT 

Lentil is one of the most important legume crops grown in Ethiopia. However, the yield of the 

crop is low mainly due to using low yielding local variety and poor soil fertility management 

practices. A field experiment was conducted during the 2017 main cropping season to evaluate 

the response of Lentil (Lens culinaris Medik) varieties to rhizobium inoculation and inorganic 

fertilizers application on yield and yield parameters, Nodulation, N and P up take on vertisol of 

Siya Debrina Wayu District. The experiments include six fertilizer treatments (control, 

inoculation alone, 100kgha-1,150kgha-1, 100kgha-1+inoculation, 150kgha-1+inoculation) with 

three lentil varieties (Derso, Jiru and local) were combined factorially in Randomized complete 

block design with three replication. Analysis of variance showed that all growth parameters 

yield and yield related traits were very highly significantly (P<0.0001) affected by the 

treatments. Moreover, except plant height and dry biomass all parameters showed very highly 

significantly (P<0.0001) interaction effects between fertilizers treatments and varieties.  Yield 

response most pronounced under application of 150kgha-1NPSZnB +inoculation treatment. 

Grain yield showed increment by 46.1%, 35.7%, 34.8%, 27.2% and 25.6% with the application 

of 150kgha-1+inoculation, 100kgha-1+ inoculation, 150kgha-1100kgha-1, and inoculation alone 

over the control treatments respectively. Dry biomass resulted increment by 28.6% (150kgha-

1+inoculation), 19.17% (inoculation alone), 18.78 % (100kgha-1+inoculation) and, 16.2% 

(100kgha-1&150kgha-1) related with the control. Similar increment trend were observed in the 

other parameters. Varieties were very high significantly different in almost all parameters. 

Derso as noticed from its higher performance on various growths and phonological characters 

including its response to 150kgha-1NPSZnB + Rhizobium inoculation application may be the 

best variety under Siya Debrena Wayu district agro ecology. Jiru showed medium performance 

in all parameters next to Derso. The local variety showed lower response to all treatments 

applied. The study revealed that Rhizobium inoculated seeds in combination with 150 kg per ha 

NPSBZn fertilizers had very high significant effect on all growth parameters in this study area. It 

is therefore recommended that farmers should adopted Derso variety with application of 150 kg 

per ha NPSBZn blended fertilizer together with rhizobium inoculation to increase lentil 

production in the study area.I would suggest that the experiments would have to be replicated 

over locations and years in order to ascertain the finding of the current study. 

Key words: BNF, Rhizobia, Lentil, Blended fertilizer 
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1. INTRODUCTION 

Lentil (Lens culinaris M.) is an important cool season food legume in Ethiopia. It is a short, 

slender, self-pollinated annual diploid (2n=2x=14) which exhibits a wide range of morphological 

variations (Sarker and Erskine, 2001).   Lentil belongs to the genus Lens of the Viceae tribe in 

the Legumnosae (Fabaceae) family, commonly known as the legume family (Fikeru et al., 2007). 

The scientific name Lens culinaris in 1787 was given to the plant by Medikus, a German botanist 

and physician (Hanelt, 2001).  It is a freestanding legume divided into two sub-species; the 

cultivated variety (Lens culinaris) and its wild relative (Lens orientalis) (Edossa et al., 2010). 

The cultivated lentil (Lens culinaris), ssp. Culinaris has two varietal types: small seeded 

(microsperma) and large seeded (macrosperma). It is almost a cash crop because it fetches very 

high prices compared with all other food legumes and main cereal crops such as teff, wheat and 

barley (MOA, 2015; EIC, 2016). 

 

Ethiopia ranks first in Africa and tenth in the world for the volume of lentils produced followed 

by Eritrea, Morocco, Egypt and Tunisia (Factfish, 2013;FAO, 2015). The total lentil cultivated 

area in the world is estimated around 4.34 million hectares, with annual production and 

productivity of 4.95 million tons and 1.26tonha-1 respectively (FAO,2014;Abreham, 2015). The 

major lentil-growing countries of the world are Canada, India, Turkey, Australia, USA, Nepal, 

China, and Ethiopia though, the share of lentils in total pulse production both in the world and 

country level is low.Currently in Ethiopia lentil covers an area of about 100,692.74ha-1 and 

production in country were 13393.3641 ton in 2015/16 (CSA, 2016), a relatively small volume in 

comparison with in India or Canada (FAO, 2016). In terms of total pulse area coverage and 

production, the average national share of lentils in area coverage was only 6.09% and total 

production 4.83%during the same period (CSA, 2016). In Ethiopia Lentil, production is growing 

steadily. It has increased from 84,900 tonnes in 2005 to 133,933.6ton in 2015/2016(CSA, 2016). 

However, the share of lentils in area coverage and total pulse production is low. Average lentil 

productivity per hectare is about 1.39 ton (CSA, 2015), 1.150 ton and1.26 ton(FAO, 2014)for 

Ethiopia, Africa and the World, respectively. Its productivity in Amhara region is estimated to be 

1.33 tons per hectare, which is low as compared to 1.39 tons per hectare national average (CSA, 

2015).This, was very low when we compared with India or Canada (FAO, 2015). 
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Lentils are a relatively high-value crop compared to other pulses, such as beans and cowpeas, 

and smallholder farmers earn a more substantial income per hectare. (CSA, 2016).Lentil is a 

major source of protein (28%) for human consumption and its straw is a valued animal feed 

consisted of minerals (2%) and carbohydrates (59%) (Frederick et al., 2006). Lentil seed is 

indigestible constipating tonic and useful in diseases of chest and for ulcer treatment (Gupta, 

1992). The enrichment of lentil with high protein makes it the prefer pulse crop to rural poor 

household in the world who not afford expensive animal products (Abraham, 2015).Because of 

this nature, lentil was called poor man’s meat due to its low price compared to meat. It efficiently 

complements the cereal rich food in making nourishing meal by balancing the amino acid and 

micronutrient content of the diet. Enhancement of productivity of lentil is very vital, as most of 

the poor people in the world are depend on it for protein supply to meet their food, nutritional, 

and healthy benefits (Abreham, 2015).  

 

Pulse has the ability to reduce atmospheric N2to usable form through BNF in association with 

root nodule bacteria. Legume has special bacteria in their root system and made use of N from 

the air (Adjei et al., 2000).The association contributes 50-70 million tons annually to the global 

agricultural N budget (Unkovich et al., 2008). This accounts for 40-70% of total global nitrogen 

inputs (Kahindi and Karanja, 2009).Several Authors also indicated the positive effect of 

Rhizobium inoculation alone and in combination with fertilizers on different soil types(Asgelil, 

2000; Amanuel et al., 2000; Ayneabeba et al., 2001). Similarly, other result indicated that 

rhizobium inoculation integrated with the application of S, B, Zn and other plant nutrients 

improved lentil or pulse crops production  compared to rhizobium inoculation alone(Togay et al., 

2008;Valenciaet al., 2011; Beza Shewangizaw, 2017).Increasing and extending the role of 

Rhizobium Biofertilizer can reduce the need for chemical fertilizers and decrease adverse 

environmental effects (Erman et al., 2011; Namvar et al., 2013).Despite its importance, 

production of lentil in Ethiopia is characterized by a low mean yield of 1.39 t·ha-1 (FAOSTAT, 

2014). 

 

In crop productivity nutrients management plays a vital role while less availability of nutrients 

causes reduction in yield and productivity. The deficiency of macro and micronutrients were 

recorded in many soils in Ethiopia (ATA, 2016). Low soil fertility is partly responsible for 

declining crop yields and food security concerns for smallholder farmers in many parts of 
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Ethiopia and in Siya Debrena Wayu district(Ali et al., 2008). Crop yield increased by 

maintaining soil fertility and use of sufficient and balanced plant nutrient therefore, adequate 

supply of N is necessary to achieve potential yield. Nitrogen deficiency is a major factor limiting 

crop production all over the world (Salvagiotti et al., 2008) for smallholder farms in many parts 

of Ethiopia. Crop residues areused as livestock feed and manure as fuel resulting in a net export 

of nutrients without adequate replenishment, and cropping practices have contributed to severe 

topsoil erosion. 

 

Subsistent smallholder farmers in Siya Debrena Wayu district still could not been maximized 

their lentil production and productivity due to the above factors described contributed to the low 

production of crops. Moreover, Use of poor yielder local variety, poor agronomic practices 

(Geletu and Yadeta, (1998) inadequate supply of the recommended fertilizers, current increasing 

price and application below the recommended rate are the main limiting factors for most farmers 

in Siya Debrena Wayu for better production of crops. On the other hand, poor extension services 

and luck of adequate knowledge to advanced cropping system especially fertilizers management 

contributed their own role to poor productivity and production. In addition, planting on marginal 

lands without any fertilizer application and lack of indigenous rhizobial symbionts of lentil in the 

soil as a result of continuous cereal mono-cropping system (Ghanemet al., 2015). Therefore, 

increases Lentil production had to come from intensifying cultivation that is increasing yields 

possible by using improved lentil variety, rhizobium inoculation and optimizing fertilization 

application. However, in Siya Debrina Wayu district there was no such further research work 

done to intensify lentil production. According to the atlas of soil fertility made by EthioSIS soil 

analysis report (ATA, 2016) at Siya Debre area the soil are deficient in S, Zn, K and B in 

addition to the low level of P and N. 

Therefore, this study was conducted with the following objectives 

 To evaluate the growth, nutrient uptake and yield response of lentil (Lens culinaris 

Medik.) varieties to different NPSZnB fertilizer rates and Rhizobium inoculation at Siya 

Debrina Wayu district, North Shewa zone, Ethiopia. 

 To examine the effect of Rhizobium inoculation on growth, nodulation, yield and yield 

components of lentil varieties 

 To evaluate the economic feasibility of the fertilizers 
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2. LITERATURE REVIEW 

 

2.1. Lentil production in Ethiopia 

Small-scale farmers in Ethiopia grow various crops for own consumption and economic benefits. 

Pulses are among the crops produced in all the regions of the country following cereals in terms 

of total production and area coverage (CSA, 2013). Lentil is one of the major highland pulses of 

Ethiopia that grows in rotation with tef, wheat and barley particularly on the heavy black soils 

(vertisols) (Jarso et al., 2009).Lentil production is mainly depends on soil type, altitude and agro-

ecologic conditions. In Ethiopia, its production is not mechanized and produced by smallholder 

farmers with fragmented plots of land mainly for household consumption (Jarso et al., 2009) 

Ethiopia is amongst the centers of diversity for lentil (Edossa et al.,2007). 

Ethiopian farmers have managed to double their lentil production in the past decade but still the 

current national average productivity found to be 1.39ton per hectare and the average lentil yield 

in Amhara region is 1.3ton per hectare while it is 1.5ton per hectare in North Shewa (CSA, 

2015). However, it reported that improved varieties could yield up to five ton per hectare under 

research fields and up to three ton per hectare under farmers’ field (EEPA, 2004) with full use of 

agronomic packages (CSA, 2013). 

2.2. Importance of Lentil 

Lentil seed is a rich source of protein, minerals (K, P, Fe, and Zn) and vitamins for human 

nutrition (Bhatty,1988, Abraham, 2015). Furthermore, because of its high lysine and tryptophane 

content, its consumption with wheat or rice provides a balance in essential amino acids for 

human nutrition. Lentil straw is also a valued animal feed (Erskine et al., 1990).The straw (haul) 

is an important source of feed for animals fattening. The Stover of the plants together with husk 

popularly known as bhushi is highly protein concentrated feed for cattle, hourse, pig and sheep 

(Sarker and Kumar, 2011).Lentil grain contains 25% proteins 0.7% fats, and 59% carbohydrates 

(Afzal et al., 1999). 

 

Lentil is one of the heavily consumed pulse crops in Ethiopia and is a popular ingredient of every 

day diet in the majority of households (Mulugeta, 2009). It is an invaluable source of protein (23-

25%) for the vast majority of Ethiopian masses. It is consume in different forms of preparation 
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(split or whole grain stew form Sambusa and sometimes as roasted or boiled whole grain snack 

alone or often mixed with cereals or other pulses. (Frederick et al., 2006)Therefore, local 

consumption is extremely high in Ethiopia (EIC, 2016).The relatively high level of lysine in 

lentil compensates for low concentration in cereal grains. Hence, when consumed in combination 

gives nutritionally well balanced diet (Abraham, 2015).It is an important part of the farming 

system and essential to nutrition in the subsistence farming community in Ethiopia (Korbu, 

2009). In such culture, a yield advantage of the succeeding cereal crop was realized because of 

the fixed nitrogen by the predecessor legume and due to breakage of the life cycle of important 

diseases and insect pests (Bedard et al., 2010). 

 

Legumes have always been critical components of the agro ecosystems throughout the world 

because of their ability to fix atmospheric nitrogen into usable plant proteins. Their ability to 

grow in Nitrogen poor soils and their contribution to the pool of soil nitrogen that could be used 

by succeeding crops (Mark, 2009). Around 250 million hectares of legumes were grown in the 

world and fix about 90 trillion gram of nitrogen each year (Graham and Vance, 2000) Nitrogen 

fixing legumes save approximately US $7-10 billion of nitrogen fertilizer each year. (Hardarson 

et al., 2003). The value of symbiotic biological nitrogen fixation by grain legumes in comparison 

to the cost of nitrogen fertilizer used in developing countries Maximizing the use of biological 

nitrogen fixation in agriculture; (Hardarson & Broughton (Eds) The fixed nitrogen used directly 

for plant growth and provides an excellent source of protein for humans and livestock. (Bedard. 

et al., 2010). 

2.3. Biological Nitrogen Fixation 

Nitrogen is an essential nutrient for all living organisms and necessary for the production of 

high-yield and high-quality agricultural crops. Although molecular nitrogen (N2) is the most 

abundant gas in the atmosphere, it is unavailable to plants in its elemental form. Biological 

nitrogen fixation is the process that changes inert N2 that is abundant in the atmosphere to 

biologically useful NH3 naturally by the help of prokaryotic organism such as eubacteria and 

cyanobacteria (Giller, 2001). Rhizobia are a group of bacteria that have the capacity to form 

nodules on legume roots (and occasionally on stems). In addition, can fix atmospheric nitrogen 

to partial or fully meet the nitrogen requirements of the host plant. Other plants benefit 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. To describe bacteria from root nodules, Frank 
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(1889) proposed name “rhizobia”, and after this proposal, all nodule-forming bacteria known as 

rhizobia. 

In legumes and a few other plants, the bacteria live in small growth on the roots called nodules. 

Different members of prokaryotes, specifically diazotrophs contributes approximately 16% of 

total nitrogen input in crop land (Olivieret al., 2011).Rhizobia are a major contributor to BNF, 

and the legume-Rhizobium symbiosis can fix up to 450 Kg N/ha/year (Unkovich and Pate, 

2000). Rhizobia as a group are not monophyletic and have been classified as α and β rhizobia 

(Moulin et al., 2002). Already 163 species from 12 genera (http://edzna.ccg.unam.mx/rhizobial-

taxonomy) have been described. However, further study of the genetic diversity of rhizobia helps 

to understand the evolutionary histories of the legume-Rhizobium symbiosis and helps to devise 

effective planning strategies to achieve the maximum benefit from legume-Rhizobium symboisis 

 

Many environmental factors in soil affecting these processes are low or extremely high level of 

soil moisture, salinity, deficiency of nutrient, extreme temperature, water holding capacity, 

nitrogen level, unfavorable soil pH, mineral toxicity (Giller, 2001 and Panchali, 2011). Many of 

these factors affect of nitrogen fixation and assimilation, as well as factors such as respiratory 

activities, gaseous diffusion and the solubility of dissolved gasses, which ultimately affect host 

plant Rhizobium association and hence plant growth (Keerio, 2001).   

2.3.1. Nodulation and N fixation mechanism 

The BNF symbiosis results from the complex processes of infection of roots by rhizobia, nodule 

development, and nodule function and nodule senescence.Whether native to the site orintroduced 

through inoculation, rhizobia must be able to survive in the soil until they infect the roots of a 

plant. Generally, these microorganisms survive well in soil, but acidity, drought, high 

temperatures, or other stress conditions can reduce their numbers. If the rhizobia are compatible 

with a given legume species, they will multiply in the root zone and attach to the root hairs of the 

plants. The root hairs are fine structures on the roots that absorb water and nutrients. After the 

rhizobia attach, they use the root hair as an entry point into the plant (Rashid, 2012). 

 

In some cases, rhizobia may also enter through "cracks" or breaks in the root surface where 

lateral roots emerge. The rhizobia enter the plant by forming an infection tunnel, or infection 

thread, through several cell layers to the site where a nodule will develop. Once inside the plant, 

http://edzna.ccg.unam.mx/rhizobial-taxonomy
http://edzna.ccg.unam.mx/rhizobial-taxonomy
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the rhizobia are protected to some extent from stresses in the outside environment. (Tenaet al., 

1982) Biological Nitrogen fixation is highly energy-consuming process. Nitrogen molecule is 

reduced to NH3 under consumption of ATP and redox equivalents and is associated with the 

formation of H2 as a by-product (N2 +8H+1+8e+16A gives 2NH3+H2+16ADP +16Pi) (Ludwig 

and Pool, 2003). 

 

The enzyme that catalyzed the reaction called Nitrogenase and consists of the dinitrogenase 

reductase protein (Fe protein) and dinitrogenase (MoFe protein) which actually catalyzed the 

reduction of Nitrogen. Communication between the plant host and Rhizobia starts when the plant 

secretes flavonoids in the rhizosphere (Perret et al., 2000). Different plant species secrete 

different flavonoids to select the appropriate rhizobia for effective symbiosis. The specificity 

determined by the flavonoids-binding transcriptional regulator nodD, which is the master 

regulator of symbiosis (Fellay et al., 1995). Induction of nodulation (nod) genes by NodD is 

essential for the production and secretion of rhizobial signaling molecules known as Nod factors 

(NFs). 

 

Nod factors are oligosaccharides consisting of four or five beta 1, 4 linked N-acetyl glucosamine 

residues with a fatty acid residue replacing the N-acetyl group at the non-reducing end. Different 

molecules (Perret et al., 2000; Cullimore et al., 2001) may also further modify nod factors. The 

enzymes involved in the synthesis of the basic Nod factors structure are encoded by the nodABC 

genes, which are conserved in all rhizobia except strains BTAi1 and ORS278. Nod factors in 

turn recognized by the plant, trigger root hair curling, and induce the formation of nodule 

primordiaand housekeeping genes in rhizobia (Wernegreen & Riley, 1999). The rhizobia end 

their journey at the site of the future nodule. There, special plant tissues develop around them. 

These include connective (vascular) tissues through which the plant feed sugars to the rhizobia 

and the rhizobia feed nitrogen back to the plant. As these and other tissues develop, the root 

begins to swell and the nodule becomes visible. 

 

In the field, nodules are visible within 21 to 28 days from emergence of the plant. The time from 

planting to the appearance of nodules varies depending on plant growth and availability of 

mineral nitrogen in the soil. (Perret et al., 2000)  Nodules differ in shape, size, color, texture, and 

location. Their shape and location depend largely on the host legume. Some of the common 
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nodule shapes, including spherical, finger-like, and fan-shaped. Within the developing nodule, 

the rhizobia become swollen. At this stage, they are called bacteriods. In a cycle depicted in, 

Nitrogen gas (N2) from the soil atmosphere reaches the bacteriods through pores in the nodule. 

The bacteriods produce the enzyme Nitrogenase, which they use to convert N2 to NH3 

(ammonia). 

The ammonia attaches to a compound provided by the plant, forming amino acids. These amino 

acids move out of the nodule to other parts of the plant where they undergo further changes. 

They are mainly used to produce proteins. The bacteriods need large amounts of energy to 

support their nitrogen-fixing activity. The plant provides energy as sugars, produced through 

photosynthesis. It is estimated that the legume-rhizobia symbiosis requires about 10 kg of 

carbohydrates (sugars) for each kg of N2 fixed. Clearly, the plant must be healthy to supply 

enough energy to support BNF. In addition to sunlight, it must have enough water and other 

nutrients. (FAO, 1984). 

Legume plants will generally produce nodules in response to several different strains of rhizobia, 

but not all these strains will be fully effective in fixing nitrogen. Some will be poor nitrogen 

fixers, many mediocre, and a few will be very good. Some strains may even induce nodulation 

but will not fix nitrogen at all. Nodules produced by effective rhizobia are usually large. They 

tend to be located in the  upper portion of the root system on the primary and lateral roots. In 

annual legumes, the number and size of nodules reach a peak about the time of flowering.  

 

Nitrogen fixation is also at its peak at this time. By contrast, nodules produced by ineffective 

rhizobia tend to be small. They are often quite numerous, scattered throughout the root system. ( 

Wernegreen & Riley, 1999).Young, healthy nodules that are providing nitrogen to the plant are 

often pink or red inside. As they age, they may contain white, green, and red areas, all within a 

single nodule. Ineffective nodules tend to be white or light green inside throughout the growing 

season, and they are often smooth textured (FAO, 1984; Fellay et al., 1995). 

2.3.2. Rhizobium inoculants 

Rhizobium inoculants are selected strains of beneficial soil microorganisms cultured in a 

laboratory and packed in with or without a carrier. They are host-specific, low cost and an 

environmentally friendly source of nitrogen (EIAR, 2014). Rhizobia inoculants coated on 
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legume seeds before planting enhance growth, yield of legume crops, and provide nitrogen and 

organic carbon for subsequent or associated crops. Incorporating legume crop residues would 

make this effect even more significant. Seeds coated with rhizobia inoculants are not exposed to 

chemical nitrogen fertilizer. The coated seeds must be planted in moist soil as soon as possible 

(EIAR, 2014).Phosphatic fertilizers help the rhizobia inoculants work well with the legume 

(Rashid, 2012). Rhizobia inoculants can improve and sustain soil fertility and soil health when 

used as part of a long-term rotation system.  

 

These inoculants help provide nitrogen but other nutrients should be added to crops in line with 

the recommendations for the area. Rhizobium inoculant substitutes chemical fertilizers and 

minimized cost. Despite the introduction of some labor cost in inoculating the seeds before 

planting, cost savings made in the following ways: The use of biological nitrogen fixing 

translates into lower expenditure on nitrogen fertilizer in the end. For example, the use of 500 g 

of a product, which is enough to treat 1 hectare, is 10 times cheaper than a 50 kg bag of Urea that 

does a similar job. (EIAR, 2014).The small pack sizes (sachets) make it cheap and easy to 

transport and store compared with inorganic fertilizers.  It is an approved input for organic 

farming – this means that production may get a premium, especially for export. This technology 

reduces environmental pollution compared with chemical fertilizers from manufacture to its use. 

It is also good for organic/sustainable farming. 

 

Lentil being a legume crop can fix atmospheric nitrogen through root nodules by Rhizobium 

bacteria, which may reduce the pressure of nitrogenous fertilizer application to the crop. It is 

evident that pulse include in the cropping pattern helped to increase the organic matter in the soil 

(Islam, 1988; Abreham, 2015).Seed inoculation with appropriated Rhizobium spp. recommended 

to improve legume growth. They can reduce nitrogenous fertilizer use and protect environments. 

Response to Rhizobium inoculation to lentil depends on the soil type, crop cultivar and 

effectiveness of Rhizobium strains. Research work on contribuation of Rhizobium inoculation on 

growth and yield of lentil is, however, scanty in our country.The selection of strain of Rhizobium 

particularly adapted to specific host plant is important. Judicious maching of Rhizobium strains 

with host plants and prudent use of large viable inocula prepared with this organism is the only 

way to attain maximum nitrogen fixation and yields of leguminous crops. The continuous use of 
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rhizobia inoculants in cropping systems can help improve the soil fertility levels for subsequent 

crops planted in the same field.  

 

The technology, therefore, is good for Ethiopian soils where 85% reported to have low levels of 

Nitrogen (EIAR, 2014).Rhizobium inoculants improve soil fertility by Maintaining or improving 

soil nitrogen levels through fixation. Promoting the growth of other beneficial soil 

microorganisms if the roots, stems and leaves of the legumes left in the ground providing 

increased soil organic matter from root, stem and leaf drops when systematically worked into the 

soil. (Fact sheet, 2016).Rhizobia inoculants help enhance production and productivity of field 

crops in the following ways:- Improves yield by up to 10% (particularly with 100 kg DAP/ 

hectare) in any cropping system, through: Improving soil health, Boosting plant growth-

promoting enzymes, hormones and auxins. Increased yields leads to higher income especially 

when favorable markets exist for the farm produces, Improves protein quality of crops, and the 

residual effect of rhizobial inoculants help ultimate yield increment by-helping to control striga 

by increasing soil nitrogen, Increasing legume stover and straw yield. Leaving these crop 

residues in the field contributes to improved soil fertility (Fact sheet, 2016). 

2.3.3. Effect of Rhizobium inoculations on Lentil yield 

Seed inoculation with appropriate Rhizobiumsp. recommended improving legume growth. They 

can reduce nitrogenous fertilizer use and protect environment. Response to 

Rhizobiuminoculation to lentil depends on the soil type, crop cultivars and effectiveness of 

Rhizobiumstrains. Grain legumes respond most strongly to inoculation when they are introduced 

into new areas where soils lack appropriate rhizobia (van Kessel and Hartley, 2000). There is 

presumably a yield advantage to crop inoculation in soils with inadequate inorganic N supply. 

However, the yield response to inoculation was highly variable and affected by inherent field 

variability, and by differences in environmental and edaphic conditions (van Kessel and Hartley, 

2000). 

 

Effective indigenous strains of Rhizobium leguminosarum biovar viceae are lacking in most 

soils, and therefore inoculation is essential to ensure adequate nodulation and N fixation for 

maximum yields (Bremer et al., 1988).Gan et al. (2005) reported that the use of inoculants 

increased lentil seed yield by 45% moreover, measurement at flowering stage of lentil crop 

showed that the inoculated lentil produced 9.6 nodules plant-1.Ahmed et al. (2008) reported that 
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number of pod per plant, 100 seed weight, seed yield per plant, nodule dry weight significantly 

affected with the interaction of lentil variety and rhizobium inoculation. 

 

Biswas et al. (2015) reported that combined effect of Rhizobium and PSB improved the 

availability of N and P in soil and ultimately increased N and P uptakes, which enhanced growth, 

yield attributes and yield of lentil.However, Bhuiyan et al. (2014) reported that strain had no 

significant effect on pods per plant, seed per pods, and stover yield. Inaddation, 1000 seed 

weight did not show any definite trend which was supported by (Rahman et al., (2009).Unlikely, 

Shahid Rasool et al. (2016) argued that dual inoculation of rhizobium and phosphate-solubilizing 

bacteria (PSB) significantly increased plant height over control and sole application on lentil. 

Moreover, rhizobium inoculation significantly increased seed yield by 11% over uninoculated. 

Nevertheless, 100 seed weight not significantly increased by seed inoculation with Biofertilizer. 

Similarly, Singh et al. (2016) reported that the combined inoculation treatment gave maximum 

grain yield, which was significantly higher than rhizobium, PGPR inoculation. Tena et al. (2016) 

reported that inoculated plants produced significantly higher nodule numbers and nodule dry 

weights than uninoculated plot both in the field and pot experiment in Ethiopia. 

 

Like most annual legumes, lentil can provide a part of its own N requirement through symbiotic 

N2 fixation when the plants are inoculated.FAOSTAT (2004) data showed that the annual 

nitrogen fixation by lentil was about 73kgNha/yr by the above ground plant part or110kgNha-1/yr 

including the below ground parts. The average removal of nitrogen by lentil was approximately 

65kgNha-1/yr in the harvested grain and lentil stored 8kg Nha-1/yr in the soil for the crops (Neil 

and Materne, 2007;Rashid, 2012). Walley et al. (2007) summarized results from 38 field 

experiments with Lentils conducted in Canada and reported a range of 9-88% N derived from 

fixation, with a median value of 60%.  

 

The Lentil root system takes about 20- 25% of fixed N in the plant, or about 22 kg per hectare in 

the roots and nodules (Ukovich and Pate, 2000). Ghosh et al. (2007) concluded that the carryover 

of N from grain legumes for succeeding crops (e.g. sorghum, pearl millet, maize, and castor) in 

dry lands and marginal and sub-marginal lands ranged from 30-120 kg per hectare. The 

carryover for Lentils is probably at a lower end of the range, estimated as 45 kg per hectare by 

McNeil and Materne (2007) and 23 kg N/ha by Van Kessel and Hartley (2000). In comparison to 
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other grain legumes (i.e. common pea, chickpea), Lentils are likely to have positive N balances 

(Walley et al., 2007). 

2.4.Response of lentil to Fertilizer Application 

Blending fertilizer is defined as the mechanical mixing of two or more granular fertilizer 

materials to produce mixtures containing nitrogen (N), phosphorus (P), potassium (K) sulfur(s), 

Boron (B), Zinc (Zn) and other essential plant nutrients (ATA,2016). It allows small batches of 

high analysis soil and crop specific fertilizers to be mixed and transported in an economical 

manner contributing additional profit for farmers and improving the environment because it 

provides balanced fertilization (James, 1997). Since fertilizers introduced to Ethiopia in the 

Freedom from Hunger Campaign, virtually all fertilizers used in Ethiopia are limited to 

Diammonum phosphate (DAP) and Urea. However, recent completed research and soil tests 

through the Ethiopian Soil Information System Project and Ethiopian soils are deficient in 

various other nutrients that are not provided by DAP and Urea ( ATA, 2016). 

Soil Fertility Status and Fertilizer Recommendation study in 2016 indicated that K, S, B, Zn, 

nutrients are deficient in Amhara region cultivated area of land (ATA, 2016).  Furthermore, 

Ethiopia’s crop yields have been constrained by a very limited set of imported fertilizers. 

However, by blending fertilizers here in Ethiopia, smallholder famers would not only have 

access to an expanded range of soil nutrients, they would actually be able to request custom 

blended formulas tailored to their specific soil needs. 

2.4.1. Nitrogen 

Nitrogen is the fourth most abundant element in plant and is an essential component of amino 

acid, enzyme, hormones, phenolics, phytoalexins and protein is available as the oxidized anion 

NO3
-1 or the reduced cations NH4

+and the form can affect the uptake of other element (Brady, 

2016). Addisu Asrat(2013) reported that increasing N rate from 0 kg N per hectare to 45 kg N 

per hectare increased the number of days required to reach 50% flowering from 43.7 days to 48.1 

days. Nitrogen fertilizer increased the leaf area, which increases the amount of solar radiation 

intercepted and consequently, increases days to flowering, days to physiological maturity, plant 

height and dry matter production of different plant parts. The height of plants for the highest N 

application rate (45 kg N per hectare) was significantly taller than the height of plants measured 

when the N rate changed from 15 to 45 kg per hectare. In addition, the result showed an increase 
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in biomass production when N application increased from the lowest to the highest rate. The 

highest biomass yield (4027 kg per hectare) produced at the rate of 45 kg N per hectare while the 

lowest (3713 kg per hectare) produced at 0 kg N per hectare (Addisu Asrat, 2013). 

 

Moreover, Ali and Raouf (2011) reported that number of days from sowing to flowering 

increased significantly with increasing nitrogen application amount from 50 kg urea per hectare 

per hectare(23 kg N) to 100 kg urea (46 kg N) per hectare in chickpea. Increasing N fertilizer 

amount increased significantly days to physiological maturity. The highest number of days 

required for completion of growth period of chickpea (115 days) recorded in the highest rate of 

nitrogen rate (45 kg N per hectare); Because N fertilization increases the vegetative growth of 

plants and keeps active; as a result, it delayed maturity. Use of N fertilization had positive effects 

on growth indices and, consequently, on yield and its attributes of chickpea.  

 

Adding N increased the production of dry matter in plants (Kibe et al., 2006; Salvagiotti et al., 

2008) ,which can increase the potential of plant to produce more plant height  ,number of 

branches, number of pods and number of seeds. That ultimately results in high grain and 

biological yield(Addisu Asrat, 2013).Similarly; other results Brady and Weil (2002) indicated 

that higher N fertilizer levels delays maturity of crop plants. Moreover, Gan et al., (2009) 

reported that appearance of phonological stages and growth period increased with increasing of 

nitrogen fertilizer rates in chickpea and soybean. 

 

Adeyeye et al. (2017) reported that Plant height was significantly higher through application of 

compost at 4 t/ha and the combine application rate of 2 t/ha compost+30 kg Nper hectareurea at 

all sampling times compared to the control and 30 kg N per hectare rate. Number of leaves 

showed significant difference among the fertilizer treatments. Fatima et al. (2013) reported that 

application of higher quantity of Nitrogen might have favored rapid growth and enlargement of 

tissues, resulting in higher leaf area index. Similarly, authors reported Mohammad janlooet 

(2009). 

2.4.2. Phosphorus 

Phosphorus (P) is non-renewable and second most important macronutrient listed in the analysis 

of NPSZnB fertilizers due to its vital role in cell division energy transfers and its regulator role 

for transport of sugars and starch within the plant, which is required for young tissues and 
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performs a number of functions related to growth, development and metabolism of the plant. It 

also called “the key to life” because it regulates many metabolic activities of the plant life. Plants 

take phosphorus mostly as the primary orthophosphate ion (H2PO4
-); however, some is absorbed 

as secondary orthophosphate (HPO4
2-). Phosphorus increases the hardiness of the crop and 

adequate supply of phosphorus results in rapid growth (Brady, 2016). 

 

Phosphorus is the key element for successful pulse production because it is involved in root 

development, stalk and stem strength, flower and seed formation, crop maturity and production, 

N-fixation, crop quality and resistance to plant diseases by enhancing the physiological 

functions. It play an important role to stimulate biological activities like nodulation, nitrogen 

fixation and nutrient uptake in soil and rhizosphere environment resulting in higher yield of 

legume crops. Phosphorus application ameliorates the negative effects of droughton 

physiological parameters and has ability to improve yield under water stress conditions (Singh et 

al, 2005). 

 

Phosphorus found in every living plant cell and is vital for plant growth, The plant for the 

formation of nucleic acids Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA), 

phospholipids, the coenzymes Nicotinamide adenine dinucleotide (NAD) and Nicotinamide 

adenine dinucleotide phosphate (NADP), Adenosine triphosphate (ATP) and other high-energy 

compounds utilized it. Phosphorus is involved in several plant functions, including energy 

transfer, photosynthesis, transformation of sugars and starches, nutrient movement within the 

plant and transfer of genetic characteristics from one generation to the next. It is required for 

most essential process i.e. phosphorylation in which Adenosine diphosphate (ADP) and ATP 

transfer the high-energy phosphate to other molecules (Brady, 2016).  

 

Lentil suffering from P deficiency stimulates the length of primary root, length and number of 

lateral roots and root hairs (Sarker and Karmoker, 2009) the increment in lateral roots was more 

than the primary root and resulted to increase in root surface area. The increase in the root 

surface area enhances the phosphorus acquisition from phosphorus deficient soils, however, the 

varieties having prolific root hair formation are better in acquisition of those nutrients (P, K, Fe, 

Mn, Cu, Zn, Mo) which are less available in soil(Beza Showan Gizaw,2017). Singh et al. (2005) 
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reported that each increment in phosphorus from 30 to 60 kg per hectare accelerate the main root 

length and root dry weight per plant. 

Phosphorus (P) and nitrogen (N) play specific role in symbiotic Nitrogen fixation through their 

effects on nodulation and Nitrogen fixation process (O’ Hara et al., 2002). Nitrogen fixation is 

very sensitive to P deficiency due to reduce nodule mass and decreased ureide production 

(Vanace, 2001). Symbiotic nitrogen fixation has a high P demand because the process consumes 

large amounts of energy and energy-generating metabolism strongly depends upon the 

availability of P (Israel, 1987). (Singh et al., 2008) investigated on lentil under dry land 

condition and reported that application of P fertilizer by 40 kg per hectare increased reproductive 

growth period by 12% over the control. Each increment in P (20, 40 and 60 kg per hectare) 

stimulates the lentil to increase the straw yield. 

Sing et al. (2016) reviewed that P application by 60 kg ha-1 to lentil increases the pods. Likely, 

Togay et al.(2008).Ibsa Aliyi (2013) reported that combined application of P and rhizobium 

inoculation significantly increased number of pod per plant, biomass, grain yield, and 1000seed 

weight, and shoot fresh weight, number of branch and nodulation of chickpea. According to 

According to Lamptey al. (2014), Yara at 30 kg per hectare produced the highest fresh and dry 

shoot weight of 1790g and 49.72g along with high nodules number of 220 and fresh nodules 

weight of 4.42g. 

Generally, Phosphorus in the soil has developmental activity in the plant’s root growth. 

Depending on phosphorus applications, the contact area of the root expands with the growth of 

root that, in turn, gives rise to a flourishing in productivity, also making it easier for the plant to 

benefit from the other nutritional elements in higher proportions. 

2.4.3. Sulfur 

Sulfur (S) is one of the essential nutrients for plant growth and it accumulates 0.2 to 0.5% in 

plant tissue on dry matter basis. It is required in similar amount as that of Phosphorus (Ali et al., 

2008). It is a building block of protein and a key ingredient in the formation of chlorophyll. 

Without adequate S, crops cannot reach their full potential in terms of yield or protein content 

(Zhao et al., 1999). It is required for the synthesis of S containing amino acids such as cystine, 

cysteine and methionine.Sulphur involved in various metabolic and enzymatic processes 
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including photosynthesis, respiration and legume-rhizobium symbiotic nitrogen fixation (Brady, 

2016). 

 

The legume, cabage and onion families require especially large amount of sulphur(Brady, 2016). 

Health plant foliage contains0.15to 0.45%sulfur or one tenth as much as nitrogen. Sulfur 

deficient's shows thin stem and petioles, slow growth, maturity delayed chlorotic light green or 

yellow appurtenance. In tropical countries, sulfur deficiency is common. The deficiency results 

in stunted growth reduced plant height tillers spikelet and delayed maturity. Sulfur deficient 

plants have also less resistance under stress conditions. Its fertilization helps enhancing the 

uptake of N, P, K and Zn in the plant. Due to its synergistic effect, the efficiency of these 

elements is enhanced which results in increased crop productivity. Sulfur is responsible for 

synthesis of cysteine, methionine, chlorophyll, vitamins, metabolism of carbohydrates, oil and 

protein contents (Sarkar et al., 2002; Singh et al., 2006) 

  

Application of S fertilizer is a feasible technique to suppress the uptake of undesired toxic 

elements (Na and Cl) because of the antagonistic relationship, thus its application is useful not 

only for increasing crop production and quality of the produce but also improves soil conditions 

for healthy crop growth (Zhang et al.,1999). Sulfur improves K/Na selectivity and increases the 

capability of calcium ion to decrease the injurious effects of sodium ions in plants (Wilson et al., 

2000).Sulfur application increased the grain S content at high N rather than low N treatment 

(Blake-Kalff et al., 2000). According to Habtegebrial and Singh (2006) the deficiency of S in 

soils is partly exacerbated by the fact that the Ethiopian agriculture mainly emphasizes on the use 

of high analysis NP fertilizers that contain little available S, continuous monocropping, seldom 

application of organic wastes, and the complete removal of crop residues. In addition, organic S 

must be mineralized to sulfate‐S to be taken up by crop plants. Therefore, the lower the organic 

matter content of the soil the more likely S deficiency is to occur. 

 

Ferro-sulfur proteins play an important role in nitrogen fixation and electron movement in 

photosynthesis. Sulfur has positive effects on root growth in plants in general. A marked increase 

in the N, in turn increase the nitrogen fixation by the plant and due to utilization of carbohydrates 

for protein synthesis. Increase in phosphorus content attributed to the favorable effect of sulphur 

fertilization on phosphorus absorption, as sulphur. Mobilizes soil phosphorus in available form 
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for plant use due to the action of acid produced by the added sulphur (Singh et al., 2006) and 

thereby, increased phosphorus content and uptake. Sulphur fertilization improves nutritional 

environment both in the rhizosphere and plant system. 

 

Sulphur content also increases due to rapid absorption and translocation of sulphur by plant with 

adequate sulphur from the soil (Muhammadet al., 2007) leading to improved sulphur content and 

uptake by the crop. . Functions of sulfur in plant nutrition are similar to those of nitrogen, but the 

quantity of S required by field crops is much smaller compared to N. Sulfur deficiency is 

normally associated with low soil S content, which results from extreme weathering and leaching 

of sulfate-S (Fageria, 2009). 

2.4.4. Zinc 

Zinc (Zn) is one of the eight trace elements among Fe, Cu, Mn, Cl, B, Mo and Ni that are 

essential for the normal healthy growth and reproduction of crop plants. It plays a key role in 

various plant metabolism processes such as the development of cell wall, respiration, 

carbohydrate metabolism and gene regulation (Cakmak, 2008). The universal deficiency of 

nitrogen and phosphorus followed by Zn deficiency, Almost 50% of the world soils used for 

pulse production is Zn deficient (Gibbson, 2006). Zinc has been found useful in improving yield 

and yield components of lentil( Singh ,2004) and adequately applied zinc has been shown to 

improve the water use efficiency of lentil plants (Bagci et al. ,2007). 

 

Zinc known to have an important role as a metal component of enzymes or as a functional, 

structural or regulatory co-factor of a large number of enzymes in many important biochemical 

pathways and essential for the normal healthy growth. The main factors that affect the amount of 

zinc in soil are pH, carbonate content, organic matter, soil texture and interaction between zinc 

and other microelements, such as iron (Bukvic et al., 2003). Zinc is important to membrane 

integrity and phytochrome activities (Shkoinik, 1984). Zinc is essential for the normal healthy 

growth and reproduction of plants and plays a key role as a structural constituent or regulatory 

co-factor of a wide range of enzymes in many important biochemical pathways (Kabata and 

Pendias, 2001). Zinc fertilizers used in the prevention of Zn deficiency and in the biofortification 

of cereal grains (Alloway, 2002). Populations with monotonous diets consisting mainly of 

cereals are especially prone to Zn deficiency, which affects about two billion people (Sperotto et 

al., 2012). 
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Supplementation or food fortification programs have not always been successful. Breeding and 

genetical programme is also not so successful on farmer’s field. Crop Zn fertilization is an 

alternative solution that efficiently mobilize, enhance their uptake by different edible portions of 

plant also not very effective due to Fe soil insolubility. Organic manures play a vital role in 

improving availability of zinc by direct contribution as well as indirectly by influencing chemical 

transformation reaction and microbial activity (Rathod et al., 2012) Application of Zn fertilizers 

with high water solubility is the most effective way to correct Zn deficiency. Zinc fertilizer water 

solubility levels of about 40–50% of the total Zn needed to meet the Zn requirements for the 

current crop, and high correlations found between Zn fertilizer water solubility and plant growth 

and Zn uptake (Slaton et al., 2005). 

 

Forms of zinc in the soil that can affect its availability to plants are water- soluble zinc, 

exchangeable zinc, and adsorbed zinc on the surface of colloids or organic matter, and zinc 

substituted for Mg2+ in the crystal lattices of clay minerals (Tisdale et al., 1993). A good way to 

overcome Zn deficiencies is to apply a Zn compound broadcast or with row fertilizer. Such 

application often lasts several years. Zinc sulfate and zinc oxide are the most common source of 

Zn used for supplying Zn to alleviate zinc deficiency. The functional role of Zn includes auxins 

metabolism, Nitrogen metabolism, influence on the activities of enzymes (e.g. dehydrogenase 

and carbonic anhydrase, proteinase, and peptidases), and cytochrome c synthesis, stabilization of 

ribosomal fractions and protection of cells against oxidative stress. 

 

Poor growth, Interveinal chlorosis and necrosis of lower leaves are the common symptoms of Zn 

deficiency in field crops. Plants emerged from seeds with low concentrations of Zn could be 

highly sensitive to biotic and abiotic stresses. Zinc enriched seeds can perform better with 

respect to seed germination, seedling health, crop growth and finally yield advantage (Cakmak et 

al. ,1996). Zinc plays an important role as a metal component of enzymes (alcohol 

dehydrogenase, superoxide dismutase, carbonic anhydrase and RNA polymerase) or as a 

functional, structural, or regulator cofactor of a large number of enzymes (Marschner, 

1986).Foliar application of Zinc sulfate for faba bean plants increased number of pods/plant and 

seed yield/fed.(El-Masri et al., 2002)-reported marked improvement in faba bean yield and its 

components as well as seed quality). 
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Zinc is involved in various host plant metabolic processes, nodule growth and N2 fixation 

processes. In Zn deficient plants, protein synthesis and protein levels are markedly reduced but 

amino acids and amides are accumulated as Zn is the structural component of the protein 

synthesizing polymerase enzyme; hence, in Zn deficient plants, the protein synthesis of 

Ribonucleic Acid (RNA) is impaired (Fageria et al., 2009). Deficiency of Zn in legumes found to 

reduce the number and size of nodules as it is possibly involved in leghaemoglobin synthesis 

(Marsh and Waters, 1985; Weldu and Habtegriel, 2013).  The other important aspect of P and Zn 

nutrition is the interaction effect between them, especially in soils marginally deficient in P and 

Zn. If P and Zn fertilized together in such soils, crop yields reported to have increased with 

positive interaction of P and Zn (Havlin et al., 2005). 

 

Weldu and Habtegriel (2013) reported that Zn fertilization increases significantly (P≤ 0.05) the 

Zn concentration of faba bean plant leaves, ranging from (21.55 to 31.22 ppm). Moreover, 

reported that the interaction effect of the different rates of Zn (0, 15 and 25 kg Zn per hectare) 

and P (0, 30 and 60 kg P per hectare) fertilizer had statistically significant effect (P≤ 0.05) on P 

and Zn content of faba bean leaves. 

2.4.5. Boron 

Boron (B) is an essential micronutrient for plants, and plant requirements for this nutrient are 

lower than the requirements for all other nutrients except molybdenum and copper. It is the only 

non-metal among the micronutrients and the only micronutrient present over a wide pH range as 

a neutral molecule rather than an ion (Epstein and Bloom, 2005). Boron is required for normal 

development of reproductive tissues and deficiency results in low grain set and poor seed quality. 

Even the cereals (like wheat and rice) and pulse like lentil with small B requirement can suffer 

from impaired seed set due to B shortage at a critical growth stage (Brady, 2016).Boron is 

involved in N and P metabolism, in plants poorly supplied with B, Nitrate N accumulated in the 

roots, leaves, and stems, showing that Nitrate reduction and amino acid synthesis were inhibited. 

Boron is mainly associated with cell wall pectin, and physical characteristics of the growing cell 

wall were altered under B deficiency (Brady, 2016).The B level in soil solution rather than the 

total B content in soil control boron uptake by plants. Plants absorb boron in the form H3BO3, 

and it moves to plant root mainly by mass flow and diffusion. Uptake of B in crop plants is 

mainly determined by yield level. Variation in B uptake was about 99% in rice and 97% in dry 
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bean with increasing plant age. This variation in B uptake may be associated with increasing dry 

matter of shoot in both crop species (Fageria and Barbosa, 2006). 

 

The decrease in B uptake at harvest was associated with translocation of this element to grain. 

Boron recovery under field conditions by annual crops is generally in the range of 5 to 15% the 

year of application, and for most annual crops, uptake of 100 to 200 g B per hectare of applied B 

expected to be sufficient (Shorrocks, 1997).In B-deficient soils, use of appropriate source is 

fundamental to improve crop yields and B use efficiency. Principal B carriers are boric acid, 

borax, or sodium tetraborate are commonly used fertilizers for correcting B deficiency in crop 

plants. Boron fertilizers can be applied as broadcast, band, or foliar (Fageria, 2009) determined 

adequate and toxic rates of B for five annual crops grown on Brazilian Oxisol. Adequate B rates 

were 2 kg per hectare for dry bean, 4.7 kg per hectare for corn, and 3.4 kg per hectare for 

soybean applied to a Brazilian Oxisol in a greenhouse experiment.The toxic rates were 4.4 kg B 

per hectare for upland rice and dry bean, 8.7 kg B per hectare for corn, 6.8 kg B per hectare for 

soybean, and for lentil. Boron is very important in cell division and in pod and seed formation 

(Vitosh et al.,1997). Reproductive growth, especially flowering, fruit and seed set is more 

sensitive to B deficiency than vegetative growth. 

 

Ganie et al. (2014) found that a marked increase in N, P K, S and B concentration in pods and 

stover at pod picking and seeds and stover at harvesting stages of the French bean  crop with the 

application of boron. Moreover, reported that the contents of N, P K, S and B nutrients increased 

significantly by increasing boron level up to 1.5 kg per hectare. According to Ganie et al. (2014), 

the increase in boron from 0 kg per hectare (control) to 1.0 kg per hectare increased N, P, K, S 

and B by 3.35, 6.89, 23.07, 13.51 and 37.98 and 45.14, 54.54, 25.64, 30.0 and 30.40%, 

respectively in pods and stover at pod picking stage. Similarly, at harvesting stage, N, P, K, S 

and B observed to increase by 9.90, 2.61, 3.0, 18.51 and 46.60 and 42.10, 5.0, 1.08, 42.85 and 

36.46 percent respectively in seeds and stover. 

 

Being the product of dry matter and nutrient content, the uptake of these nutrients also followed 

the similar trend. Boron increases nodulation activity, which may have increased the nitrogen 

content. Moreover, application of boron in boron deficient soil might have resulted in increased 

availability of boron that in turn has influenced DNA and protein synthesis leading to increased 
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nitrogen content and uptake (Debnath and Ghosh, 2011).Increase in the phosphorus content with 

the increase in boron application could be due to favorable influence of boron on various 

metabolic processes like photosynthesis, respiration, enzyme activity (Ganie et al., 2013) ,which 

augments the production of metabolites and their translocation to different parts including seed 

which ultimately increases the concentration of nutrients in seed and stover. Uptake of 

phosphorus at pod picking stage increases up to 1.0 kg B per hectare but at harvesting stage 

uptake of phosphorus increases up to 1.5 kg B per hectare that is because of greater increase in 

dry matter at harvesting stage up to 1.5 kg B per hectare. 

3. MATERIALS AND METHODS 

3.1. Description of the study area 
 

Siya Debrena Wayu is located 195kms North West of Addis Abeba and 41km far from West of 

Debre Berhan, in Amhara National Regional state. It is bordered in the north-by-north Moretina 

Jiru, in the South-by-South Ensaro, to the West by Oromia, to the East by Basona Worena 

(Figure 1). The town of the District found in the centre called Deneba. The total area of this 

district is 46477.76ha of which 21789ha, (11579ha irrigated land) 1662ha, 14092.3ha, 5585.7ha, 

3348.76ha, of the district were covered by agricultural land, forestland, bush land, grazing land 

and uncultivated land, respectively (SDWDAO, 2017). Agro ecologically, the alititude gradient  

of the Siya Debrena  Wayu district is 1300-2750 m.a.s.l. and have two agro ecology 

zone:Dega,2300-2750(84.6%or11kebele)and kola,1300-1500 m.a.s.l.(15.4% or 2 kebele) 

(CDWDAO, 2017). 

According to East Amhara metrology centre (2017), the area receives rainfall during February to 

October, June, July and September receiving peak amount of rain. Average annual total rainfall 

is 1272.3mm and the mean monthly average minimum and maximum temperature varies from 

4.7C0-22.9C0, the average daily relative Humidity 55.5.The maximum rainfall recorded during 

June to August (Figure 2).In addition, the main soil type is Vertisol. For the majority of the 

household district agriculture is the main source of income with a small amount of people 

supplement from off farm activities. Agriculture was dominated by subsistence farming where 

limited usage of improved technologies and agriculture inputs limits the productivity and per 

capital income.  



22 

 

Farming system was characterized by small scale mixed production of crops and livestock 

(Eyasu, 1998).The major cultivated crops in the district were Wheat 9963ha (45.7%), Teff 

4220.5ha (19.36%), Lentil 3503.5ha (16.08%), Fababean 2008ha (9.21%), Barely 311.5ha 

(1.4%) and others 1782ha (8.1%). With the average annual total production of 86625 qt, Pulse 

crops, including lentil grown predominantly during the wet season. Lentil is the leading 

cultivated pulse crops in the area next to cereal of wheat and Teff. It is a potential and suitable 

area for lentil production. Specifically, this on farm experiment was conducted at Deneba around 

the city (039011.375>E longitude and 09045.814> N latitude with an elevation 2654m). 

 

Figure 1:- Location Map of the study area 
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Figure 2:- Mean monthly rainfalls, relative humidity and maximum and minimum temperature of 

Siya Debrena Wayu district. 

3.2. Soil Sample Collection and Analysis 

To identify the possible yield limiting essential nutrient in the study sites, soil sample was 

collected from the experimental site. About 30 sub samples following random sampling 

technique were collected from the study area at a depth of 0- 20 cm and one composite sample 

was made. Soil sample was air-dried in a dust free area and ground to pass a 2 mm sieve.The soil 

sample was ground to pass a 0.5 mm size sieve for organic carbon and total nitrogen 

determination. The soil sample was analyzed for selected physico-chemical properties mainly 

texture, soil pH, Cation Exchange capacity (CEC), organic carbon, total N, available P, S, B, and 

Zn using standard laboratory procedures at Adet and Debre Berhan agriculture research centre 

soil laboratory.  

 

Soil texture was determined by hydrometer method (Bouyoucos, 1951). Soil pH was measured 

with digital pH meter potentiometerically in supernatant suspension of 1:2.5 Soils to distilled 

water ratio (VanReeuwijk, 1992). Organic carbon(OC) was determined by the dichromate 

oxidation method (Walkley and Black, 1934). Total N in the soil was measured by the micro 

kjeldhal method (Jackson, 1958). Available P was analyzed by Olsen method (Olsen et al., 1954) 

calorimetrically by the ascorbic acid- molybdate Blue method (Watanabe and Olsen, 1965). 

Available S was analyzed by turbidometrically metric method (Ajwa and Tabatabai, 1993). 

Cation exchange capacity (CEC) was determined by 1M ammonium acetate method at pH 7 

(Chapman, 1965). From 1M ammonium acetate leacheate atomic absorption spectrophotometer 

 measured exchangeable Ca++ and Mg++ while exchangeable Na+ and K+ were determined by 

flame photometer. Available B was determined using hot water method (Berger and Truog, 

1939). Available S was determined by monocalcium phosphate extraction method or 

turbidimetric method or turbidimetric estimation (Hoeft et al., 1973) and available Zn were 

determined by DTPA (Dietylene triamine Penta acetatic acid) method (Lindsay and Norvell, 

1978). 
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3.3. Experimental Material 

Source of Rhizobial Isolates: Rhizobium leguminosumwas selected based on its ability to 

enhance nodulation and Grain yield under wide ecological condition were obtained from 

Menagesha Biotech PLC. 

Source of Improved Seeds: The Lentil variety “Derash, Jiru” and Local was selected based on 

the recommendation of Debre Berhan Agricultural Research Center (DARC) for the area and the 

seeds were received from DARC. 

Fertilizer Materials: Fertilizers: The blended fertilizer NPSZnB (17.3 N + 34.5 P2O5 + 7.4 S + 

2.2 Zn + 0.1 B) was used (ATA, 2016).  

3.4. Treatments and Experimental Designs 

A field experiment was conducted in farmer’s field at Siya Debrina Wayu district. There were 

six fertilizer and Rhizobia inoculation treatments; (T1) Rhizobium inoculation, (T2) 100 kg 

NPSZnB ha-1, (T3) 150 kg NPSZnB ha-1, (T4) 100 kg NPSZnB  ha-1 + Rhizobium inoculation, 

(T5) 150 kg NPSZnB per ha-1 + Rhizobium inoculation and (T6) control (without inoculation 

and inorganic fertilizer application); with three varieties (Local, Derash and Jiru) in factorial 

combination. The experiment was layout in a randomized complete blocked design (RCBD) with 

three replications. The Size of each plots were 3m×2.4m=7.2m2 and the distance between 

adjacent plots and blocks was kept at 0.5 m and 1 m apart respectively. 

3.5. Experimental Procedures 

The experimental site with flat slope selected and cleaned. The field was ploughed three times, 

According to the design, a field layout was made and each treatment was assigned randomly to 

the experimental units within a block. Seed inoculations was performed before sowing using the 

procedure developed by Fatima et al.(2007) to ensure the sticking of the applied inoculant to the 

seeds. The inoculants were gently mixed with dry Seeds at the rate of 10 g per kg of seeds. 

Inoculation were  done just before sowing under shade to maintain the viability of cells and 

allow to air dry for a few minutes and then the inoculated Seeds were sown at recommended rate 

and spacing to the respective plots. To avoid contamination on plots with un-inoculated seeds 

were been planted first followed by the inoculated ones. 



25 

 

The planting done on August 4 /2017 at Deneba, to maintain the population in each treatment, 

Lentil seed were sown at the recommended seed rate of 120 kg seed per hectarefor Jiru, Derso, 

and 70kg per hectare for local variety. Seeds were sown by drilling in row of 20cm spacing and 

5cm between plants and 5cm depth. Two seeds per hill were been planted and thinned to a single 

plant per hill after two weeks of germination. Ridges were been made between each plot and 

block to reduce the movement of bacteria and fertilizer from one plot to the other by rain. The 

NPSBZn blended fertilizer application was done at sowing based on the recommended treatment 

rates. Weeding was done three times.. Fungicide spray was done two times to keep the 

experimental plants free of disease. Harvesting and threshing were done manually. Each plot 

yield and aboveground dry biomass (kgha-1) of the Lentils was measured by using sensitive 

balance. 

3.6. Data Collection 

3.6.1. Nodulation test 

At 50% flowering stage 10 plants were uprooted from each plot to study nodulation (number of 

nodules plant-1, nodule weightplant-1, root weightplant-1 and shoot weightplant-1).Sampling for 

nodulation was performed by excavating the roots of plants randomly from two rows next to 

boarder rows of each plot at the mid flowering stage of the crop. Uprooting done by spade and 

shovel and soil removed from the root system by hand. The adhering soil removed by washing 

the roots gently with water over a metal sieve. Nodules remaining in the soil were been picked 

up by hand. The plants from each plot used to record the following Observations. 

Number of Nodules: These were determined by counting the number of nodules from ten Plants 

per plot and the mean value of the ten plants recorded as number of nodules per plant. Adopted 

by Tekalign and Asgelil (1994). 

Nodule dry weight: The collected nodules labeled and placed in perforated paper bags. The nodule dry 

weight per plant measured after drying the collected nodules in an oven in DBUSLD with a temperature 

of 65C0 for 24-48 hrs until constant weight attained. The averages of ten plants were been taken as a 

nodule dry weight per plant. 

Shoot dry weight: Ten plants per plot uprooted at 50%flowering stage the shoot part of the 

plants cleaned and weighed, and the values were averaged to constitute shoot fresh weight per 

plant at the field as soon as up rooted. The same plants were oven dried at 70°C for 48 hours at 

DBUBDL room to a constant weight and weighed again to determine dry shoot weight per plant. 

The mean values from ten plants were been recorded and taken as shoot dry weight per plant. 
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3.6.2. Crop phonological data 

Days to emergence:-Days to emergence were recorded for each plot when more than 50% of the 

plants emerged. Around three weeks after planting, the total number of plants emerged was 

counted from the middle 10 rows to conduct a stand count at emergence. 

Days to 50% flowering: - It was determined as the number of days after seedling emergence to 

the period when 50% of the plants in a plot developed first flower. 

Days to maturity:- It was taken as the number of days after seedling emergence to the period 

when 90% of the plants in the plot were ready for harvesting as revealed by change in the 

foliage, pod color, and seed hardening in the pod. At maturity yield and yield contributing 

characters was be recorded 

 

3.6.3. Yield and yield component 

The yield contribution characters were plant height, number of pods plant-1, seeds pod-1, 1000-

seed weight, straw yield and grain yield. 

Plant height (cm): At the time of 90% maturity, ten plants were randomly selected from the 10 

middle rows and their height from the ground to the tip was measured using a ruler. 

Branches per plant: Ten plants per plot used to collect the data on branches per plant, they were 

been at maximum vegetative stage, and the number of branches (both primary and secondary) 

was counted and averaged to give number of Branches plant-1 (NBPP). 

Number of pods per plant: It was recorded from ten randomly selected plants from the net plot 

area at harvest. The average result reported as number of pods per plant. 

Number of seeds per pod: It was determined from randomly selected five pods from the plants 

used for pod number count from the non-boarder plots. The average numbers of grains per pods 

were been calculated by dividing the total number of grains with the number of pods per plant. 

Above ground biomass yield: At physiological maturity, plants from central row manually 

harvested close to the ground surface. The weight would be determined by drying the above 

ground biomass (including the seed yield), from the 10 plants from rows of the destructive 

sampling at using sun drier to constant weight and the weight converted to the number of plants 

per net plot then kg per hectare. 
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Grain yield: The plants were been threshed separately for each plot and the seeds blown to air to 

separate seeds from debris/husks. The grains were been put in a cloth sack and been weighed to 

give yield per plot. After threshing, Seeds were been sampled and has taken to the laboratory to 

measure their moisture content using seed moisture meter (Model HOH- Express He 50). To 

keep Uniformity, the final grain yields of each plot were adjusted to 10% seed moisture content.  

Finally, yield per plot were been converted to per hectare basis and the average yield was 

reported in kg ha-1. Grain and straw samples were prepared for total N and P up take analysis. 

Thousand Seeds weight: Thousand seed weight were been recorded by weighing 1000 

randomly taken dry seeds from the harvested net plot using a sensitive balance and the weight 

would be adjusted to 10% seed moisture content. It were been reported as 1000 grain-weight (g). 

Straw yield: Straw yield were been measured as the difference of the total above ground plant 

biomass and grain yield. The average straw yield were been reported in kg ha-1.Or it was 

calculated by subtracting grain yield from the corresponding total above ground biomass yield. 

Harvest index: Harvest index were been calculated as ratio of grain yield per plot to total above 

ground dry biomass yield per plot taken at physiological maturity. 

 

3.6.4. Plant sample collection and analysis 

A total of 36 plant composite sample (18 straw and 18 seed) were taken and analyzed due to 

budget limitation. The straw and seed samples were finely ground using stainless steel grinder to 

pass through 1 mm mesh sieve and prepared for analysis. Total nitrogen in the plant material was 

analyzed by wet-oxidation procedure of the modified Kjeldahal procedure that involves two 

steps: digestion of the sample to convert organic N to NH4
+-N and determination of NH4

+-N in 

the digest (Nelson and Sommers, 1973). Phosphorus determination was carried out in the digest 

aliquot obtained through calcinations. The phosphorus in the solution was determined 

calorimetrically by using molybdate and metavanadate for color development (Wolf, 1982).  

3.7. Statistical analysis 

Treatment effects were analyzed using the General Linear Model (GLM) procedure (SAS/STAT, 

version 9.4). Mean values were separated according to Duncan’s multiple range test (DMRT) at 

p =0.05 (SAS Institute, 2012). After checking the compliance of the data with the assumptions of 

the statistical test, the data were subjected to analysis of variance (ANOVA) using RCBD design. 

Each replication was considered as a block. A threshold P value of <0.05 was used to declare 
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effects and interactions to be significant. When the effects were found to be significant (P<0.05), 

a DMRT test(α = 0.05) was used to study which means differed significantly and the comparison 

was made by employing Duncan multiple range test (DMRT). In addition, the relationships 

among the studied parameters were assessed using Pearson’s simple correlation analysis. 
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4. RESULTS AND DISCUSSIONS 

4.1. Physico-Chemical Properties of the Soils of the Study Sites 

The result of the selected soil physical and chemical properties is presented in Table 1. Based on 

the soil analysis, the soil texture of the experimental site is clay. This soil characterized by high 

water holding capacity. Due to this, farmers of the study area plant Lentil on residual soil 

moisture starting from the end of July to August 15 (Table 1).According to the rating by 

Tekalign (1991), the pH of the experimental soil was slightly alkaline (pH 7.61) (Table 1). 

Lentils grow best at a soil pH of 6.0 to 8.0 so that the soil pH is ideal for lentil production(Mamo 

and Haque,1991). According to Landon (1991) soil organic carbon (OC) is within the range of 

low organic carbon content which was concerned, the value 0.93 %. Soil Organic matter arises 

from the debris of green plants, animal residues and excreta that were been deposited on the 

surface and mixed to a variable extent with the mineral component (White, 1997). According to 

Tekalign (1991), the site had low OM content (1.4%)(Table 1). This is because of continuous 

cultivation without returning residue to the soil.  

Similarly, Fassil and Charles, (2009) reported that vertisols of Ethiopia had low soil OM content. 

Other authors also reported low soil OM in Vertisol(Kiflu and Beyene, 2013; Giday et al., 

2015).According to Havlin et al. (1999) total nitrogen content (TN) of a soil can be classified as 

very low (<0.1%), low (0.1-0.15%), medium (0.15-0.25%), and high (>0.25%). It had been 

observed inTable 1, that total N in the study sites was 0.104%. Based on the above classification 

the total nitrogen content of the soils of the study sites found to be low (Tekalign, 1991). This 

result is in line with other scholars who reported that N is one of the most deficient elements in 

the tropics for crop production  (Hilletteet al.,2015).Other authors also reported low nitrogen 

content in verti-sol of Ethiopia (Ibsa Aliyi, 2013; Beza shewangizaw, 2017). 

Indicative ranges of available phosphorus by Olsen et al. (1954) including < 5 mg kg-1 (very 

low), 5-15 mg kg-1 (low), 15-25 mg kg-1 (medium), and > 25 mg kg-1 of soil (high). Based on this 

criterion, the available phosphorus content was found to be medium i.e. the analyzed available P 

content of the soil in the experimental sites was 16.35 (Table 1). The medium P content level 

may be due to the history of fertilizer usage, (especially DAP).According to Lewis (1999), S 

content of study sites was low (Table 1). The low S was also expected because the experimental 

soil had low organic matter content (source of about 95% of S) indicating that it’s potential to 
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supply S to plant growth through mineralization is low. EthioSIS soil fertility map showed that 

Sulfur content of almost all soils of Siya Debrena Wayu district is in very low-to-low range 

(EthioSIS, 2016). Similarly, Lelago et al. (2016) reported that among soil samples collected from 

KachaBira woreda, 88.43%, 10.2% and 1.37% were very low, low and optimum in S content 

respectively. Moreover, other authors also reported deficiency in S in Vertisols (Hilletteet al., 

2015; Fanuel, 2015). 

 

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

sites had very high CEC (Table 1). The result is within the range reported by Berhanu (1985) 

who found CEC of 35-70 meq 100 g-1 soil for nearly all the Vertisols of Ethiopia. The very high 

value of CEC is mainly due to the high clay content of the experiment site. Cation exchange 

capacity of soil is an important parameter of soil because it gives an indication of the type of clay 

minerals present in the soil, its capacity to retain nutrients against leaching and assessing their 

fertility and environmental behavior. Generally, the chemical activity of the soil depends on its 

cation exchange capacity. 

 

The present study (Table1) confirmed that the highest amount (47.5meqkg-1) of the exchangeable 

site of the study site occupied by Ca, indicating that Ca is the dominate Cation in the Cation 

exchange site (Ibsa Aliyi, 2013).  Similarly, Hillette et al., (2015) found that Ca++ followed by 

Mg++ (19%) and K+ (3.2%) occupied 77% of the exchangeable sites. According to Hazelton and 

Murphy (2007), the site had high exchangeable Ca. Similarly, research in different part of 

Ethiopia indicated that Vertisols have high Ca content in their exchange sites (Lemma and Smit, 

2008; Fassil and Charles, 2009) the result are aligned with this study. 

 

Exchangeable K in the study area occupies 1.21cmol (+) K kg-1. According to Berhanu (1985), 

the sites had high exchangeable K. This result is also in agreement with different former findings 

(Ibsa Aliyi, 2013), Exchangeable Mg in the study site was 32.5 meq kg-1. Based on the rating 

developed by Hazelton and Murphy (2007) the site was high in their exchangeable Mg content. 

Similarly, Hillette et al. (2015) reported that all samples collected from 10 locations having clay 

texture and neutral to slightly alkaline pH (7.2-7.9) had high exchangeable Mg+ (Hazelton and 

Murphy (2007). 
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Table1:- Soil Physico-chemical properties of the experimental field before planting 

 

Soil Parameters 

 

Content 

 

Critical Value 

Reference 

PH(H20)1:2:5: 7.6 Slightly alkaline Tekalign, 1991 

Organic Matter (%) 1.49 Low White,1997 

Organic Carbon (%) 0.93 Low Walkley &Black,1934 

Avaliable P (PPM) 16.35 Medium Olsen et al.1954 

Ava. Sulfur(ppm) 0.319  Very low Lewis.(1999) 

TN% 0.104 Low Havlin et al.(1999) 

Exch. Mg(meqkg-1 32.5 High Hazeltton&Murphy,2007 

Exch. Ca(meqkg-1 47.5 High Hazelton &Murphy,2007 

Avaliable Zn(ppm) 0.6043 Very low Asgelil et al.(2007) 

Avaliable B 0.8037 Very low Havlin et al.(1999) 

Na +(cmol(+)kg-1 0.63 Low Lindsay andNorvell,1978  

K +(mg(+)kg-1 1.215 Low Berhanu,1985 

CEC(cmol(+)/kg 35.24 High Hazeltton&Murphy,2007 

E.C(ds/m) 0.254  Tekalign, 1991 

silt% 8   

Sand 19   

clay% 73   

Texture class Clay  Walkely,1934 

 

Zinc plays important role in plant metabolism and influences hydrogenase and carbonic 

anhydrase activities stabilize ribosomal fractions and help in the synthesis of cytochrome 

(Tisdale et al., 1985). According to Cakmak et al. (1995) the experiment site had, extractable Zn 

content in the soil 0.604mgkg-1 (Table 1) which was low Because Zn has a tendency of adsorbed 

on clay-sized. According to Anderson et al.(2014), encounter in neutral to alkaline soils where 

lentil usually grown Zn deficiency often (Alloway, 2008).The result of this study is in close 

conformity with the finding of Asgelil et al. (2007) also reported that 78.4% of the soil samples 

collected from Vertisols of Ethiopia was deficient in Zn. Other research findings also confirmed 

deficiency of Zn in Vertisols of Ethiopia (Bereket et al., 2011; EthioSIS, 2016). 

 

 According to Ahlawat (2007) lentil and chickpea are more sensitive to Zn deficiency. Based on 

Johnson et al. (2005) Zinc deficiency is common constraint for lentil (Lens culinaris Medik.) and 

chickpea (Cicer arietinum). Based on the analysis made the amount of boron in the soil was 

0.804indicating that the soil of the experiment site was deficient in boron. Similarly, reported by 

EthioSIS (2016). 
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4.2. Nodulation Test 

The data in Table 2 indicated that there were very highly significant (P<0.0001) different 

between treatments in number of nodule, nodule dry weight, root dry weight and shoot dry 

weight which were affected by the applied treatments.  Nodule number increased by 77.9, 61.4, 

49.1, and 60.3 and 19.8% with the application of 150kgha-1NPSZnB + inoculation, 100kgha-1 + 

inoculation, 150kgha-1NPSZnB, 100kgha-1NPSZnB and inoculation alone as compared to the 

controltreatment,respectively. Similarly, nodule dry weight increased by 82.6, 74, 72, 53.5 and 

68.2% with the same treatment application over the control treatments. 

 

In agreement with this study, Khanam et al.(1999) reported that Rhizobium inoculation and 

chemical fertilizers gave 106% and greater than higher nodule mass at Faridpur. Gan et al. 

(2005) also reported that the use of inoculants increased lentil Nodule dry mass and nodules per 

plant by 76-and92% than control.  Anonymous (2009) also reported that balanced application of 

N, P, K, S, Zn and B significantly increased the growth and yield parameters of lentil over the 

control treatments. Similarly, others reported increment trends of nodule dry mass and number of 

nodule with the application of chemical fertilizers and Inoculation (Gizaw et al., 1999;Slattery 

and Pearce, 2002; Tahir et al., 2009; Kassa, 2009). 

 

Great variation was observed in Derso variety followed by Jiru and local varieties on nodule 

number, nodule dry weight, root and shoot dry weight (Table 3).Bogale et al. (2015) in Ethiopia 

reported that At Debre Zeit, only the recently released variety ‘Derso ‘gave a significant (P < 

0.05) higher pod per plant than Adaa, Guido, Assano, and Teshale . Inaddation, at Enewari, 

variety Derso and the other two gave significant higher yield than Adaa, Guido, and Almtena. 

The result is in close conformity with this study. 
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Table 2.-Effect of Rhizobium inoculation and NPSZnB application on Number of Nodule per 

plant (NNPP),Nodule dry weight (NDWg-1),Root dry weight (RDWg-1) and Shoot dry 

weight(SDWg-1) of Lentil varities 

 Description NNPP1 NDWg
1 RDWg

1 SDWg
1 

Treatment 

   

  

Control 12.5E 0.26E 0.03F 0.81E 

Rhizob.Alone 31.5B 0.82C 1.3C 1.9C 

100 kgNPSZnB 15.6B 0.56D 0.45E 1.2D 

150 kgNPSZnB 24.58C 0.93C 1.1D 2.1B 

100kg+Inoculation 32.4B 1.0B 1.6B 2.1B 

150kg+Inoculation 56.8A 1.5A 2.5A 3.4B 

Varieties 

   

  

Local 28.2B 0.76B 0.92B 1.58C 

Derso 31.4A 0.97A 1.3A 2.25A 

Jiru 27.2C 0.826A 1.2A 1.9B 

Treatment *** *** *** *** 

Var. *** *** *** *** 

Trt*Var. *** * *** *** 

CV% 5 14.5 8.24 7.79 
Mean values followed by the same letters in each column and treatment showed no significant difference 

by DMRT (p = 0.05). *, ***, and showed significant differences at 0.01, 0.0001 probability levels 

respectively.  

 

Analysis of variance indicated that number of nodules were very high significantly (p<0.0001) 

influenced by the interaction of treatment and the lentil varieties (Table 2, Figure 3a). However, 

nodule dry weight showed significant (P<0.05) interaction effect (Table 2,Figure 3b) between 

treatments and varieties. For all 18 interactions, the highest nodule number was recorded in 

Derso variety (56 nodules per plant) with the application of 150kgha-1 +Inoculation and the 

lowest nodule number recorded in local variety (12 nodules per plant) with the same treatment 

application. Similarly, the highest nodule dry weight per plant was recorded in Derso 

variety(1.5g) with the application of 150kgha-1 +inoculation and the lowest nodule dry weight 

per plant recorded in local variety (0.76g) with the same treatment application(Table 2 and 

Figure 3 b).Masresha and Kibebew (2017) reported that in Soybean crop nodule number and the 

nodule dry weight was significantly affected (P<0.0001) by the interaction of Japonicum 

 

N and P.Ali et al.(2008)reported thatresults on interaction effects of different varieties and 

rhizobial inoculation in garden pea. The study was aligned with Abdula (2013) reported that due 
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to the interaction effect of Rhizobium + P + Zn, the result obtained the highest nodule number 

and mass in fababean crop. 

 

 

Figure 3: Interaction effect of NPSZnB Fertilizers and lentil varieties on number of nodules (a) 

and on nodules dry weight (b) 

 

Shoot dry weight showed similar increment patterns by 76.1, 61.1, 61.1, 32.5, and 57.3%.On the 

same way,Root dry weight increment also observed by 98.8, 98.1, 97.3, 93.3 and 97.6% over the 

control treatments with the application of 150kgha-1NPSZnB +inoculation,100kgha-

1+inoculation, 150kgha-1NPSZnB, 100kgha-1 and inoculation alone,respectively.Significant 

varietal difference observed in root dry weight and shoot dry weight with the same above 

treatment application. Similarly, Tahir et al. (2009) reported that Combination of Rhizobium 

inoculation and Phosphorus increased plant shoot dry weight by 47%. Egamberdiyeva et al. 

(2004) also reported that Rhizobium inoculation alone and combination with phosphorus. 

Increased soybeans shoot dry weight and root dry weight by 723% and 57, 78%, 47%, 

respectively.  

 

The analysis of variance showed that root dry weight and shoot dry weight were very high 

significantly (p<0.0001) influenced by the interaction of treatment and the lentil varieties (Table 

2, Figure4a and b). The highest mean of root dry weight (2.5g) and shoot dry weight (3.4g) 

recorded in Derso variety with the combined application of 150 NPSZnB +Rhizobium 

fertilization in comparison with control treatments of root dry weight (0.03g) and shoot dry 
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weight (0.81) of the variety. Ibsa (2013) in Ethiopia reported that the two-way interaction 

between inoculation with S and Zn found significant in chickpea crop at Denzaz. 

Fageria(2009)also reported that interaction effect of P and Zn fertilization did significantly effect 

on root weight of lentil plant and in agreement with this study. 

 

Figure 4: Interaction effect of NPSZnB Fertilizers and lentil varieties on shoot dry weight per 

plant (a) and on root dry weight per plant (b) 

 

4.3. Phonological and Growth Parameters 

4.3.1. Days to 50% heading 

Analysis of variance showed that there was very high significant (<0.0001) different in days of 

50% heading between treatments. The longest day to reach 50% heading recorded in150kgha-1 

NPSZnB + inoculation treatment (64 days) and the earliest days recorded in control treatment 

(47days).). Addisu Asrat(2013) reported that increasing N rate from 0 kg N per hectare to 45 kg 

N per hectare increased the number of days required to reach 50% flowering from 43 days to 48 

days. Nitrogen fertilizer increased the leaf area, which increases the amount of solar radiation 

intercepted and consequently, increases days to flowering, days to physiological maturity, plant 

height and dry matter production of different plant parts. Days to 50% heading response most 

pronounced under 150kgha-1 NPSZnB + inoculation treatment application. The lentil varieties 

showed high significant different to days of 50% heading. Jiru takes 64 days to reach 50% 

heading followed by Derso (58) and local (49). The result of Table 3 showed that very high 
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significant interaction effect between treatments and varieties on days of 50% heading.(Gan et 

al.,2009; Adeyeye et al., 2017) 

4.3.2. Days to 90% physiological maturity 

Analysis of variance showed that there was very high significant (<0.0001) different in days to 

90% physiological maturitybetween treatments. The earliest day to reach 90% physiological maturity 

recorded in150kgha-1NPSZnB +inoculation treatment (64 days) and the earliest days recorded in 

control treatment (47days).Days to 50% heading most pronounced with the application of 

150kgha-1NPSZnB +inoculation treatments. The lentil varieties showed high significant different 

in days to 90% physiological maturity. Jiru takes 105 days to reach 90% physiological maturity 

followed by Derso (99) and local (74)(Table 3). 

 

Ali and Raouf (2011) reported that number of days from sowing to flowering increased 

significantly with increasing nitrogen application amount from 50 kg urea per hectare(23 kg N) 

to 100 kg urea (46 kg N) per hectare in chickpea. Increasing N fertilizer amount increased 

significantly days to physiological maturity. The highest number of days required for completion 

of growth period of chickpea (115 days) recorded in the highest rate of nitrogen rate (45 kg N per 

hectare) Because, N fertilization increases the vegetative growth of plants and keeps active; as a 

result, it delayed maturity. Use of N fertilization had positive effects on growth indices and, 

consequently, on yield and its attributes of lentil. Similarly, reported by Brady and Weil, 

2002;Kibe et al., 2006; Salvagiotti et al., 2008;Mohammad janlooet, 2009;Fatima et al. ,2013) 

 

The analysis of variance showed that there was very high significant different interaction effect 

between treatments and varieties. Physiological maturityresponse most pronounced under Derso 

variety with the application of 150kgha-1NPSZnB +inoculation treatment. Derso is earlier than 

Jiru by 6 days to reach physiological maturity. Similarly, Nigussie and Abro (2017) reported that 

Derso took 90 days to mature; it is earlier by 6 days than Jiru, and Dembi thereby their different 

is statistically significant (Table 3). 

 

4.3.3. Plant height 

Analysis of variance showed that very high significant (p<0.0001) difference observed between 

the applied treatments in plant height (cm) of the lentil crops under this study. 150kgha1- 
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+inoculation, 150kgha-1, 100kgha-1 +inoculation, 100kgha-1, and inoculation alone showed plant 

height increment by 47.5, 41.4, 38.6, 33.9%, and 31.3% as compared to control treatments, 

respectively (Table 2).The highest plant height was recorded with the application of 150kgha-1+ 

inoculation treatments(38.4cm) and the lowest plant height was recorded in control treatment 

(22.45cm)(Table 3). 

 

The data in Table 3 showed that very high significant (P<0.001) varietal different in plant height. 

Similarly, Zike et al. (2017) in Ethiopia reported that improved lentil varieties (Teshale) 

responded significantly taller plant height with P fertilization. In this study, there were no 

significant interactive effects between treatment and varieties on the plant height of the three 

lentil varieties (Table 4).Our result is in agreement with Abdul-Aziz (2013) reported that the 

application of inoculants and variety had no significant (p > 0.05) interaction effect on soybean 

plant height.  

4.3.4. Branch number  

The data on number of primary branch and secondary branches -1 (Table 3,) revealed that there 

were highly significant variation (P<0.0001) in treatments influenced by various NPSZnB 

fertilizers and Rhizobium inoculation. 65.6, 42.3, 30.6, 2.9 and 52.8% observed an increment in 

primary branch over the control treatments respectively with the application of150kgha-

1NPSZnB +inoculation, 100kgha-1+inoculation, 150kgha-1NPSZnB and100kgha-1and inoculation 

alone. Secondary branch increased by 90.1, 87, 87.3, 80.2% and 85.9% over the control 

treatments respectively with the application of150kgha-1NPSZnB +inoculation, 100kgha-

1+inoculation, 150kgha-1NPSZnB and100kgha-1and inoculation alone. In line with this study 

reported by Mohammad janloo et al. (2009) 

 

The highest (both primary and secondary branches per plant) recorded with the application of 

150kgha-1+ inoculation treatments (4, 15 branches) and the lowest branches per plant was 

recorded in control treatment (1, 2, branches) respectively. The result revealed that both primary 

and secondary branches of the lentil plants positively affected by the applied treatments. 

Similarly, both primary and secondary branches showed very high significant different 

(P<0.0001) in three lentil varieties. Based on Table 4 branches per plant (both primary and 

secondary) responded very high significant (P<0.0001) interaction effect between treatments and 
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varieties and hence, branches per plant had their own role for the gained maximum grain yield 

(Table 3, Figure 5 a and b). 

 

For all 18 interactions, the highest number of branches (both primary and secondary) was 

recorded in Derso variety (4, 15 branches) with the application of 150kgha-1 +Inoculation and the 

lowest branches (1,2branches) recorded in control treatmentsof primary and secondary branches 

respectively with the same treatment application. Desta et al.(2014) reported that the combined 

application of P+Zn+Inoculation increased branches per plant of fababean crop in the field 

experiment and inagrement with this study. Similarly, the result being consistent with different 

reports (Sharma and Room, 1997; Kesare, 2014; Das et al., 2016). 

 

Table 3:-Effect of Rhizobium inoculation and NPSZnB application on Branches per plant, plant 

height (cm) and Number of pods of Lentil varities (Lens culinaris Medik) 

 

Mean values followed by the same letters in each column and treatment showed no significant difference 

by DMRT (p = 0.05) ***, and NS showed significant differences at 0.0001 probability levels and non-

significant differences respectively. 

 

Date 
of50% Date of Primary Secondary  Plant Number 

Treatment heading Maturity Branch Branch Height of Pods 

Control 47.2E 74E 1.65F 1.5D 22.45E 98.4F 

Rhizobium Alone 59.4B 94.8C 3.5B 10.7C 32.74D 230.4C 

100kgNPSZnB 53.6D 89.6D 1.7E 7.6C 34DC 184.6E 

150kgNPSZnB 56.3C 93.1C 2.38D 11.9B 38.4B 222D 

100kgNPSZnB+Inocu. 59.8B 97.4B 2.86C 11.6B 36.6BC 236.5B 

150kgNPSZnB+Inocu. 64.6A 105A 4.8A 15.2A 42.56A 259A 

Varieties 
      Local 49.5C 74C 4.9B 14B 20.6C 166.8C 

Derso 59.1B 99B 5.6A 17.3A 36.8A 233.7A 

Jiru 64.05A 105A 4.9B 14.5B 33.9B 214.2B 

Treatment *** *** *** *** *** *** 

Var. *** *** *** *** *** *** 

Trt*Var. *** *** *** *** NS *** 

CV% 12.7 10.7 10 12.7 9.06 0.92 
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Figure 5: Interaction effect of NPSZnB Fertilizers and lentil varieties on number of primary 

branch per plant (a) and on number of secondary branch per plant (b). 

4.3.5. Number of Pods 

Analysis of variance showed that very high significant (p<0.0001) difference observed between 

the applied treatments in number of pods of the lentil crops under this study. 150kgha1- NPSZnB 

+ inoculation, 100kgha-1NPSZnB + inoculation, 100kgha-1NPSZnB, 150kgha-1NPSZnB, and 

inoculation alone showed number of pods increment by 62, 58.3, 55.6, 46.6 and57.2%with the 

application of 150kgha-1NPSZnB +inoculation, 100kgha-1NPSZnB +inoculation, 150kgha-

1NPSZnB, 100kgha-1and inoculation alone as compared to control treatments, respectively. The 

highest plant number of pods recorded with the application of 150kgha-1+ inoculation 

treatments(259 pods per plant) and the lowest number of pods was recorded in control 

treatment(98 pods per plant).The lentil varieties responded very high significant different in 

number of pods in this experiment(Table 3, Figure 6 a and b) 

 

Analysis of variance showed that very high significant (P<0.0001) interaction effect between 

treatments and varieties in this study. The highest mean number of pods recorded  with the 

application of150kgha-1NPSZnB +inoculation treatment in Derso variety (259)and the lowest 

mean of number of pods recorded in local control (98) treatments(unfertilized, uninoculated). 

(Table 3, Figure 6) 
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Figure 6: Interaction effect of NPSZnB fertilizers and Varities on number pods of of Lentil per 

plant 

4.4. Yield Components and Yield 

4.4.1. Dry biomass 

Data on dry matter yield showed significant difference (p=0.0002) among treatments (Table 4). 

The data showed that 28.6, 19.17, 18.78, 16%, increment in dry biomass with the application of 

150kgha-1 +inoculation followed by Inoculation alone, 100kgha-1 +inoculation and 100kgha-

1&150kgha-1 related to control (Table 4).The highest dry biomass was recorded (4.7tonhha-1) 

with the application of 150kgha-1+ inoculation treatments and the lowest dry biomass(3.2tonha-1) 

was recorded in control treatment. Several authors reported that, combined and single application 

of N, P, S, B,Zn and inoculation increased dry matter of fababean, lentil, soybean, field pea, and 

chickpea in different amount. Compared to the control treatment (Idris et al., 1989; Slattery and 

Pearce, 2002;; Habtegebrial et al., 2007; Togay et al. 2008; Tahir et al., 2009; Gidago et al. 

2012; Rashid, 2012; Singh et al., 2013). 

The lentil varieties responded significant different in dry biomass yield in this experiment. The 

highest mean of biomass yield recorded in Derso variety (4750.kgha-1) followed by Jiru 

(4541kgha-1) and local (3758kgha-1).Similarly, Nigussie and Abro (2016) (unpublished) 

reported that Derso has superior performance in biomass. Jiru and Dembi, the next high-

performed varieties in biomass yield. Bogale et al. (2015) at Debrezeit, Ethiopia reported that the 
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recently released variety, Derso, provide significantly the highest biomass yield of 5769.6 kg ha-1 

than all the other varieties. The trend was alined to this research work. Analysis of variance 

showed that dry biomass showed non-significant interaction effect between treatment and 

varieties. 

4.4.2. Grain yield 

Analysis of variance of grain yield showed that very high significant difference (p<0.0001) 

between treatment was observed (Table 4).  Compared to the control treatment, grain yield were 

increased by46.1, 35.7, 34.8, 27.2and 25.6%respectively with the application of 150kgha-

1NPSZnB +inoculation, 100kgha-1+inoculation, 150kgha-1NPSZnB, 100kgha-1and inoculation 

alone.  The increment was due to the balance application of nutrients as a result the crop 

produces. The highest number of pods per plant and thousand seed weight (g-1).The highest grain 

yield was recorded(3.9tonhha-1) with the application of 150kgha-1+ inoculation treatments  and 

the lowest grain yield was recorded in control treatment(1.7tonha-1).In line with this study, 

Anonymous (2009) reported that balanced application of N, P, K, S, Zn and B significantly 

increased the yield of lentil over control. Similarly, several authors reported that rhizobium 

inoculation combined with P+Zn, PKSZn, N and P gave higher grain yield of lentil crop. By ( 

Fatima et al., 2006; Tahir et al., 2009; Desta et al., 2014;Bhuiyan, 2015; Tena, 2016). 

The study revealed that lentil varieties showed very high significant (P<0.0001) grain yield 

difference. Moreover, the lentil varieties responded yield advantage by 23.9, 18.6and 5.2% in 

Derso, Jiru and local with the same treatment application respectively. The study showed farmers 

can double their current lentil yield by using improved varieties with full production package. 

Nigussie and Abro (2016) (unpublished),reported that in Moretina Jiru and Ensaro district Derso 

has superior performance with mean value of 2.94t ha-1 of grain yield. Jiru and Dembi, the next 

high-performed varieties in grain yield. Derso resulted 2.4 tonha-1, 1.2tonha-1 in addition, Jiru 

showed 1.6tonha-1 0.4tonha-1additional yield increment over the current average lentil yield 1.5t 

ha-1 at North shewa (CSA, 2016) and the control, respectively.  Similarly, reported by Bogale et 

al. (2015) and the trend was in close conformity with this study. 

 

Analysis of variance showed that there was very high significant (P<0.0001) interaction effect 

between treatment and varieties (Table 4 and Figure 7).Yield response most pronounced under 

150kgha-1NPSZnB +inoculation treatment application. For all 18 interactions, the highest grain 

yield was recorded in Derso variety (3.9tonha-1) with the application of 150kgha-1 +Inoculation 
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followed by Jiru (3.1tonha-1) and local (2.3tonha-1) and the lowest grain yield (1.7tonha-1) was 

recorded in control with the same treatment application treatments.(Table 4,Figure 7) Similarly, 

Fageria(2009) reported that interaction effect of P and Zn fertilization did significantly effect on 

grain yield of lentil plants. Quddus et al. (2014) reported that the interaction effect between Zn 

and B on the yield of lentil was significant. Due to this highest seed yield (1156 kg/ha) was 

obtained. Masresha and Kibebew (2017) also reported that in soybean the response of grain yield 

to the interaction effects of Bradyrhizobium japonicum, N and P was very high significant (P < 

0.0001) and the result is inclose conformity with this study. 

 

Table 4:-Effect of Rhizobium inoculation and NPSZnB application on dry biomass (DBMkgha-1) 

Grain Yield (GYKgha-1), Harvest Index (HI), Thousand Seed Weight (TSWg-1) and Straw Yield 

(SYkgha-1) of Lentil varities (Lens culinaris Medik.) 

  Dry Grain Straw Harvest Thous- 

Description Biomass Yield Yield Index Andseed 

  Kgha-1 Kgha-1 Kgha-1 % Weight 

Fertilizer treatment 

     Control 3252C 1770.28D 2072.68F 49.5E 24.3E 

Rhizobium Alone 4023.6AB 2381.49C 2429.5D 59.1D 32.1C 

100 kg  NPSZnB 3890B 2433.19C 2226.3E 62.3C 28.9D 

150kg  NPSZnB 3774.4B 2719.03B 2810.1B 67.7B 32.7BC 

100 +Inoculation 4004.2AB 2754.9B 2646.8C 68.1B 33.6B 

150 +Inoculation 4558.3A 3285.84A 2928.5A 70.9A 38.8A 

Varieties 

     Local 3758C 2386.25C 2147C 60.8B 24.4C 

Derso 4750A 3995A 2878A 67.35A 33.9E 

Jiru 4541B 3104B 2262.7B  77B 37.03A 

Treatment * *** *** *** *** 

Var. *** *** *** *** *** 

Trt*Var. NS *** * *** *** 

CV% 12.5 5.53 2.9 0.7579 3.7 
Mean values followed by the same letters in each column and treatment showed no significant difference 

by DMRT (p = 0.05). *, *** showed significant differences at, 0.01, 0.0001 probability levels, 

respectively.NGU=Nitrogen grain uptake, NSU=Nitrogen Phosphorus Uptake, PGU=Phosphorus grain 

uptake, NSU=Phosphorus grain uptake. 
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Figure 7: Interaction effect of NPSZnB fertilizers and Varities on Grain yield of Lentil. 

4.4.3. Straw yield  

Analysis of variance on straw yield showed that very high significant (P<0.0001) difference 

between treatments (Table 4). The data on Table 4 showed that 29.2% increment in straw yield 

with the application of 150kgha-1 +inoculation followed by 26.2% (150kgha-1), 14.6% 

(inoculation alone)and 6.9 %(100kgha-1) over the control treatments. The highest straw yield was 

recorded (2.8tonhha-1) with the application of 150kgha-1+ inoculation treatments and the lowest 

plant straw yield was recorded in control treatment (2.1tonha-1). Rhizobium combined with the 

application of NPSZnB fertilizers highly significantly influenced the straw yield in the tested 

three lentil varieties (Derso, Jiru, Local) in this study. Derso took the highest mean of straw yield 

(2.8tonha-1) followed by Jiru (2.2tonha-1) and local (2.1tonha-1) varities. Similarly, Tena et 

al.(2016) reported that N fertilization and two strain of Rhizobia inoculation enhance straw yield 

by 59, 47 and 29% over the control respectively in Ethiopia. 

The result showed that there was very high significant interaction effect in straw yield between 

treatments and varieties in this experiment (Table 4 and Figure 8).  For all 18 interactions, the 

highest straw yield was recorded in Derso variety (2.8-ton ha-1) with the application of 150kgha-1 

+Inoculation and the lowest straw yield (2.1tonha-1) recorded in control treatments with the same 

treatment application. Singh et al. (2013) reported that the application of Zinc and boron increase 

straw yield compared to the control. Karan et al. (2014) also reported that significantly highest 
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straw yield (2751.28kg/ha of lentil obtained in every increasing dose of Zinc (0-10kgha-1) and 

boron (1kg/ha).The results are in close conformity with this study. 

 

Figure 8: Interaction effect of NPSZnB fertilizers and Varities on straw yield of Lentil 

4.4.4. Harvest index 

The data in (Table 4, Figure 9) of harvest index indicated that the lentil crop was very high 

significantly (p<0.0001) affected by the treatments. Increment in harvest index observed by 30.1, 

27.3, 26.9, 20.5and 16.2%in150kgha-1NPSZnB +inoculation, 100kgha-1+inoculation, 150kgha-

1NPSZnB, 100kgha-1and inoculation alone related with control treatments respectively. The 

highest mean of harvest index (77%) was recorded with the application of 150kgha-1NPSZnB 

+inoculation and the lowest mean of harvest index (47.1%) was recorded in control 

treatments.Similarly,Abera Sissy, (2015) reported that Rhizobium inoculants and phosphorus 

fertilization rate gave 50.62% increment in harvest index of chickpea. The increment in harvest 

index by NPSZnB fertilizers combined with Rhizobia might be ascribed to greater photo 

assimilates production and its ultimate partitioning to the grains compared to the partition to the 

straw. Moreover, inoculation increased the nodules number per plant and application of NPSZnB 

gave increased in thousand grains weight of lentil. Similar finding was noted by different 
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findings (Roy et al. 1995;Abera Sissy, 2015) reported that grains inoculation increased the 

nodules number perplant and gave the highest harvest index and hundred grains weight of 

chickpea. 

There was very high significant (P<0.0001) difference between varieties (Derash, Jiru and local) 

which were affected by different treatments. Very high (p<0.0001) significant difference 

interaction effect was observed between treatments and varieties of this study (Table 4 and 

Figure 9).In line with this result Abera Sissy (2015) reported that phosphorus fertilization rate 

and seed inoculation with the Rhizobium inoculants had significant (P<0.01) interaction effect 

on Harvest index of chickpea. The highest percentage of harvest index (77%) was recorded in 

Derso variety with the application of 150kgha-1NPSZnB +inoculation and the lowest percentage 

of harvest index (47.1%) was recorded in control treatments. The highest mean of harvest index 

(77%) was recorded in Derso variety with the application of 150kgha-1NPSZnB +inoculation and 

the lowest mean of harvest index (47.1%) was recorded in control treatments.(Table 4 ,Figure 9) 

 

Figure 9: Interaction effect of NPSZnB fertilizers and varities on harvest index of Lentil. 

4.4.5. Thousand Grains weight  

Analysis of variance showed that very high significant (P<0.0001) different between treatments 

was observes on thousand grain weight affected by the treatments. Increment in Thousand seed 

weight observed by 37.4, 27.6, 26,15.9 and 24.3%in150kgha-1NPSZnB +inoculation, 100kgha-

1+inoculation, 150kgha-1NPSZnB,100kgha-1and inoculation alone related with control treatments 
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(unfertilized, uninoculated) respectively. The highest mean of thousand seed weight (37.03g) 

was recorded with the application of 150kgha-1NPSZnB +inoculation and the lowest mean of 

thousand-grain weight (24.3g) was recorded in control treatments (Table 4, Figure 10). 

Similarly, other Authors reported that balanced combined application with Rhizobium and N, P, 

K, S, Zn and B significantly increased the thousand seed weight of lentil, Soybean, chickpea and 

common bean crops. (Singh et al.,2004;Malik et al. 2006;Anonymous, 2009;Mondal et 

al.,2010;Quddus et al., 2014;Tairo and Ndakidemisi, 2013;).Analysis of variance showed that 

very high significant (p<0.0001) different between lentil varieties. Jiru took the highest thousand 

seed weight followed by Derso and local varieties. Due to the reason of that, large seed weight 

Jiru took  3.13% more weight than Derso and the local varities took 12.63%, 9.5% less thousand 

seed weight than Jiru and Derso respectively. 

Table 4 and Figure 10 indicated that there was very high (p<0.0001) significant different 

interaction effect showed between treatments and varieties in thousand seed weight. The highest 

thousand seed weight was recorded in Jiru varities (37.03g) with the application of 150kgha-

1NPSZnB + rhizobium inoculation and the lowest thousand seed weight was recorded in control 

with the same treatments application (24.3g). Similarly,Ahmed et al. (2008) report significant 

interaction effect between varieties and rhizobium inoculation of lentil crop in hundred seed 

weight. Abera Sissy, (2015) also reported that Rhizobium inoculants and phosphorus fertilization 

rate had significant (P<0.01) interaction effect on hundred-seed weight of chickpea in Ethiopia. 
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Figure 10: Interaction effect of NPSZnB fertilizers and varities on Thousand seed weight of 

Lentil. 

 

4.5. Nutrient Uptake 

4.5.1. Phosphorus and Nitrogen up take 

Analysis of variance showed that very high significance difference (P<0.0001) observed in total 

nitrogen uptake and total phosphorus uptake of the treatments in lentil crops (Table 6). Total 

Nitrogen up take of the lentil crops increased by 51.9, 41, and 38. 4% with the application of 

150kgha-1NPSZnB +inoculation, 100kgha-1+inoculation, 150kgha-1NPSZnB and33.9% both in 

100kgha-1and inoculation alone related with control treatments, respectively. Similarly, total 

phosphorus uptake increased by 52.5, 23.2, 13.3% with the application of 150kgha-1NPSZnB 

+inoculation, 100kgha-1+inoculation and inoculation alone respectively related with control 

treatments, respectively. Total phosphorus uptake in 150kgha-1NPSZnB and 100kgha-1 treatment 

decreased by 9.4 and 24.1% below the control treatment. 
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Table 5:- Effect of NPSZnB Fertilizers, Rhizobia on N, P uptake & Harvest Index. 

Treatment NGU NSU PGU PSU NTP NHI PTU PHI 

Control 33.1D 22.2A 5.3C 10.7BC 36.5D 0.55D 13.9D 0.18D 

Rhizobium Alone 34.5D 20.9AB 5.6C 5.6D 55.3C 0.59C 16.04C 0.37C 

100NPSZnB 40.5C 18.8BC 8.8B 3.9D 55.3C 0.61C 11.2E 0.53B 

150NPSZnB 43.3B 18.6B 9.1B 8.9C 59.3B 0.68B 12.7DE 0.7A 

100NPSZnB+Inco. 58.6A 17.4C 15A 14.3A 61.9B 0.69B 18.1B 0.52B 

150NPSZnB+Inco. 19.5E 16.9C 2.1D 3.9D 76A 0.77A 29.3A 0.5B 

Varieties                 

Local 30.35C 16.3C 5.1C 8.05C 46.7C 0.645C 15.7C 0.39C 

Derso 48.2A 23.3A 10.8A 10A 71.35A 0.65B 18.9A 0.56A 

Jiru 36.2B 18B 6.9B 9B 54.1B 0.65B 15.9B 0.45B 

Treatment *** ** *** *** *** *** *** *** 

Var. *** *** *** * *** NS *** *** 

Trt*Var. *** *** *** *** *** NS *** *** 

CV% 7 12.7 10.7 21.6 6.34 9.3 12.6 13.2 

NGU=Nitrogen grain uptake, NSU=Nitrogen straw uptake, PGU=Phosphorus grain uptake, 

PSU=Phosphorus Straw uptake, NTU=Total Nitrogen uptake, NHI=Nitrogen harvest index, 

PTU=Total phosphorus uptake, PHI=Phosphorus harvest index. 

 

All the varieties had different up take and allocation for applied fertilizers level and rhizobium 

inoculation. This appears to indicate that there is an inherent varietal difference in total N& P 

nutrient up take Fertlizer and rhizobium inoculation. Similar results were reported (Zike et al., 

2017). Variety Derso is an efficient crop due to high total N nutrient up take (grain N+ grain P up 

take) and total P nutrient up take. Similar trends reported (Zaidi et al., 2003; Zerihun et al., 

2017). The analysis of variance showed that there were an interactive effect between treatments 

and varieties in total Nitrogen and Phosphorus uptake by the lentil crops(Table 5 and Figure a 

and b). 

 

The highest mean of total Nitrogen uptake(99.2%) was recorded in Derso variety with the 

application of 150kgha-1NPSZnB +Rhizobium inoculation and the lowest mean of total Nitrogen 

uptake was recorded in local varieties (control) (26.7%) with the same treatment application. 

Similarly, the highest mean of total Phosphorus uptake (31.4%) was recorded in Derso variety 

with the same treatment application as the total nitrogen uptake and the lowest total Phosphorus 

uptake (6.8%) was recorded in local variety control treatments. Similar, trends was observed in 

Nitrogen harvest index and Phosphorus harvest index of the lentil varieties. 

(Table 5, Figure 11 a and b) 
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Figure 11: Interaction effect of NPSZnB Fertilizers and lentil varieties on Total nitrogen uptake 

(a) and on Total Phosphorus uptake (b) 

 

4.5.2. Harvest index of P and N up take 

Table 5 showed that very high significance difference (P<0.0001) observed in Phosphorus and 

Nitrogen harvest index of the treatments in lentil crops. Nitrogen harvest index significantly 

increased by 28.5, 20.2, 19.1, 9.8, 6.7% and phosphorus harvest index increased by 80, 80.7, 

85.7,81.1 and 72.9% with the application of 150kgha-1NPSZnB +inoculation, 100kgha-

1+inoculation, 150kgha-1NPSZnB, 100kgha-1and inoculation alone related with control 

treatments (unfertilized, uninoculated) respectively. Similarly, the same trends reported by Zike 

et al., (2017). 

The lentil varieties responded differently, in Nitrogen and Phosphorus harvest index. Non-

significant varietal difference was observed in Nitrogen harvest index and unlikely, very high 

significant (P<0.0001) varieties different responded in Phosphorus harvest index of the crops. 

The interaction effect was very highly significantly (P<0.001) different in phosphorus harvest 

index but, not in Nitrogen harvest index of grain and straw of the crops. The highest mean of 

Nitrogen harvest index (0.77%) recorded in 150kgha-1NPSZnB +inoculation and Phosphorus 

harvest index (0.7%) with the single application of 150kgha-1NPSZnB fertilizers related with the 

control treatments 0.55, and 0.1% respectively. 

4.6. Correlations of selected yield and yield related parameters 

Correlation analysis presented in the Table 6 indicated that dry biomass was positively very high 

significant (p<0.0001) and strongly correlated with plant height (0.55***), shoot dry weight 

(0.58***), Grain yield (0.67***), Number of pods (0.61***), Total Nitrogen uptake (0.74***), Total 
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Phosphorus up take (0.50***) harvest index (0.55***) and thousand seed weight (0.60***). 

Inaddation, medium and positively significant association with nodule dry weight (0.49*), 

number of nodule (0.46*).Moreover, Dry biomass was weakly, non-significant association with 

straw yield (0.07NS), Nitrogen harvest index (0.01NS) and Phosphorus harvest 

index(0.23NS).Similarly, grain yield was strongly and positively very high significant association 

with number of pods (0.84***), harvest index (0.89***), Thousand seed weight (0.69***), total 

nitrogen uptake (0.96***), Nitrogen harvest index (0.61***), total Phosphorus uptake (0.57***), 

Phosphorus harvest index (0.63***). 

Analysis of variance indicated that positively very high significant (p<0.0001) and strongly 

correlated between grain yield and dry biomass (0.67***), number of nodule (0.68***), nodule dry 

weight (0.8***), root dry weight (0.75***), shoot dry weight (0.84***). However, grain yield was 

weakly and positively non-significant relation with straw yield (0.38NS). All the nodule 

characteristics of correlation result indicated that the development of promising nodules of the 

crop due to NPSZnB fertilizers rate supply and rhizobium inoculation could promote N uptake 

through the process of BNF that ultimately enhance the final grain yield and yield attributes of 

the crop. The yield of plant is a dependent variable, depends up on all other growth and yield 

contributing components. Due to this, the tested variety in this study gives the maximum yield 

and hence, the yield parameters result indicated that the yield maximization is due to the strong 

relation between traits of lentil and then affected significantly and positively the grain yield 

(Gomez and Gomez, 1984,). 

 

Similar result was reported that Grain yield and yield traits of faba bean, soybean, lentil and 

other pulse crop strongly and positively associated with grain yield, and hence, contributed to the 

maximum yield produced of crops. Moreover, reported that plant height also positively and 

strongly significant association with biomass and hence, contributed to production of high 

biomass (Weldu et al., 2012; Rashid, 2012). 
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Table 6:-Relationship between Growths, Yield traits, Total N, Total P Uptake, N&P Harvest index, Grain and straw Yield of Lentil crop. 

  NN NDW SDW PB PH NP GY SY DBM HI TSW NTP NHI PTU PHI 

NN 1 0.87*** 0.9*** 0.88*** 0.66*** 0.69*** 0.69*** 0.61*** 0.46* 0.65*** 0.55*** 0.67*** 0.60*** 0.81*** 0.2NS 
NDW 0.87*** 1 0.87*** 0.83*** 0.76*** 0.8*** 0.80*** 0.60*** 0.49* 0.84*** 0.63*** 0.76*** 0.68*** 0.68*** 0.45* 
SDW 0.9*** 0.87*** 1 0.88*** 0.81*** 0.83*** 0.84*** 0.55*** 0.58*** 0.78*** 0.74*** 0.82*** 0.61*** 0.72*** 0.42* 
PB 0.88*** 0.83*** 0.88*** 1 0.73*** 0.83*** 0.71*** 0.41* 0.5** 0.65*** 0.68*** 0.72*** 0.49** 0.66*** 0.31NS 
PH 0.66*** 0.76*** 0.81*** 0.73*** 1 0.84*** 0.83*** 0.45* 0.55*** 0.87*** 0.66*** 0.82*** 0.57*** 0.43* 0.66*** 
NP 0.69*** 0.80*** 0.83*** 0.83*** 0.84*** 1 0.84*** 0.34NS 0.61*** 0.81*** 0.79*** 0.83*** 0.54*** 0.46** 0.59*** 

GY 0.68*** 0.8*** 0.84*** 0.71*** 0.83*** 0.84*** 1 0.38*** 0.67*** 0.89*** 0.69*** 0.96*** 0.61*** 0.57*** 0.63*** 
SY 0.61*** 0.6*** 0.55*** 0.41* 0.45* 0.34NS 0.38NS 1 0.07NS 0.58*** 0.02NS 0.32NS 0.49* 0.39NS 0.29NS 
DBM 0.46* 0.49* 0.58*** 0.50** 0.55*** 0.61*** 0.67*** 0.07NS 1 0.55*** 0.60*** 0.74*** 0.01NS 0.50** 0.23NS 
HI 0.65*** 0.84*** 0.78*** 0.65*** 0.87*** 0.81*** 0.89*** 0.58*** 0.55*** 1 0.56*** 0.86*** 0.65*** 0.45* 0.71*** 
TSW 0.55*** 0.63*** 0.74*** 0.68*** 0.66*** 0.79*** 0.69*** 0.02NS 0.60*** 0.56*** 1 0.67*** 0.44* 0.48* 0.37NS 
NTP 0.67*** 0.76*** 0.82*** 0.72*** 0.82*** 0.83*** 0.96*** 0.32NS 0.74*** 0.86*** 0.67*** 1 0.45* 0.6*** 0.57*** 
NHI 0.60*** 0.68*** 0.61*** 0.49* 0.57*** 0.54*** 0.61*** 0.49* 0.01NS 0.65*** 0.44* 0.45* 1 0.28NS 0.58*** 
PTU 0.81*** 0.68*** 0.72*** 0.66*** 0.43* 0.46* 0.57*** 0.39NS 0.5*** 0.45*** 0.48*** 0.60*** 0.28NS 1 0.18NS 
PHI 0.20NS 0.45* 0.42* 0.31NS 0.66*** 0.59*** 0.63*** 0.29NS 0.23NS 0.71*** 0.37NS 0.57*** 0.58*** -0.18NS 1 
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4.7. Partial Budget Analysis 

The data presented in Table 7 indicated that the highest marginal net benefit (60418.8, EB ha-1) 

were obtained in combined application of 150kg ha-1 NPSZnB + rhizobium inoculation by 

variety Derso lentil produce. Jiru variety was medium returns (25387.5, EB ha-1)   which were 

obtained from the same treatment applied with Derso variety (150kg NPSZnB+ inoculation) 

Table 7) likely, Derso obtained the highest marginal rate of return (152%) with rhizobia 

inoculation alone followed by local (111.3%) and Jiru (50.43%) (Table 7). This implies that for 

1.00birr investment in lentil production the product can give higher return in amount. Therefore, 

lentil production by using Derso Variety with the application of 150kg ha-1 NPSZnB+ rhizobium 

inoculation was economically very feasible related to control. In addition, other level of Fertlizer 

resulted good economic feasibility but lower than Derso with the application of 150kg ha-1 

NPSZnB+ rhizobium inoculation compare to the control.  
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Table 7:- Partial Budget analysis of on farm-lentil at Siya Debrena Wayu 

Treatments GYKgha1- Price SREBha1 MBEB MCEBkg1 TICEBha- NPEBha- MNBEBh1- MRR% 

Local 

         

  

Control 1496.06 28 41889.68 0 0 1348 40542 0 0 

Inoculation lone 2136.27 28 59815.5 17925.8 160 1508 58308 17765.8 111.03 

100kghaNPSZnB 2213.6 28 61980.8 20091.1 1180 2525 3665.8 18911.2 16.02 

150kghaNPSZnB 2386.9 28 66833.2 24943.3 1770 3118 63715 23173.5 13.09 

100 +Inoculation 2185.2 28 61180 19290.2 1930 3278 57902 17360.3 8.9 

150 +Inoculation 2759.4 28 77263.2 35373.5 2010 3358 73905 33363.5 16.59 

Derso 

         

  

Control 1764.3 28 49400.4 0 0 1348 48052 0 0 

Inoculation lone 2641.19 28 73953.3 24552.9 160 1508 72445 24392.9 152 

100kghaNPSZnB 2809.7 28 78681.6 29281.2 1180 2525 76157 28101.2 23.8 

150kghaNPSZnB 3228.5 28 90398 40997.6 1770 3118 87280 39227.6 22.1 

100 +Inoculation 3371.16 28 94392.48 44992.1 1930 3278 91114 43062.1 22.3 

150 +Inoculation 3993.9 28 111829.2 62428.8 2010 3358 108471 60418.8 30.059 

Jiru 

          Control 2050.45 26 53311.7 0 0 1348 51964 0 0  

Inoculation lone 2367 26 61542 8230.3 160 1508 60034 8070.3 50.43  

100kghaNPSZnB 2276.2 26 59181.2 12769.9 1180 2525 56656 11651.9 9.8 

100 +Inoculation 2708.3 26 70415.8 17104.1 1930 3278 67138 15174.1 7.8 

150kgha1+Inoculation      3104.2 26    80709.2 27397.5 2010 3358 77351 25387.5 12.63  

Grain yield cost of local=28 EB kg-1for Derash=28 EB kg-1 and for Jiru 28 EB kg-1 =, Cost of NPSZnB=1180 EB kg-1, Cost of Rhizobia=160 EB 

kg-1. MB= Marginal benefit, MNB=Marginal net benefit, SR= Sell revenue, TIC=Total income cost, MC= Marginal cost, MRR=Marginal rate of 

return.
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1. Summary and Conclusions 

Results from this study have shown that NPSBZn blended fertilizer application and rhizobium 

inoculation are effective in improving growth, BNF, yield and yield components of lentil 

varieties. The Study also revealed that inoculation alone may not be adequate enough to improve 

lentil grain yield. Synergetic effect of Rhizobia inoculation and NPSZnB blended fertilizer 

application on grain yield and N fixation was more pronounced than the application of Rhizobia 

inoculant or fertilizer alone. 

 

From the finding of these experiments, it is conclude that Rhizobium inoculated seeds in 

combination with fertilizers at 150kgha-1 dosage had very high significant effect on all growth 

parameters in this study.150kgha1- + inoculation, 150kgha-1, 100kgha-1 + inoculation, 100kgha-1, 

and inoculation alone showed plant height increment by 47.5, 41.4, 38.6, 33.9, and 31.3% as 

compared to control treatments respectively. The other parameters also showed similar increment 

trends. Like, Nodule number increase by 77.9, 61.4, 49.1, 60.3and 19.8%,Root dry weight 

resulted increment by 98.8, 98.1, 97.3, 93.3 and 97.6%, shoot dry weight increased by 76.1, 61.1, 

61.1, 32.5, and 57.3%.Primary branch increased by65.6, 42.3, 30.6, 2.9, and 52.8%. Secondary 

branch increased by 90.1, 87, 87.3, 80.2 and 85.9% over the control treatments, respectively.  

Yield response most pronounced under 150kgha-1NPSZnB +inoculation treatment application. 

Yield increase observed by 46.1, 35.7, 34.8, 27.2and 25.6%.Similarly, the data showed that 

28.6% increment in dry biomass with the application of 150kgha-1+inoculation followed by 

19.17 (inoculation alone), 18.78 (100kgha-1 +inoculation) and16%(100kgha-1&150kgha-1) related 

to control. Increment in harvest index observed by 30.1, 27.3, 26.9, 20.5 and 16.2%in150kgha-

1NPSZnB +inoculation, 100kgha-1+inoculation, 150kgha-1NPSZnB, 100kgha-1and inoculation 

alone related with control treatments respectively. it is concluded that the application of NPSZnB 

fertilizers at the rate of 150kgha-1+ inoculation gave the best result followed by 100kgha-1+ 

inoculation, 150kgha-1,inoculation alone , 100kgha-1  and inoculation alone regarding with yield 

and yield components of lentil.  
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Variety Derso with the application of 150kgha-1+ inoculation were found best followed by Jiru 

with the same treatment applied in terms of yield and yield component so, for the achievement of 

higher yield Derso with the rate of 150kgha-1+ inoculation should be applied and also Jiru with 

the same treatment gave good yield. Except biomass and plant height, the other all parameters 

showed interaction effect with treatment and varieties due to this, the study gives very high 

significant result over the control treatment. The very high significant interactive effect from 

Rhizobium inoculation combined with NPSZnB fertilization suggest that this technology could 

be recommended for  adoption  in  areas with similar agro ecology and soil characteristics. 

 

This study indicated that the application of combined fertilization of 150kgha-1 NPSZnB and 

Rhizobium inoculation have very high significant effect on plant height, branches per plant, 

number of pod per plant, shoot dry weight, root dry weight, number of nodule, nodule dry 

weight, grain yield, thousand seed weight, harvest index, straw yield. Moreover, the other 

treatments also record good results. Derso has superior performance with mean value 3.9 tonha-1, 

4.7-ton ha-1, Jiru; the next high-performed varieties 3.1-ton ha-1, 4.5-ton ha-1 in both biomass and 

grain yield, respectively. 

Selection and development of efficient lentil varieties that are responsive to inoculant Rhizobia 

strain form the basis increased lentil yields and BNF. Farmers should put extra efforts on farming 

practices that stimulate symbiotic effectiveness and improved soil productivity including (i) 

Rhizobia inoculation that adds beneficial strains to the soil (ii) crop rotation with well fertilized 

cereal crop to get the benefit of the residual N (iii) appropriate soil conservation practices and 

recycling of crop residues (iv) adequate amount of organic and inorganic fertilizer use. These 

attempts will be met with greater success through a consideration of other factors like crop 

protection, selection of right varieties, proper plant spacing, seed rate, timely planting and weed 

control. It is important to develop and disseminate crop and site-specific nutrient management 

technologies for sustainable crop management practices among smallholder farmers in the study 

area. 
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5.2. Recommendation 

Based on the results of the study, the following recommendations are made: 

i. The study revealed that Rhizobium inoculated seeds in combination with 150 kg per ha 

NPSBZn fertilizers had very high significant effect on all growth parameters in this study 

area. It is therefore recommended that farmers should adopted Derso variety with 

application of 150 kg per ha NPSBZn together with rhizobium inoculation to increase 

lentil production in the study area. 

ii. The variety responds to Rhizobia inoculation and, therefore, inoculation of Rhizobia can 

boost nodulation, BNF and growth performance of the variety. 

iii. Combined application of Rhizobia inoculation and fertilizer has more yield benefits than 

single application in both lentil varieties. 

iv. However, the experiment was done only at one-test sites representing the central 

highlands of Ethiopia for one season. In fact, there is high variability among agro 

ecological zones of Ethiopia for rainfall, soil type and climatic conditions. I would 

suggest that the experiments would have to be replicated over locations in order to 

ascertain the finding of the current study. 
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7. APPENDICES 
Appendix Table 1:- Soil pH rating for 1: 2.5 soils to water ratio suspension. 

 

pH  Ratings  

< 4.5  Very strongly acidic  

4.5-5.2  Strongly acidic  

5.3-5.9  Moderately acidic  

6.0-6.6  Slightly acidic  

6.7-7.3  Neutral  

7.4-8.0  Moderately alkaline  

> 8.0  Strongly alkaline  

Source:- Tekalgn (1991). 

Appendix Table 2:- Ratings of CEC, Exchangeable K and Exchangeable Na in (cmol (+) kg-1), 

OC, OM and Total N in (%), Avaliable P (mgkgha-1) 

Rating CEC a OC (%)c OM (%)c Exch. K b Total N (%)c Exch. Na b A 

Very low < 5 < 0.50 < 0.86 < 0.2 Not given < 0.10 

Low 5 - 15 0.5 - 1.5 0.86 - 2.59 0.2 - 0.3 < 0.05 0.1 - 0.3 

Medium 15 - 25 1.5 - 3.0 2.59 - 5.17 0.3 - 0.6 0.05 - 0.12 0.3 - 0.7 

High 25 - 40 > 3.00 > 5.17 0.6 - 1.2 0.12 - 0.25 0.7 - 2.0 

Very high > 40 Not Given Not Given > 1.2 > 0.25 > 2.0 

Source: aBooker Tropical Soil Manual &/or Landon (1991); bFAO (2006); cTekalign (1991) 
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Appendex Table 3:-Analysis of variance of All Parameters 

 

F Value 
 

Pr>F 
 

  Rep Trt Var. Trt*Var Error Trt Var Trt*Vr Trt Var. Trt*Var CV. 

DP   M.E 2.05 397.6 718.1 8.9 5.1 183 330 4.1 <0.0001 <0.0001 0.0009 2 

DM M.E 49.6 634.8 4953.1 38.1 5.1 123 957 7.3 >> >> <0.0001 2.4 

NP M.E 34.7 29994.2 21166.6 904.8 3.5 8376 5911 252 >> >> >> 0.9 

NN M.E 5.39 2274.8 84.6 20.5 1.7 1283 47.7 11.6 >> >> >> 4.5 

PB M.E 0.09 95.2 8.6 9.7 0.07 265 60.3 13.6 >> >> >> 9.9 

SB M.E 0.29 202.4 83.6 8.4 1.5 130 53.8 5.4 >> >> >> 13 
PH M.E 5.03 419.2 259.6 12.2 9.7 42.9 26.6 1.25 >> >> 0.29 9.1 
RDW 
M.E 0.014 7.05 1.05 0.14 0.009 723 108 14.8 >> >> <0.0001 8.2 
SDW 
M.E 0.05 7.3 1.9 0.21 0.023 318 84.4 9.1 >> >> >> 7.7 
NDW 
M.E 0.036 1.6 0.21 0.04 0.014 111 14.6 2.8 >> >> 0.0122 14 
DBM 
M.E 126410 1392523 3314238 473401 237992 5.8 13.9 1.9 0.0005 >> 0.06 13 

GY M.E 31871 2271037 2714243 181805 20017 113 136 9.09 <0.0001   <0.0001 5.5 

HI M.E 1.05 556.4 258.5 15.03 0.22 2442 1134 65.9 >> >> >> 0.8 
TSW 
M.E 0.26 211 775 15.8 1.3 152 558 11.4 >> >> >> 3.7 

SY M.E 8883 1010881 1486305 227866 5456 185 272 4.1 >> >> 0.0008 2.9 
NTU 
M.E 11.4 1471 2875.5 103.6 13.2 111 216 7.8 >> >> <0.0001 6.3 

NHI M.E 0.0029 0.053 0.00037 0.0103 0.0037 14.3 0.1 2.76 >> NS NS 9.3 

PTU M.E 4.3 385.1 56.4 41.4 4.5 84.1 12.3 9.05 >> <0.0001 <0.0001 13 

PHI M.E 0.0026 0.27 0.135 0.09 0.0039 69.7 34.4 23.7 >> >> >> 13 

  

Appendex Table 4:- Climatic data during the study period from experimental areas 

  
Number 

Month 
  

Maximum 
Temp. 

Minimum 
Temp. 

Relative 
Humidity 

Total 
Rainfall 

Date of 
rainfall 

1 January 23.7 0.9 29 0 0 

2 February 22.8 4.6 50 0 4 

3 March 24.1 6.1 36 102.7 11 

4 April 24.8 5.1 34 49.5 5 

5 May 23.7 6.4 54 138.5 11 

6 Jun 23.7 5.9 47 51.7 6 

7 Jully 21.6 7.5 86 416 27 

8 August 19.9 6 88 373.8 27 

9 September. 20.6 5.8 73 140.1 15 

10 October 22.3 4 46 0 0 

11 November. 24.1 2.5 38 0 0 

12 December. 23.2 1 29 0 0 

  AV.Mont. 22.9 4.7 51 106 mm   

  Annual       1272.3mm   

Source: - East Amhara Metrology Centre,(2017) 
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