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Abstract Tef is a highly valued crop in the national diet of Ethiopians. However, its productivity is constrained by low plant-available soil nitrogen due to depleting soil organic matter content and minimum usage of improved variety in the producer. This problem is compounded by low rates of N fertilizer applications and cultivating of Tef varieties that is not improved in the country. Therefore, a field experiment was carried out with the objectives of studying the effects of rates of nitrogen fertilizer and varieties on growth and yield components of Tef and determining the most optimum Nitrogen fertilizer application rate for Tef production,  determine  the response of Tef varieties to different nitrogen fertilizer application rates and identify high yielding Tef variety .The treatments consisted of four levels of nitrogen (0, 46, 69 and 92 kg N ha-1) and two varieties (Jimma local  and Quoncho variety). The experiment was laid out as RCBD in factorial treatment with three replications. Among   the parameters evaluated, five were affected by the main effect of N fertilizer rate (days of panicle emergence, days to maturity, plant height, number of effective tillers and fresh biomass yield). Three parameters (days to panicle emergence and days to maturity are high significantly (p<0.01) affected and fresh biomass yield was significantly (p<0.05) affected by varieties). However, plant height, panicle length and numbers of effective tillers were non-significantly affected by varieties. The only parameters that were significantly affected by the interaction effects of both nitrogen and varieties were Fresh biomass yield.  
Keywords: Tef Variety; Nitrogen Fertilizer Rate; Growth; Yield Components: Jimma  
1. INTRODUCTION Tef (Eragrostis tef), a cereal crop that belongs to the grass family Poaceae, is endemic to Ethiopia and has been widely cultivated in the country for centuries (Teklu and Tefera 2005). Tef is adaptable to a wide range of ecological conditions in altitudes ranging from near sea level to 3000 msl and even it can be grown in an environment unfavourable for most cereal, while the best performance occurs between 1100 and 2950 masl in Ethiopia (Hailu and Seyfu, 2000). Teff is grown mainly in Amhara and Oromiya, which together accounted for 84 and 86% of the total cultivated area and production in 2011. East and West Gojam of Amhara and East and West Shoa of Oromiya are particularly known teff producing areas in the country (Demeke and Marcantonio, 2013). Tef is resistant to extreme water conditions, as it is able to grow under both drought and waterlogged conditions (Teklu and Tefera 2005; Minten et al. 2013). Combined with its low vulnerability to pest and diseases, it is considered a low risk crop (Fufa et al. 2011; Minten et al. 2013).  Tef is the country’s most important staple crop in terms of both production and consumption, at least in value terms. During the 2012/13 meher rains, more than 6 million farmers allocated 22 percent of the national grain area to teff. On these teff lands, a total output of almost 4 million metric tons was obtained, accounting for 16 percent of all grain output. In 2013, the average teff yield reached 1.4 tons per hectare—an increase of eight percent from 2012 (CSA 2013). Although the recent increase was mainly due to an increase in production area, previous increases in Tef production are attributed both to yield improvements and to expansion of the production area (Taffesse et al. 2011). Minten et al. (2013) evaluated national Tef production for 2012 and estimated that Tef is the most important food crop in the country. The value of its commercial surplus is second only to coffee. In addition to its importance as a staple food, teff straw is important for fodder and use in house construction (Teklu and Tefera 2005).  Tef is used in Ethiopia to produce the nation’s staple dish enjera. Grinding teff grain into flour and mixing with water results in a spongy type of pancake. Teff is also used to brew local beer. It has high protein, fiber and complex carbohydrates content, relatively low-calorie content, and is gluten free (Berhane et al. 2011; ATA 2013c). It accounts for between 11 and 15 percent of all calories consumed in Ethiopia (Berhane et al. 2011, ATA 2013c) and provides about 66 percent of daily protein intake (Fufa et al. 2011). Almost two thirds of the Ethiopian population use teff as their daily staple food. It is estimated that per capita consumption grew by 4 percent over the last 5 years (ATA, 2013c). Teff is considered an economically superior good, relatively more consumed by urban and richer consumers (Berhane et al. 2011; Minten et al. 2013). In urban areas, the share of per capita teff consumption in total food expenditure is 23 percent, while in rural area this is only 6 percent. In rural areas, teff is seen as a luxurious grain consumed only by elders or during special occasions. Growth in average incomes and faster urbanization in Ethiopia are likely to increase the demand for teff over time (Berhane et al. 2011).  Even though, Ethiopia is a center of origin and diversity of tef and has the above-mentioned importance and 
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coverage of large area, its productivity is very low to feed the demand of its people and market. These is due to low soil fertility and suboptimal use of mineral fertilizers in addition to weeds, lack of high yielding cultivars, erratic rainfall distribution in lower altitudes, lodging, water-logging, low moisture, and low soil fertility conditions (Fufa, 1998). On the other hand, under conditions where most growth requirements are available and in organic matter rich soils, application of fertilizers without knowing its fertility status causes yield and fertilizer losses (Tekalign et al., 2001).   There are different blanket fertilizer recommendations for various soil types of Ethiopia for tef cultivation. This is due to its cultivation in different agro-ecological zones and soil types, having different fertility status and nutrient content. Accordingly, N/P recommendation rates by the Ministry of Agriculture were set at 55/30, 30/40, and 40/35 N/P kg ha-1 for tef crop on Vertisols, Nitosols, and Cambisols, respectively across the country (Seyfu, 1993). However, 100 kg DAP ha-1 and 100 kg urea ha-1 were set by the Ministry of Agriculture and Rural Development later (Kenea et al., 2001). Those blanket recommendations brought generally, an increase in yield of improved cultivars ranging from 1700 to 2200 kg/ha (Seyfu, 1997). Accordingly, the average national yield in the year 2010 reached 1200 kg/ha (CSA, 2010). However, the recommendations do not work for all production aspects of various soil types of different regions. It is in fact possible to increase the yield potential of tef via optimizing nutrient supply to the soil. Determination of optimum fertilizer rates for specific soil types is vital for overcoming the problem that arose from the use of blanket fertilizer recommendations. Systematic studies should, thus, be conducted under varying conditions and in various regions to determine the fertilizer requirements of tef for optimizing yield. The most important shortcoming in tef production is its inherent low productivity. The local tef cultivar that is most often cultivated in the study area is known as ‘Jimma Local’. It has low yield potential compared to improved tef cultivar; however, recently genetic improvement of tef crop has resulted in the development of varieties that could yield as high as 3 tons ha-1. This high yielding cultivar, ‘Quncho’ was released by Debre-Zeit Agricultural Research Centre and is being aggressively disseminated in different parts of Ethiopia. Moreover, to realize optimum yields of the crop, appropriate fertilizer rates have to be used since this could vary according to soil type and weather conditions of the area. The response of tef cultivars to fertilizer applications depends on the types of fertilizers, rates applied, time and method of application. Higher yield responses to recommended rates of fertilizers are obtained from released cultivars than from the local ones. However, all growth parameters of both released and local cultivars are highly influenced by fertilizer application (Melesse, 2007). The author also reported that, it was possible to increase yield by more than two-fold using improved cultivars and their respective recommended fertilizer rates. Tef responds to fertilizers especially to N highly in all its yield components. N is essential for carbohydrate use within plants and stimulates root growth and development as well as uptake of other nutrients (Tisdale et al., 1993; Brady and Weil, 2002). This study was therefore, initiated with the objective of determining the response of tef cultivars to nitrogen fertilizer rate under Jimma condition.  
1.1 Statement of the Problem Even though Tef is the staple food of most Ethiopian people, the present production system cannot satisfy the consumers’ demand; since most of Ethiopian farmers use local variety than improved variety in most areas and this could lead to less productivity across Tef production areas. Plants with adequate amount of nitrogen fertilizer stimulates rapid growth, root growth, tiller production which leads to high grain yield and leaf area; there by increases photosynthetic activity and growth (Evans, 1997). But, blended nitrogen fertilizer application, which is not supported by modern technology, can have adverse impacts on Tef production and productivity. This is because local farmers use local Tef variety with a low or maximum nitrogen fertilizer application rather than using improved variety with optimum rate of nitrogen fertilizer application. Thus, evaluating the response of Tef varieties and N fertilizer application rates is necessary to limit gap in Tef productivity.    
1.2 Significance of the study Generally the purpose of this study is to observe and review the effect of different rates of nitrogen fertilizer on yield and yield components of Tef varieties. Since maximum or minimum rates of nitrogen fertilizer, which responsible for vegetative growth having a positive correlation with its yield and yield components causes; susceptibility for diseases and pests, drought, and yield reduction, optimum nitrogen rate (69kg/ha) help to obtain the desired yield and yield components. Not only nitrogen rate but also variety has a significant influence on growth and yield components of Tef. Because of Jimma local variety has high germination rate under Jimma condition than Quncho variety. But, it is more susceptibility to disease and pests, water logging and drought as compared to Quncho Tef variety. Generally, this research helps to identify variety of Tef that withstanding constraints of Tef production and having high nitrogen up take and usage capacity and giving high yield and yield components.   
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1.3 Objectives 
1.3.1 General Objective The study is generally aimed to evaluate the response of Tef varietal growth and yield components to different N fertilizer application rates under Jimma condition, Eastern Ethiopia. 
1.3.2. Specific objectives  To determine the response of Tef varieties to different nitrogen fertilizer application rates   To identify optimum N fertilizer application rate for Tef production  
 
3. Materials and methods 
3.1. Description of the Study Area The experiment was conducted in Oromia region south west part of the country at the Jimma University College of Agricultures and Veterinary Medicine (JUCAVM) research site in 2015. JUCAVM is geographically located at about 7o, 33oN Latitude and 36oS, 57o E longitude at altitude of 1710 meters above sea level (m.a.s.l). The mean maximum and minimum temperature of the area is 26.8oC and 11.4oC, respectively and the mean maximum and minimum humidity is 91.4% and 31.2% respectively. The annual rain fall of the area is estimated to be 1500mm. The soil of the area is characteristically radish brown well drained clay to silty clay with PH ranges from 5.07 to 6.0 (Gezahegn, 2003). 
 
3.2. Materials Used for the Experiment 
3.2.1. Planting material The tef variety Quncho [(974 × 196)-HT′-387(RIL355)] was developed by Debre Zeit Agricultural Research Center (DZARC) Quncho was developed from an intra-specific hybridization between two improved pure line selection varieties (DZ-01-974 and DZ-01-196). The ovule parent DZ-01-974 (Dukem) is a high-yielding variety developed through pureline selection and released in 1995 (Tefera et al., 1995, 2001); however, because of the seed colour (pale white), its preference by farmers was very limited. On the other hand, the pollen parent DZ-01-196 (Magna) is an old improved variety developed by pureline selection and released in 1970 (Tefera et al., 1995, 2001). DZ-01-196 has been popular for its very white seed colour, but its productivity has been relatively low (1.6–1.8t ha21). Hence, a targeted cross was made between the two varieties, with the objective of selecting recombinants combining the high yield of DZ-01-974 and the seed quality trait of DZ-01-196. Quncho was then developed as a single-seed descent-derived recombinant inbred line and, after series of multi-environment yield tests in various major tef-growing regions of the country, was officially released in 2006 (MoARD, 2008),and Jimma local variety was used for the experiment.  
3.2.2. Fertilizer material Urea [46% N) was used as a source of nitrogen nutrient elements. 
 
3.3. Treatments and Experimental Design The treatments consisted of four levels of nitrogen (0, 46, 69 and 92 kg N ha-1) and two varieties (Jimma local variety and Quncho variety). The experiment was laid out as a randomized complete block design in a factorial arrangement and replicated three times. A plot size of 0.6 m by 1 m was used and adjacent plots and blocks were spaced 0.5and 0.5 respectively.  
3.4. Experimental procedures The experimental field was selected and all unwanted materials like stones, straw, weed and other will be removed. The land was prepared very well by ploughing four times using draft animals and human labor. The seed of each variety obtained from Horticulture department were sown on upper surface of the soil. Watering was carried out two times per day i.e. early in the morning and in the afternoon. On the other hand other cultural practices like weeding, cultivating, etc were carried out as per the recommendation for Jimma area. Nitrogen fertilizer was applied on the same day of planting for each plot according to the treatment levels provided above during sowing. 
 
3.5. Data collected and Methods of Data Collection All the necessary data were collected randomly and from the six central plots of each plot by using materials and was organized. Sample was measured starting from half life of growth stage to the final growth stage or the yield of the plant. At all parameter of data collection, randomly five plants per plot were taken excluding the border rows to avoid border effects. Thus, the following data were collected. 
3.5.1. Phenological data 
Days to panicle emergence: This parameter was determined by counting the number of days from sowing to the time when 50% of the plants started to emerge the tip of panicles through visual observation. 
Days to maturity: Days to maturity were determined as the number of days from sowing to the time when the 
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plants reached maturity based on visual observation. It was also be indicated by Senescence of the leaves as well as free threshing of grain from the glumes when pressed between the forefinger and thumb. 
3.5.2. Growth and yield component 
Plant height: Plant height was measured at physiological maturity from the ground level to the tip of panicle from five randomly selected plants in each plot. 
Panicle length: It is the length of the panicle from the node where the first panicle branches emerge to the tip of the panicle which was determined from an average of five selected plants per plot. 
Number of effective tillers: Number of effective tiller mean that, number of tillers that can emerge panicle performed as the first plant. It was determined by counting the tillers from an area of 0.25 m x 0.25 m plants by throwing a quadrant into the middle portion of each plot. 
Fresh Biomass yield: At maturity, the whole plant parts, including leaves and stems, and seeds from the whole plot were harvested and immediately, the biomass was measured. It was measured by harvesting the whole above ground plant parts including, leaves, stems and seeds. 
 
3.6. Data Analysis The data were subjected to analysis of variance (ANOVA) following the appropriate procedures of RCBD as stated by Gomez and Gomez (1984) for a factorial experiment. ANOVA was computed with the help of SAS computer software programme. Means of significant treatment effects were separated using the Least Significant Difference (LSD) test at 5% level of significance (SAS Institute, 2004).  
 
4. RESULTS AND DISCUSSION 
4.1. Effects on Crop Phenology 
4.1.1. Days to panicle emergence Days to panicle emergence were highly significantly (P < 0.01) affected by the variety (Quncho and Jimma local Variety) and nitrogen fertilizer rate, but the interaction of the two factors (nitrogen rate * variety) had a non-significant effect on panicle emergence (Appendix1). In treatment of tef to 92 kg ha-1, days to panicle emergence were prolonged about 48 days after sowing and followed by 44.7 days treated under 69kgha-1 in mean. In the other hand tef that was, treat as control had shortest days to panicle emergence, which is about 44.5 days in mean of days of emergence of tef. Two varieties of tef, grown at the rate of 46 kg N ha-1 had significantly hastened days to panicle emergence than those grown at the other two higher rates of nitrogen. The maximum number of days to panicle emergence was observed in Quncho variety (about 48.9 days in mean) as compared to Jimma local variety(about 41.6 days in mean) of which they were treat with the same level of nitrogen rates of fertilizer. This result is in line with the finding of Getachew (2004) and Mekonen (2005) who reported that the heading was significantly delayed at the highest N fertilizer rate compared to the lowest rate on wheat and barley crops, respectively. In contrast, to the results of the present study, Sewnet (2005) reported early flowering with an increase in the rate of N application in rice. Table1. Main effects of Nitrogen fertilizer rates and Variety on the phenology of tef  
Nitrogen (kg/ha)       days to panicle emergence (days)             days to maturity (days)     
 0kg\ha                                  44.5b                                                                 66.5b                                    
46kg\ha                                  43.8b                                                                 66.0b                                      
69kg\ha                                   44.7b                                                                              66.2b                                 
92kg\ha                                   48.0a                                                                 70.0a                                   
LSD (p<0.05)                          1.6                                                                       1.7                                        
 
Variety                  days to panicle emergence (days)                          days to maturity (days)     
Jimma local                               41.6b                                                                      63.6b                            
Quncho                                      48.9a                                                                        70.8a                           
LSD (p<0.05)                             1.1                                                                           1.2                              
CV (%)                                       2.8                                                                           2.1                            LSD=Least significance difference CV=coefficient of variance *Means sharing the same superscript letter do not differ significantly at P = 0.05 and highly significantly at P=0.01 according to the LSD test. 
4.2.2. Days to maturity Days to maturity of tef plant was highly significantly (P < 0.01) affected by the main effect of variety and nitrogen fertilizer rate and the interaction effect of the two (Nitrogen * Variety) factors did not affect this parameter (Appendix 2). In general, the maturity of tef plants hastened under lower N rates (about 66.5days by mean at controlled 
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and 66 days at 46kgha-1 fertilizer rate than under the higher N (about 70daystreated with 92kgha-1 followed by 66.2 days by mean at 69 kgha-1nitogen fertilizer rates. Thus, increasing the rate of nitrogen from 46kgha-1 to 69 kg N ha-1 prolonged days to maturity by about relative shorten days as compared to that of 92kgha- 1 nitrogen rate, which was very prolonged maturation, date and hasten the vegetative phase of tef in our research. However, in case of varieties Quncho variety also had long maturation time (about 70.8 days in mean) as compared to Jimma local variety, which has shorter maturation day about 63.6 days in mean. This result is in line with the report of Marschener (1995), Tanaka et al. (1995), Brady, and Weil (2002) that N applied in excess than required delayed plant maturity. According to Mitiku (2008) days to physiological maturity of tef found to be positively correlated with fertilizer application.  
4.4. Growth Parameters 
4.4.1. Plant height The analysis of variance showed that plant height was affected highly significantly (P< 0.01) by N fertilizer rates and non- significantly by variety and the interaction of the two factors (Appendix 3). Plant height generally increased with the increase in the rate of N application (Table 2).Thus, tef plants treated with higher rates of nitrogen (92kgha-1) were taller (about 112.6cm in mean height followed by 107.7cmat 69kgha-1) than the rest rates of nitrogen fertilizer. However, plants supplied with lower rates of nitrogen nutrient (control and 46kgha-1 was give 97.3cm and 99.3cm by mean respectively). In the other hand, varieties (both Quncho and Jimma local variety) had not significant effect on plant height of tef. Many studies revealed significant influence of N on plant height as it plays vital role in Vegetative growth of plants. A similar result was reported by Haftom et al. (2009) showing that tef plants with higher plant height (92 cm) and panicle length (38 cm) were found by applying a high amount of N fertilizer (92 kg N ha-1). This may be attributed to the fact that N usually favors vegetative growth of tef, resulting in higher stature of the plants with greater panicle length. Legesse (2004) also reported that high N application resulted in tef plants with significantly taller plants due to direct effect of N on vegetative growth of crop plants. In line with this finding Mekonn (1999) reported that plant height measured at physiological maturity increased significantly with increasing levels of N in wheat and sorghum respectively. Similarly, Tenaw (2000) and Zeidan et al. (2006) reported a significant effect of increased N fertilizer on the stature of maize plants. The plant height obtained from the all treated plots was significantly higher than the unfertilized plot. This is because nitrogen fertilizer has a great role in plant growth. 
4.4.2. Panicle length Panicle length neither influenced by the main effect of the rate of nitrogen fertilizer and variety nor by the interaction of the two factors significantly (0.05) and highly significantly (0.01) (Appendix 4). These finding was contrary to the previous study of Channabasavanna and Setty (1994) and Rathore et al. (1991), they revealed that increased yield of cereal crops due to increased yield attributes such as panicle length as a result of successive increases in N application. Those findings was also in line with the  findings of Hailu (1988); Hailu et al. (1996); Mulugeta (2000); Legesse (2004); Mitiku (2008) and Haftamu et al. (2009) that panicle length exhibited positive and highly significant correlation with culm length, plant height, number of internodes, and grain yield. In all findings including the aforementioned ones, increased application of N caused increased panicle length and hence crops with higher panicle length produced significantly higher total biomass yield, grain yield and straw yield than those with shorter panicles. 
4.4.3. Number of effective tillers Number of effective tillers counted at 0.0625 m2 was not significantly (P < 0.05) influenced by the main effect of cultivars as well as by interaction effects.. However, this parameter was significantly influenced by the main effect of N fertilizer application (Appendix 5). The number of effective tillers was significantly increased in response to increasing rate of nitrogen fertilizer to both varieties. The maximum number of effective tillers was recorded in response to nitrogen applied at the rate of 92 kg N ha-1 with 3.5 effective tillers, but from plots treated with 46 kg N ha-1nitrogen the lowest number of effective tillers(about 1.5 by mean) was obtained . Consistent with these results, Seyfu (1993); Tekalign et al. (2000); Legesse (2004); Haftamu et al. (2009) reported significantly higher number of tillers in response to the application of high N rate in tef. Corroborating the results of this study, Botella et al. (1993) reported that stimulation of tillering with high application of nitrogen rate might be due to its positive effect on cytokinin synthesis.   
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Table 2. Main effects of Nitrogen fertilizer rates and Variety on the growth parameter of tef 
Nitrogen (kg/ha) plant height (cm) panicle length (cm) number of effective tiller (no) 
 0kg\ha                   97.3b                                     62.1                              1.5c       
46kg\ha                   99.3b                                    58.4                               2.5b       
69kg\ha                   107.7a                                   60.9                               2.9ab       
92kg\ha                   112.6a                                   62.3                                3.5a 
 
LSD (p<0.05)                 5.4                                          NS                                 0.6 
Variety          plant height (cm)    panicle length (cm)    number of effective tiller (no) 
Jimma local          103.2                                 61.3                                              2.5     
Quncho                 105.2                                 60.6                                                2.7      
LSD (p<0.05)         NS                                      NS                                               NS 
CV (%)                   4.2                                    8.4                                                  19.0       LSD=Least significance difference CV=coefficient of variance *Means sharing the same superscript letter do not differ significantly at P = 0.05 and highly significantly at P=0.01 according to the LSD test.  
4.5. Yield Response to Cultivars and Applied N Fertilizer Rates 
4.5.1. Fresh Biomass Yield The biomass yield was highly significantly (P < 0.01) influenced by the main effect of Nitrogen fertilizer rate and interaction effect of the two factors, and significantly (P < 0.05) by variety (Appendix 6). The highest biomass yield (1056.6g and 890.3 per plot) was obtained under plants supplied with 69 kg N ha-1 applied in Quncho and Jimma local varieties of tef respectively. Whereas the lowest biomass (701.5g followed by492.9g per plot) yield was obtained from plants treated at 46 kg N ha-1 rate and applied in Jimma local and Quncho tef varieties respectively. This nitrogen application significantly enhanced biomass yield agrees with the result of Amanuel et al. (1991) who reported a significant increase in biomass yield of wheat because of increased rate of N application. The application of highest level of N resulted in less biomass yield (614.8g per plot) compared to 69 kg N ha-1 rate applied in Quncho variety. This might be due to the effect of lodging resulted from too high amount of N fertilizer that encourage vegetative growth and height leading to lodging before the translocation of dry matter to economic yield since biomass includes the economic yield. This result is, however, in contrast to that of Haftom et al. (2009) who found the highest biomass yield of tef in response to the application of 92 kg N ha-1. This may be attributed to possible differences in the inherent fertility of the two soils, whereby the soil on which these authors conducted their experiment may have been lower in organic matter than the soil used for this experiment. This may have rendered the latter soil to have lower ability to supply N from mineralization, thus requiring the application of more external nitrogen (92 kg N ha-1) for increased biomass production of tef than the soil used for this experiment. Studies by Legesse (2004); Mitiku (2008) and Haftamu et al. (2009) similarly revealed that, further increases in N application resulted in higher total biomass yield. The increase in total biomass yield with increased N application was ascribed by the authors to highly increased tiller numbers and panicle length that are usually highly enhanced due to high N application. Table 3. Mean days of fresh biomass yield of tef as affected by interaction effect of rates of nitrogen fertilizer Application and variety  
Nitrogen rate kgha-1                                                    variety  
                                                                Jmma local                                   Quncho                                        
0                                                             701.5cd                                             492.9e 
46                                                           832.6bc                                             663.6d 
69                                                           890.3b                                              1056.6a       
92                                                           715.8cd                                              668.5d 
LSD (p<0.05)                                        144.0   
  CV (%)                                                11.0      LSD=Least significance difference CV=coefficient of variance  *Means sharing the same superscript letter do not differ significantly at P = 0.05 and highly significantly at P=0.01 according to the LSD test.  
CONCLUSION AND RECOMMNDATION The experiment was conduct in oromia region southwest part of the country at Jimma university college of Agricultures and veterinary medicine (JUCAVM) research site in 2015, to determine optimum N fertilizer rates on tef cultivars. During the off season, march to may 2015 a tef varieties ‘Quncho’ (Dz-cr-387) and a local tef 
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cultivar called ‘Jimma local’ were used as test crops to determine their response to increased N (0, 46,69 and  92 kg ha-1) fertilizer rates. The 2×4×3 factorial experiment was carried out using randomized complete block design with three replications at Jimma university college of Agricultures and veterinary medicine (JUCAVM) research site. Urea’s (46% N) were also used as a source of   N fertilizers. Tef cultivars ‘Quncho’ and ‘Jimma local’ significantly differed in phenologic parameters such as days to panicle emergence and days to maturity. ‘Jimma local’ variety took a reduced day lengths than ‘Quncho’ for panicle emergence. The maximum number of days to panicle emergence was observed in Quncho variety (about 48.9 days in mean) as compared to Jimma local variety(about 41.6 days in mean) of which they were treat with the same level of nitrogen rates of fertilizer. However, increasing the N fertilizer rate prolonged the phenological parameters. Quncho variety also had long maturation time (about 70.8 days in mean) as compared to Jimma local variety, which has shorter maturation day about 63.6 days in mean.  In treatment of tef to 92 kg ha-1, days to panicle emergence were prolonged about 48 days after sowing and followed by 44.7 days treated under 69kgha-1 in mean. In the other hand tef that was, treat as control had shortest days to panicle emergence, which is about 44.5 days in mean of days of emergence of tef. All growth parameters (Plant height panicle length and number of effective tillers) were non-significantly affected due to the main effects of cultivars and the interaction effect of (Variety*Nitrogen fertilizer rate) .But, plant height and number of effective tillers were high significantly (<0.01) affected by nitrogen fertilizer rate and panicle length was in the other hand affected non-significantly by nitrogen fertilizer rate. The increase in N application from 0 to 92 kg ha-1 resulted in significantly increased plant height and tiller number. In general high N application to tef crop promoted significantly high vegetative growth that led to high production. Thus, tef plants treated with higher rates of nitrogen (92kgha-1) were taller (about 112.6cm in mean height followed by 107.7cmat 69kgha-1) than the rest rates of nitrogen fertilizer. However, plants supplied with lower rates of nitrogen nutrient (control and 46kgha-1 was give 97.3cm and 99.3cm by mean respectively). The maximum number of effective tillers was also recorded in response to nitrogen applied at the rate of 92 kg N ha-1 with 3.5 effective tillers, but from plots treated with 46 kg N ha-1nitrogen the lowest number of effective tillers(about 1.5 by mean) was obtained . Yield components of the tef cultivar, I have used also affected high significantly by the main effects of N fertilizer rate and the interaction effect (Cultivar*N fertilizer rate) and significantly by the main effects of two verities. Biomass yield generally increased significantly with the increase in the rate of nitrogen across the two varieties. The highest biomass yield (1056.6g and 890.3 per plot) was obtained under plants supplied with 69 kg N ha-1 applied in Quoncho and Jimma local varieties of Tef respectively. Whereas the lowest biomass (832.6 g followed by 663.6 g per plot) yield was obtained from plants treated at 46 kg N ha-1 rate and applied in Jimma local and Quoncho Tef varieties respectively. The application of highest level of N resulted in less biomass yield (668.5 g per plot) compared to 69 kg N ha-1 rate applied in Quncho variety. This might be due to the effect of lodging resulted from too high amount of N fertilizer that encourage vegetative growth and height leading to lodging before the translocation of dry matter to economic yield since biomass includes the economic yield. In general, Tef plant that were treat with 69kgha-1 gives highest biomass, shortest days to panicle emergence and days to maturity as compared to the highest level of nitrogen fertilizer (92kgha-1).in the other hand, Quoncho variety was required higher nitrogen fertilizer rate as compared to Jimma local variety in terms of responses to days of panicle emergence, days to maturity, panicle length and plant height e.t.c but gives higher fresh biomass yield. Hence, we are going to recommend using the optimum rate of nitrogen fertilizer rate (69kgha-1) and Quoncho variety for obtain best growth; yield and yield components of Tef to full fill the demand of the local consumers and foreign market.  
Reference Amanuel Gorfu., Asefa Tana, Tanner, D. G. and Mwangi, W. 1991. On farm research derivegfertilizer recommendations for small scale bread wheat production: Methodological issues and technical results. Research Report No. 14. IAR, Addis Ababa, Ethiopia, 37p. Andrews, M., Lea, P. J., Raven, J. A. and Lindsey, K. 2004. Can genetic manipulation of Animal and Plant Health Regulatory Directorate, Addis Ababa, Ethiopia, June 2008. Asnakew W, Tekalign M, Mengesha B and Tefera A. 1991. Soil fertility management studies and wheat in Ethiopia. pp 112-144. In: Hailu  Gebre-Mariam, D. G. Tanner and Mengistu Hulluka (eds.). Wheat 

Research in Ethiopia.A Historical Perspective. IAR, CIMMYT, Addis Ababa, Ethiopia. Botella, M.A., Cerda, A.C. and Lips, S.H. 1993. Dry matter production, yield and allocation of carbon-14 assimilate by wheat as affected by nitrogen source and salinity. Agronomy Journal 35(5):1044-1049. Brady, N. C. and Weil, R.R. 2002. The Nature and Properties of Soils. 13th ed. Person education Ltd, USA.621 pp. Brady, N.C. and R.R. Weil. 2002. The nature and properties of soil. 13th ed. Person Education Ltd., USA. Channabassavanna, A.S. and Setty, R.A, 1994. Response of broad cast rice (Oryza sativa) to levels of nitrogen, 



Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) Vol.8, No.11, 2018  

57 

phosphorus, potassium and time of N application. Indian Journal of Agronomy. 39. (30):457-459.  CSA (Central Statistical Authority), 2010. Agricultural sample survey. 2010. Report on the area, production and yield of major crops by sector and season, Addis Ababa, Ethiopia. CSA. 2012 Central Statistic Authority. Agricultural Sample Survey: report on Area and production of major Crops (Private peasant holdings ‘‘meher’’ season), Volume I Addis Abeba, Ethiopia. Demeke, M and Marcantonio, F., 2013. Analysis of incentives and disincentives for teff in Ethiopia. Technical notes series, FAO, Rome.         density on yield and quality of maize in sandy soil. INS Inet Publication. 2(4):156-161. Evans, L.T. 1997. Crop Evolution, Adaptation and Yield 1st ed. Cambridge University Press, New York, Porchester. Fufa H, Tesfa B, Hailu T, Kebebew A, Tiruneh K, Abera D and Seyfu K. 2001. Agronomy Research in tef. In: Hailu Tefera, Getachew B and M. S (eds.), Narrowing the Rift: Tef Research and Development, Proceedings of the International Workshop on Tef Genetics and Improvement, 16-19 October, 2000. Addis Ababa, Ethiopia, pp 167-176 Fufa H. 1998. Variations of morph-agronomic characters and grain chemical composition of released varieties of tef [Eragrostis tef (Zucc) Trotter]. Journal. Genet.& Breed, 52: 307-311. Fufa Hundera, Efrem Bechere and Hailu Tefera, 1999. Interrelationships of grain yield,  lodging and agronomic traits in tef, Eragrostis tef. Tropical Science, 39: 63-69. Genene G. 2003. Yield and quality response of bread wheat varieties to rate and time of nitrogen fertilizer application at Kulumsa, southern Ethiopia. MSc Thesis, Alemaya University, Alemaya Ethiopia. Getachew Fisseha. 2004. Soil characterization and bread wheat (Triticum aestivum L.) Gomez, K.A. and A.A. Gomez. 1984. Statistical procedure for agricultural research. Second edition. John Wiley and Sons, Inc. New York. Haftamu Gebretsadik, Mitiku Haile and Charles F. Yamoah. 2009. Tillage Frequency, Soil Compaction and N-Fertilizer Rate Effects on Yield of Tef [Eragrostis Tef (Zucc) Trotter] in Central Zone of Tigray, Northern Ethiopia Thesis presented to Mekelle University Ethiopia.  Haftom G, Mitiku H and Yamoah, CH. 2009. Tillage frequency, soil compaction and N-fertilizer rate effects on yield of tef (Eragrostis tef (Zucc.) Trotter).Ethiopia Journal of Science 1(1): 82-94. Hailu T, Seyfu K (2000) Production and importance of tef in Ethiopia Agriculture.In: Tefera H, Belay G, Sorrels M (eds.), Narrowing the Rift: Tef research and development- Proceedings of the international Tef Genetics and improvement, 16-19 October 2000, Addis Ababa, Ethiopia. Hailu Tefera and W.E. Peat, 1996. Gene section for some quantitative trait of tef [Eragostis tef (Zucc)Trotter]. 
Ethiopian Journal of Agricultural Science. Vol. 15:1-8. Addis Abeba, Ethiopia. Hailu Tefera. 1988. Variability and association of characters in tef cultivars. An M.Sc. thesis presented to graduate studies of AUA, Alemaya. 84p. Kenea Y, Getachew A and Workneh N. 2001. Farming Research on Tef: Small Holders Production Practices. In: Hailu Tefera, Getachew Belay and M. Sorrels (eds.),Narrowing the Rift: Teff Research and Development. 
Proceeding of the International Work shop on tef genetics and improvement, 16-19 October, 2000, Addis Ababa, Ethiopia, pp 9-23. Legesse A. 2004. Response of tef [Eragrostis tef (Zucc.) Trotter] to applied nitrogen and phosphorus in Sirinka, North Eastern Ethiopia. MSc Thesis, Alemaya  Legesse Admassu. 2004. Response of Tef [Eragrostis tef (Zucc.) Trotter] to Phosphorus and Nitrogen Application in North Esatern Ethiopia. M.Sc. Thesis presented to the School of Graduate studies of Alemaya University. Pp.71. Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2nd ed. Academic Press, London.783p. Mekonnen A. 2005. Response and uptake of barley ( Hordem Vulgarae L.) to different Rates of ORG- Pand N fertilizer. MSc Thesis, Alemaya University, Alemaya, Ethiopia. Melesse Harfe. 2007. Response of Bread Wheat (Triticum aestivum. L.) Varieties to N and P Fertilizer Rates in Ofla District, Southern Tigry, Ethiopia. M.Sc. thesis presented to Haramaya University, College of Agriculture. Ethiopia. Mitiku Melaku. 2008. Effect of Seeding and Nitrogen Rates on Yield and Yield Components of Tef [Eragrostis 
tef (Zucc.) Trotter] at Adet North Western Ethiopia. M.Sc. Thesis presented to College of Agriculture in Department of Plant Science of Haramaya University. Pp.24-29.  MoARD. 2008. Ministry of Agriculture and Rural Development. Crop Variety Register, Mulugeta Seyoum. 2000. Uptake and response of rice (Orayza sativa L. to N and P fertilization under rainfed lowland condition of fogera plain, Northern Ethiopia. M.Sc. thesis Alemaya University of Agriculture. Ethiopia. Pp. 93.         nitrogen uptake of rain-fed rice (Oryza sativa) in Fogera, South Gonder. MSc Thesis,Alemaya University, Alemaya, Ethiopia. 



Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) Vol.8, No.11, 2018  

58 

Okamoto, M. and Okada K. 2004. Differential responses of growth and nitrogen uptake to organic of nitrogen four gramineous crops. Journal. Exp. Bot. 55 (402): 1577 – 1585.         plant nitrogen assimilation enzymes result in increased crop yield and greater N use efficiency? An assessment. Annals of Applied Biology 145:25-40. Rathore, A.L., R.K. Shula and S.L. Patel, 1991. Response of rice (Oryza sativa) varieties to fertilizer in wetland (flooded) condition. Indian Journal of Agronomy 36:232-234.         research on Tef in Ethiopia. Pp. 199-200. In: Hailu Tefera, Getachew Belay and Mark Sorrels (eds.) Narrowing the Rift. Tef Research and Development. Proceeding of the International Workshop on Tef genetics and Improvement, DebreZeit, Ethiopia, 16-19 Oct. 2000.         response to N and P fertilizatoin. MSc Thesis, Alemaya University, Alemaya, Ethiopia. SAS (Statistical Analysis System, 2004. SAS for windows released 9.0 SAS Institute, Inc. Cary, NC, USA. Sewnet Ashebir. 2005. Effects of nitrogen and seed rates on grain yield components and nitrogen uptake of rain fed rice (Oryza sativa) in Fogera, South Gondar. An M.Sc. thesis presented to School of Graduate Studies of Alemaya University. Pp. 37.  Seyfu K. 1993. Phenotypic Variations in Tef (Eragrostis tef) Germplasm- Morphological and Agronomic Traits. A catalog. Technical manual No. 6. Institute of Agricultural Research.Addis Ababa, Ethiopia. Seyfu K. 1993. Tef [Eragrostis tef (Zucc.) Trotter]. Breeding, Genetic Resources, Agronomy, Utilization and Role in Ethiopian Agriculture. Institute of Agricultural Research, Addis Ababa, Ethiopia. Seyfu Ketema. 1983. Studies of lodging floral, biology, and breeding techniques in tef [Eragrostis tef (Zucc.) Trotter)]. Ph.D. Thesis presented to the school of graduate studies of University of London.  Seyfu Ketema. 1993.Tef [Eragrostis tef (Zucc.) Trotter]. Breeding, genetic resource, agronomy utilization and role in Ethiopian Agriculture. Institute of Agricultural Research, Addis Ababa. Ethiopia.  Seyfu Ketema. 1997. [Eragrostis tef (Zucc.) Trotter]. Promoting the conservation and use of underutilized and neglected crops. 12. Institute of Plant Genetics and Crop Plant Research, Gatersleben/International Plant Genetic Resources Institute, Rome, Italy. Tanaka, K., Kasai, Z. and Ogawa, M. 1995. Physiology of ripening. pp.97-118. In: T. Matsuo,  K. Kumazawa, R. Ishii, K.Ishihara, and H. Hirata, (eds) .The Science of the Rice Plant.Vol. 2. Food and Agriculture Policy Research Center, Tokyo. Tekalign M, Teklu Eand Balesh T\. 2001. Soil Fertility and Plant Nutrition Research on Tef in Ethiopia. pp. 199-200. In: Hailu Tefera, Getachew Belay and Mark Sorrels (eds.) Narrowing the Rift. Tef Research and 
Development, Proceedings of the International Workshop on Tef Genetics and Improvement, 16-19 October, 2000. Addis Ababa, Ethiopia, pp 167-176. Tekalign Mamo, Selamyihun Kidanu, Mesfin Abebe, Teklu Erkossa. 1996. Review of soil fertility studies conducted on tef: Experience of Alemaya University of Agriculture, Ethiopia. 40-55  Tekalign Mamo, Teklu Erkossa and Balesh Tulema. 2000. Review of soil fertility and plant nutrition research conducted on tef. Proceeding of the International workshop tef genetics and improvement. Addis Ababa, Ethiopia.pp.37-38.  Tenaw W. 2000. Effect of nitrogen fertilizer rates and plant density on grain yield of maize.  Tisdale, S.L., W.L. Nelson, J.D. Beaton, J.L. Havlin. 1993. Soil Fertility and Fertilizers 5th ed. Macmillan publishing company, USA.  

APPENDIX 
Appendix table (1) the analysis of variance for panicle days of emergence (days), using adjusted SS for 
tests 
Sources of variation      DF           SST                     MS                    FV                    Pr>f  
     Replication               2                 18.25                   9.13                  5.70             0.0155 
      Nitrogen                  3                  62.83                  20.94                13.08           0.0002 
      Variety                    1                  322.67                322.67               201.52       <.0001 
    Nitrogen * Variety   3                  10.33                  3.44                   2.15              0.139 
       Error                     14                 22.42                  1.60 
     Corrected Total      23                436.50 
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Appendix table (2) the analysis of variance for days of maturity (days) ,using adjusted SS for tests  
Sources of variation      DF           SST                     MS                    FV                    Pr>f  
      Replication                   2             18.08                  9.04                 4.53              0.0303 
      Nitrogen                        3            65.00                  21.67                10.87           0.0006 
      Variety                          1            308.17                308.17              154.54         <.0001 
      Nitrogen * Variety       3             8.17                    2.72                1.37              0.2940 
       Error                            14          27.97                   1.99 
      Corrected Total            23            427.33 
 
Appendix table (3) the analysis of variance for plant height, using adjusted SS for tests  
Sources of variation DF      SST                  MS                    FV                    Pr>f  
 Replication              2        71.62                        35.81                 1.87              0.1899 
 Nitrogen                   3        928.54                     309.51                 16.20           <.0001 
 Variety                     1        24.81                      24.81                    1.30            0.2736 
Nitrogen * Variety   3       172.737                       57.58                    3.01            0.0656 
 Error                        14      267.42                             19.10 
Corrected Total       23      1465.112 
 
Appendix table (4) the analysis of variance for panicle length, using adjusted SS for tests  
Sources of variation      DF           SST                     MS                    FV                    Pr>f  
 
        Replication          2          9.64                   4.8200                          0.19            0.8330 
      Nitrogen                 3          56.33                18.78                             0.72            0.5559 
      Variety                   1          3.08                  3.088                             0.12            0.7360 
      Nitrogen *Variety 3         17.09                 5.70                                0.22            0.8817 
      Error                     14        364.63               26.04 
      Corrected Total    23       450.78 
 
Appendix table (5) the analysis of variance for number of effective tillers, using adjusted SS for tests  
Sources of variation       DF SST MS FV   Pr>f 
Replication 2 10.02                       5.01          20.54                                <.0001 
Nitrogen 3 12.94                       4.31          17.67                             <.0001 
Variety 1 0.48                         0.48           1.97                              0.1819          
Nitrogen *Variety 3 0.78                        0.26           1.06             0.3961       
      Error                      14 3.42                                     0.26             
Corrected Total     23 27.64    
 
Appendix table (6) the analysis of variance for fresh biomass yield, using adjusted SS for tests  
Sources of variation       DF SST MS FV   Pr>f 
Replication 2 15711.46          7855.73                          1.19                  0.3319 
Nitrogen 3 459690.77            153230.26                      23.30              <.0001 
Variety 1 30281.51               30281.51                      4.60                0.0499 
Nitrogen *Variety 3 136680.14              45560.05                        6.93             0.0043 
      Error                      14 92066.15                6576.15   
Corrected Total     23 734430.04     
      


