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1. INTRODUCTION 

1.1. Back Ground and Justification 

Tef [Eragrostis teff (Zucc.) Trotter] is among the main cereals of Ethiopia. It has the largest 

value in terms of both production and consumption in Ethiopia. Tef accounts first in area 

coverage and second in total annual production next to maize, and ranks the lowest yield 

compared with other cereals grown in Ethiopia. It is cultivated in an area of about 2.8 million 

hectares which, takes up about 28.5% of the total grain cropping area. In spite of the 

aforementioned importance, its productivity is very low (1.46 t/ ha) as compared to other major 

cereals. Some of the factors contributing to low yield are low soil fertility, improper sowing, 

suboptimal use of mineral fertilizers, weeds, uneven rainfall distribution in lower altitudes, lack 

of high yielding cultivars, water-logging, and low moisture (Tamirat Wato, 2019).  

One of the key components of plant production is the determination of the sowing date. To 

obtain high yield and quality products in teff cultivation, it is very important to determine the 

most adequate growing period where the plant could reach physiological maturity by selecting 

the most suitable cultivar. Based on a planting date study conducted in Ethiopia from May to 

July, planting from June to July was found to be the optimum time for teff plants. explored the 

significant effect of different sowing dates (2, 9, 16, 23 and 30 July) on days to heading, days to 

maturity, plant height, number of tillers per plant, grain yield of tef (Geren et al., 2020).   

The value of its commercial surplus is second only to coffee (Fenta Assefa, 2019). 

 Tef can be produced under diverse agro-ecological conditions and can be stored for a long time 

as the grains not affected by storage pests. Several studies have reported that the tef crop is 

adapted to wide environments and is tolerant to marginal growing conditions ranging from areas 

prone to waterlogging to drought stress  (Habte Jifar et al., 2022).  

Cereal crops constitute the main staple food and account for about 81% of the total cultivated 

crop area and 87.97% of total grain production (CSA, 2019). Although most of the arable land in 

the country has been used for cereal crop production, a large gap remains between cereal crop 

production supplies and the domestic demand. Therefore, an urgent need to develop more 

efficient and sustainable agricultural production systems to satisfy the food demands in the future 

(Habte Jifar et al., 2022).  
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developmental stages of crop with soil moisture deficit causes both quantity and quality loss to 

the final yield  (Kakabouki et al., 2021). 

However, it has been historically neglected compared to other staple grain crops, yields are 

relatively low (around 1.26 tons/hectare), and some farmers under certain conditions sustain high 

losses which result in reduced quantity of grain available to consumers. Tef is free of protein 

known as gluten which found in wheat, barley and rice, and can causes celiac disease by aberrant 

T-cell. Teff is not only important for grain consumption but also its straw is highly nutritious and 

more palatable for livestock compared to straw of other cereals crop especially during dry season 

(Misgana merga, 2018).  

Given these challenges, there is an urgent need for location-specific research to identify optimal 

nitrogen fertilizer rates and sowing times that enhance tef yield and yield components. This study 

aims to address this gap by evaluating the effects of different nitrogen application rates and 

sowing dates on the productivity of tef in Adet District. 
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1.2  Statement of the Problem 

Tef (Eragrostis tef) is a staple crop in Ethiopia, playing a vital role in food security, rural 

livelihoods, and the national economy. Despite its importance, tef production and productivity 

remain low compared to its potential, particularly in the Adet District of North Gojjam. This is 

largely due to suboptimal agronomic practices, including the improper application of nitrogen 

fertilizer and poorly timed sowing dates. These challenges are further compounded by the 

reliance on blanket recommendations for fertilizer use that fail to account for local soil 

conditions and crop requirements. 

Inappropriate nitrogen application rates and untimely sowing not only limit yield but also 

negatively affect key yield components such as panicle length, biomass production, and grain 

quality. Additionally, traditional farming practices and limited access to research-based 

recommendations exacerbate these issues, leaving farmers unable to maximize their productivity. 

As a result, tef farmers in the region face significant economic losses and struggle to meet the 

growing market demand for this high-value crop. 

The findings will provide evidence-based recommendations that can improve tef production 

practices and contribute to sustainable agricultural development in the region.  

         1.3. Objectives  

      1.3.1. General objective 

The overall objective of this study is to contribute towards the productivity of tef by 

improving the agronomic practices, using of proper sowing dates and using optimum levels 

of nitrogen fertilizer on tef in north-western Ethiopia. 

                 1.3.2. Specific objectives 

1. To evaluate the impact of different nitrogen fertilizer application rates and sowing dates 

on the grain yield, biomass production, and yield components of tef in Adet District. 

2. To determine the optimal nitrogen fertilizer application rates & appropriate sowing time 

for maximizing tef productivity under local agro ecological conditions. 
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Tef is an indigenous crop to the country & part of the traditional and staple food of the people. It 

plays a significant role in the agriculture sector of the country to ensure food security. According 

to data from the Central Statistical Agency of Ethiopia (CSA), in the 2020/21 production year, 

Tef covered approximately 22.56% of the total agricultural land, encompassing around 

2,928,206.26 per ha. Furthermore, it contributed significantly to grain production, accounting for 

approximately 16.12 % of the total yield, totaling 55,099,615.14 quintals, with an average yield 

of 18.82 quintals per hectare (Eniyew Eskezia et al., 2024).    

2.3. Economic Importance of Tef in Ethiopia 

 Tef is an ancient tropical cereal crop that has its center of origin and diversity in the northern 

Ethiopian highlands from there it is believed to have been domesticated. It is an untouched cereal 

crop at worldwide than other cereal crops like maize, wheat, sorghum and barley; however; it is a 

staple food grain in Ethiopia mainly used to make injera as a traditional fermented Ethiopian 

pancake. In other countries; like Australia, South Africa and the United States; it is 

predominantly used as a forage crop for animal feed. Tef is a cereal crop comprehensively 

cultivated in Ethiopia with annual coverage of about 2.8 million hectares. This crop has special 

useful traits both for producers and consumers (Asmiro Abeje et al., 2019).  

Tef has a significant role on Ethiopian agriculture for food and trade sectors. Major Ethiopian 

farmers rely on tef production because tef is their daily consumption. Ethiopia has a great chance 

to assure food security by boosting tef production and exporting. With a numerous benefit 

(gluten free and high nutrition values), tef could be the next super-grain and Injera could be the 

next super-food in the worldwide (Desta Ekero et al., 2021).  

Despite of these facts, the productivity of tef is still lower due to spatial heterogeneity like 

climatic variability, technical inefficiency and other factors. Even though the Ethiopian 

government gives an attention for disseminating improved tef varieties fertilizer and other 

modern agricultural technologies to small holder farmers, tef is untouched cereal crops to 

advocate its importance. There are limited comprehensive strategies for tef large scale 

production; adoption of farm implements at country level (Asmiro Abeje et al., 2019).  
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attention in the world market mainly because the grains are free from gluten to which many 

people are allergic (Bizuwork Tafes et al., 2020).  

2.5. The Effect of Nitrogen Rate on Yield and Yield Component of Tef 

Tef is the major cereal crop in Ethiopia as well as in the world and plays great role in supplying 

the society with protein, carbohydrates and minerals and it is a highly versatile crop with respect 

to adaptation to different agro-ecologies, widely grown from sea level up to 2800 meters above 

sea level under various rainfall, temperature and soil conditions. It performs well in the Ethiopian 

highlands between 1700 to 2400 meters above sea level. The annual rainfall requirement of the 

crop ranges from 950 to 1500 mm and requires temperatures of 10 to 27 C o (Desta Ekero et al., 

2021).  

Phosphorous (P) is one of the most limiting plant nutrients in the tropics required in the early 

stages of growth necessary for many plant processes including synthesis of phospho-lipids, 

energy transfer and enzyme activation for optimum crop production. Tef responds differently to 

rates of fertilizers depending on soil type and cultivars.  

According to Bekele Anbessa & Getahun Dereje,(2016) there are different blanket 

recommendations for various soil types of Ethiopia for tef cultivation. For heavy soils (Vertisols) 

and sandy clay loam soils (Andosols), 55/30 and 60/26 N/P kg/ha, respectively are 

recommended.  

However, N/P recommendation rates by the Ministry of Agriculture are 55/30, 30/40 and 40/35 

N/P kg/ha for teff crop on Vertisols, Nitosols and Cambisols, respectively across the country. 

However, 100 kg DAP/ha and 100 kg urea/ha were set by the Ministry of Agriculture and Rural 

Development later (Amante Lemma, 2022).  

Generally, the recommended rate of fertilizer for tef is 25 to 40 kg N/ha and 30 to 40 kg P2 O5 

ha-1 on light soils such as Nitosols, Luvisols and Cambisols, and 50-60 kg Nha-1 and 30-35 kg P2 

O5 ha-1 for heavy soils such as Vertisols. On the other hand, a study conducted at Hawassa and 

Areka using three tef varieties (Dabi, Dz 01-196 and Dz-01-354), representing early, 

intermediate and late maturing groups respectively, indicated that there was no need of applying 

urea on Nitosols and no fertilizer should be applied to tef grown on Fluvisols (Amante Lemma, 

2022).   
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Crop production can be profitable if and only if balanced and adequate levels of phosphorus (P) 

and nitrogen (N) as well as other nutrients are used. So, at this volatile grain and fertilizer prices 

condition, sound soil test calibration is essential for successful fertilizer program and crop 

production. An accurate soil test interpretation requires knowledge of the relationship between 

the amount of a nutrient extracted by a given soil test and the amount of plant nutrients that 

should be added to achieve optimum yield for each crop. Therefore, Calibrations are specific for 

each crop type and they may also differ by soil type, climate, and the crop variety. That means, 

fertilizer recommendations on soil test basis for economic crop production should be both 

location and situation specific and can be modified with changes in soil test value as well as 

input output ratios (Amante Lemma, 2022).  

All the above considerations indicate that fertilizer recommendations are dynamic and change 

with time due to changes in soil nutrient status and environment. Those blanket 

recommendations brought generally, an increase in yield of improved cultivars ranging from 

1700 to 2200 kg ha-1. Accordingly, the average national yield in the year 2010 reached 1200 

kg/ha. 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 be conducted under varying conditions and in various regions to 

determine the fertilizer requirements of tef for optimizing yield (Amante Lemma, 2022).   

High Nitrogen rates stimulate root and leaf growth and thereby increase photosynthetic activity 

and growth (Evans, 1993). Excess N supply causes higher photosynthetic activity and vigorous 

vegetative growth which is disadvantageous early in the growing season when moisture limits 

plant growth, and is accompanied by weak stem (Damte Balcha, 2021).  

As applied N rates increased, the grain uptake also increased which was also reflected in the 

plant height, yield, and yield components like panicle length, panicle weight, grain yield, straw 

yield, and biomass yield (Damte Balcha, 2021).  

It has many functions including promotion of rapid growth, increasing leaf sizes, enhancing fruit 

and seed development; forms an integral component of many important components in plants 
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including amino acids that are building blocks of proteins and enzymes, that are involved in 

catalyzing most biochemical processes. Excess N supply causes higher photosynthetic activity 

and vigorous vegetative growth which is disadvantageous early in the growing season when 

moisture limits plant growth, and is accompanied by weak stem. Dark green color, low product 

quality, delay in maturity, increase in susceptibility to lodging, insect pests and diseases 

(especially fungal diseases), and build-up of nitrite which is harmful to foliage and straw feed are 

common effects of excess N application in tef. The national recommendation of nitrogen 

fertilizer rate in heavy soil is 46 kg N ha-1 and this rate is recommended to most of the farmer to 

apply in two splits, i.e. is 50% at sowing and 50% at tillering stage but in the study area there is 

little knowledge among farmers of the rate and time of N-fertilizer application (Desalegn 

Negassa, 2015). 

2.6. Synergetic Effect of Sowing Date and N- Rate in Tef 

When we use high dose of nitrogen fertilizer concentration and sow at early June the crop 

becomes more vegetative growth and leads to susceptible to lodging, finally the yield could be 

less than expected grain production, on the other hand sow tef crop very late / end of July/ it has 

less dry matter accumulation because of lack adequate available of soil and atmospheric moisture 

and the seed size cold be small compare to early sowed. However crop sown on mid- July in 

most areas of Amhara regions more appropriate yield has been obtained relatively (Bizuwork 

Tafes et al., 2020). 
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                 3. MATERIALS AND METHODS 

                3.1. Description of the Study Area 

The experiment was conducted at the Adet Agricultural Research Center (AARC) during the 

summer rainy season of 2023. Adet is situated in the Amhara National Regional State, 

specifically in Adet District of North Gojjam, at an altitude of 2240 meters above sea level. 

Geographically, it lies at a longitude of 37°29´E and a latitude of 11°16´N and is bordered by 

two rivers, Shenna and Shegize (Figure 3.1). The area experiences a mean annual rainfall of 

1250 mm, with an average annual maximum temperature of 25.5°C and a minimum temperature 

of 9.2°C during the study year (Figure 3.2). 

According to historical data from the Bahir Dar Meteorology Station, Adet received total rainfall 

amounts of 1592.1 mm and 1228.1 mm during the 2019 and 2020 cropping seasons, respectively. 

The minimum and maximum temperatures recorded in Adet during the same periods ranged 

from 5.4°C to 30.2°C in 2019 and from 6.8°C to 30.7°C in 2020. During the cropping season in 

2023, the area received significant rainfall, with the highest monthly totals observed in July (260 

mm) and June (125 mm). Detailed monthly rainfall data for the experimental site are presented in 

Appendix Table 1. 

Adet district is characterized by diverse agro-climatic zones (Weyna Dega, Dega, and Kolla), 

which support the cultivation of various crops such as cereals, pulses, and horticultural crops. 

The area has fertile soils dominated by Nitosols, Vertisols, and Luvisols, which provide essential 

nutrients for crop growth and development.  

The farming system in Adet district is predominantly mixed farming, involving both crop 

production and livestock rearing. However, traditional agricultural practices dominate, including 

oxen plowing, broadcasting seeds during sowing, harvesting with sickles, threshing using 

livestock or human labor, and poor land management practices. Major crops grown in the district 

include tef, wheat, maize, barley, potato, field pea, and finger millet (YDARDO, 2019). These 

crops thrive due to favorable climatic conditions and soil fertility in the region. 
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Figure.3.1. Map of the study area 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure .3.2.  Temperature and Rainfall distribution of the study area 
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combination was applied to a fixed experimental unit over one growing year (see Appendix 

Table 6 for further details).   

      3.5. Agronomic Practices and Planting Procedures 

The experimental field was prepared through a combination of tractor and oxen ploughing, 

followed by manual leveling of the plots to ensure a fine tilth. A field layout was designed, and 

treatments were randomly assigned to the experimental units within each block. Seeds of  Estub 

and Quncho varieties were sown at a rate of 15 kg per hectare across three sowing times, spaced 

10 days apart (early July, mid-July, and late July). A split application method was used to apply 

the nitrogen (N) treatment levels. About half of the nitrogen was applied when the seeds were 

planted, and the other half was applied when the stems grew longer and more branches formed, 

about six weeks after planting. Additionally, we uniformly applied the recommended phosphorus 

rate of 100 kg per hectare across all experimental plots. Urea and Triple Super Phosphate (TSP), 

both containing 46% of their respective nutrients, served as the sources of nitrogen and 

phosphorus. Weeding was conducted three times throughout the growing season, while 

harvesting and threshing were performed manually. 

  3.6. Data Collection  

3.6.1. Growth parameters  

The growth parameters of plant height (PH), panicle length (PL), were measured at the maturity 

stage on ten randomly selected plants from internal in each plot with a meter tape. Plant height 

was measured from the ground level to the tip of the panicle, while PL was measured from the 

node, where the first panicle branch emerges, to the tip of the panicle. The lodging index (LI) 

was evaluated just prior to harvest by observing the degree of stem inclination (Mekonnen Gebru 

et al., 2023).  

Plant height (cm): plant height was measured from the soil surface to the tip of the panicle of 10 

randomly selected plants from the net plot area at physiological maturity of quadrant area.  

Panicle length (cm):  It was measured from the bottom of the panicle to the tip of the panicle 

excluding the awns from 10 randomly selected plants from the central parts of each plot.  
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Days to 50% heading (DH): The number of days elapsed from the dates of seedling emergence 

up to the date when the tips of the panicles first emerged from the main shoot on 50% of the 

plant in a plot as determined by visual observation.  

Days to 90% physiological maturity (DPM): days to physiological maturity was determined as 

the number of days from sowing to the date when 90% of the panicle turned to yellow in straw 

color, i.e. when grains were difficult to break with thumb nail.  

Lodging percentage: -The degree of lodging was assessed just before the time of harvest by 

visual observation by measuring the angle of inclination of the main stem from the vertical line 

to the base of the stem by visual observation. The degree of lodging was assessed just before the 

time of harvesting by visual observation based on the scales of 1-5. Where 1 (0-15%) indicates 

no lodging and 5 (60- 90%) indicates 100% lodging. The scales were determined by the angle of 

inclination of the main stem from the vertical line to the base of the stem by visual observation. 

         3.6.2. Yield and Yield Components 

Yield and yield component data of grain yield (GY), thousand seed weight (TSW), straw yield 

weight (SYW), and above-ground biomass yield (BY) were measured after harvest, which was 

done by placing 0.25 m by 0.25 m quadrants randomly, excluding border areas.  

The BY was measured by weighing the sun-dried plant sample and converted to kg ha-1. The 

harvest index (HI) was also calculated as the ratio of GY to BY and expressed as a percentage.  

Number of tillers: count number of new sprout of plants from randomly ten selected plants from 

the central parts of each plot in the quadrat.  

Thousand seed weight (g): thousand seeds weight was determined based on the weight of 1000 

seeds sampled from the grain yield with 12.5% moisture content and weighed with sensitive 

balance.   

 Dry biomass (ton ha-1): the aboveground dry biomass was determined from plants harvested 

from the net plot area after sun drying to a constant weight and converted to kg per hectare.  

Grain yield (ton ha-1): The harvested wheat bundles of each plot were sun dried for five days 

and then was threshed and the grain yield was determined from the net plot area. The yield was 

adjusted to 12.5% moisture content. Finally, yield per plot was converted to kg ha-1. 
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variety as well as the interaction of three effects (Table 4.2). The less of response to the N rate 

applications may be attributed to the variability of fertility levels or soil N content, and highly 

genetically difference between the two tef varieties. Maturing groups of tef variety were due to 

genetic character and it may not much alter by growing environment. Average means of N rates 

(overall tef varieties), the days to maturity were almost similar effects but it varies due to 

variable sowing time, early sowing showed that maximum day to maturity compare to late 

sowing and via reverse becomes 128.46,123.45 and 120.56 days respectively.    

This finding contrast to Tamirat Wato, (2019) who reported that, application of a high rate N 

delayed teff maturity, which was significant with the increase in nitrogen application rates. 

Hence, it was postponed by twenty-seven days in response to receiving 97.5 kg N ha-1, in 

relation to the control treatment. This might be attributed to an increase of chlorophyll, which 

keeps the plant photo-synthetically active for a longer period.  

This result is incoherent with the findings of Tamirat Wato, (2021) who found that high N 

application rates caused physiological maturity to delay due to the direct effect of N on the 

vegetative growth (Tolera Abera & Dessalegn Negasa, 2021).   

Similar to Tamirat Wato, (2019) also, Yahanis Abichu et al. (2020), who stated that, application 

of a high rate N delayed tef maturity, which was significant with the increase in nitrogen 

application rates. Thus, increasing the rate of nitrogen from 18 to 36 kg N ha days to maturity by 

about relative shorten days as compared to that of 66 kg N ha fertilizer rate, which was very 

prolonged maturation, date and hasten the vegetative phase of tef. This might be attributed due to 

an increase of chlorophyll contents by greening the leaf, which keeps the plant photo-

synthetically active for a longer period. This result is in line with the report of Brady and Weil 

state that N applied in excess than required delayed plant maturity.   

  4.1.3. Plant height  

The analysis of the result shows that the main effect of N rate and sowing date had a highly 

significant at (p<0.01) influence. In contrast, three-factor interaction and main effect of verities 

had no discernible influence on this parameter (Appendix Table 3). The highest plant heights 
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(129.86 cm) were recorded in nitrogen rates of 92 kg ha-1, whereas the shortest plant height 

(114.08cm) was recorded in 46 kg ha-1 nitrogen rate in Quncho variety (Table 4.2).  

The sowing date and N rate at which N fertilizer is applied has a considerable effect on tef 

height, as indicated by this finding. Nitrogen is a vital component of amino acids, the building 

blocks of proteins, and is essential for plant growth and development. When plants receive 

adequate nitrogen and sow at appropriate time, they can synthesize proteins more efficiently, 

leading to increased plant height. Nitrogen also plays a vital role in cell division and expansion, 

influencing enzyme activity and allowing plants to produce more cells and expand their tissues. 

It is also a key component of chlorophyll, the pigment responsible for photosynthesis, which 

converts light energy into chemical energy. Adequate nitrogen levels and sow at right time 

ensure sufficient chlorophyll production, better dry matter accumulation, maximizing the plant's 

ability to capture sunlight and produce growth energy. Additionally, nitrogen is closely 

associated with biomass production, allowing plants to accumulate more biomass, including 

structural components like stems, leaves, and roots, contributing to overall plant growth and 

height.  

At DZARC, it is evident from the result that the tallest plant height (120.58 cm) and panicle 

length (46.68 cm) was obtained when Kora was sown in mid-July followed by when the variety 

was sown late-July, plant height (118.02 cm) and panicle length (44.94 cm).  

In contrast to this result, Ozturk et al.(2017) who reported that sowing date showed significance 

difference on plant height and panicle length of tef when the crop was sown in early-July (on 2 

July). On the other hand, sowing of tef varieties in early-July were fewer seedlings emerged. 

This finding is Similarly, Kidu Gebremeskel et al.( 2016) reported that showing higher plant 

height (92cm) and panicle length (38cm) of tef were obtained with application of 92 kg N ha 

fertilizer. Also, significantly maximum plant height (125cm) of tef was obtained higher 

application of 97.5 kg N ha-1 fertilizer rate. This might be attributed to the fact that N usually 

favors vegetative growth of tef, resulting in higher stature of the plants with greater panicle 

length. 
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 Chala Tamiru & Tolera Abera, (2021) also reported that high N application resulted in 

significantly taller tef plants height due to direct effect of N on vegetative growth of crop plants.  

The result of the analysis of variance showed that plant height was highly significant (p< 0.01) 

affected by the main effect of sowing date. The highest plant heights (125.89 cm) was recorded 

in third sowing ,whereas the shortest plant height (116.68 cm) was recorded in first sowing date, 

respectively (Table 4.2). The data indicated that when the sowing date becomes late from 

common sowing date the heights of the plant become increases and vice versa (Table 4.2).  

A similar study, Sete Sahle, (2016) cited by Yechale Mengie et al. (2021) who reported that an 

increase in plant height due to row sowing and decreasing seed rate from 25 kg ha-1 to 10 kg ha-1 

might be due to less intra-specific competition of plants for light and other growth resources such 

as nutrients and soil moisture. 

The current study similar to Bizuwork Tafes et al.( 2020) who reported, the tallest plant height 

(120.58 cm) and panicle length (46.68 cm) was obtained when Kora was sown in mid-July (15 

July) followed by when the variety was sown late-July (25 July), plant height (118.02 cm) and 

panicle length (44.94 cm).  

In contrast to this result, Ozturk et al. (2017), reported that sowing date showed significance 

difference on plant height and panicle length of tef when the crop was sown in early-July (on 2 

July). On the other hand, sowing of tef varieties in early-July (5 July) were fewer seedlings 

emerged. The possible reason is insufficient soil moisture in early-July planting periods. Tef can 

be sown during a season when the rainfall is reliable and well wet soil on Vertisol than 

Andousol.  Bizuwork Tafes et al., (2020) finally states that, we recommended that, mid-July to 

late-July in most Ethiopia and early appropriate sowing date for Kora variety. On the other hand, 

sowing in mid-July is appropriate for Boset variety for Amhara region and similar agro-ecology.  

Also Kumela Bodena & Thomas Abraham,( 2021) states from the grand means of N rates 

(overall of tef varieties), plant height increased consistently with increasing the levels of N such 

that the maximum plant height (128.4cm) was obtained from the maximum N level (120 kg ha-1), 

while the lowest plant height (112.8cm) was obtained from the control plot. Generally, the plant 

height of tef increased with N rate application rates and this was in line with the report of, 
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NS=non-significant; CV (%) = Coefficient of variation, LSD= Least Significant Difference test at 5% 

level, *=significant at 5% level of significant, **=. significant at 1% level of significant, PE; panicle 

Length, DM; day of maturity, PH; plant height, TN; tiller number. 

   4.1.5. Lodging Percentage 

The lodging percentage depends on environmental conditions, cultivar characteristics, and 

management practices. Sowing date and nitrogen application affect lodging percentages in teff 

crops. Nitrogen rate affects lodging risk, with excess causing overly tall and weak-stemmed 

plants. Both the main effect of N fertilizer and sowing date as well as the interaction effect are 

had a highly significant (P < 0.01) influence on both tef varieties in lodging percent (Appendix 

Table 3).  

The highest lodging percentage (4.0 %) was recorded at the application of 92 kg N fertilizer, and 

first time of sowing in both tef varieties, whereas the lowest lodging percentage (2.75%) was 

recorded under the application of 46 kg N fertilizer (Table 4. 3). This result is due to the fact that 

when excessive nitrogen fertilizer is applied, it can lead to excessive vegetative growth in plants. 

This lush, rapid growth can result in taller, weaker stems that are more prone to lodging, 

especially under adverse weather conditions such as wind or rain when it is sown at early 

common sowing.  

Therefore, the high lodging percentage observed at 92 kg N fertilizer application suggests that 

the plants might have experienced excessive vegetative growth, leading to weaker stems and 

increased susceptibility to lodging (Table.4.3). Conversely, the lower lodging percentage 

observed at 46 kg ha-1 N fertilizer application indicates that the plants received sufficient 

nitrogen for healthy growth without excessive vegetative development leads to efficient 

utilization of fertilizer. As a result, they likely maintained stronger stems and were less prone to 

lodging. 

Incoherent with these finding Desta Ekero et al. (2021) reported that the maximum result of 

lodging percentage was recorded from 50 kg ha-1 NPSB (30.50%) and the minimum was 

recorded from 0 kg ha-1 NPSB (28.25%).  
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Loading directly related seed rates can lead to increased competition, resulting in taller, thinner 

stems that are more prone to lodging due to reduced stem strength and increased susceptibility to 

environmental stresses such as wind and rain.  

 Mekonnen Gebru et al.(2024) stated that, while higher plant densities may initially seem 

advantageous for achieving higher yields, they can also increase lodging susceptibility.  

The analysis variance indicated that the main of two effects (N rate and sowing date) as well as 

interaction effects were highly significantly (P <0.01) influenced the lodging index but not 

variety at both (p<0.01) and (p<0.05)(appendix Table 3). The interaction effects of nitrogen 

fertilizer rates, variety and time of sowing were highly significantly influenced by the lodging 

index. The highest lodging index was observed from crops at the rate of 92 kg N ha-1 with early 

sowing (57.17%) in both varieties.  

In general, a further increase in N application rates increased the lodging index of tef. This could 

be due to the profound effect of high N supply on increasing vegetative growth thereby leading 

to bending of a weak stem of the plant due to the sheer load of the canopy. Similarly, (Baye 

Ayalew et al., 2016) obtained significant differences in the lodging percentage of tef due to 

Nitrogen rate application.   

Table 4.3 Interaction effects of nitrogen fertilizer rates, sowing date and varieties on lodging 

percentage in Adet District in 2023 main cropping season. 

     Sowing date   

Varieties Nitrogen 

Rate 

(KG) 

 Early  July 

(July 5) 

Mid July 

(July 15) 

Late July 

(July 25) 

 

V1(Quncho) 46 3.55AC 3.46ABC 3.10AC  

 69 3.46AB 30.04AB 3.02ABC  

 92 3.42A 3.33AB 2.97AC  

V2(Estub ) 46 3.54AC 3.39ABC 3.09AC  

 69 3.45AB 3.37AB 3.01ABC   

 92 3.41A 3.33AB 2.96AC   

Mean                    3.30     
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 LSD                                         0.0932 

  CV                                          4.202 

Means with the same letter (s) in the column are not significantly different at 5% level of significance; 
NS=non-significant; CV (%) = Coefficient of variation, LSD= Least Significant Difference test at 5% 
level, *=significant at 5% level of significant, **=. significant at 1% level of significant. 

4.1.6. Number of Tillers per Plant 

The main effect of sowing time and N fertilizer rate in both varieties were a highly significant 

(p<0.01) effect on the number of tillers per plant of tef crop, however variety and the interaction 

of three main effects were no significantly influence in tiller number parameter (Appendix table 

3). The number of tillers increased significantly across the increased rates of nitrogen. The 

highest number of tillers per plant (5.7) was recorded with the application of the highest rates of 

N rate (92 kg N ha-1 followed by 120 kg ha-1 N rate, whereas the minimum number of tillers 

(2.21) was recorded with the 46 kg ha-1 N rate corresponding to late sowing in both varieties 

(Table 4. 2). 

In the current study, it was found that with the successive increase in nitrogen application rates, 

the number of effective tillers also increased significantly. The maximum numbers of effective 

tillers (13.79) were obtained with the application of 69 kg N ha-1 and sow when half of July, 

slightly decreased reaches to end of July. This might have been obtained due to the greater 

availability of N that might have played a vital role in cell division.The reason for tiller number 

increase across N rate increase was nitrogen is crucial for plant growth, promoting vegetative 

growth and tiller development in bread wheat plants. It stimulates the formation of tiller 

primordial, enhances nutrient uptake, and regulates hormonal balance. Higher nitrogen levels 

also help maintain the proper hormonal balance for tiller initiation and growth. Consistent with 

these results, Haftamu Gebretsadik et al. (2009) reported a significantly greater number of tillers 

in response to the application of a high N rate in teff.   

The present result is also in line with the findings of Duressa and Geleta Ayana (2020) and 

Adugna Weyesa, (2017), who reported an increase in the number of tillers produced in response 

to the increased rates of N. The finding of Abebual Woldetsadik et al. (2019) also reported that 

the application of blended fertilizer significantly increased the number of total and effective tiller 

per plant as compared to the control.  Similarly, Keneni et al. (2022), reported that the highest 
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The interaction between time of sowing and N rates has no significantly influenced grain yield in 

tef crop. Proper management strategies that optimize nitrogen fertility and seeding density are 

essential for achieving high yields and sustainable tef production. 

These results suggest that increasing the nitrogen fertilizer rate from 46 kg ha-1 to 92 kg ha-1 

while keeping the sowing time at end of July becomes increased grain yield. Conversely, 

decreasing the nitrogen fertilizer rate to 46 kg ha-1 and sowing on the begging of July using leads 

to a substantially lower grain yield of tef. It's also noteworthy that there might be an optimal 

balance between nitrogen fertilizer and seed rate that maximizes yield without wasting resources.  

Abebe Getu et al.( 2020) reported that higher tef grain yield with application of 69 kg N ha-1 on 

Vertisols. In addition Desta Ekero et al.(2021) recommended 60-80 kg N ha-1 with 18-20 kg P 

ha-1 for maximum tef production on Vertisols in Northwest Ethiopia. 

 Wakene Negassa (2015) and Abebe Getu et al. (2020) showed that optimal N rates for tef in 

Ethiopia varied from 15-90 kg ha-1 due to diversity in agro ecology, climate and soil type and 

recommended 15-60 kg N ha-1 for Nitisols, Luvisols, Fluvisols and Andosols, but 60-90 kg N ha-

1 for Vertisols.  

In general, a further increase in N rate and sow at right time increased grain yield of tef. An 

increase in grain yield due to the application of nitrogen rate and properly planting might have 

been due to the improvement of yield contributing characters like the number of effective tillers 

and panicle length (Table 4.3). Therefore, the higher the number of tillers, especially fertile 

tillers, the more would be the yield. In general, a further increase in nitrogen fertilizer rates 

increased grain yield. Increased grain yield due to increased N application was also reported for 

different cereal crops. Nitrogen supply directly or indirectly affects chlorophyll content, canopy 

coverage and other biophysical parameters (Tamirat Wato, 2019).  

According to  (Juraimi et al. (2021) finding , reductions in tef yield due to delaying of sowing by 

7 and 15 days was very high by 60 and 68%, respectively.  

   4.2.3. Biomass Yield  

Biomass yield refers to the total dry matter produced through physiological and biochemical 

processes within the plant system. It is an important factor for farmers, as they are interested not 
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The higher straw yield at higher N rates and late sowing that could probably be the outcome of 

more leaf area, higher interception of solar energy and high absorption of nutrients which might 

have brought about higher photosynthetic efficiency for dry matter production (Tamirat Wato, 

2019).  

These finding similar to, Tamirat Wato (2019) cited by Yohanis Abichu et al.(2020) stated that 

mean straw yield of tef was significantly affected by the main effects of the nitrogen fertilizer 

rate and higher mean straw yield (9706 kg ha-1) was obtained with application of 97.5 kg N ha-1 

and the lowest was obtained from the control. The increase in straw yield in response to the 

application of N fertilizer might be due to the greater availability and uptake of the nutrients by 

plants, the induction of vigorous vegetative growth with more leaf area and the higher 

photosynthesis and more leaf area and the higher photosynthesis and assimilates production for 

dry matter accumulation. Straw yield of tef was highly significantly affected by the main effects 

of NP fertilizer rates application and increased with the increased rate of NP fertilize rates 

(Yohanis Abichu et al.2020). 

Generally, from the means of individual N rate (overall tef varieties) total straw yield increased 

with increasing N fertilizer rates (Table 4.5). In line with the present findings, Okubay Giday et 

al. (2014) also reported that straw yield increased with N rate on tef.  

Likewise, the current results also confirmed the findings of Gebretsadik;28 that grain yield 

increased with N fertilizer rates (Cholakova et al. 2024)  

Table.4.5.Main effect of nitrogen fertilizers rate, sowing dates and variety on 1000 seed weight, 

harvest index and straw yield in Adet district in 2023 main cropping season.   

Treatment  TSW(g) Harvesting Index % Straw Yield (t/ha) 

N Fertilizer rate (kg)  

46 0.250C 17.798A 4.52C 

69 0.260B 17.615A 4.73AB 

92 0.268A 17.590A 4.88AB 

      Sowing date  

S1 0.2450C 16.08C 4.53BC 

S2 0.2572B 17.23B 4.66BC 
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S3 0.2772A 19.68A 4.94A 

    Varieties  

V1 (Quncho) 0.2630A 17.4847AB 4.79A 

V2 (Estub) 0.2567B 17.8519AB 4.63B 

Mean 0.259 17.66 4.71 
LSD 0.0075 0.5909 1.71 

CV 4.295 4.984 5.42 

 Means with the same letter (s) in the column are not significantly different at 5% level of significance; 

NS=non-significant; CV (%) = Coefficient of variation, LSD= Least Significant Difference test at 5% 

level, *=significant at 5% level of significant, **=. significant at 1% level of significant. 

4.3. Correlation Analysis on Yield and Yield Related Parameters on Tef 

The correlation analysis revealed a strong positive correlation among most agronomic 

characteristics of tef. Plant height exhibited a very high positive correlation with several yield 

components, including panicle length (r = 0.61), tiller number (r = 0.84), biomass yield (r = 

0.67), and thousand seed weight (TSW) (r = 0.68). Conversely, lodging percentage (r = -0.20) 

and days to maturity (r = -0.47) were negatively correlated with grain yield.  

The relationship between biomass yield and thousand seed weight (r = 0.83) as well as straw 

yield (r = 0.95) was found to be positive and highly significant. This suggests that plants with 

higher biomass tend to produce larger and heavier seeds, reflecting better resource utilization and 

grain production capabilities. Physiological processes such as carbon assimilation and nutrient 

uptake also play critical roles in biomass accumulation and distribution. 

Grain yield demonstrated a strong positive correlation with thousand seed weight (r = 0.77), 

harvest index (r = 0.85), biomass yield (r = 0.67), and tiller numbers (r = 0.84). However, grain 

yield was negatively correlated with lodging percentage (r = -0.20), days to heading (r = -0.22), 

and days to maturity (r = -0.88) (Table 4.6). These findings indicate that grain yield is influenced 

by various factors including resource allocation, sink strength, assimilate partitioning, genetic 

traits, physiological processes, and environmental conditions. Additionally, there was a weak 

positive correlation between days to heading and straw yield (r = 0.13). The strong correlation 

coefficients between grain yield with biomass and plant height suggest that these factors can be 

leveraged to enhance grain yield productivity in tef cultivation.  
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Appendix Table.3 Mean squares of ANOVA for day of heading (DH), lodging percentage (LP) 
and tiller number (TN) as affected by N fertilizer, sowing date and variety. 
                                                   Means 
Source of 
variation 

D.F DH LP TN 

R 2 0.00- 0.04* 0.060* 
NR 2 669.38** 0.67** 1.197** 
SD 2 148.74** 9.18** 1.111** 
V 1 0.00- 0.003Ns 0.0029Ns 
NR*SD 4 4.550* 0.110Ns 0.043 Ns 
NR*V 2 0.00Ns 0.015Ns 0.005 Ns 
SD*V 2 0.001Ns 0.004Ns 0.001 Ns 
NR*SD*V 4 1.51** 0.042** 0.024Ns 
CV   3.16 4.94 
Where, NR= nitrogen rate, SD= sowing date, V= variety, D.F = degrees of freedom, ANOVA 
=Analysis of variance; CV = coefficient of variation, DH; day of heading, LP; lodging 
percentage, TN; tiller number, NS, * and ** = non-significant and significant at 5% and 1% level 
of significance, respectively. 
 

Appendix Table.4 Mean squares of ANOVA for grain yield (GY), biomass yield (BY) and straw 
yield (SY) as affected by N fertilizer, sowing date and variety. 
                      Means 
Source of 
variation 

D.F GY BY SY 

R 2 8201.54** 159642.75Ns 228910.11* 
NR 2 19006.87** 790687.26** 565256.11** 
SD 2 556248.81** 2669667.93** 788848.28** 
V 1 822.12NS 375883.85* 341547.94* 
NR*SD 4 573.26NS 19631.33NS 19458.14NS 
NR*V 2 351.20NS 21279.46NS 16164.18Ns 
SD*V 2 114.69NS 4464.49NS 3201.24Ns 
NR*SD*V 4 369.28NS 29235.47NS 29291.84NS 
CV  3.06 5.06 5.92 
Where, NR= nitrogen rate, SD= sowing date, V= variety, D.F = degrees of freedom, ANOVA 
=Analysis of variance; CV = coefficient of variation, GY; grain yield, BY; biomass yield, SY; 
straw yield, NS, * and ** = non-significant and significant at 5% and 1% level of significance, 
respectively. 
 

Appendix Table 5 Mean squares of ANOVA for 1000 seed weight (TSW) and harvesting index 
(HI) as affected by N fertilizer, sowing date and variety. 
                                     Means  
Source of 
variation 

D.F TSW (g) HI  

R 2 0.00042* 7.022**  
NR 2 0.00142** 0.233NS  
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SD 2 0.00476** 60.5559**  
V 1 0.00053* 1.8198NS  
NR*SD 4 0.00019NS 0.296NS  


