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Effects of Nitrogen and Phosphorus Fertilizers Rate on Yield and 
Yield Components of Tef at Adola District, Guji Zone, in Southern 
Ethiopia

An experiment was conducted at Adola District, Southern Ethi-
opia to investigate the effect of nitrogen and phosphorus rates 
on yield and yield components of tef. Four rates of nitrogen (0, 
46, 69, 92 kg ha-1) and five rates of phosphorus (0, 23, 46, 69 
and 92 kg ha-1) were combined in 4x5 factorial arrangement in 
randomized complete block design with three replications. Data 
collected on phenology, growth and yield parameters were ana-
lyzed using SAS 9.2 computer software. Analysis of the results 
revealed that panicle length were highly significant (P<0.01) for 
the main effect of N.  The maximum PL (37.94cm), were record-
ed at the highest rate of N (92kg ha-1). The interaction of the two 
fertilizers were also highly significant (P<0.01) for days to 90% 
maturity (DM) and grain yield (GY) and significantly (P<0.05) 
affected by number of total tiller (TT),number of productive til-
ler(NPT)and straw yield (SY).The highest DPE(37.71days)  and  
DM (66.66 days), were obtained from unfertilized (control) treat-
ments. On the other hand, maximum number of total tiller(4.14 
per plant),number of productive tiller(3.74 per plant)were record-
ed from 46/92 kg ha-1 N with 92 kg ha-1 P. Highest straw yield  
(10676 kg ha-1) and LI (67.41%) were recorded at combined ap-
plication of 92 kg N with 92 kg P ha-1 while maximum GY (1683kg 
ha-1) was obtained from combined application of 69 kg N with 69 
kg P ha-1. However, the result of economic analysis showed that 
combined application of 69 kg N and 69 kg N ha-1 gave econom-
ic benefit of 46996.75ETB ha-1 with the marginal rate of return of 
45585.38%. Therefore, use of 69 kg N and 69 kg P ha-1 can be 
recommended for production of tef in the study area and other 
similar agro-ecological conditions.  
Keywords:Grain yield; Interaction effect; Partial budget analysis.
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INTRODUCTION 

Tef is the only cereal crop member of the tribe 

Eragrostidae and genus Eragrostis which 

contains about 350 species Tef (Eragrostis tef 

/Zucc./Trotter) belonging to the grass family 

poaceae, is a C4, self-pollinated annual grass, 

40– 80 cm tall (Dejene & Lemlem, 2012). It is 

believed to have been originated in Ethiopia 

between 4000 and 1000 BC (Vavilov, 1951). 

Tef has as more food value than the major 

grains; like wheat, barley and maize. This is 

probably because it is always eaten in the 

whole grain form. The germ and bran are 

consumed along with the endosperm (Demeke 

and Marcantonio, 2013). In Ethiopia, Tef is a 

high value crop and it is primarily grown for its 

grain that is used for preparing injera (leavened 

bread), which is a staple and very popular food 

in the national diet of most Ethiopians. The 

vitamin content seems to be about average for 

a cereal. The level of minerals is also good. 

Seyfu (1997) reported that tef is predominantly 

grown in Ethiopia as a cereal crop and not as a 

forage crop. However, when grown as a cereal, 

farmers highly value the straw of tef and it is 

stored and used as a very important source of 

animal feed, especially during the dry season. 

Farmers feed tef straw preferentially to lactating 

cows and working oxen. Cattle prefer tef straw 

over other cereal straw and for this reason, its 

price is higher than that of other cereals. 

Tef growing area occupies about 

(50,204,400.47 ha) of the total acreage of all 

the major cereals grown in Ethiopia (CSA, 

2017). In Ethiopia, tef is mainly produced in 

Amhara and Oromia, with smaller quantities in 

the Tigray and SNNP regions. In Oromia 

Regional State of Ethiopia the major tef 

producing zones include the Guji, East Shoa, 

West Shoa, South West Shoa, North Shoa, 

East Wallega, Horo Guduroo Wallega, Jimma, 

Illubabor and Arsi are Potential area for tef 

production (CSA, 2017). 

Tef in Oromia regional state of Ethiopia, where 

the current study was conducted, occupies 

about 1,441,029.78 ha of land annually with 

estimated production of 24,737,963.79 quintals 

(CSA, 2017).The average yield of tef in the 

region is also high (1.72 t ha-1), compared to 

the national (1.66 t ha-1). But still tef is low in 

productivity compared to the potential yield. 

These are due to lack of adequate synthetic-

fertilizer input, limited return of organic residues 

and  manure, and high biomass removal, 

erosion, and leaching rates. 

Nitrogen is deficient in almost all soils and 

phosphorus (P) is also deficient in about 70% of 

the Ethiopia soils (Tekalign et al., 2001). Low 

availability of nitrogen and phosphorus has 

been demonstrated to be major constraint to 

cereal production due to soil erosion, intensive, 

unbalanced nutrient supply cultivation, low 

organic matter and absence of nutrient 

recycling. 

On the other hand, most of the area used for 

production of grains, especially tef, wheat and 

barley fall under the low fertility soils (Hailu et 

al., 2015). 

The drive for higher agricultural production 

without use of balanced fertilizers created 

problems of soil fertility exhaustion and plant 

nutrient imbalances (Patel and Singh, 2009).  

Nitrogen (N) and phosphorus (P) were 

considered to be the  major limiting nutrients 

which is deficient  in  all most all Ethiopia soil 

(Tekalign et al., 2001).  

Particularly deficiency of nitrogen and 

phosphorus is the main factor that severely 

reduces the yield of tef. According to Ethio SIS 

(2014), although soil fertility status is dynamic 

and variable from locality to locality, and it is 

difficult to end up with a blanket 

recommendation invariably, some soil 

amendment studies were undertaken at 

different times and places. Even though several 

researches have been conducted on different 

areas of Ethiopia, like Bale, Wello, North 

Shewa, East shewa and some parts of Arsi 

region have bimodal pattern of rainfall 

permitting production of tef twice a year both on 
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summer and winter seasons (CSA, 2018). The 

soils that are mostly under cereal cultivation in 

the study area are Nitisols and Vertisols 

(Solomon, 2006). Tef yields are increased also 

by phosphorus and potash fertilizers on some 

soils (Fayera et al., 2014).  

In addition to fertilizer rates, soil acidity also 

affects the productivity of the land by affecting  

availability of nutrients and hindering the activity 

of microorganisms. Also nitrogen is commonly 

the most limiting nutrient for crop production in 

the major world’s agricultural areas and 

therefore, adoption of good N management 

strategies often result in large economic 

benefits to farmers. Among the plant nutrients, 

nitrogen plays a very important role in crop 

productivity (Worku et al., 2007; Assefa and 

Chekole, 2015). Soil fertility is one of the major 

production constraints in the Southern parts of 

Ethiopia (Getahun and Tenaw, 1990). The 

various factors accounting for the poor soil 

fertility include topography, soil erosion, 

deforestation, population pressure, and 

continuous cultivation without proper soil fertility 

maintenance (Tenaw, 1996). This area under 

tef cultivation is about 19,649.60 ha and 

production is estimated to be about 25,725.84 t, 

with a mean yield of 1.3 t/ha in the main 

cropping season (CSA,  2017).  

In the Guji zone, where the experiment was 

conducted, tef is the third most important cereal 

after maize and barley in area coverage (CSA, 

2017). Despite its importance and cultivation of 

the yield and productivity of tef in the country, 

Region and in the Guji zone have low yield 

compared with its potential. Among the major 

constraints on increased production of tef are 

poor soil fertility, limited supply of production 

inputs, low prices for the produce, and 

undeveloped markets (Teklay and Girmay, 

2016). Furthermore, phosphorus has a high 

nutritional value, with high concentrations of 

nitrogen, and potassium, while the 

contamination by heavy metals and other toxic 

substances are very low (Asghar et al, 

.2006).There was no research conducted 

concerning fertilizers rates as a result of this 

fact, the farmers rely on traditional practices 

and local cultivars. Most of the farmers in 

experiment site do not use N and P 

combination above the recommended rate. 

Therefore, there is a need to study the effect of 

different N and P rates on the yield and yield 

components of tef with the following specific 

objectives:  

i)  To evaluate the interaction effects of N and P 

fertilizer on growth, yield, yield components of 

tef 

ii)  To determine economically optimum N and 

P fertilizer application rate for high grain yield of 

tef 

Materials and Methods 

Description of Experimental site 

Field experiment was conducted on two 

farmer’s field and research site in 2015 and 

2016 main cropping season in Adola District of 

Guji zone southern Oromia. The experimental 

site is geographically located at 5° 88’2.771’N 

latitude and 038°98’2.456’E longitude and at an 

altitude of 1689 meters above sea level. Qiltu 

Sorsa on farm is geographically located at 

05054’.067N latitude and 039o 00'.339’’E 

longitude and at altitude of 1671 m.a.s.l. Bilu on 

farm also geographically located at 

05041’645”N latitude 038057’740” E longitude 

and at altitude of 1767 masl 

Experimental materials. 

The seed of tef variety named ‘Tedey’ which 

was developed and released by Debre Zeit 

Agricultural Research Center, which was 

reported to have a grain yield potential under 

farmer field condition of (2- 2.8) t ha-1 under 

rain-fed condition, was used for this study 

(Kebebew et al.,2017). 

NP sources: Urea (46% N) and TSP (23% 

P2O5) were used as a source of nitrogen and 

phosphorus. 

 Treatment and layout 

The treatments of the field experiment 

consisted five P  fertilizer levels (0, 23, 46, 69 

https://www.omicsonline.com/open-access/the-activity-of-glutamine-synthetase-enzyme-content-of-ammonia-and-phytometrical-indexes-of-spring-wheat-planting-depending-on-dif-0974-8369-1000352.php?aid=82813
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and 92 kg ha-1) and four urea (N) levels (0, 46, 

69 and 92 kg ha-1). The experiment was laid out 

in randomized complete block design (RCBD) 

in factorial arrangement and treatments were 

replicated three times. The gross plot size was 

2.4 m × 2.5 m (6 m2) and the net plot size was 

2 × 2.1 m (4.2 m2). Phosphorus fertilizer was 

applied at planting and the N fertilizer (urea) 

was applied by splitting the dose into two, half 

at planting and the remaining half at mid 

tillering. All agronomic practices were applied 

as per the recommendation. 

 

 

Figure 1. Map of the Study area The area receives mean maximum and minimum temperature of 

22.13°C and 10.26°C, respectively and average long term annual rainfall of 1080 mm.  

 

Soil Samples and Analysis  

Surface soil samples (0-20 cm) were collected 

randomly by Auger sampler in a zigzag pattern 

before sowing the crop from the entire 

experimental field and composited into one 

sample. From this mixture, a sample weighing 

1.0 kg was taken. Air dried soil sample was 

ground with a wooden pestle and mortar under 

shading. Before analysis, the sample was 

sieved through a 2-mm sieve mesh. The soil 

analysis was done for soil textural class, soil 

pH, organic carbon, total N, available P, CEC 

and available S. The soil analyses were made 

at the Horticoop Ethiopia Soil and Water 

Analysis Laboratory.  

Soil textural Class was determined by 

Bouyoucos Hydrometer Method (Bouyoucos, 

1962). Soil pH was determined in 1:2.5 soil: 

water ratio using a glass electrode attached to 

a digital pH meter (Walkley and Black, 1934). 

Organic carbon was estimated by the wet 

digestion method (Walkley and Black, 1934) 

after air-dried soil was ground to pass a 0.2 mm 

sieve  

To determine the cation exchange capacity 

(cmol kg-1 soil), the soil sample first was 

leached using 1 M ammonium acetate, washed 

with ethanol and the adsorbed ammonium was 

replaced by sodium (Na). Then, the CEC was 

determined titrimetrically by distillation of 

ammonia that was displaced by Na 

(Sahlemedhin and Taye, 2000). Total nitrogen 

(%) was determined using the Kjeldhal method 

(Jackson, 1973). Available phosphorus (ppm) 

was determined by Olsen method (Olsen et al., 

1954)  and available boron was determined 

using hot water method (Havlin et al., 1999).  

 Plant data collection and measurements  
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Phenological, Growth, Yield and Yield 

Component data were collected according to 

the descriptor for tef. 

Days to 50% panicle emergence: This 

parameter of the plant 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 90% physiological maturity: Days to 

physiological maturity was determined as the 

number of days from sowing to the time when 

90% of the plants in a plot reached maturity 

based on visual observation. It was indicated by 

senescence of the leaves as well as frees 

threshing of grain from the glumes when 

pressed between the forefinger and thumb. 

Plant height: Plant height was measured at 

physiological maturity from the ground level to 

the tip of panicle from ten randomly pre-tagged 

mother 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 ten randomly 

pre-tagged mother plants per plot. 

Total number of tillers: It was determined by 

counting the total number of tillers from pre 

tagged ten plants from the net plot area. 

Number of effective tillers (NET): The number 

of tillers was determined by counting the tillers. 

This had a panicle from the above pre tagged 

plants.  

Grain yield: Grain yield was measured by 

harvesting the crop from the net plot area of 2.5 

× 1.5 m excluding border effects. 

Lodging percentage: - The degree of lodging 

was assessed just before the time of harvest by 

visual observation based on the scales of 0-4 

where 0 (0-15o) indicates no lodging, 1 (15-30o) 

indicates 25% lodging, 2 (30-45o) 50% 

indicates lodging, 3 (45-60o) indicates 75% 

lodging and 4(60-90o) indicate 100% lodging 

(Donald, 2004). 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. Each plot was divided 

based on the displacement of the aerial stem 

into all scales by visual observation. Each scale 

was multiplied by the corresponding percent 

given for each scale and average of the scales 

represents the lodging percentage of that plot. 

Data recorded on lodging percentage were 

subjected to arcsine transformation described 

for percentage data by Gomez and Gomez 

(1984). 

Statistical Analysis 

All data obtained were analyzed using SAS 

(Statistical Analysis System) version 9.0 

following the appropriate Procedures of RCBD 

as stated by Gomez and Gomez (1984) for a 

factorial experiment. Analysis of variance 

(ANOVA) was done to test the significance 

levels of variables, and Least Significant 

Difference (LSD) was used to separate 

treatment means at p<0.05% (SAS Institute 

Inc., 2012). 

Partial Budget Analysis  

An economic analysis was done using partial 

budget procedure described by CIMMYT 

(1988). Labour costs involved for application of 

blended NPS and N fertilizer rates were 

recorded and used for analysis. The current 

(November to December, 2018) price of grain 

and straw yield of tef were valued at an 

average open market price at Adola town which 

were 0.91 USA dollar kg-1 and 0.06 USA dollar 

kg-1, respectively. The net returns (benefits) 

and other economic analysis were based on the 

formula developed by CIMMYT (1988)  

Results and Discussion 

Physico-Chemical Properties of the 

Experimental Soil before Planting  

The results indicated that the soil texture was 

clayey (sand  22 %, silt 27 % and clay 51%) 

with a slightly acid pH 6.1 (Murphy (1968), The 

organic carbon content of the soil was 2.42% 

and the soil contained total N of  0.175%, 

available P (Olsen) of 12.02 mg kg- 1 soil, and 

CEC of 16.08 cmol kg-1 soil (Table 2). 
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As per the ratings for Ethiopian soils by Murphy 

(1968), the pH of the experimental soil was 

within the range for productive soils. In 

accordance with Tekalign (1991), the organic 

carbon content and total nitrogen could be 

rated as medium. According to Landon (1991) 

the CEC value of 16 cmol kg-1 showing that the 

CEC value of the experimental soil was rated 

medium. Similarly, based on Olsen, et al. 

(1954), the P rating (mg kg-1), available P 

content of the study was in the medium range. 

RESPONSE TO N AND P FERTILIZERS 

OFTEF IN SOUTHERN ETHIOPIA 

The combined data results of fertilizer trials 

conducted in 2015 and 2016 at Adola district 

indicated that fertilizer had a significant effect 

on grain and number of tiller, productive tiller, 

plant height, and days to heading and maturity 

in both seasons. The use of fertilizer 

significantly increased the plant height, panicle 

length, number of total tiller and productive 

tiller, and significantly hasten the days to 

heading and  date of maturity. Results indicated 

that the effect of fertilizer on grain yield was 

significant. The application of nitrogen and 

phosphorus fertilizers at the rates of 69/69, kg 

ha-1 N/P increased the grain yield of tef by 50%, 

compared with the unfertilized check (0/0 kg/ha 

N/P). Similarly, the application of 69/46, kg/ha 

N/P increased the tef grain yield by 42.6 %, 

compared  with the unfertilized check. 

 

Table 1. Selected Physico-chemical characteristics of the experimental soil before planting 

of two years  

Parameter  Value  

Texture Clay 51 
27 
22 

 
 
 

Silt  

Sand  

PH 6.1 
%T.N 0.175 

AV.P 11.02 
CEC meq/100g soil  16.8 

%OC 2.42 

 

Table 2. Mean squares of days to heading, days to maturity, plant height, panicle length,  

number of total tillers and number of fertile tillers, grain yield as affected by main and 

interaction effects of N and P 

Sources 
of 
variation 

Df DH  DM PH PL NTT NPT GYL/ha 

N-rate 3 69.41** 321.89** 282.14* 7.86* 0.99* 0.88* 99.60** 
P-rate 4 54.18** 62.54** 42.35ns 9.84ns 1.20* 0.90* 72.67** 
N-
rate*Prate 

12 15.24* 73.08** 58.27* 9.84ns 0.60* 0.35* 48.12** 

Loc  2 311.02** 1154.31** 3306.65** 487.72** 1.2* 1.39* 211.03** 
Rep(loc)  6 1.21ns 2.32ns 180.27* 17.57* 1.44* 0.98* 70.03** 
YR(loc) 3 4821.18** 4659** 3201** 235.79* 16.21** 8.77** 53.39* 
N-rate*loc  6 11.34* 31.19* 18.08ns 5.36ns 0.33ns 0.10ns 10.40ns 
P-rate*loc 8 27.48** 26.48* 44.21ns 8.29ns 0.20ns 0.09ns 4.46ns 

Error 315 4.47 8.87 51.05 8.40 0.37 0.25 7.43 
CV (%)  5.93 4.75 8.84 9.90 16.33 14.91 14.7 

ns-Non significant. *, **  significant difference at probability levels of 5% and 1% respectively. 
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Days to panicle emergency  

Generally, as the rate of N and P increased, the 

number of days elapsed to heading was 

shortened. Hence, the longest days (37.94) to 

heading was recorded at zero (0/0) rates of 

nitrogen and phosphorus (unfertilized check) 

plots while the shortest days to heading (33) 

was recorded at the highest combined  (92/92 

N/P2O5 kg ha-1) rate of N and P fertilizer (Table 

4).The hastened heading as a result highest 

rate of N and P could be due to the fact that 

plots receiving the highest rates of nutrients 

encouraged for early establishment, rapid 

growth and development promoted by nitrogen 

as explained by Temesgen (2012). In contrary, 

delayed heading at lower rates of the nutrients 

(N and P) could result due to longer time 

required to establish, grow and complete the 

vegetative growth. In line with this result, 

Tolosa  (2012) found that N and P2O5 at the 

rates of 64/46 kg ha-1 significantly shortened 

days to heading of tef than the control. 

Similarly, Abraha (2013) reported that the 

application of N at the rate of 46 kg ha-

1 shortened heading of tef than the control. 

 

 

Table 3. Mean of pooled data analysis (2015-2016) results of interaction (N*P)  effects of the 

treatments on days to panicle emergency of tef at Adola district. 

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 37.94a 35.66b-g 37.33abc 37.65ab 36.22a-e 
46 36.94abc 35.50c-g 36.44a-d 34.16efg 34.16efg 
69 37.05abc 36.05a-f 34.16b-g 34.11fg 34.16efg 
92 37.22abc 34.66d-g 35.77b-g 34.55d-g 33.77g 

LSD (0.05) 0.89     
CV (%) 5.93     

Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column and row followed by the same letters are not significantly different at 5% level of 

significance. 

 

Days to maturity 

Days to Maturity of tef was significantly 

(P=0.001) affected by the combined effect of 

Nitrogen and phosphorus fertilizer rates. 

Interaction effects of Nitrogen and phosphorus 

was also significantly affected days to maturity 

of tef. Regardless of significant effect, there 

was no consistent trend in increasing or 

decreasing in days to maturity with the 

interaction effects of N and P rates. However, 

as the level of nitrogen increased while P is 

constant, the number of days to maturity 

increased in most cases (Table 5).The shortest 

days to maturity (58.16, 58.44 and 58.5 days) 

was recorded at the 92/92, 92/46 and 92/69 kg 

ha-1 N/P application plots while the longest 

days (66.66 and 66.55 days) were recorded at 

(0/0 kg ha-1) respectively. This study  result in 

line with the result, Tilahun et al. (2013) 

reported that increasing of P2O5 from 50 kg ha-1 

to 100 kg ha-1 with increasing compost rate 

from 0 to 7.5 t ha-1 showed reduction in days to 

maturity and increased grain yield of rice. 

Similarly, Getahun et al. (2018) reported that 

the shortest days (91) to physiological maturity 

of tef were obtained from the application of 69 

kg N ha-1 and 30 kg P2O5 ha-1 and the longest 

days (97) from the control.  

The result of present study is contrary with the 

result of Temesgen (2001) who reported that 

application of 69 kg N ha-1 delayed days to 

maturity of tef by seven days over the control at 

farmers’ fields on Vertisols. Similarly, Abraha 

(2013) reported that as the rate of N increased 

from 0 to 69 kg N ha-1, days to maturity of tef 

was significantly delayed.   
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Table 4. Mean of pooled data analysis (2015-2016) results of interaction (N*P)  effects of the 

treatments on days to maturity of tef at Adola district.  

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 66.66a 65.94ab 62.38d-g 63.22a-d 59.16h 
46 64b-e 63.44c-e 60.72fgh 63.11c-f 60.22gh 
69 62.27d-g 64.22a-d 64.72a-d 62.05efg 60.66fgh 
92 65.38abc 62.83def 58.44h 58.5h 58.16h 

LSD (0.05) 1.20     
CV (%) 4.75     

. Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column and row followed by the same letters are not significantly different at 5% level of 

significance. 

 

Plant height 

Plant Height was significantly (P<0.05) affected 

by the interaction effects of N and Prates. 

Generally, as the rate of N and P fertilizer 

increased to the highest rate, from 0/0 to 92/92 

N/P, markedly a linear increase in plant height 

was observed and thus, the highest plant height 

of 83.61 cm was recorded at the highest rate of 

combined N/P application of 92/92 kg ha-1 while 

the shortest height (74.91 cm) was noted from 

the control (unfertilized check) plot (Table 

6).The increase in plant height with increasing 

combined NP application could have resulted 

due to sufficient supply of nutrient which 

encourages plant growth, nitrogen plays critical 

role in the structure of chlorophyll, while P is 

main element involved in energy transfer for 

cellular metabolism in addition to its structural 

role (Wiedenhoeft (2006). The result was in 

agreement with the findings of (Giday et al. 

(2014). Similarly this result is in line with the 

report of Wakene et al. (2014) who stated that 

plant height of barely was increase with 

increasing rates of NP from 0/0 to 69/30 kg ha-

1.In line with this, Rashid et al (2007) indicated 

that plant height was linearly increased with 

increasing levels of N/P fertilization. 

 

Table 5. Mean of pooled data analysis (2015-2016) results of NP and interaction (N*P) 

effects of the treatments on plant height of tef at Adola district. 

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 74.91b 78.92ab 81.18ab 78.96ab 79.73ab 
46 79.82ab 79.29ab 81.73a 83.05a 78.84ab 
69 83.05a 78.07ab 80.31ab 80.31ab 82.10a 
92 81.66a 83.67a 83.83a 82.58a 83.61a 

LSD (0.05) 8.84     
CV (%) 10.55     

Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column and row followed by the same letters are not significantly different at 5% level of 

significance. 

 

Panicle length 

The main effect of N fertilizer rate showed 

highly significant (P<0.01) effect on panicle 

length but the main effect of blended fertilizer 

rate and the interaction effect of the two factors 

were not significant.  

Panicle length increased with increasing N 

fertilizer rate. The highest panicle length of 
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31.92cm was recorded at the highest rate of 92 

kg N ha-1 while the shortest mean panicle 

length of 28.94 cm was recorded from the 

unfertilized plot (Table 6). This highest panicle 

length is due to high nitrogen plays critical role 

in the structure of chlorophyll and usually favors 

vegetative growth of tef which results in taller 

tef plants having relatively greater panicle 

length. 

In many studies, the effect of high N application 

on tef yield was attributed to the major role 

played by panicle length on grain yield. Longer 

panicles bear more number of spikletes that 

contain higher number of grains, higher total 

biomass and straw yield. This result is 

consistent with the findings of Mulugeta (2003); 

Legesse (2004); Mitiku (2008) and Haftamu et 

al. (2009) who reported that panicle length 

exhibited positive and highly significant 

correlation with plant height and grain yield. 

In line with this result, Abraha (2013) reported 

that the application of nitrogen rate from 0 to 69 

kg N ha-1 markedly increased the panicle length 

of the plants by about 15%. In similarly with the 

result of this study, Giday  et al. (2014) reported 

positive and significant increase in panicle 

length has with increasing rates of N fertilizer 

on tef. Getahun et al. (2018) also reported that 

the longest panicle length (39.9 cm) was 

obtained from the application of 69 kg N ha-1 

while the shortest (31.6 cm) was recorded from 

the control. Thus, increasing N from 0 to 92 kg 

N ha-1 increased panicle length by about 

8.74%, compared to the control. 

 

Table 6. Mean of pooled data analysis (2015-2016) results of main effects N and P 

treatments on dates of panicle emergency of tef at Adola district. 

Treatment  Panicle length (cm) 

N rate (kg ha-1) 

0 28.94c 
46 30.42b 
69 30.75ab 
92 31.71a 
LSD (5%) 1.116 
P  (kg ha-1)  
0 30.63 
23 29.87 
46 30.58 
69 30.68 
92 30.51 

LSD (5%) NS 
CV (%) 9.90 

Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column followed by the same letters are not significantly different at 5% level of significance. 

 

Number of Total tillers per plant 

Number of total tillers per plant significantly 

responded to N*P interaction (Table 2). Highest 

number of tillers was recorded at combined 

application N/P level of 46/92 Kg ha-1 which 

was  statistically par with other N/P treated 

rates (Table 2). Number of total tillers at N/P 

rates of 46/92 Kg ha-1 were significantly 

superior to number of tillers at other N/P rates  

and significantly different from unfertilized 

check (0/0 Kg ha -1) (Table 2). According to this 

experiment, N*P did  significantly affect number 

of total tillers, similarly did  it significantly 

affected the number of fertile (effective) tillers. 

Consistent with this result, Mulugeta et al. 

(2017) reported significantly higher number of 

tillers in response to the application of 36.8 N 

combined with 150 blended PKSZnB  kg ha-1 
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rate on tef. Number of productive tillers per 

plant 

Number of productive tiller was significantly (P 

< 0.05) influenced by interaction effects of N 

and P fertilizer.  

The highest number of fertile tillers per plant 

(4.14) was recorded at the combined 

application 46/92 rate  kg N ha-1 while, the 

lowest (3.18) was obtained from the control 

plot. Effective tillers from plots treated with 

other combined of the two fertilizer were in 

statistical parity, and only significantly differed 

from the control plot (Table 9). Consistent with 

this result, Haftamu et al. (2009) and Tekalign 

et al. (2000) reported significantly higher 

number of tillers in response to the application 

of N rate on tef. Feyera (2014) also revealed 

that tillering is enhanced by increased light and 

N availability during the vegetative growing 

period of the crop. The highest number of 

effective tillers plant-1 (4.14) was recorded at 

the combined application of 46 kg N and 92 kg 

P ha-1 which was statistical at par other 

combined treatments, while, the lowest (3.18) 

was obtained from the control treatment (Table 

9). This may be due to the promotion of 

vigorous vegetative growth by application of N 

and P fertilizer. In agreement with the result of 

this study, Fayera et al. (2014) found that the 

highest productive tillers of tef under the 

application of 200 kg ha-1 (NPKSZnB) blended 

(14 N, 21 P2O5, 15 K2O, 6.5 S, 1.3 Zn 

and 0.5 B) + 23 kg N ha-1 fertilizer.  

 

 

Table 7. Mean of pooled data analysis (2015-2016) results of interaction (N*P) effects of the 

treatments on total tiller of tef at Adola district. 

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 3.18c 3.63abc 3.94ab 3.63abc 3.71abc 
46 3.65abc 3.98ab 3.63abc 3.66abc 4.14a 
69 3.68abc 3.57bc 3.71abc 3.83ab 3.67abc 
92 3.63abc 4.03ab 3.92ab 3.63abc 3.92ab 

LSD (0.05) 1.06     
CV (%) 16.33     

Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column and row followed by the same letters are not significantly different at 5% level of 

significance. 

  

Table 8. Mean of pooled data analysis (2015-2016) results interaction (N*P) effects of the 

treatments on productive tiller of tef at Adola district. 

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 2.91c 3.24ab 3.54ab 3.34ab 3.44ab 
46 3.26ab 3.60ab 3.42ab 3.40ab 3.74a 
69 3.39ab 3.34ab 3.30ab 3.50ab 3.38ab 
92 3.31ab 3.67ab 3.56ab 3.43ab 3.43ab 

LSD (0.05) 0.71     
CV (%) 14.91     

Where, LSD= Least Significant Difference at 5% level; CV= Coefficient of Variation. Means in 

column and row followed by the same letters are not significantly different at 5% level of 

significance. 
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In contrast with the result of this study, Alemu 

et al. (2016), there was no difference in number 

of productive tiller between the levels of 

compost and NP fertilizer and it did not show 

any increasing or decreasing trend on tef .found 

that number of the productive tillers of tef was 

significantly increased with the increase in the 

rates of NPK  

Grain yield 

Results of the combined analysis of variance 

showed that grain yield of tef was highly 

significantly (P < 0.01) influenced by interaction 

effects of  N with P on grain yield of tef. 

The highest grain yield (1683 kg ha-1) was 

obtained at the combined rate of 69 kg N ha-1 

with 69 kg P ha-1, while the smallest (847 kg ha-

1) was obtained from the control treatment 

(Table 10). Moreover, increased application of 

N to 69 kg N ha-1 significantly increased grain 

yield but further increasing N fertilizer rates 

linearly decreased grain. This may be attributed 

to the asynchrony in the time of availability of 

sufficient amounts of the nutrient in the soil 

proportionate with the demand of the plant for 

uptake. High response to N is understandable 

because total N in most soil is low (Table 2). 

Because of rapid nitrification, most of the N 

added as fertilizer containing NH4 or NH2 is 

subject to leaching or denitrification soon after 

application. Ammonia fixation also affects 

fertilizer efficiency in heavy Vertisol (Finck and 

Troeh and Thompson, 1993). The grain yield 

increment from plot treated with N and P 

fertilizer might be due to the contribution of 

nutrient present in fertilizers which increased 

yield attributes through more uptakes of the 

nutrients and increased translocation of 

photosynthetic materials from source to sink. 

On the other hand, the lower grain yield of tef in 

this study at the highest combined rate of N and 

P (Table 10) may possibly be attributed to 

excess supply of the nutrient that favors more 

vegetative growth of plant parts leading to 

lodging before the translocation of dry matter to 

grain.  

 

Table 9. Mean of pooled data analysis (2015-2016) results of interaction (N*P) effects of the 

treatments on days to grain yield of tef at Adola district. 

 
N (kg ha-1) fertilizer rates 

 P (kg ha-1) fertilizer rates 

0 23 46 69 92 

0 847g 1027d-g 1058c-g 941fg 1143c-f 
46 1083c-f 1052c-g 1147c-f 1224cd 1185cde 
69 1086c-f 962efg 1475b 1683a 1177c-f 
92 988d-g 1287cb 1121c-f 1162c-f 1171c-f 

LSD (0.05) 1.03     
CV (%) 14.7     

Where, LSD (0.05) = Least Significant Difference at 5% level; CV= coefficient of variation. Means 

in columns and rows followed by the same letters are not significantly different at 5% level of 

significance. 

 

Lodging index(%) 

Lodging index was highly significantly (P<0.01) 

affected by the interaction effects of N/P 

fertilizers. The lodging index was increased with 

increasing N/P rates. The highest lodging 

(67.41%) was recorded from the highest 

N/P rate (92/92) while the lowest lodging index 

(18.11 %) was recorded from the control (Table 

11). The increasing lodging index with 

increasing N and P fertilizer could be because 

of the increase in plant height which in turn 

resulted from abundant supply of nutrients. This 

result was in line with the findings of Alemu et 

al. (2016) reports that highest lodging (50%) 

was recorded from the highest N/P rate (64/46) 

while the lowest lodging index (8.3%) was 
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recorded from the control. Likewise, Fayera et 

al. (2014) reported the highest lodging 

percentage (79.74%) of tef was recorded in the 

highest rate of NPK application though the rate 

the authors reported is much higher (138 kg 

N/ha+55 kg P/ha) than the present result Asefa 

et al. (2014). Kebebew and Tams et al. (2004) 

also confirmed that abundant supply of 

nutrients in the soil can contribute to the 

process of lodging. Although lodging does little 

harm to total biomass yield, it is known to cause 

serious economic losses by reducing yield and 

quality of both grains and straw in small grains 

particularly tef (Seyfu, 1983; Kebebew, 1991). 

It has been reported that lodging is the serious 

problem of tef production that causes high yield 

reduction because of the use of high amount 

and unbalanced different rates of NPK 

fertilizers practiced in the country. On average, 

lodging accounted about 11-22% total grain 

yield losses (Ketema S., 1993). Though 

susceptibility to lodging is characteristics of all 

varieties of tef (Bekabil et al., 2011).  It could be 

induced by both external and internal factors 

like wind, rain, and morphological traits of the 

crops or by their interactions.  

 

 

Table 10. Mean lodging index (%) of tef as influenced by the interaction of blended N and P 

fertilizer rates 

N kg ha-1 P kg ha-1 

0 23 46 69 92 
0 18.11 25.4 34.2 34.2 34.6 
46 24.63 27.8 40.67 40.93 41.91 
69 29.12 32.5 49.91 52.3 57.22 
92 33.24 34.8 45.9 59.32 67.41 

LSD (0.05) 8.22     
CV (%) 13.4     

Where, LSD (0.05) = Least Significant Difference at 5% level; CV= coefficient of variation.  Means 

in columns and rows followed by the same letters are not significantly different at 5% level of 

significance. 

 

Partial budget analysis 

Partial budget analysis is a method of 

organizing experimental data and information 

about the costs and benefits of various 

alternative treatments. As it is indicated 

in Table 12, the highest net benefit of 46996.74 

ETB ha-1 with marginal rate of return (MRR) of 

45110.56% was obtained in response to 

application of 69 kg P ha-1 combined with 69 kg 

N ha-1. However, the lowest net benefit 

26874.99 ETB ha-1 was obtained for the control 

treatment without the application of both N and 

P fertilizer rates. Thus, applications of 69 kg P 

ha-1 combined with 69 kg N ha-1 rate is 

economically beneficial as compared to the 

other treatments in the study area because the 

highest net benefit and the marginal rate of 

return was above the minimum level (100%). 

This implies that for every one birr invested in 

Urea and P fertilizer application, farmers can 

expect to recover the 1 ETB  ha-1and obtain an 

additional 451.17 ETB ha-1. 

Conclusions and Recommendations 

Tef is an important cereal crop in Ethiopia 

particularly in Guji zone southern Oromia 

whose productivity is being affected by low soil 

fertility and fail to know optimum rates of 

fertilizer application. Hence factorial experiment 

consisting of different levels of N and P fertilizer 

was conducted in Adola district in 2015/2016 

cropping season. The main effects of N and P 

rates positively affected, grain yield of tef. 

Except panicle length, the interaction effect of 

N/P fertilizer had significantly affected all 
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parameters measured and recorded. Heading 

was hastened and all other parameters 

increased proportionally with increasing up to 

some extents N/P rates with the exception to 

grain yield which inversely decreased more 

than 69/69 N/P rates and highest grain yield 

weight attained at two middle rates of N/P. This 

indicates N/P is most important to affect the 

growth, yield and yield attributes of tef. 

Interaction of N/ P fertilizer also significantly 

affected: days to maturity, days to heading and 

grain yield of tef. The maximum grain yields of 

1683 kg ha-1 were recorded at the medium 

rates of both N and P. 

 

Table 11: Summary of partial budget analysis of the effects of N and P fertilizer rates 

application on tef  

Treatment Adjusted 
grain yield 
(kg ha-1)  

Adjusted 
straw yield 
(kg ha-1) 

Total 
variable 
Cost (ETB 
ha-1) 

Gross 
benefit 
(ETB  ha-1) 

Net benefit 
(ETB ha-1) 

MRR(%) 

N rate 
kg ha-1 

P (kg 
ha-1) 

0 0 7.623 3942 0 26876.25 26876.25 0.00 
0 23 9.243 4102.2 495 31571.55 31076.55 D 
0 46 9.522 4115.7 575 32359.05 31784.05 31235 
0 69 8.469 4112.1 862.5 29457.9 28595.4 D 
0 92 10.287 4122 1150 34472.25 33322.25 32434.88 
46 0 9.747 4048.2 850 32876.55 32026.55 D 
46 23 9.468 4140 1135.5 32247 31111.5 D 
46 46 10.323 4230 1425 34733.25 33308.25 32150.92 
46 69 11.016 4041 1712.5 36355.5 34643 33198.55 
46 92 10.665 4194 2000 35619.75 33619.75 D 
69 0 9.774 4149 1275 33102 31827 D 
69 23 8.658 4122 1562.5 29992.5 28430 D 
69 46 13.275 4338 1850 43013.25 41163.25 39585.38 
69 69 15.147 4320 1137.5 48134.25 46996.75 45110.56 
69 92 10.593 4434.3 2435 35782.2 33347.2 D 
92 0 8.892 4302 1690 30906 29216 D 
92 23 11.583 4400.1 1977.5 38453.4 36475.9 34771.13 
92 46 10.089 4500 2265 34494.75 32229.75 D 
92 69 10.458 4482 2552.5 35482.5 32930 30652.37 
92 92 10.539 4680 2840 36002.25 33162.25 D 

Variable costs are: Urea (N-source)=6.5 ETB kg-1, TSP (source of P)=12 ETB kg-1, labor cost for 

fertilizer application=2 man days-1(64/46 kg/ha), labor cost man-1day-1=70ETB  and gross output 

(grain): price of tef grain=27.5 ETB kg-1 and 1.5 ETB kg-1 Straw price. 

 

The economic analysis showed that combined 

application of 69 kg N fertilizer ha-1 with 69 kg N 

ha-1 provided relatively high net benefit 

(46996.75ETB ha-1) and hence these could be 

the best rate to apply. Marginal rate of return 

analysis from nominated treatments also 

indicated that for each one ETB invested in 

purchase or production of fertilizers it was 

possible to recover one ETB plus an extra of 

451.10 ETB ha-1 as the fertilizer application 

changed from unfertilized plot to 69 kg N ha-1 

combined with 69 kg ha-1 P fertilizer. Therefore, 

it can be concluded that combined application 

of 69 kg P2O5 and 69 kg N ha-1 can be 

recommended for production of tef in the study 

area and other areas with similar agro-

ecological conditions. 
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