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Effects of Different Blended Fertilizer Rates on Growth, Yield Attributes and Yield
of Tef [Eragrostis tef (zucc.) Trotter] at Siyadeberna Wayu District, North Shewa

Zone, Ethiopia
By Asegid Neway (BSc.) Adama Scince and Technology University

Advisors: WondwosenTena (PhD.), Debre Berhan University, Ethiopia
Asmare Melese (PhD.), Debre Berhan University, Ethiopia

ABSTRACT
Tef (Eragrostis tef (Zucc) Trotter) is a major food crop in Ethiopia. Nowadays it is becoming
the most preferred crop both for consumption and market value. However, application of
unbalanced mineral fertilizers aggravates the decline in soil fertility and it reduce crop
production. An experiment was conducted during 2017 main cropping season in Deneba
District of Central Ethiopia, with the objectives of determine the response of tef to different
blended fertilizer rates on grain yield and yield components. The improved variety Global
(DZ- 01-354) at seed rate of 5 kg ha -1 in row as a test crop and 14 treatments (four different
blended fertilizers with three levels of S, B, Zn and K (S1S2S3(10,15,20),
B1B2B3(0.15,1.5,3.0), Zn1Zn2Zn3(3.3,4.4,5.5), K1K2K3(50,100,150 K2O) kg ha-1) each
combined with recommended NP, NP (118.5N 76P2O5) kg ha-1 and control) were used and
laid out in randomized complete block design (RCBD) with three replications. Treatments
were: (1) control (2) recommended NP (3) NPS1 (4) NPS2 (5) NPS3 (6) NPS1B1 (7) NPS2B2

(8) NPS3B3 (9) NPS1Zn1B1 (10) NPS2Zn2B2 (11) NPS3Zn3B3 (12) NPS1K1Zn1B1 (13)
NPS2K2Zn2B2 and (14) NPS3K3Zn3B3. The soil of an experimental field was clay in texture
with pH of 7.4 which was moderately alkaline in reaction, high CEC (34.56 cmol (+)/kg),
low in organic matter (2.53%), high available P (16.35 ppm), high available potassium
(1.458 cmol (+) kg), low available sulfur (0.308 ppm), low available Zn (0.341 ppm) and
low available B (0.351 ppm). This indicated that the experimental soil is deficient in
available Zn, B and S and application of these nutrients may have yield responses. The
result shows that the application of different blended fertilizer rates had significant
difference to 50% heading, 90% physiological maturity, plant height, panicle length,
thousand grain weight, lodging index, biomass yield, straw yield and grain yield. However,
number of tillers and productive tillers per plant and harvest index was not significantly
(P< 0.05) influenced by application of different blended fertilizers. The highest biomass
yields (7111.8 kg ha-1) was obtained from treatment 10 and increased by 11.4% and 152%
over treatments that received recommended NP and control plots respectively. The highest
straw and grain yield (4725.1 and 2386.7kg ha-1) was also recorded under the application
of treatment 10 which improves straw and grain yield by 14.2% and 6.2% compared with
the recommended NP and 150% and 156% over the control plots respectively. Grain yield
also positively and significantly correlated with, important agronomic yield contributing
traits. However, the economic analysis revealed that the application of treatment 4 had the
highest Net Return (44722 ETB ha-1) and Marginal Rate of Return (514%) provides
economically feasible fertilizer use option. Validation of these results by either repeating
the experiment in multi locations and seasons or soil type to reach at a conclusive result.

Key words: economic feasibility, grain yield, marginal return, recommended NP.
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1. INTRODUCTION

Tef (Eragrostis tef) is the only cereal crop member of the tribe Eragrostidae and genus

Eragrostis which contains about 350 species. It is believed to have been originated in

Ethiopia between 4000 and 1000 BC (Vavilov, 1951). It is grown as a major cereal grain

crop which occupied about 24.00% (3,017,914.36 ha), and production accounted 17.29%

(50,204,400.47 quintals) (CSA, 2017). Average national yield of tef in 2016/17Meher

production season was 1664 kg ha-1 (CSA, 2017). In Amhara region of Ethiopia, it holds

about 32.6% of the area occupied by cereals and the regional grain yield of tef is 1699 kg

ha-1 (CSA, 2017). However, it has the lowest yield per hectare compared to other cereals.

Despite its actual low productivity, tef have relatively high yield potential. Improved

varieties of tef gives 1700-2200 kg ha-1 on farmers’ fields and 2200-2800 kg ha-1 under

research conditions (Seifu, 1997). The study of 2255 accessions of tef demonstrated high

yield potential up to 6000 kg ha-1. Seifu (1997) argued that it is not fair at this point to state

that low yield is one of its genetic limitations.  However, its productivity is not comparable

with other major cereal crops growing in the country (Demeke, 2013).

In recent days despite its low productivity, Ethiopian farmers prefer to grow tef more than

any other cereal crops because of its adoptability to different environmental and soil

conditions, resistance to water stress, disease and insects. Tef has also high acceptance in

the diet of the country and as a result it is among the cash crops and has been attracting an

export market due to its nutritional value and is believed to be gluten free. Primarily tef is

grown in Ethiopia for its grain as human food but the stover is also good animal feed in the

dry season (Hailu and Seyfu, 2000).

Reduction of tef crop productivity could be resulted from a complex interaction among the

environment, crop genetics, and management, biotic and abiotic stress that could occur

across the fields. Of these, soil fertility problem is one of the major causes of temporal and

spatial crop yield variability. As a result of continued land degradation and rapid population

growth, addressing poor soil fertility in the farming land in the tropics including Ethiopia

has become a major issue to achieve food security at household level (Aching et al., 2010).

The root causes of the current low soil fertility problem in this part of the country are soils

of inherent low fertility continual nutrient mining due to continues cropping without
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replacement of nutrients taken together with the harvest and top soil removal through water

erosion. Therefore, a continued evaluation of fertilizer effectiveness should be exercised

through short and long term experimentation (Tisdale et al., 2002). As summarized by

Tekalign et al. (2001), nitrogen (N) is deficient in almost all soils and phosphorus (P) is

deficient in about 70% of the soils in Ethiopia. This low nutrient content is due to erosion

and absence of nutrient recycling. On the contrary, most of the areas used for production of

grains, especially tef, wheat and barley fall under the low fertility soils. Soils in the

highlands of Ethiopia usually have low levels of essential plant nutrients and organic matter

(OM) content.

In addition, locally available OM inputs have also become more limiting due to increasing

demand for fuel and fodder, as well as lower biomass production driven by declining soil

fertility and competing uses (Kidanu et al., 2005).  Nutrient loss due to biomass energy

consumption of dung and crop residues which otherwise added to the soil is equivalent to

the total amount commercial fertilizer use in the country (PIF, 2010).  Livestock through

grazing and crop residue consumption remove over 3 million ton nutrients (FAO, 1984). In

turn livestock produces dung equivalent to 1.4 million tons of N, P2O5 and K2O (Hawand,

1995) though very small fraction goes back to the soil due to its other competitive uses.

Moreover, although many parts of East Africa have inherently rich soils, nutrient depletion

through erosion and removal by crops over many years have resulted in very low

productivity (Ngome et al., 2013).

To counteract the production and productivity problems, efforts have been made by the

farmers in increasing use of inorganic and organic inputs. However, despite significant rise

in total fertilizer import from 250,000 tons in 1995 to 500,000 tons in 2012 (CSA, 2012) the

intensity of the fertilizer use has increased only marginally over the past decade from 31

kilograms per ha in 1995 to 36 kilograms per ha in 2008 which is still less than the blanket

recommendation (Fufa et al., 2013).

Recently different fertilizer materials would be required to ensure balanced fertilizer use

involving all or most of the nutrients required by crops. Experience in Malawi provides how

N fertilizer efficiency for maize can be raised by providing potassium (K), sulphur (S), zinc

(Zn) and boron (B) which increased maize yields by 40% over the standard NP

recommendation alone (Jhon, 2000). In line with this Haile et al., (2011) also reported how
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fertilizer use efficiency of potato can be raised when NP fertilizers are combined with K on

a location-specific basis in southern Ethiopia. Supplementation of K increased potato tuber

yields by 197% over the standard NP recommendation alone.

For the past many years, repetitive work is done on NP requirements of crops by considering

it as the only limiting nutrient of Ethiopian soils but, limited information is available on

various sources of fertilizers containing K, S, Zn, B and other micronutrients. Nowadays,

application of other sources of nutrients beyond Urea and Di-ammonium Phosphate (DAP),

especially those containing K, S, Zn, B and copper (Cu) recommended as deficient soil

nutrients in different parts of the country (ATA, 2016). This can be achieved by application

of blended fertilizers.

According to the Atlas of soil fertility map made by EthioSIS, seven soil nutrients (N, P, K,

S, Zn, B and Cu are found to be deficient in the soils of Amhara region, and specifically in

the study area N, P, K, S, Zn, and B are deficient soil nutrients (ATA, 2016). Similar studies

from different parts of the country also confirm the positive responses of major grain crops

to blended fertilizer application (Feyera et al. 2014, Teklay et al. 2016). Evaluation of such

blended fertilizer application in diverse agro-ecologies for major crops can create another

alternative and sound recommendation of fertilizers for producers. Therefore, this study was

initiated with the following objectives

 To investigate the effect of different blended fertilizer rates of K, S, B and Zn on

growth, yield attributes and yields of tef in Siya Debrena Wayu District.

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

2.1. Morphology and Ecology of Tef

Tef is a member of the tribe Eragrosteae, sub-family Eragrostoidae, of the Poaceae

(Gramineae) family. There are approximately 350 species in the genus Eragrostis consisting

of both annuals and perennials which are found over a wide geographic range. These species

are classified based on characteristics of culms, spikelets, lateral veins, pedicels, panicle,

flowering scales, and flower scale colors. The taxonomy of tef has been also clarified by

numerical taxonomy techniques, cytology and biochemistry, including leaf flavanoids and

seed protein electrophoretic patterns (Eshetu and Lester, 1981). Tef is a fine stemmed tufted

annual grass. The plant has the appearance of a bunch grass, having large crowns and many

tillers. The inflorescence is an open panicle and produces small seeds. The roots are shallow

and develop a massive fibrous rooting system. Plant height of tef varies depending upon

cultivar type and growing environments (Taddesse, 1975).

Tef is a warm season annual grass, characterized by a large crown, many tillers, and a

shallow diverse root system. Tef germplasm is characterized by a wide variation of

morphological and agronomic traits. Plant height varies from 25–135 cm, panicle length

from 11–63 cm, with spikelets numbers per panicle varying from 190–1410. Panicle types

vary from loose, lax, compact, multiple branching multi-lateral and unilateral loose to

compact forms. Maturity varies from 93–130 days. Grain colour ranges from pale white to

ivory white and from very light tan to deep brown to reddish brown purple. Tef seed is very

small, ranging from 1–1.7mm long and 0.6–1mm diameter with l000 seed weight averaging

0.3–0.4 grams. Grain and straw yield represented the maximum genetic diversity among the

observed tef germplasm (Seyfu, 1997).

Ecologically, tef is adapted to diverse agro-ecological regions of Ethiopia and grows well

under stress environments better than wheat, barley and other cereals known worldwide

(Refissa, 2012). Because of this, it is said to be a “low-risk" crop for farmers. According to

Seyfu (1997), the plant can be grow under various rainfall conditions, temperature and soil

regimes. However, for better performance, it requires an altitude of 1800-2100 masl, annual

rain fall of 750-850 mm, and a temperature range of 10-27 oC. Tef needs high tillage
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frequencies as compared to other cereal crops in Ethiopia. Also, it requires firm, level

seedbed, free from clods and stumps. But, the tillage frequency is not consistent from

region to region; from soil type to soil type and from farmer to farmer (Abenet and Messay,

2010).

2.1.1. Soil type

Tef (Eragrostis tef) is predominantly cultivated on sandy-loam to black clay soils (Seyfu,

1993). It is highly adaptable to a wide range of soil types. It has the ability to perform well

in black soils and, in some cases, in low soil acidities. In addition, tef has the capacity to

withstand waterlogged, rainy conditions, often better than other cereal grains (other than

rice) (ATA, 2013).

2.1.2. Major tef producing regions

In Ethiopia, (Table 1) tef is mainly produced in vast areas of Amhara and Oromia, the total

area covered by tef in these regions are 1,137,844ha and 1,441,029ha respectively (CSA,

2017) With smaller quantities in Southern Nation Nationalities and Peoples of Ethiopia

(SNNP) and Tigray. There are 19 major tef-producing zones in the country. Within

Amhara, the East Gojam, West Gojam, North Gonder, South Gonder, North Wollo, South

Wollo, North Shewa, and Awi zones are the major producers of Tef. The Central and South

Tigray zones are the major zones in Tigray. In Oromia, the major zones include East Shewa,

West Shewa, Southwest Shewa, North Shewa, East Wallaga, Horo Guduru Wollega,

Jimma, Illuababora, and Arsi (ATA, 2013).

Table 1 Tef production by high-producing regions

Regions Area (ha) % share of
total area
planted

Productio
n (ton)

% share
of total
producti
on

Productivit
y (ton/ha)

Tigray 167,584 5.5 241,011 4.8 1.438
Amhara 1,137,844 37.7 1,932,853 38.51 1.699
Oromia 1,441,029 47.8 2,473,794 49.28 1.717
SNNPR 246,099 8.16 341,254 6.8 1.387
Benishangul 24,432 0.81 30,318 0.60 1.241
Total/average 3,014,988 100 5,019,230 100 1.496

Source: CSA (2017), Agricultural Sample Survey: Area Planned and Production of Major

Grains, Meher season.
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2.2. Agronomy of Tef

Tef was recommended for light moist soils using staggered planting dates. Planting of tef

requires a firm moist seed bed to effect good soil moisture-seed contact due to the extremely

small seed size. Seeding rate varies from 25 to 30 kg/ha. Tef germinates rapidly when

planted at an average depth of 1.2 cm; however, the initial growth is slow until a good root

system has been established (Twidwell et al., 1991).

Tef can be planted in late May to the start of August with even erratic rainfall. Most

Ethiopian farmers prefer this time of planting for the ease of cultivation, less or no

application of chemical fertilizers. Late plantings have the advantage to control weeds by

tillage prior to planting, which can be significant since tef is a poor competitor with weeds

during the early growth stages. Seedbed should be firm and prepared leveled flat.

Traditionally, seed bed preparation is done by compacting the soil using either human labour

or cattle following oxen drawn plough. Tef germinates rapidly, and the broadcast and

narrow row seeding allow for stronger weed competition. Control of broadleaf weeds should

be considered. Moderate rates of N and P fertilizer are suggested to prevent lodging.

2.3. Importance of Tef

Tef has as much or even more food value than the major grains; 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 Di Marcantonio, 2013) In Ethiopia, tef

is a highly 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. It can also be used in many other food products, such as kitta (unleavened

bread), anebaberro (double layered injera), porridge, gruel, and local alcoholic beverages,

such as tellaand katakana (both are local alcoholic drink) (Seyfu, 1997; Hailu and Seyfu,

2000). These researchers also suggested that tef is not suitable for bread making as it lacks

the necessary amount and quality of protein complex called “gluten” that can be formed

into dough with the rheological properties required for the production of leavened bread in

wheat.
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According to Patricia and Lisette Van (2008), tef is rich in energy (353-367 kcal/100g). Its

fat content averages about 2.6%. The protein content is as good as or better than that of

other cereals and it ranges from 8 to 15%, with average 11%. The protein digestibility is

probably high because the main protein fraction, albumin, glutline, and globulin are the

most digestible types. The vitamin content seems to be about average for a cereal. Tef is

reported rich in iron (Fe) calcium (Ca), K, and P. The Fe (0.011-0.033 %) and Ca (0.1-

0.15%) contents are especially notable (Patricia and Lisette Van, 2008).

Abay (2011) reported that tef contains 11% protein and is an excellent source of essential

amino acids, especially lysine, the amino acid that is most often deficient in other grain

foods. It contains more lysine than barley, millet, and wheat and slightly less than rice or

oats. He further mentioned that tef is also an excellent source of fiber and Fe, and has many

times the amount of Ca, K and other essential minerals found in an equal amount of other

grains. He also noted that tef is nearly gluten-free, and is gaining popularity in the whole

food and health food industry in the U.S. as an alternative grain for persons with gluten

sensitivity. Tef may also have applications for persons with Celiac Disease. It contains11%

total carbohydrates, 24% dietary fiber, 10% thiamine, 2% riboflavin, 4% niacin, 8%

calcium and 20% iron and is free from saturated fat, sugar and cholesterol (Abay, 2011).

Tef straw, besides being the most appreciated feed for cattle, is also used to reinforce mud

and plaster the walls of house and local grain storage facility called gotera. Tef grain, owing

to its high mineral content, has been used in mixtures with soybean, chickpea and other

grains in the baby food industry (Seyfu, 1997). Tef has as much or even more food value

than the major grains, including wheat, barley, and maize. This is probably because it is

always eaten in whole grain form. The germ and bran are consumed along with the

endosperm (Demeke and Di Marcantonio, 2013).

Furthermore, 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.



8

2.4. Role, Availability and Effect of Nitrogen, Phosphorus, Potassium, Sulphur, Zink

and Boron on Yield and Yield Component of Tef

Macronutrient includes N, P, K, S, magnesium (Mg) and Ca, which are needed in large

amounts, and large quantities have to be applied if the soil is deficient in one or more of

them (FAO, 2000). The micronutrients or trace elements are Fe, manganese (Mn), Zn, Cu,

molybdenum (Mo), chlorine (Cl), Nickel (Ni) and B (FAO, 2000; Barker and David, 2007;

Fageria, 2009). They are part and parcel of the key substances in plant growth and are

comparable with the vitamins in human nutrition. Being taken up in minute amounts, their

range of optimal supply is very small (FAO, 2000). Their plant availability depends

primarily on the soil reaction.

2.4.1. Nitrogen

Nitrogen is one of the most widely distributed elements in nature. It is present in the

atmosphere, the lithosphere and the hydrosphere (FAO, 2013). It is an integral component

of many essential plant compounds such as amino acids which are the building blocks of

all proteins including enzymes, nucleic acids and chlorophyll (Brady and Weil, 2000).

Nitrogen is the motor of plant growth. It makes up 1 to 4% of dry matter of the plant. Since

nitrogen is present in so many essential compounds, growth and development of crop

without application of nitrogen is slow. In the other way, the amount of this element in

available forms in the soil is small, while the quantity withdrawn annually by crops is

comparatively large (Brady and Weil, 2000).

Nitrogen in the soil can be in different forms and in large quantity, even beyond the demand

of some crops. According to Jenkinson (1986), more than 90% of N is found in the form

of organic matter but is not readily available to plants. Its availability can be facilitated only

through decomposition by soil microorganisms. Formation and decomposition of organic

matter is hence, vital in loss and gain of nutrient N. Inorganic N exists in the form of NH4
+,

NO3
-, NO2, NO and the elemental nitrogen (N2), while the organic forms include protein,

amino acids, amino sugars and other complexes. The NH4
+, NO3

- and NO2 are produced

from aerobic decomposition of OM or addition of fertilizers to the soil. Nitrogen is a very

mobile element circulating between the atmosphere, the soil and living organisms. N2O and



9

NO are the forms of N lost through denitrification and the NH4
+and NO3

- are the forms of

nitrogen can be taken up by the plants or microorganism (immobilization; the conversion

of inorganic plant available N (NH4
+ or NO3

-) by soil microorganisms to organic forms),

however NH4
+ can be adsorbed or fixed to the soil particle, or oxidized to NO3

- (Tisdale et

al., 1993). There are often four main sources of N (i) soil organic matter; (ii) organic

residues (FYM, compost, green manure); (iii) N fixed by legumes; and (iv) inorganic

fertilizer N.

Globally, rapid population growth in developing countries   increase demand of food

supply which cause an increasing of N fertilizer consumption by 60 to 90 % by the year

2025 (Monasterio et al., 1997). It is the nutrient element applied in the largest quantity for

most annual crops covering about 80 million ton of fertilizers per year. Application of N

fertilizer is considered essential to improve cereal production (Tekalign et al., 1996).

Nitrogen fertilizer use efficiency exerts a major effect on cereal production. Efficiency may

decline because of N losses due to volatilization, denitrification, and leaching or if the N is

not taken up by plants or if it is taken up, it may not be utilized efficiently (Fischer et al.,

1993). According to Brhan (2012), crop response to N is greatly reduced when P is limiting.

When both N and P were adequate; crop recovery of fertilizer N was approximately 75%

compared to about    40% without adequate P fertilizer.  Adequate N and P fertilizer will

optimize yield and profitability and will maximize the fertilizer N recovery, whilst

minimizing the environment impact of fertilizer N use. In soils, N fertilizer stimulated

uptake of P application

Tef responds to N fertilizer application with remarkable changes in all its yield and yield

components. Studies on the response of tef to N fertilizer, by different authors show that,

increased application results in increased production. Shiferaw and Tewodros, (2016)

reported that, application of the recommended rate of nitrogen half dose at sowing and half

dose at tillering gave significantly higher grain yield (2308.96kg ha-1). Mitiku (2008) and

Haftamu et al. (2009) noted that, application of high N fertilizer rate (90 kg N ha-1) was the

best to obtain high total biomass yield, straw yield and grain yield. Similarly, Legesse

(2004) found that, high yield components were recorded in response to application of the

highest N rate (69 kg N ha-1). According to Tilahun (1994), the highest grain yield often

resulted from high N rate. The author noted that high N rate gives high grain yield per
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square meter. Similarly, Mulugeta (2003) found that application of high rates of N fertilizer

increased the number of fertile panicles of tef.

Field experiments were conducted in two locations, for two years (2012-2013) in Assosa

Zone, Benishangul Gumuz Region to investigate the response of tef to N and P fertilization

indicated that Grain yield increased significantly from 708.6 to 1681.1 kg ha-1 with increase

in the level of N and P from the control (0/0 N/P2O5) to 46 kg N and 23 P2O5 kg ha-1. The

magnitude of increase in grain yield due to application of 46 kg N along and 23 kg P2O5 ha
-1 was 137 % higher as compared to the control (Getahun et al., 2018).

2.4.2. Phosphorus

Phosphorus is essential for plant growth and reproduction and major nutrient along with

nitrogen and potassium. Adequate phosphorus nutrition enhances many aspects of plant

physiology, including the fundamental processes of photosynthesis, root growth

particularly development of lateral roots and fibrous rootlets (Brady and Weil,2002).

The relative abundance forms of phosphorus are largely dependent on the soil pH (Halvin,

1999). The "free'' phosphoric acid (H3PO4) predominates in strongly acid solutions and

PO4
3- in strongly alkaline solutions. However, the proportions of these two forms are

negligible within the pH range of 5 to 9. At intermediates pH level (pH 7.2), H2PO4
- and

HPO4
2- may be present simultaneously in equal amounts whereas below and above this pH,

H2PO4
- and HPO4

2- are the predominant forms of available P, respectively. As the pH of

the solution goes up, phosphate ions tend to dissociate proton (H+) and get converted to the

HPO4
2- ions. Primary orthophosphate (H2PO4) is somewhat more available to plants than

HPO4
2- (Tisdale et al., 2002). Eylachew (1987) reviewed different reports and stated that

the availability of soil P is influenced by soil reaction, soil type, amount and forms of P as

well as many other factors. Oxisols high in iron oxides and aluminum oxides, and many

sandy soils low in humus content, for instance, have low available P (Miller and Danahaue,

1995). Addition of organic matter indirectly reduces P adsorption by inhibiting aluminum

oxide and to certain extent iron (Fe)-oxide crystallization while addition of manure and

fertilizer P reduces P fixation by increasing saturation of adsorption sites (Boeggaad et

al.,1990).
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In acid soils with high aluminum (Al) and Fe contents, phosphoric acid and soluble P

fertilizer transformed into insoluble forms of P so quickly that plants can derive very little

from P fertilized treatments (Sinha,1999). Brady and Weil (2002) indicated that at pH lower

than 5.5, the retention results largely from the reactions with Fe, Al and their hydrous

oxides resulting into low forms of available P. At pH higher than 7.0, high concentration

of Ca, Mg and their carbonates cause precipitation of the added phosphorus and reduce the

availability of P (Mengel and Kirkby, 1996). Optimum P availability in mineral soils as

generalized by these authors is believed to be near pH 6.5. Large addition of P is required

to reach a given level of solution P in fine textured compared to coarse textured soils.

Consequently, high clay calcareous soils will often require more fertilizer P to optimize

yields compared to loam soils. Soils containing large quantities of clay will fix more P than

soils with low clay content. In other words, the more surface area exposed with a given

type of clay, the greater is the tendency to absorb P (Tisdale et al., 2002).

There are many investigations with respect to the effect of phosphorus fertilization on

different crops productivity. Wheat experiment had been conducted in major wheat

growing areas of north western Ethiopia. The results revealed that increased yield and yield

component of wheat was observed with application of P fertilizer and the highest biological

and grain yield was obtained at the application of the highest P fertilizer rate (92 kg P2O5

ha-1) with 184kg ha-1 of N interaction in all locations (Minale et al., 2006). Recently another

research conducted in northern Ethiopia Hawzen district to investigate effect of phosphorus

fertilizer level on the growth and yield of wheat also indicated Phosphorus application at a

rate of 46 kg P2O5 ha-1 increased significantly grain and straw yields by 38 % and 46 %,

respectively than control (Bereket et al., 2014).

Tilahun et al. (2006) research conducted on various sites of maize growing areas in north

west Ethiopia revealed that application of phosphorous fertilizer significantly increases

grain yield, plant height and thousand seeds weight and the highest grain yield (5242.8 kg

ha-1) was obtained at the 138 kg ha-1 P2O5 rate. Phosphorus fertilizer on yield and yield

components of barley indicated promising effect in various parts Ethiopia. Research

conducted on barley at EllalaVertisols of Northern Ethiopia depicted that yield and yield

components of barley was increased with increasing P fertilizers and increment of grain
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yield from 740.75Kg ha-1 at the control plot to 1119.60Kg ha-1 at the rate of 46kg ha-1 P2O5

with 50kg ha-1 of Urea was observed (Fisseha ,2008).

Phosphorus fertilizer trial on tef was conducted from the year 2000 to 2003 on the major

tef growing areas of northwestern Ethiopia on vertisol and Nitosols of farmers’ field on a

total of thirteen major tef growing localities. The results indicated that the highest grain

yield was obtained with the highest P fertilizer rate (80kg P2O5 ha-1) in most localities of

Vertisols and the highest grain yield in most localities of Nitosols were obtained at 60 kg

P2O5 ha-1with interaction of 100 and 60 Kg N ha-1 respectively (Alemayehu et al, 2008).

Similarly, a field experiment conducted in 2006 at Laelay Maichew, Central Tigray,

Northern Ethiopia to determine the effect of seed and phosphate fertilizer rates on yield and

yield components of tef indicated that phosphate fertilizer brought a significant (P≤0.05)

effect on most of the agronomic parameters (Mehreteab.,2008). According to this report

the days to heading and maturity were significantly (P≤0.05) reduced as the level of

phosphate fertilizer increased. However, panicle length, plant height, number of nodes,

number of effective tillers, lodging index, biomass yield, grain yield and harvest index

increased with an increased level of phosphate fertilizer and the optimum grain yield was

obtained by applying phosphate fertilizer rate of 46 kg P2O5 ha-1.

An experiment conducted at Wenago, Ethiopia, to investigate the role of P supply in

relation to grain yield, nutrient uptake (N, P, Ca and K) and P efficiency, and to investigate

varietal differences for these parameters using four P rates (0, 30, 60 and 90 kg P2O5 ha-1)

as main plots and three tef varieties (DZ-Cr-37, DZ-Cr-82, and DZ-Cr-255) showed that

grain yield and yield related traits except grain filling period were significantly affected by

P application. However, the effect of variety was only significant for grain yield, total

biomass and harvest index, and that of P × variety interaction was only significant for total

biomass and harvest index (Alemayehu, 2014). According to Abay (2011), the result of the

experiment conducted at Bobicho, Hadya Zone indicated that the use of 23P2O5 kg ha-1

alone increased tef grain yield from 788 to 1377 kg ha-1 with a 75% yield increment.

Phosphorus influenced tef grain yield highly and significantly and the mean maximum

yield of 1571 kg ha-1 was obtained from application of 69 kg P2O5 ha-1. Though the

maximum yield of 1606 kg ha-1 was obtained with the use of 23/69 kg N/P P2O5, but there

was no significant response recorded from the interaction of N and P. Mean yield
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continuously increased with increased levels of P2O5 from 0 to 69 kg ha-1, but declined with

further P application. The maximum tef grain and straw yields were obtained with the

application of 69 kg ha-1 P2O5. Phosphorus was highly correlated with grain yield.

2.4.3. Potassium

Potassium plays major functions in activation of more than 60 enzymes (chemical

substances which govern life) in plants (FAO, 2000; Fageria, 2009).  Thus it plays a vital

part in carbohydrate and protein synthesis (Chandrasekaran et al., 2010). Potassium is

primary osmolyte and ion involved in plant cell membrane dynamics, including the

regulation of stomata and maintenance of turgor and osmotic equilibrium.  Potassium in

plant increases its tolerance to drought, frost and salinity. Plants well supplied with K are

also less affected by disease (Barker and David, 2007; Fageria, 2009).

Potassium in soil can be present into four different forms due to its availability in plants

which are: (i). Lattice or structural potassium, (ii). Exchangeable potassium, (iii). Non-

exchangeable potassium, (iv). Soil solution potassium (Syers, 1998). Complete soil

solution K can be acquired by plants depending upon nutrient dynamics and total potassium

content. Deficiency of potassium in soil is closely associated with slow release of

exchangeable potassium as compared to plant acquisition (Sparks and Huang, 1985)

whereas (Qi and Spalding, 2004) reported that due to high levels of monovalent cations,

e.g., Na and NH4 restrict potassium uptake and eventually results in low potassium content

of plants. Short term potassium deficiency is related to spatial heterogeneity and temporal

variation in potassium availability mostly because of K transport activity of plant roots,

resulting in K- enriched/deficient patches (Ashley et al. 2006).

Potassium fertilization was started in 2014 using K containing blended fertilizers in

Ethiopia. However, there was no evidence whether the recommended rates of K in the

blended formula (which is between 7 and 12 kg ha-1 in the form of K2O) meets the crop

demand on different soil reference groups or not. Hagos et al (2017) who reported that the

application of 4 levels of potassium (0, 30, 60, 90, of kg ha-1 K2O) in nutrient uptake of

wheat in Vertisols of northern Ethiopia depicted that the highest biological yield (straw +

grain) and grain yields of wheat were increased with K rates. Similarly, application of K
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fertilizer has also significantly increased grain yield of maize by 48 % over that produced

by local control treatment suggesting low level soil K content in the study area for optimum

production of maize. However, the highest grain yield was produced by NP + K (NPK)

treatment. It increased grain yield by 41 % over that produced by NP treatment at Hadero

(Wassie and Walelign, 2015). This is in line with Haile and Mamo (2013) who reported

that application of K along with NP has dramatically increased yields of potato and wheat

in Hagere Selam and Chencha locations of Southern Ethiopia. Potassium also give a

positive response on reducing the sever problem of lodging in tef production with other soil

nutrients. Feyera et al. (2014) reported that, application of 200 kg of 21 P2O5 15 K2O 6.5 S

1.3 Zn 0.5 B blended fertilizer reduced lodging percentage by about 66 - 74% compared to

fertilizer rates practiced (NP), for tef production in Didessa District, South western

Ethiopia.

2.4.4. Sulphur

Sulfur has long been recognized as an essential element for plant growth and development

and is classified as a macronutrient. It is an essential component of the amino acids cysteine

and methionine and is required for a number of important enzyme reactions controlling

metabolic and growth processes within plant cells (Mengel and Kirkby, 1987). Crop

responses to applied sulfur have been reported in a wide range of soils in many parts of the

world (Fageria, 2009). Sulfur required in similar amount as that of Phosphorus and

constitutes 0.2 to 0.5% dry matter accumulation in crop tissue (Ali et al., 2008). It is

required for the synthesis of S containing amino acids such as cystine, cysteine and

methionine. Their deficiency results in stunted growth, reduced plant height, tillers,

spikelets and delayed maturity. Sulfur deficient plants have also less resistance under stress

condition (Doberman and Fairhurst, 2000).

Sulfur deficiency has been reported in almost all cereal crops in various countries. The

main reasons for sulfur deficiency are  low organic matter content of the soil; low

mineralization rate of organic matter due to unfavorable soil environment; depletion of soil

reserves due to intensive cultivation, use of high yielding cultivars that remove greater

amounts of S from soil, and the application of sulfur free fertilizers; declining S reserves in

soil due to accelerated rate of soil erosion; use of high rates of nitrogen and potassium
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fertilizers, which require high rate of S; the decreased use of S-containing pesticides and

fungicides and  depletion of S from soils by volatilization and leaching (Fageria, 2009).

There are three main sources of sulfur availability to plants. These sources are organic

matter, soil minerals and sulfur gases in the atmosphere and also small amount of S is

supplied by irrigation water.

Sulphur is taken up by plants in the form of SO4
- S, which is then activated by reaction with

adenosine triphosphate (ATP) and reduced to sulphide form prior to the incorporation into

cysteine (Abraha, 2013). Cysteine provides the sulphydryl (S-H) group required to form

the disulphide (S-S) link between protein chains (polypeptides) and the oxidation-reduction

reactions associated with the S-H groups in cysteine are an essential part of cell enzyme

activity. Cysteinerich proteins and enzymes (e.g. ferredoxin and ribulose biphosphate

dehydrogenase) play an active part in photosynthesis and assimilation of carbon dioxide in

actively growing tissue. Methionine is considered to be the basic building block from which

plant proteins are synthesized and the methyl group of methionine is involved in

chlorophyll formation, as is visually apparent when S is in short supply. Sulphur is also a

component of coenzyme A, which has an important role in fatty acid and lipid metabolism,

and of the vitamins biotin and thiomine (Vitamin B).

The amount of S in a cereal crop at harvest can range between 7 and 30 kg/ha, depending

on both S supply and yield level, although most crops contain nearer to 15 kg ha-1 (Withers

et al., 1997). The relationship between grain yield and S uptake by the whole crop is less

close in winter wheat than in oilseed rape but, as a general guide, winter wheat needs at

least 2 kg ha-1 S per tonne of grain produced to ensure S sufficiency. Mulugeta and

Shiferaw, (2017) who reported that Significantly higher yield of tef (1946.3 kg ha-1) was

obtained from plots treated by 150 kg NPS (63, 25, 10.5) + 34.5 kg N ha-1 compared to

plots received treatment 150 kg NPSB (64, 23, 10.1, 1.06) + 36.8kg N ha-1 and 150 kg

NPSZnB (63, 15, 7.6, 2.23, 0.37) + 36.8 kg N ha-1. Correspondingly in wheat 18 explorative

field experiments were conducted in 2012/2013 seasons in three representative areas in

central highlands of Ethiopia, to evaluate the effects of S, N and P on wheat showed

significant response (P<0.001) in grain and other yield components of wheat (Menna et al,

2015).
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2.4.5. Zink

Zinc is a micronutrient needed in small amounts by crop plants, but its importance in crop

production has increased in recent years. Zinc is an integral component of many

physiological processes. It is important in plant nutrition and functions in enzymes, stability

of cytoplasmic ribosomes, oxidation processes, and transformation of carbohydrates and

synthesis of auxin indole acetic acid (Barker and David, 2007).

It is considered to be the most yield-limiting micronutrient in crop production in various

parts of the world (Fageria, 2009; Fageriaet al, 2001).  Worldwide, Zn is the most

commonly deficient micronutrient. The universal deficiency of N and P is followed by Zn

deficiency. Almost 50% of the world soils used for cereal production is Zn deficient

(Gibbson, 2006). Zinc has been found useful in improving yield and yield components of

wheat and rice (Singh 2004). Zinc deficiency is caused primarily by three factors:  low

content of Zn in soils unavailability of Zn present in soil to the plant; and management

practices; example compaction of soil which eventually affect root growth and

development depress Zn availability or uptake (Fgeria, 2009).

Zinc is available to the plant mainly as a divalent cation (Zn2+) while at high pH it is

probably absorbed as a monovalent cation (ZnOH-). Hence zinc availability is greatly

affected by soil pH.  As soil pH increases, Zn availability decreases and vice versa (Barker

and David, 2007). Micronutrient deficiencies are often induced because of interactions with

other nutrients. Zinc uptake is often depressed in the presence of excess P. Zn deficiency

can occur when large quantities of P are applied to marginal Zn soils. During the growing

season if Zn deficiencies occur due to high pH and P levels, a foliar application will be

required (Tilahun et al.,2013). In addition, form of Zn availability to plants can affect by

water- soluble Z, exchangeable Z, and adsorbed Z on the surface of colloids or OM, and Z

substituted for Mg2+ in the crystal lattices of clay minerals (Tisdale et al., 2002).

Since the discovery of Zn as an essential micronutrient for plants (Sommer and Lipman,

1926), fertilization of crop plants with Zn fertilizers either through soil or foliar application

has become an increasingly common practice in agricultural soil where Zn deficiency limits

crop productivity. The main aim of Zn fertilization was typically to prevent or correct Zn
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deficiency and thus to improve the yield. Bereket et al. (2014) who reported that, significant

increase in 15% straw yield over the control treatment of tef with the increasing application

of Zn from 0 to 8.0 kg ha-1. Feyera et al. (2014), Teklay et al. (2016) who reports due to

the main effect of Zn, blended fertilizer increased tef grain yield by about 12% of the yield

obtained from the application of NP fertilizer alone practiced in the field. In line with this

Jhon, (2000) also reported that, N fertilizer efficiency for maize can be raised by providing

S, Zn, B, and K which increased maize yields by 40% over the standard NP

recommendation alone.

2.4.6. Boron

Boron is one of the eight essential micronutrients, also called trace elements, required for

the normal growth of most plants (Barker and David, 2007). It is an important structural

component of cell walls and appears to have a general regulatory role in plant metabolic

processes. A shortage of boron has been shown to interfere rapidly with cell division, cell

membrane permeability and often results in phenolic compounds accumulating in plant

tissue (Gupta, 1979; Shorrocks, 1991). Boron also has a secondary role in sugar

translocation, protein synthesis and auxin metabolism. Plant requires boron nutrient in

lower amount than the requirements for all other nutrients except Mo and Cu. The behavior

of B in soil and plant is uniquely different to other trace elements and naturally high soil

reserves or over-application of boron fertilizer can rapidly lead to toxicity in cereals and

other sensitive crops (MAFF. 1976; Gupta, 1979). It is the only nonmetal element among

the micronutrients and also the only micronutrient presents over a wide pH range as a

neutral molecule rather than anion (Fageria, 2009).

Two types of B deficiencies are encountered in agricultural soils. One is a natural

deficiency, due to a lack of boron in the soil-forming minerals, and the other is an induced

deficiency, the result of over liming or other adverse environmental conditions (Fageria,

2009).  Boron is required for normal development of reproductive tissues and deficiency

results in low grain set and poor seed quality. Most the cereals crop like wheat and rice

with small B requirement can suffer from impaired seed set due to B shortage at a critical

growth stage (Shorrocks, 1997).
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Boron uptake by plants is controlled by the B level in soil solution rather than the total B

content in soil (Fageria and Barbosa filho, 2006). Plants absorb boron in the form H3BO3,

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

is mainly determined by yield level.

The total boron content of most agricultural soils ranges from 1 to 467mg kg_1, with an

average content of 9 to 85 mg kg-1. Available boron, measured by various extraction

methods in agricultural soils varies from 0.5 to 5 mg kg-1. Most of the available boron in

soil is believed to be derived from sediments and plant material (Barker and David, 2007).

Principal B carriers are boric acid, borax, or sodium tetraborate are commonly used

fertilizers for correcting B deficiency in crop plants.  Boron fertilizers can be applied as

broadcast, band, or foliar application (Fageria, 2009).

Feyera et al. (2014) who reported that biomass yield was significantly (P<0.05) influenced

by different rates of NPK and blended fertilizers. The highest biomass yield (8000.5 kg ha-

1) was recorded from the application of Zn + B blended (14N21P2O5 15K2O 6.5S 1.3Zn

0.5B) fertilizer. From the result, blended fertilizer increased tef biomass yield by about

112.52% of the yield obtained from the application of NPK fertilizer alone. Kohnaward, et

al. (2012) who report that the application of Zn and B blended fertilizer significantly

increases 1000-grain weight in tef. This is because boron nutrition increases head diameter

and 1000-seed weight. Correspondingly Khan et al. (2006) found that Boron application at

rate one kg B ha-1 significantly increased 1000 grain weight as compared to control in wheat.

Similarly, Nadim et al. (2011) found that basal application of B at 2 kg ha-1 with NPK

significantly improved the number of grains per spike in wheat.
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3.  MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted in the north Shewa zone of Amhara Regional State, central

Ethiopia; in Siyadebrna Wayu district during 2017 main cropping season. The experimental

site Deneba TEVT college agricultural demonstration field is located on (09045’34.25” N

latitude and 039011’26.79” E longitudes and an altitude of 2600 masl (Fig. 1).

Figure 1 Map of the study area.

Meteorological data were taken from National Meteorology Service Agency, Addis Ababa

Head Office. The main rainy season of the study areas extend from June to September. The

long term means annual rainfall of the study areas for the past 10 years (2008-2017) was

829.5 mm with minimum of 527.1 mm in 2012 and maximum of 1169.1 mm in 2010 (Fig.

1, 2). Annual rainfall amount for the 2017 cropping season was 846.5 mm. Rainfall

distribution of the study area is characterized by unimodal pattern. The average temperature

of these study areas for the past 10 years was 14.3oC with a mean maximum of 22.7oC and

the mean minimum of 6.9oC. According to the modern climatic zone classifications of

Ethiopia (Alemneh 2003), which was based on altitude, rainfall, average annual temperature

and length of growing season, the study areas belong to cool sub-humid agro-climatic zone
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with Vertisols soil type. The major crops grown in the area mainly include, tef, wheat, other

cereals and some legumes.

Figure 2 Annual mean rainfall and maximum and minimum temperature of Deneba (2008-2017)

Figure 3 Mean monthly rainfall and maximum and minimum temperature of Deneba (2017)
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Tef variety of global (DZ-01-354) at a seed rate of 5 kg ha -1 was used and sown in rows.

Fertilizers: Urea (46% N), DAP (18% N; 46 % P2O5), NPS (19% N; 38% P2O5; 7% S),

NPSB (18.9% N; 37.7% P2O5; 6.9% S; 0.1% B), NPSZnB (17.3% N; 34.5% P2O5; 7.4% S;

2.2% Zn; 0.1% B), KCl (60% K2O), Borax and Sulphur powder were used as fertilizer
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for treatment setting indicated on Table 2, S and B were supplied to the blended fertilizer as

elemental sulfur and B in the form of borax respectively.

3.3. Treatments, Experimental Design and Experimental Procedures

The 14 treatments were comprised of treatment (1) control; (2) recommended NP (118.5 N

and 76 P2O5); (3) S1 (10kg S ha-1); (4) S2(15kg S ha-1); (5) S3(20kg S ha-1); (6) S1 B1(10kg

S 0.15kg B ha-1); (7) S2B2(15kg S 1.5kg B ha-1); (8) S3B3(20kg S 3.0kg B ha-1);  (9) S1

B1Zn1(10kg S 0.15kg B 3.3kgZn ha-1); (10) S2B2Zn2 (15kg S1.5kg B 4.4kgZn ha-1); (11)

S3B3Zn3(20kg S 3.0kg B 5.5kgZn ha-1); (12) S1 B1Zn1K1(10kg S 0.15kg B 3.3kgZn 50kg

K2O ha-1);  (13) S2 B2Zn2K2 (15kg S 1.5kg B 4.4kgZn 100kg K2Oha-1);   (14) S3 B3Zn3

K3(20kg S 3.0kg B 5.5kgZn150kg K2O ha-1) but all fertilized treatments are supplied with

uniform dose of recommended NP which  are clearly presented on Table 2.
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Table 2 Details of fertilizer rates and their composition.

Treatment No Treatment Description Nutrients (kg/ha)

N P2O5 K2O S Zn B

1 Control - - - - - -

2 Recommended N and P 118.5 76 - - - -

3 NPS1 118.5 76 - 10 - -

4 NPS2 118.5 76 - 15 - -

5 NPS3 118.5 76 - 20 - -

6 NPS1B2 118.5 76 - 10 - 0.15

7 NPS2B2 118.5 76 - 15 - 1.50

8 NPS2B3 118.5 76 - 20 - 3.00

9 NPS1B1Zn1 118.5 76 - 10 3.3 0.15

10 NPS2B2Zn2 118.5 76 - 15 4.4 1.50

11 NPS3B3Zn3 118.5 76 - 20 5.5 3.00

12 NPS1B1Zn1K1 118.5 76 50 10 3.3 0.15

13 NPS2B2Zn2K2 118.5 76 100 15 4.4 1.50

14 NPS3B3Zn3K3 118.5 76 150 20 5.5 3.00

The experimental field was prepared following the conventional tillage practice before

planting. In accordance with the specifications of the design, a field layout was prepared.

The experiment was laid out in randomized complete block design (RCBD) with three

replications. The size of each experimental plot was 2.0m by 3.0m (6.0m2). The blocks are

separated by 1.0 m wide open spaces, whereas the plots within a block are 0.5 m apart from

each other. After the layout, the plots were leveled manually each treatment was assigned

randomly to the experimental plots within a block.

The global tef variety (DZ-01-354) was drilled at the rate of 5.0kg ha-1 in rows 20 cm apart

(Tareke, 2008). Thus there are 10 rows in each plot. The entire blended fertilizer dose as

per the treatment was drilled in rows just before sowing. The remaining nitrogen fertilizer

(out of 118.5 kg/ha) is top dressed ½ at tillering and ½ at booting stages of the crop through

application of Urea. The outermost two rows from each side of a plot was considered as

border and were not included for recording the data.



23

Thus, the net plot size was 1.6 m by 3.0 m (4.8 m2). Harvesting was done on mid December

2017 when the senescence of the leaves took place as well as the grains came out free from

the glumes when pressed between the forefinger and thumb. After the harvesting was done,

sun dried for 10 days. Thereafter, the threshing and winnowing were done manually.

3.4. Data Collection and Measurements

3.4.1. Soil sampling and analysis

Since tef root depth does not exceed 20 cm, soil sample was collected in a 0 to 20 cm

depth by Auger sampler using W-shaped pattern from the whole experimental plots prior

to sowing and these soil samples were dried, composited, sieved through 2 mm sieve to

have 1kg composite sample. The collected soil samples were then analyzed for selected

physical and chemical properties mainly organic matter, soil pH, CEC, total N, available

P, available S, available B, exchangeable potassium and available Zn.

Organic carbon was estimated for organic matter determination by the wet digestion

method (Walkley and Black, 1934) organic matter is calculated by multiplying the % of

organic carbon by a factor of 1.724. Total nitrogen was determined by using the Kjeldhal

method (Jackson, 1958). The pH of the soil is measured in water at soil to two water ratio

of 1:2.5 potentiometric-pH meters with glass electrode and available phosphorus by the

Olsen method (Olsen et al., 1954). To determine the cation exchange capacity (CEC), the

soil sample was first leached using 1 M ammonium acetate, washed with ethanol and the

adsorbed ammonium is replaced by sodium (Na). Then, the CEC was determined

titrimetrically by distillation of ammonia that is displaced by Na (Hesse,1972).

Exchangeable potassium was determined with a flame photometer after extracting K from

the soil with 1N ammonium-acetate at pH 7.0 as described by Rowell (1994). Available S

was determined by mono-calcium phosphate extraction method or turbidimetric

estimation (Hoeft et al., 1973) and available Zn was determined by DTPA (dietylene

triamine pentaacetatic acid) method (Lindsay and Norvell, 1978). Available B extracted

by hot water extraction method (Berger and Truog, 1939).
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3.4.2. Agronomic data collection

Crop phenology

Days to panicle heading: Days’ to panicle heading was determined as the number of days

taken from the day of sowing to the date of 50% heading.

Days to physiological maturity: Days to physiological maturity was determined as the

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

color. It is record when no green color remained on glumes and peduncles of the tagged

plant.

Plant height (cm): Plant height was determined from the soil surface to the tip of the spike

(awns excluded) of 10 randomly pre-tagged plants from the central eight row at

physiological maturity.

Yield and yield components

Number of tillers per plant: Number of tillers per plant was determined from 10 randomly

pre-tagged plants per plot at heading.

Number of productive tillers: Number of productive tillers was determined by counting

all spikes producing seeds in eight rows from 10 randomly pre-tagged plants per plot at

physiological maturity.

Thousand kernel weight: The weight of 1000 kernel was determined by carefully counting

250 kernels and weighing them using a sensitive balance and is multiplied by four.

Above ground dry biomass (kg ha-1): Above ground dry biomass was measured from

plants harvested from the central eight rows after sun drying for 4 days and converted to

tons per hectare.

Grain Yield (kgha-1): Grain yield was determined by harvesting and threshing the seed

yield from central eight rows and it is converted to ton per hectare. The yield will be adjusted

to 12.5% moisture content.

Straw Yield (kgha-1): Straw yield was determined by subtracting grain yield from above

ground dry biomass yield.
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Harvest index: Harvest index was calculated as ratio of grain yield per plot to total above

ground dry biomass per plot.

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

visual observation based on the scale of 1-5, where 1 (0-15o) indicates no lodging, 2 (15-

30o) 25% lodging, 3 (30-45o) 50% lodging, 4 (45-60o) 75% lodging and 5 (60-90o) 100%

lodging (Donald, 2004). The scale will determine lodging by the angle of inclination of the

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

on lodging percentage is subjected to arc sine transformation described for percentage data

by Gomez and Gomez (1984).

3.5. Data Analysis

All collected data were subjected to analysis of variance (ANOVA) using SAS (9.4 version)

software (SAS, 2012). Significance of difference between means is assessed using F-test.

Means of treatments that showed significant difference is separated using the Duncan

Multiple Range Test (DMRT) at 5% level of significance. Pearson correlations were done to

determine linear associations between selected agronomic parameters.

3.6. Economic Analysis

Economic analysis was conducted based on the CIMMYT (1988) approach which utilizes

partial budgeting combined with marginal analysis. It reveals that, the economic

performance of the treatments based on grain and straw yields of tef. Gross return (yield x

price) and net return (gross return – total varying cost) were calculated to carry out marginal

rate of return (MRR) analysis which is important for correct evaluation of alternative

fertilizer application.

The varying fertilizer, seed and labor costs were estimated based on the existing rate of seed

and fertilizer purchase and daily labor payment. The yield (grain and straw) harvested from

the plots were converted into hectare basis and the market values of both components were

calculated based on the existing market price. Before undertaking the economic analysis of

each treatment, statistical analysis was conducted to compute the reliable yield for each

treatment, and this economic analysis was conducted for all treatments regardless of their
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statistical significance. Costs that do not vary among all treatments are not included in the

analysis.

In this study, MRR analysis was carried out on both dominated and non-dominated

treatments in a stepwise manner, starting from control to the other treatments. CIMMYT

(1988) and Asumadu et al (2004) provided the minimum rate of return that ranges between

40% and 100%, whereas Farquharson (2006) and Shah et al (2009) suggested minimum rate

of return to be 100%, especially for poor farmers in developing countries or for technologies

requiring substantial change to a farming system. Accordingly, in this study, 100% marginal

rate of return was considered as a guarantee for the farmers to accept a new technology

without doubt. The average open market price for tef grain and straw were 22.5 and 1.4 ETB

kg-1 respectively. The prices of DAP, urea, NPS, NPSB, NPSZnB, MOP and Borax were

1480; 900; 1094; 1541; 1550;1470 and 1950 Birr/100kg respectively. Daily labor cost 90

ETB per day was used for analysis.
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4. RESULTS AND DISCUSSION

4.1. Physical and Chemical Properties of Soils in the Study Area

A field experiment was conducted during 2017 cropping season to study the effect of

different blended fertilizer application on tef [Eragrostis tef (Zucc)Trotter] in Siyadebrna

Wayu District of central Ethiopia. Soil analyses for CEC, pH, texture, total N, OC, OM,

available P, micronutrients (Zn and B) and exchangeable Base (Na, and K) were conducted

to identify the nutrient status of the soil. According to the soil analysis, the soil texture of

the experimental area was dominated by clay. The soil texture (proportion of sand, silt and

clay in the soil) of experimental site was 74% clay, 18% silt and 8% sand. Thus the texture

of the soil was clay. The texture properties of the soil influence water holding capacity,

water intake rates, aeration, root penetration and soil fertility.

The pH of the soil was 7.4 (Table 3) which was moderately alkaline (Tekalign, 1991). This

value falls in the pH range that is very conducive for tef production as normal soil pH for

tef is recorded to be from pH of 6-7.5 probably being an optimal for most tef varieties (Seifu,

1993). The CEC of the experimental soil was 34.56 cmol (+)/kg soil which was high

(Landon, 1991) which indicates that the soil was good agricultural soil. Usually, soil cation

exchange capacity describes the potential fertility of soils and indicates the soil texture,

organic matter content and the dominant types of clay minerals present. In general, soils

high in CEC contents are considered as agriculturally fertile. According to Landon (1991),

CEC of the soils greater than 40 cmol (+)/kg are rated as very high and 25-40 cmol (+)/kg

as high and CEC of soil from 15-25, 5-15 and < 5 cmol (+)/kg of soil are classified as

medium, low, and very low, respectively.

Regarding to the OC and OM analysis indicated that the experimental field had 1.47%

organic carbon and 2.53 organic matters (Table 2) both of them were low as per Booker

(1991). Total nitrogen was 0.12 which is medium according to Tekalign (1991) and

available P content of the soil was 16.3 ppm. According to Olsen (1954) available P of the

soil is in high rating. The analysis for other soil chemical properties indicated that the

experimental soil had values of 1.458 mg kg-1 of exchangeable potassium which is high

Berhanu (1980), 0.308 (ppm) available sulfur is low according to Havlin et al. (1999) 0.341
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(ppm) available Zn is low according to Jones, (2003) and 0.354(ppm) available B is low,

Jones (2003). Therefore, the result of the soil analysis revealed that the experimental soil is

deficient in total N, available Zn, B and S and application of these nutrients may have yield

responses. However, the available P and K is not deficient in the study area. The possible

reason for the presence of adequate amount of available P in the soil might be the

accumulation of P in the soil due to continuous application of DAP for the last 10 and/or 15

years and K is high in its natural existence in the study area.

Table 3 Soil chemical characteristics of the experimental field before sowing

pH OC% OM Particle size

distribution

Textural

class

Available

P in ppm

Total N

(%)

7.4 1.47 2.53 Clay Silt Sand Clay 16.35 0.12

74 18 8

CEC Ex.Na Ex.K B(ppm) Zn(ppm) S(ppm)

34.56 0.67 1.458 0.354 0.341 0.308

Note: Exch K (cmol (+) kg soil, Exch Na (cmol (+) kg soil and CEC (cmol (+) kg soil

4.2. Phenology and Growth of the Crop

4.2.1. Days to 50% heading

Number of days to 50% heading was highly and significantly (P<0.001) affected by

application of blended fertilizers (Table 4). The minimum days for 50% heading was

observed under treatment 14 (NPS3B3Zn3K3) which had no significant difference with

treatment 9, 10, 11, 12 and 13. The plants in control (unfertilized) plots took maximum days

to heading and then the recommended NP. This finding indicated that the combination of

NP fertilizer with K, Zn and B, enhanced the ear emergence of tef (Table 4). In the contrary

the application of recommended N and P and NPS relatively delayed date of heading in tef

including in the unfertilized or control plots. This result could be due to the fact that the

combination of most important soil nutrients which might have facilitate early

establishment, rapid growth and development of tef crop which in turn fast initiating in

heading. In this experiment the application of uniform NP with different rates of K, S, Zn

and B had additional advantage over NP fertilizer alone in promoting early heading in tef.
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This finding is in line with Debritu (2013) who reported that increasing different sources of

fertilizer, the crop took shorter period to head and mature than the treatments receiving

either no or low fertilized plots in wheat. It is also supported by Adera (2016) who reported

that the fertilizer blended in different proportions of N, P, K, S, Zn, and B contributed to the

enhanced days of ear emergence of tef.

4.2.2. Days to 90% physiological maturity

Days to 90% physiological maturity was highly significant (P<0.001) affected by different

blended fertilizers (Table 4). Like number of days to heading, application of blend fertilizer

reduced days to 90% physiological maturity of tef (Table 4). All these blended fertilizer

formulations resulted in significantly lesser days to attain maturity than the control treatment

(T1). In general, all treatment except the control which had delayed maturity and Treatment

14 which had early maturity almost similar responses in the application of different blended

fertilizers. Since all the treatments had uniform dose of NP, the presence or absence of other

nutrients might not influence the days to maturity.

The results revealed that addition of K, S, Zn and B in each fertilizer formulation brought

earliness in days to 90% physiological maturity. To some extent the presence of Zn and B

in blended fertilizer might have also helped in enhancing the days to attain physiological

maturity. This could be due to the presence of Zn and B which played an important role in

protein synthesis, formulation of some growth hormone and promote seed maturation and

production (Tisdale et al., 2002). Similarly, Siddiqui et al. (2009) who reported that

incorporation of Zn with macro nutrients (NPK) fertilizer increased the nutrient uptake of

N, P and B which in turn facilitated grain filling process and shortened the maturity period

in sunflower.
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Table 4 Effect of different blended fertilizer rates on days to 50% head emergence
(50%DH), days to 90% physiological maturity (90%PM) and plant height (PH) of tef during
2017 cropping season at Deneba

Treatment No Treatments Description 50%DH 90%PM PH (cm)

1 Control 77.0a 123.3a 38.2b

2 Recommended N and P 72.3b 118.3bc 65.2a

3 NPS1 71.7bc 118.0bc 66.8a

4 NPS2 72.0bc 118.7b 72.7a

5 NPS3 72.0bc 117.3bcd 69.7a

6 NPS1B1 71.3bcd 117.0bcd 69.9a

7 NPS2B2 71.3bcd 117.7bc 72.8a

8 NPS2B3 70.7bcde 116.7bcd 63.3a

9 NPS1B1Zn1 69.7cdef 116.7bcd 70.0a

10 NPS2B2Zn2 70.0bcdef 117.0bcd 74.1a

11 NPS3B3Zn3 69.3def 116.3cd 68.6a

12 NPS1B1Zn1K1 69.3def 116.3cd 72.3a

13 NPS2B2Zn2K2 68.7ef 116.3cd 71.1a

14 NPS3B3Zn3K3 67.7f 115.3d 67.6a

P value *** *** ***

CV 1.92 0.96 11.37

Note: DMRT= Duncan multiple range test and CV= coefficient of variation. Mean values
followed by the same letters in each column and treatment showed no significant difference
by DMRT (p = 0.05). ***, denotes significance at p = 0.001.

4.2.3. Plant height

Analysis of variance showed that plant height was not significantly affected by the

application of blended fertilizers except the control treatment which had highly significant

difference compared from all fertilized treatments (Table 4). The maximum difference

between the plant height obtained under different blended fertilizer treatments was about

10.8 cm, but the presence of constant N and P might have promoted the height uniformly

and since it is a genetic trait, the presence of other nutrients in the blended fertilizers could

not bring a   significant change (Table 4). However, the application of B3, Zn3 and K3

relatively reduces the plant height of tef, but still had no significant difference. The possible
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reason might be the toxic nature of most micro nutrients and interaction with macro nutrients

affect plant growth.

This result is confirmed by Riffat et al. (2007) who reported that Zn application between 0

and 10 kg ha-1 level showed statistically no significant difference on plant height of wheat

crop. Similarly, Debnath et al. (2011) who reported that, application of B at the rate of 0.75

to 3.0 kg ha-1 found no significant difference on plant height of wheat. However; Sate (2012)

reported that plant height of tef significantly affected by application of P2O5 and N with

blended fertilizer.

4.3. Yield Components and Yield

4.3.1. Total and effective number of tillers per plant

The analysis of variance showed that total number of tillers and productive tillers per plant

were not significantly affected by the application of different blended fertilizers with

recommended NP and control plots (Table 5). However higher, but statistically not

significant 3.6 total tiller number plant -1 and 2.6 number of productive tillers plant-1 was

obtained from plots supplied with treatment 10 and the minimum 2.5 total tiller number

plant -1 and 2 number of productive tillers plant-1 was observed from the control treatment

(T1).

This result is in agreement with the finding of Shiferaw (2012) who reported that there was

no significant difference among treatments for total number and productive tiller in tef as

the rate of N/P2O5 was increased from zero to 64/46 kg ha-1. Similar result was also obtained

by Esayas (2015) who reported that no significant difference in total and productive of tillers

plant-1 among the application of different blended fertilizers in wheat. In barley, Wakene et

al. (2014) also reported that no significance difference between application of 46 and 69

P2O5 kg ha-1 in total tillers. However, Brhan (2012) reported that application of blended

fertilizer brought significant difference in this parameter.
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Table 5 Effect of different blended fertilizer rates on total number of tillers per plant (NTP-

1), number of productive tillers per plant (NPTP-1), panicle length (PL(cm)), lodging index
(LI (%)) and harvest index (HI)in tef during 2017 cropping season at Deneba

Treatment No Treatment

Description

NTP-1 NPTP-1 PL(cm) LI (%)

1 Control 2.5 2 18.5b 15.3g

2 Recommended NP 3.0 2.4 26.0a 41.9a

3 NPS1 2.9 2.3 24.5a 38.6bc

4 NPS2 3.5 2.6 26.1a 40.8a

5 NPS3 2.9 2.3 24.5a 38.5bcd

6 NPS1B1 3.0 2.4 23.9a 37.6bcde

7 NPS2B2 3.3 2.5 26.2a 38.3bcd

8 NPS3B3 2.7 2.3 24.8a 37.3cde

9 NPS1B1Zn1 3.2 2.4 25.7a 37.1cde

10 NPS2B2Zn2 3.6 2.6 26.2a 39.2b

11 NPS3B3Zn3 3.1 2.4 25.5a 36.8de

12 NPS1B1Zn1K1 3.3 2.5 25.9a 36.3ef

13 NPS2B2Zn2K2 3.3 2.4 26.6a 36.9ef

14 NPS3B3Zn3K3 2.7 2.2 25.4a 34.8f

P value NS NS *** ***

CV 14.43 12.04 7.82 2.37

Note DMRT= Duncan multiple range test, Rec.= Recommended and CV= coefficient of
variation. Mean values followed by the same letters in each column and treatment showed
no significant difference by DMRT (p = 0.05). *** and NS denotes significance at p =
0.001and non-significant differences respectively.

4.3.2 Panicle length

Panicle length is one of the yield attributes of tef. Crops with high panicle length could have

higher economical yield (grain yield, straw yield and biomass yield). But, the result revealed

that panicle length had no significant difference with the application of different blended

fertilizer. However, the longest panicle of tef 26.6cm was recorded due to the application of

T10 (NPS2B2Zn2), it was statistically at par with all the blended fertilizer treatments except

the control plots records which had shortest panicle length of 18.3cm. This might be due to

uniform application of NP which improves the vegetative growth uniformly and this yield



33

parameter is mainly a factor of genetic traits, it didn’t response for blended fertilizer

application.

4.3.3. Lodging index

Lodging is the serious problem of tef production that causes high yield reduction because

of the use of high amount and unbalanced rates of NP fertilizers practiced in the country.

On average, it accounts about 11-22% total grain yield losses (Seyfu, 1983). In this

experiment lodging index was significantly affected by different blended fertilizers (Table

5). The highest lodging percentage (41.9%) was recorded from application of recommended

NP (T2) followed by treatment 4 whereas, the lowest lodging percentage (15.3%) recorded

from unfertilized plot (Table 5). For this experiment the range of lodging percentage was

only 7.1 percent excluding the control plot which was not cause significant yield loss

problems because all the lodging index was below 50 percent.

This response to application of blended fertilizers might come from the contribution of

macro and micro nutrient like K, S, Zn and B on the strong morphological stand of tef which

reduce the percentage of lodging and constant application of N and P fertilizers also

contribute for lack of variation by promoting uniform vegetative growth. Application of

blended fertilizer regardless of the rate could strengthen the culm strength in tef crop and

hence prevent lodging and availability of K build cellulose and reduce lodging (Fageria,

2009). Similarly, Feyera et al. (2014) reported that, application of 200 kg of 21P2O5 15K2O

6.5S 1.3Zn 0.5B blended fertilizer reduced lodging percentage by about 66 - 74% compared

to fertilizer rates practiced for tef production in the study area (NP), by strengthens the

skeleton of tef plants.

4.3.4 Thousand grains weight

Thousand grains weight is an important yield contributing variable for cereal crops that

helps a lot in the grain yield estimate due to its relation to grain yield. The analysis of

variance of this experiment showed that thousand-grain weight was highly and significantly

(P<0.001) affected by blended fertilizers (Table 6). Treatment 10 and 7 fertilizer gave the

highest number of thousand grain weight (0.300g) than all other treatments.
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The marked increase in this parameter was observed due to appropriate integration of

micronutrients with macronutrients in blended form of fertilizer. This is because boron

nutrition increases head diameter and 1000-seed weight (Renukadevi, et al., 2003).

Generally, the increase of 1000- grain weight with applied of K + S +Zn +B blended

fertilizer might be due to the positive effects of Zn and B on assimilates translocation,

activation of photosynthetic enzymes, chlorophyll formation and improvement of plant

growth (Kohnaward et al., 2012).

Table 6 Effect of different blended fertilizer rates on thousand grains weight (TGW), total

biomass yield (TBY), straw yield (SY), grain yield (GY) and harvest index (HI) of tef during

2017 cropping season at Deneba

Treatment

No

Treatment

Description

TGW

(g)

TBY

(kg ha-1)

SY

(kg ha-1)

GY

(kg ha-1)

HI

1 Control 0.270e 2822.9d 1890.8d 932.2e 0.330

2 Rec. N and P 0.280cd 6383.3c 4135.8c 2247.6abc 0.350

3 NPS1 0.280cd 6334.4c 4151.4c 2183.0bcd 0.343

4 NPS2 0.287bc 6795.1ab 4445.1abc 2350.0ab 0.347

5 NPS3 0.280cd 6361.4c 4196.8c 2164.6bcd 0.340

6 NPS1B1 0.283c 6395.1c 4218.0bc 2177.1bcd 0.340

7 NPS2B2 0.300a 6793.1ab 4526.4ab 2266.6abc 0.333

8 NPS3B3 0.287bc 6318.8c 4122.8c 2195.9abcd 0.347

9 NPS1B1Zn1 0.293ab 6474.3bc 4522.4bc 2248.9abcd 0.347

10 NPS2B2Zn2 0.300a 7111.8a 4725.1a 2386.7a 0.333

11 NPS3B3Zn3 0.293ab 6452.8bc 4189.7c 2263.1abc 0.350

12 NPS1B1Zn1K1 0.283c 6511.1bc 4367.3bc 2143.8cd 0.330

13 NPS2B2Zn2K2 0.287a 6495.8bc 4316.5bc 2179.3bcd 0.337

14 NPS3B3Zn3K3 0.283c 6205.2cd 4161.4c 2043.8d 0.330

P value *** *** *** *** NS

CV 1.54 3.32 4.08 4.87 4.65

Note DMRT= Duncan multiple range test, Rec.= Recommended and CV= coefficient of
variation. Mean values followed by the same letters in each column and treatment showed
no significant difference by DMRT (p = 0.05). *** and NS significance at p = 0.001 and
non-significant respectively.
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4.3.5. Above ground dry biomass yield

Analysis of variance for aboveground dry biomass yield was very highly significantly

(P<0.001) influenced by the blended fertilizers (Table 6). The highest (7111.8kg ha-1)

biomass yield was recorded due to the application of T10 (NPS2B2Zn2) which exceeds

11.4% and 152% over treatments that receive NP and control plots respectively. It was on

par with T7 and T4, this might be due to the availability of macronutrients and some

micronutrients formulated with the blended fertilizer which can boost the vegetative

consequently the biomass yield of tef however, the lowest biomass yield was found in the

plots where no fertilizer applications. This indicates that the experimental soils limit in

releasing major soil nutrients in adequate amount to support tef growth without an external

addition of nutrients. Since all fertilized plots supplied with uniform NP with different level

of S, Zn, B and K there was no significant difference among the first and third level of

blended fertilizer application (S1, B1, Zn1, K1 and S3, B3, Zn3, K3) with recommended NP. But

the application of the second level (S2, Zn2 and B2) significant difference with the

recommended NP application. This could be due to the fact that, plants did not response

significantly unless soils had available nutrients in sufficient amount or nutrients in the soil

present in excess amount (one soil nutrient affect the uptake of other soil nutrient, luxury

uptake of nutrients and the toxic effect of some micro nutrients). But still the three level of

K had no significant difference with the recommended NP this is due to the fact that the

experimental soil had adequate amount of K.

This result is supported by Adera (2016) who reported that the highest (3400 kg ha-1)

biomass yield was record from the application of NPSZnB (64N + 68P2O5 + 14.6S +4.46Zn

+1.34B) kg ha-1 which showed that even in the absence of K, the blend of fertilizer

contributed to enhanced the aboveground dry biomass yield of tef. Similar significant

increase in biomass yield was observed for application of different rates of NP and blended

fertilizers (Feyera, et al.,2014).

4.3.6. Straw yield

The straw yield of cereal crops is an important agronomic parameter that is sensitive to

nutrient level of soil or the nutrient applied from external sources. Application of different
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blended fertilizers significantly (P< 0.001) affected the Straw yield (Table 6). The highest

straw yield (4725.1 kg ha-1) was obtained from treatment that receive blended fertilizers

NPS2B2Zn2 (T10) and exceeds 14.2% over the plots that receive recommended NP and

150% yield increment over the control plots. This result reveled that, except T10 and T7

which received NPS2B2Zn2 and NPS2B2 all level of different blended fertilizer application

had no significant difference with the recommended NP. This might be due to the interaction

effect of optimum S2, B2 and Zn2 with NP which in turn gave the positive response of tef for

the level of these blended fertilizers.

These findings are closely harmony with Teklay et al. (2016) who reported that, straw yield

of tef was significantly affected by the combined effect of planting method and fertilizer

type. The highest straw yield on vertisol soil was measured from the band application of

complete fertilizer (blended) under the row planting tef at 5 Kg ha–1 seed rate and which

exceeds 7% and 490% of straw yield over the recommended NP and control plots,

respectively. Similarly, Bereket et al. (2014) who reported that, significant increase in 15%

straw yield over the control treatment of tef with the increasing application of Zn from 0 to

8.0 kg ha-1.

4.3.7. Grain yield

Grain yield was also highly and significantly (P<0.001) influenced by different level of

blended fertilizers. The highest grain yield (2386.7 kg ha-1) was recorded from the

application of blended fertilizer NPS2B2Zn2 (T10) which exceeds 6.2% and 156% over

treatments that receive NP and control plots respectively. It followed by treatment 4

(2350.0kg ha-1) and treatment 7 (2266.6kg ha-1) (Fig. 3). This finding revealed that,

application of all level of different blended fertilizer (Table 6) had no significant difference

with the recommended NP except treatment 14 (NPS3B3Zn3K3) and the control plots. This

is due to the interaction of applied soil nutrient which improve grain yield, but the

application of blended fertilizer could not bring a significant change on grain yield respect

to recommended NP, this might be nutrient formulation of blended fertilizer had not

considered the soil and tef nutrient requirement.
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Similarly, the application of high level of K (T14) had lower grain yield compare to

recommended NP, this might be the nutrient imbalance in blended fertilizer formulation and

nutrient present in the soil. The fact that microelements (Zn, B) reasonably in balanced level,

give fertilizers a good opportunity to play an important role in the physiological activities

of a plant and increase photosynthesis and dry matter production to increase yield (Humaid,

2003). This finding was supported by Feyera et al. (2014), Teklay et al. (2016) who reports

that, blended fertilizer increased tef grain yield by about 12% of the yield obtained from the

application of NP fertilizer alone practiced in the field. In line with this Jhon, (2000) also

reported that, N fertilizer efficiency for maize can be raised by providing S, Zn, B, and K

which increased maize yields by 40% over the standard NP recommendation alone.

Figure 4 : Relative yield increase over  control (T1)  and recommended NP (T2)

4.3.8. Harvest index

The analysis of variance revealed no significant difference among treatments in harvest

index of tef (Table 5). This could be due to uniform application of NP fertilizer that did not

significantly change the harvest index of the crop. This result is supported by Adera (2016)

who reported that, application of blended fertilizer has no significant effect on harvest index

in tef.
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4.4. Correlation Result of Selected Agronomic Parameters

Strong significant positive correlation of grain yield with all the agronomic parameters was

observed except with harvest index; indicating that grain yield could invariably increase by

increasing these attributes. Positive associations of grain yield with plant height

(r=0.764***), tiller number per plant (r=0.433***), number of fertile tillers per plant (r=

0.393**), panicle length (r=0.691*), thousand grain weight (r=0.417***), biomass yield (r=

0.973**), straw yield (r=0.936***) and harvest index (r= 0.349NS) (Table 7). This result was

supported by the recent findings of Teklay et al. (2016) Strong significant positive

correlation of grain yield with plant height, panicle length, panicle seed weight, straw yield

and harvest index was observed. Similar result also reported by Chanyalew (2010) on 18 tef

genotypes, grain yield was positively correlated with plant height, panicle length, thousand

grain weight, and harvest index. Similarly, it was reported that tef grain yield was positively

correlated with plant seed weight (Tefera et al 2003); with panicle length (Mulugeta 2003).

Correspondingly, in wheat, significant positive associations of grain yield with number of

fertile spikes produced per meter square, number of tillers produced per plant, biological

yield and harvest index (Firehiwot. 2014).

Table 7 Correlation coefficients between selected mean agronomic parameters in tef.

PH TN ETN PL TGW TBY GY SY HI

PH 1 0.391NS 0.376NS 0.853** 0.404NS 0.756*** 0.764*** 0.734*** 0.188NS

TN 1 0.688* 0.426*** 0.180* 0.420*** 0.433*** 0.403*** 0.151NS

ETN 1 0.336* 0.077NS 0.391** 0.393** 0.380** 0.083NS

PL 1 0.422NS 0.726* 0.691* 0.728* -0.026NS

TGW 1 0.427*** 0.417*** 0.423*** 0.076NS

TBY 1 0.973** 0.992** 0.139NS

GY 1 0.936*** 0.349NS

SY 1 0.024NS

HI 1

*, **, *** significantly different at 0.05, 0.01 and 0.001 probability levels, respectively ‘NS’
indicates not significant. GY: grain yield; SY: straw yield; HI: harvest index; PH: plant
height; PL: panicle length; PW: panicle weight; BY: biomass yield; TN: tiller number; ETN:
effective tiller number; TGW: thousand grain weight.
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4.5. Economic Analysis

Though row planting method of tef together with blended fertilizer application is new

technologies to Ethiopia, it has improved agronomic yield (grain and straw) in the study

areas. However, it should be aided by economic analysis before giving any

recommendations. The highest grain yield (2366.6 kg/ha) was recorded at application of

NPS2B2Zn2 (T10). The partial budget analysis revealed that highest net benefit of 44722

Birr/ha was recorded in the treatment T4. However, the lowest net benefits from the blended

fertilizer application 33628 Birr/ha was obtained from T14 (Tables 7). Thus, based on the

size of the net field incomes, it would be difficult to select the economically preferred

treatment. For this reason, in order to compare each treatment, a marginal analysis was done

based on the information on net field benefits and costs that vary (Table 8).

Table 8 Partial budget analysis of the treatments

Considering the comparison with control (Table 9, Fig. 4), the highest MRR 514%, 492%,

464% and 451% was obtained from treatment 4 (NPS2), 3 (NPS1), 5 (NPS3), and 2

(recommended NP) with their order of importance respectively. This result is supported by

T
re

at
m

en
t

Return and cost items

B
en

ef
it

 C
os

t R
at

ioGross return Birr/ha Cost Birr/ha Net
ReturnPurchasing and

Transportation
Cost

Daily
Labor
Cost

Total
Variable
Cost

Change
in Cost

Grain Straw Total Seed Fertilizer

1 18877 2382 21259 113 - 3150 3263 - 17996 6.5

2 45514 5211 50725 113 4182 4320 8615 5352 42110 5.9

3 44206 5231 49437 113 3863 4050 8026 4763 41411 6.2

4 47588 5601 53188 113 3763 4590 8466 5203 44722 6.3

5 43833 5288 49121 113 4310 3780 8203 4940 40918 6.0

6 44086 5315 49401 113 4512 4230 8855 5592 40546 5.6

7 45899 5703 51602 113 4676 4500 9289 6026 42313 5.6

8 44467 5195 49662 113 5454 4140 9707 6444 39955 5.1

9 45540 5698 51238 113 4725 4230 9068 5805 42170 5.7

10 48331 5954 54284 113 4909 4680 9702 6439 44582 5.6

11 45828 5279 51107 113 5684 4410 10207 6944 40900 5.0

12 43412 5503 48915 113 5746 4230 10089 6826 38826 4.8

13 44131 5439 49570 113 6952 4320 11385 8122 38185 4.4

14 41387 5243 46630 113 8749 4140 13002 9739 33628 3.6



40

Mulugeta and Shiferaw, (2017) the highest benefit cost ratio with highest net benefit (28996

ETB ha-1) was obtained from the application of 150 kg NPS + 34.5 kg N ha-1compared to

all treatments considered in the experiment. The highest MRR obtained from treatment 4

showed that it had 5 times higher economic return than its cost of production.

Considering the assumption of minimum acceptable MRR by farmers as 100% to adopt a

new technology in this study, all treatments except T6, T8, T9, T11, T13 and T14 were

acceptable based on stepwise comparison (dominance analysis) (Table 9, Fig. 4). However,

the most profitable treatment was application of T4 (NPS2) followed by T3 (NPS1).

Therefore, treatment 4 was economically profitable than any blended fertilizer application.

Table 9 Marginal analysis of the treatments

T
re

at
m

en
t Comparison with Control Stepwise comparison (Dominance

Analysis)

T
re

at
m

en
t

GR TVC NR NIOC MRR
(%)

MRR
(%)

NIOC NR TVC GR

1 21259 3263 17996 - - - - 17996 3263 21259 1
2 50725 8615 42110 24114 451 451 24114 42110 8615 50725 2
3 49437 8026 41411 23414 492 118 23414 41411 8026 49437 3
4 53188 8466 44722 26726 514 752 26726 44722 8466 53188 4
5 49121 8203 40918 22922 464 1446 22922 40918 8203 49121 5
6 49401 8855 40546 22549 403 -85 d 22549 40546 8855 49401 6
7 51602 9289 42313 24316 404 407 24316 42313 9289 51602 7
8 49662 9707 39955 21958 341 -564 d 21958 39955 9707 49662 8
9 51238 9068 42170 24174 416 -346 d 24174 42170 9068 51238 9
10 54284 9702 44582 26586 413 380 26586 44582 9702 54284 10
11 51107 10207 40900 22903 330 -729 d 22903 40900 10207 51107 11
12 48915 10089 38826 20829 305 1757 20829 38826 10089 48915 12
13 49570 11385 38185 20188 249 -49 d 20188 38185 11385 49570 13
14 46630 13002 33628 15632 161 -281 d 15632 33628 13002 46630 14

Note:  GR= Gross Return: TVC= Total Varying Cost: NR= Net Return: NIOC= Net Income
Over Control MRR= Marginal Rate of Return and d= dominate treatments
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Figure 5 : Marginal rate of return analysis based on comparison with control (MRR1%)
and stepwise comparison (Dominance Analysis) (MRR2%)
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1. Summary and Conclusions

Since its start in the early 1970's, fertilizer use in Ethiopia has focused mainly on the use

and application of nitrogen and phosphorous fertilizers in the form of urea and DAP for

almost all cultivated crops. Such unbalanced application of plant nutrients may aggravate

the depletion of other important nutrient elements in soils such as K, Mg, Ca, S and

micronutrients. Some recent reports indicated that nutrients like K, S, Ca, Mg and

micronutrients particularly Cu, Mn, B, Mo and Zn are becoming depleted and deficiency

symptoms are being observed on major crops in different areas of the country. Thus,

information on soil fertility status of soils and crop response to different soil fertility

management is very important to come up with profitable and sustainable crop production.

An experiment was conducted during 2017 main cropping season in Syadebrna Wayu

District of Central Ethiopia, with the objectives of determine the response of tef to different

blended fertilizer level on grain yield and yield components. The improved variety Global

(DZ- 01-354) at seed rate of 5 kg ha-1 as a test crop and 14 treatments (four different blended

fertilizers with three levels, NP and control) were used and laid out in randomized complete

block design (RCBD) with three replications.

The soil of the experimental field was clay in texture with a pH of 7.4 which was moderately

alkaline in reaction. The CEC was high. Experimental field had low OM (2.53%). Available

P content of the soil was high (16.35 ppm). The experimental soil had values of 1.458 cmol

(+) kg, 0.308 ppm, 0.341 ppm and 0.351 ppm of available potassium, available sulfur,

available Zn and available B, respectively. This indicated that the experimental soil is

deficient in available Zn, B and S but, K is not and application of these nutrients may have

yield responses except K.

The result shows that 50% heading, 90% physiological maturity, plant height, panicle

length, thousand grain weight, lodging index, straw yield, grain yield and biomass yield was

significantly influenced by application of different blended fertilizers. However, number of

tillers and productive tillers per plant and harvest index were not significantly influenced by

blended fertilizers. The highest biomass yields (7111.8 kg ha-1) was obtained from treatment
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10 and increased by 11.4% and 152% over treatments that received recommended NP

(6383.3kg ha-1) and control plots (2822.9kg ha-1) respectively. The highest straw and grain

yield (4725.1 and 2386.7kg ha-1) was also recorded under the application of treatment 10

which improves straw and grain yield by 14.2% and 6.2% compared with the recommended

NP (4135.8 and 2247.6 kg ha-1) and 150% and 156% over control (1890.8 and 932.2 kg ha-

1) respectively. The partial budget analysis revealed that highest net benefit of 44722 Birr

ha-1 was recorded in T4. However, the lowest net benefits from the blended fertilizer

application 33628 Birr ha-1 was obtained from T14. The highest MRR obtained from T4.

Therefore, the application of NPS2 (T4) was economically profitable than any blended

fertilizer application.

5.2. Recommendations

Based on the economical yield, net return and marginal rate of return results, most of yield

and yield parameters of the crop could not show the need of blended fertilizers other than

NPS in the study area. Whereas tef productivity for the previously existing NP fertilizers in

the country was low as compared to the blended fertilizers; which indicated that tef

productivity in the study sites was reduced due to high demand for external nutrient inputs

rather than NP fertilizers. However, it would be advisable if different fertilizer type could

have blend in appropriate formulation including the national recommendation of NP with

other limiting nutrient based on location specific nutrient recommendation, soil type and

crop nutrient requirements. Moreover, results of this experiment has substantiated the

importance of micronutrients (Zn and B) combination with macronutrients NP fertilizers in

improving and enhancing yield of tef. Application of 118.5 kg ha-1 N, 76 kg ha-1 P2O5 and

15 kg ha-1 S blended fertilizer (NPS) brought higher yield, compared to NP fertilizer has

been practiced at the study area. However, this research finding clearly indicated that the

addition of K in the fertilizer application had no yield response in the study area. Therefore,

application of NPS2 blended fertilizer can be recommended for tef production particularly

in the study area. For the validation of these results it might need to investigate the effect of

blended fertilizer on major crops across location and different growing season repeatedly

including the quality and nutritional aspect of the crop to reach at a conclusive result.
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7. APPENDIX

Appendix Table 1 : Soil pH rating for 1: 2.5 soils to water ratio suspension.

pH Ratings
< 4.5 Very strongly acidic
4.5-5.2 Strongly acidic
5.3-5.9 Moderately acidic
6.0-6.6 Slightly acidic
6.7-7.3 Neutral
7.4-8.0 Moderately alkaline
> 8.0 Strongly alkaline

Source: Tekalgn (1991).

Appendix Table 2 : Ratings of CEC, Exchangeable K and Exchangeable Na in (cmol (+)
kg-1), OC, OM and Total N in (%)

Rating CEC a OC (%)c OM (%)c Exch. K b Total N (%)c Exch. Na b

Very low < 5 < 0.50 < 0.86 < 0.2 Not given < 0.10

Low 5 - 15 0.5 - 1.5 0.86 - 2.59 0.2 - 0.3 < 0.05 0.1 - 0.3

Medium 15 - 25 1.5 - 3.0 2.59 - 5.17 0.3 - 0.6 0.05 - 0.12 0.3 - 0.7

High 25 - 40 > 3.00 > 5.17 0.6 - 1.2 0.12 - 0.25 0.7 - 2.0

Very high > 40 Not Given Not Given > 1.2 > 0.25 > 2.0

Source: aBooker Tropical Soil Manual &/or Landon (1991); bFAO (2006); cTekalign (1991).

Appendix Table 3 : Monthly and yearly total rainfall (mm) at Deneba area (2008-2017).

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Mean

Jan. 6.2 4 30.1 0 0 0 16.6 8.1 6.5
Feb. 0 54.4 0 0 27.5 54.7 7.1 31.7 17.5
Mar. 0 30.9 87.3 78.8 32.7 34.3 36.2 52.1 44.2 39.6
Apr. 21.5 112.4 44.4 53.3 26.7 0 122.7 112.1 49.1
May 16.2 77.5 38.4 26.1 59.7 62.8 28.7
Jun. 87.1 54.4 68.2 68.4 37.8 89.2 119.1 104.1 63.8
Jul. 391.1 322.7 304.7 299.3 231 324.4 125.9 321.5 244.6 256.5
Aug. 252 332 310.2 286.7 417.1 241.1 296.7 252.7 272.4 301.7 296.2
Sep. 38.1 126.6 67.9 109.9 85 87.8 92.1 0 60.7
Oct. 4.5 0 0 0 47.1 8.4 6
Nov. NR 4.2 22.2 2.5 0 2.5 3.1
Dec. 15.1 15.4 0 0 3.5
Total 778.6 743 1169.1 916.3 527 784.7 905.8 712.9 911.5 846.5 829.5

Source: National Meteorology Service Agency, Addis Ababa Head Office
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Appendix Table 4 : Mean monthly and annual minimum temperature (oC) at Deneba (2008
-2017).

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Mean
Jan. 4.2 5 4.1 5.9 2.8 5 4.3 4.5
Feb. 4.7 9.3 5.7 6.9 3.9 6.2 4.2 5.8
Mar. 5.5 6.6 8.2 7.3 9.1 7.6 6.4 7.2 5 7
Apr. 7.8 9.3 8.3 9.5 8.9 6.8 8.1 7 8.2
May 8.5 10.4 9.3 8.8 8.3 6.6 9.2 9.4 8.8
Jun. 9.3 8.7 8.8 8.3 7 5.7 6.4 8.3 7.8
Jul. 9.8 10.3 10.2 4.7 10.1 8.2 4.6 6.1 4.7 7.6
Aug. 10.1 10.7 4.2 10.2 9.6 8.7 4.1 5.3 4.8 7.5
Sep. 8.4 8 9.3 8.6 8.3 7.6 4.1 8 8.3 7.8
Oct. 5.2 5.4 6 4.8 3.8 4.4 4.1 4 4.7
Nov. 4.1 2.4 4.4 6.4 3.7 4.2 3.9 4.2 4.2
Dec. 3.2 4.9 3.3 3.6 5.1 4.0
Mean 6.7 7.2 7.8 6.4 9.4 8 6.7 4.9 6.3 5.8 6.9

Source: National Meteorology Service Agency, Addis Ababa Head Office

Appendix Table 5 : Mean monthly and annual maximum temperature (oC) at Deneba
(2008-2017)

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Mean
Jan. 23 22.4 22.9 21.1 23.1 22.1 21.9 22.4
Feb. 24 23.7 25.2 22.9 24.6 23.1 24 23.9
Mar. 25.8 24.8 24.1 23.5 24.2 23.7 24.9 23.5 24.2 24.3
Apr. 24.7 24.2 24.4 24.8 23.1 24.8 22.5 23 23.9
May 25.3 24.4 24.4 25.1 23.2 24.3 24.4 25.3 24.6
Jun. 23.2 24.7 23 23.5 24.5 25 24.2 24
Jul. 19.1 18.5 20.1 17.9 20 21.7 24.1 22 21.1 20.5
Aug. 19.3 19.4 19.1 20.4 17.4 20.1 22.7 20.2 18.9 19.7
Sep. 20.3 21.4 21.2 22.5 20.7 21.8 22.1 20.5 21 21.3
Oct. 21.7 21.6 22 22.9 21.6 23.9 22.1 23 22.4
Nov. 20.7 22 22.7 21.6 23.2 24.6 19.8 24.1 22.4
Dec. 21.5 22 21.8 22.4 22 23.9
Mean 22.6 21.1 23 21.9 21.5 22.6 22.3 23.9 22.5 22.7 22.7

Source: National Meteorology Service Agency, Addis Ababa Head Office

Appendix Table 6 : Mean square values of ANOVA for days to 50% heading, days to 90%
physiological maturity, plant height, panicle length affected by different rates of blended
fertilizer.

Source of
variation

DF Days to
50%
Heading

Days to
90%
Maturity

Plant Height Panicle
Length

Replication 2 1.45 2.00 24.48 0.78
Treatments 13 15.27*** 10.86*** 238.39*** 12.39**
Error 26 1.36 1.13 7.65 1.95
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Appendix Table 7 Mean square values of ANOVA for, total number and effective tillers,
biomass yield, and thousand grain weight affected by different rates of blended fertilizer

Source of
variation

DF Total Number of
Tillers

Number of
Effective Tillers

Thousand Kernel
Weight

Biomass Yield

Replication 2 0.245 0.156 0.00012 12897.33
Treatments 13 0.297 0.052 0.00025*** 3084147.58***
Error 26 0.442 0.288 0.0044 207.15

Appendix Table 8 Mean square values of ANOVA for, lodging index, straw yield, grain
yield and harvest index affected by different rates of blended fertilizer

Source of
variation

DF Straw Yield Grain Yield Harvest Index Lodging
Index

Replication 2 12871.60 383.68 0.0000881 0.119
Treatments 13 1324740.64*** 499797.2*** 0.0001716 120.05***
Error 26 168.12 132.15 0.0158 0.862


