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ABSTRACT
Wheat is one of the most important cereal crops in Ethiopia. However, the yield of the crop
is low mainly due to low soil fertility and poor soil fertility management practices. Field
experiment was conducted during 2017 cropping season in Siya Debrena wayu district ,
central Ethiopia with the objective to investigate the effect of different blended fertilizer
rates of S, B, Zn and K on growth, yield attributes and yields of bread wheat. The 14
treatments used for the field experiment were (1) control, (2) recommended NP(175 kgha-

1N+125 kgha-1 P2O5), (3) S1(10.5 kgha1), (4) S2(15.75 kgha-1), (5) S3(21 kgha-1), (6)
S1B1(10.35 S, 0.15B) kgha-1, (7) S2B2(15.5 S, 1.5B) kgha-1, (8) S3B3(20.7 S, 3B) kgha-1, (9)
S1B1Zn1 (11.1S, 0.15B, 3.3Zn) kgha-1, (10) S2B2Zn2(16.65S, 1.5B, 4.95Zn) kgha-1, (11)
S3B3Zn3(22.2S, 3B, 6.6Zn) kgha-1,(12) S1B1 Zn1K1(11.1S, 0.15B, 3.3Zn, 50K) kgha-1, (13)
S2B2Zn2K2(16,65S, 1.5B, 4.95Zn, 100K) kgha-1and (14) S3B3Zn3K3(22.2S, 3B, 6.6Zn, 150K)
kgha-1. The recommended NP fertilizer are equally applied to the whole treatments except
control. The experiment was conducted in RCBD with three replications. Data were
collected on growth, yield and yield components. Growth, yield and yield components of
bread wheat was significantly affected by the treatments except 1000-grain weight. The
highest above ground dry biomass yield (14.29 tha-1) and highest grain yield (5.77 tha-1)
was record from the application of NPS1B1Zn1, which was statistically at par with most of
the blended fertilizer treatments. The highest grain yield was far from the recommended
NP average yield by 18%. It is clearly observed from collected data and soil analysis
report application of K fertilizer is not responsive in study area but, S, B and Zn
application at the minimum rate is responsive and economically visible. Therefore,
application of blended fertilizer NPS1B1Zn1(175 kgha-1N+125 kgha-1P2O+11.1 kgha-

1S+3.3 kgha-1Zn+0.15 kgha-1B) can be recommended for wheat production particularly in
the study area but, additional application K fertilizer is unnecessary in the study area.
However, the experiment was done only at one test sites representing the central highlands
of Ethiopia for one season. Therefore, the experiments would have to be replicated over
different genotypes of wheat across location and season including the quality and
nutritional value of the crop to get a conclusive result and sound fertilizer recommendation
for the specific area in order to ascertain the finding of the current study.

Keywords: Biomass yield, economic feasibility, grain yield
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1. INTRODUCTION

Bread wheat (Triticum aestivum L.) is one of the most widely grown and most consumed

food crops all over the world (Semun, 2010). Wheat belongs to the grass family, Poaceae

and to the tribe Horde. Wheat (Triticum spp.) is one of the major cereal crops grown in the

highlands of Ethiopia. Ethiopian is one of the largest wheat producers in Sub-Saharan

Africa (Efremet al., 2000). Wheat is one of Ethiopia’s main staple crops in terms of both

production and consumption. For caloric intake, wheat is the second-most important food

in the country next to maize (FAO, 2014). Oromia and Amhara regional states of Ethiopia

are the two main wheat-producing regions account for about 81% of the national wheat

production (CSA, 2017).The grain of bread wheat is used for the preparation of traditional

foods including injera, dabo, dabokolo, ganfo, kinche, nifro and other food types and

beverages. The straw is mainly used as source of animal feed and construction of house

(CSA, 2013).

In Ethiopia wheat has become one of the most important cereal crops ranking fourth both

in total grain production (4.54 million tons) and area Coverage (1.69 million hectare) next

to teff, maize and sorghum (CSA, 2017). Though Ethiopian agro-climatic condition is

suitable for wheat production, the productivity is low (2.67 tha-1) (CSA, 2017). This is

because of depleted soil fertility, low levels of chemical fertilizer usage, limited knowledge

on time and rate of fertilizer application, and the unavailability of other modern crop

management inputs (Anderson and Schneider, 2010). Most of the Ethiopian soils are low

in nutrient content due to erosion and absence of nutrient recycling and being often cited as

one of the countries in the world most seriously affected by land degradation (Seyoum et

al., 2011). Major efforts have been made to encourage the wider use of inorganic fertilizers

mainly urea and Di-ammonium phosphate (DAP) with the respective common grade of N-

P-K (46-0-0) and (18-46-0). As summarized by Tekalign (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. As a result,

inorganic N and P fertilizers are commonly supplied to the crop (Daniel et.al, 2006).

Most research work focus on NP requirements of crops, limited information is available on

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

application of other sources of nutrients beyond urea and DAP, especially those containing
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K, S, Zn and other micro-nutrients increase crop productivity (CSA, 2013). This can be

achieved by application of blended fertilizers, the mechanical mixture of two or more

granular fertilizer materials containing N, P, K and other essential plant nutrients such as S,

Zn, and B, recently known to Ethiopia. Application of balanced fertilizers could be the

basis to produce more crop output from existing land under cultivation and nutrient needs

of crops according to their physiological requirements and expected yields (Ryan, 2008).

It is imperative to increase the productivity along with desirable attributes through

production management practices and application of other sources of nutrients beyond the

recommendation of urea and DAP, especially those that contain K, S and other micro-

nutrients (CSA, 2013). Recently, it was reported that crops have been suffering from

deficiencies of several nutrients throughout the country.  According to the atlas of soil

fertility 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 (ATA, 2016). Experience in Malawi provides a

striking example of how N fertilizer efficiency for maize can be raised by providing

appropriate micronutrients on a location-specific basis (Jones, 2003). Supplementation by

S, Zn, B, and K increased maize yields by 40% over the standard N-P recommendation

alone. Developing and using an improved variety alone is not enough to realize optimum

production of the crop unless fertilizers are properly supplied (Tesfaye, 1997).

Thus, the choices of fertilizer type are one of the best recognized cultivation techniques

which have large influence on yield quantity and quality in wheat grain production.

However, there is little information on the impact of different types of fertilizers except N

and P (175 kg N ha-1 and 125 kg P2O5 ha-1) at Siya Debrena Wayu District (EthioSIS,

2013). The major crops that grow at Siya Debrena Wayu District are wheat, teff and fava

bean. The effect of different types of fertilizers on the overall performance of bread wheat

is unknown except N and P in Siya Debre area. According to the atlas of soil fertility made

by EthioSIS soil analysis report (ATA, 2016) at Siya Debre area the soil are deficient in S,

Zn, K and B in addition to the low level of P and N.

Therefore, this study was conducted with the following objectives

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

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

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

2.1. Ecological Requirements of Wheat

Wheat and barley are the most important cereals of the temperate regions, but they are also

grown at high altitudes in the tropics and even extend into the tropical lowlands, and its

production is concentrated between latitudes 30°N and 60°N and 27°S and 40°S (Fageria,

2011). Wheat is grown in the highlands at altitudes ranging from 1500 to 3000 masl

(Demeke et al., 2013). The ideal daily temperature for different stages of wheat

development varies from 20-250C for germination, 16-200C for good tillering and 20-230C

for proper plant development (Bekele et al., 2000). Wheat is produced across a wide range

of soil conditions, although it is best adapted to the fertile well drained silt and clay loam

soils (Sinha, 1999). In terms of soil pH, wheat is considered medium acid tolerant with

permissible ranges of 5.5-7.0. Wheat is also considered to be medium salinity tolerant

(Gooding and Davies, 1997).

2.2. Wheat Production Constraints in Ethiopia

Wheat is among the cereal crops widely grown in Ethiopia, the yields have been

consistently well below African and world average yields, indicating low productivity of

the crop. According to FAO (2008), Ethiopian wheat yields fluctuated from 88% and 99%

of the regional average yield between 2004 and 2008. Even in the highest yielding year

(2008), this amounted to only 77% of the average African wheat yields and 56% of world’s

wheat average yields. The national average yield of wheat in Ethiopia is about 2.67 tha-1

(CSA, 2017)). This is below the world’s average which is about 2.79 tha-1 (FAOSTAT.

2016). In Ethiopia, under improved production technologies grain yield ranges from 3-6

tha-1 on farmers’ field and at research centre it goes up to 5-7 tha-1. This indicates the

existing gap between potential yield and yield at farmers’ level (Bekele et al., 1993). The

low mean national yield for wheat is primarily due to depleted soil fertility, low fertilizer

usage, limited information is available on various sources of fertilizers K, S, Zn and B and

other micronutrients, and the unavailability of other improved crop management inputs

such as improved seeds, diseases and weed control measures, and inaccessibility of farmers

to finance, farm machinery and training (Anderson and Schneider, 2010).

Weeds are major problematic in wheat, causing 10 - 40 % reduction in yield depending on

the intensity on infestation. Most of weed competition is during the first 30 - 40 days.

Yield reduction is mainly due to poor tillage and completion from weeds (Jones, 2003). In
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Siya Debrena Wayu District currently phalaris minor and avina species are major grass

weeds and also wheat stem rust is a common disease which reduce the grain yields. The

use of appropriate agronomic practices in wheat production is essential for high and

sustainable yield (Asefa et al., 1996). Thus, soil nutrient management, weed and disease

protection as some of the agronomic practices, are essential for obtaining high and

sustainable wheat yield.

2.3. Importance of Wheat

Cereal grains are major contributors to human nutrition throughout the world (Ayoub et

al., 2009), and comprise about 87.42% of total crop production in Ethiopia (CSA, 2017).

From the earliest times, wheat has played an important role in the development of

civilization. Nutritionally, wheat provides an optimum amount of energy (339 kcal of

energy), protein (10.3 g), calcium (49 mg) and iron (1.5 mg ) per 100 g of whole grain

(Ayoub et al., 2009). Bread wheat’s are used in many food products, such as kitta

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

beverages, such as tella and katikala (Hailu, 2000).

Economic importance of bread wheat according to FAO (2008) estimates the average

world production of wheat grain (bread wheat and durum wheat together) in 2008–2015

amounted 692.16 million t/year from 254.56 million ha. Worldwide, bread wheat

constitutes more than 90% of the area under the cultivated wheat.

2.4. The Requirement for Blended Fertilizer

Blended fertilizer developed in the Togo and production has spread around the world, but

these are not a primary production sources. These products use solid finished fertilizer

materials such as urea, DAP, borax, sulfate, and muriate of potash blended to form various

grades of fertilizers (Siddiqui et al.,2009). The primary plant nutrients, (N, P, and K) which

are needed by plant in higher amount are the most limiting factors on the nutrient side.

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

materials to produce mixtures containing N, P, K and other essential plant nutrients. Plants

need those and others macronutrients and micronutrients in appropriate ratio for proper

growth and development (Sinclair and Vandez, 2002). It allows small batches of high

analysis of specific fertilizers to be mixed and transported in an economical manner

contributing additional profit for farmers and improving the environment because it
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provides balanced fertilization (James, 1997). Since fertilizers were introduced to Ethiopia

in the Freedom from Hunger Campaign, almost all fertilizers used in Ethiopia are limited

to DAP and urea. However, recent completed research and soil tests through the Ethiopian

Soil Information System Project revealed that Ethiopian soils are deficient in various other

nutrients that are not provided by DAP and urea (EthioSIS, 2013).

2.4.1. Effect and availability of macronutrient for yield and yield components of

wheat

Macronutrient includes nitrogen (N), phosphorus (P), potassium (K), sulfur (S),

magnesium (Mg) and calcium (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).

2.4.1.1. Nitrogen

Nitrogen is one of the essential macro elements needed by plants, and has a greater limiting

effect on plant productivity than any other element. This is because of the fact that a large

amount of N is required by plants and because of its lack of durability in the soil

environment (Crawford and Glass, 1998). We live in an ocean of N, yet the supply of food

for human beings and other animals is more limited by nitrogen than any other element.

The atmosphere is made up of 79% N2 by volume as inert N2 gas that resists reacting with

other elements to create a form of N most plants can use. However, the amount of this

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

crops is comparatively large (Brady, 2002).

Plants absorb N as NH4
+ or NO3

-. Generally NO3
-occur in higher concentration than NH4

+

and it is free to move to the root by mass flow and diffusion. The preference of plants for

either NH4
+ or NO3

- determined by the age, type of the plant, environment and other

factors. The rate of NO3
- uptake is usually high and favored by low PH and absorption of

NO3
- is more rapid at low PH value (Tsidal et al., 1993). Nitrogen is the motor of plant

growth. It makes up 1 to 4% of dry matter of the plant. Since N is present in so many

essential compounds, growth and development of crop without application of N is slow

(Brady, 2002).

Nitrogen is the major nutrients affecting wheat yield. Increased yield of wheat occurs on

all soils with increased N rate, but such increases are reported more frequently on heavy

clay soils. And also the increased usage of N fertilizer is considered a primary means of

increasing wheat grain in Ethiopia (Asnakew et al., 1991). Karamity (1998) indicated that
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straw yield of wheat was significantly increased at the highest N level (92 kg N ha-1)

compared with those at lower levels. Such straw increase at higher N rates is probably due

to increased plant height and tillering. According to Sorour et al. (1998), increased grain

yield with N application resulted from an increase in one or more of the important yield

components. According to Rehman et al. (2006), wheat plant height was significantly

increased by the recommended N rate (125 kg ha-1 N ) as compared to the farmers practice

(80 kgha-1 N) and half of the recommended dose of N (62.5 kgha-1 N).

Nitrogen fertilizer produced higher tillers and more spikes than the control and stressed

that grain yield is closely related to the number of spikes per unit area of wheat crop

(Tilahun et al., 2006). Minale et al. (2005) also reported that spike population of wheat

increased with increase in N fertilizer level which is mainly because of increased fertile

tillers. Since wheat produces no more than one spike per stem, the number of heads per

unit area is highly dependent on the use of higher N rate to promote the initiation, survival

and development of secondary tillers (Power, 2004).

It has been reported that wheat requires sufficient N through all developmental stages of

growth to ensure maximum leaf area index and leaf area duration to attain maximum grain

yield (Sharma et al., 1990). The overall effect of nitrogen application is to increase the

resource capture of the plant as well as to increase the sink capacity, which is determined

by the number and size of grain and their rates of growth. Nitrogen is a key factor in

achieving optimum cereal grain yield. Nitrogen nutrition affects crop performance through

its effects on photosynthetic capacity (Genene, 2003). Moreover, bread wheat showed

higher values for spikes/m2, plant height, harvest index, spike length, number of

kernels/m2, straw yield, specific weight and grain yield for higher applied N fertilizer rate.

Most Ethiopian soils are deficit in nutrients, especially N and P fertilizer application has

significantly increased yields of crops (Tekalign et al., 2001). The yield of wheat is a

function of many factors, among them the varieties and N fertilization being the most

important ones. Grain yield is the most integrative character because it is influenced by all

factors that determine productivity (Conry, 1995). Generally, N is the key nutrient in plant

growth and often most deficient. Therefore, it is the controlling factor in most plant growth

characteristics (Miller and Donahue, 1995).

The highest grain and biological yields of any crop is the result of positive relationships of

most of the yield components. The effects of N on grain and dry matter yields of wheat
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were found to be significant and increased as the N levels increased from 0 to 200 kgha-1 N

and the corresponding grain yields were increased from 0.8 to 2.3 tha-1 (Samuel, 2006). In

another study conducted by Tilahun et al. (2006), in the central and southeastern Ethiopia

application of 120 kg ha-1 N gave the highest wheat yield of 2.84 tha-1 and the straw yield

raises from 24 to 29% with the raises N level from 60 to 120 kg ha-1.Moreover, the result

from the experiment done on Vertisols of the central highlands of Ethiopia by Selamyihun

et al. (2002) showed that straw yield of durum wheat increased significantly with each

incremental dose of N. Other reports (Teklu et al., 2002) also indicated that application of

N fertilizer significantly enhanced the straw yield of wheat, since N promotes the

vegetative growth of the plant. Also, Taye et al. (2002) reported linear and quadratic

responses of straw yield to N rate with mean values ranging from 15.45 to 27.73 tha-1

during favorable growing seasons.

2.4.1.2. Phosphorus

Phosphorus has long been known to be an essential element in the nutrition of plants. It

plays key role in cellular energy transfer, respiration, and photosynthesis (Price, 1970). In

addition, P plays an essential role in many physiological and biochemical processes

(Mathews et al., 1998) and is an essential component of deoxyribonucleic acid (DNA) and

ribonucleic acid (RNA) (Khasawneh, 1980). As stated by Degeus (1973), P promotes the

development of the root systems, seed formation, and hastens ripening. In order to

stimulate early growth and development, care should be taken to provide the crop with a

sufficient amount of easily available P (Tisdale et al., 1993). Phosphorous has a lower

mobility than any other nutrients and it does not remain in a free state for long in which it

is slowly available to plants (Parnes, 1990).Phosphorous is not considered a mobile

element in the soil (Sander and Penas, 2000), but it is mobile in the plant as P is

translocate from vegetative plant parts to the developing seed (Karlen et al., 1992).

Phosphorus makes up 0.1 to 0.4% of the dry matter of the plant (FAO, 2000). By far, the

greater part of P taken up by the plant is accumulated in the grain (Degeus, 1973).

Plants deficient in P are stunted and in contrast to those lacking N, are often dark green.

Deficiency of P in wheat caused reduced tillering, reduced leaf area and increased

susceptibility to number of diseases. Besides, maturity is often delayed in P deficient plants

as compared to plants containing abundant phosphate (Marschner, 1998). There are several

reports that signify the role of P application in the enhancement of yield and yield

components of wheat. Improvement in total number of tillers with P application might be
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due to the role of P in emerging radical and seminal roots during seedling establishment in

wheat (Cook and Veseth, 2001).

Plants absorb P in the form of HPO4
-2 and H2PO4

- (Tisdale et al., 2002). As to which of the

two anions plants take up depends primarily on the soil pH. In high pH soils, it is taken up

mainly as HPO4
-2 while in low pH soils it is taken up mainly as H2PO4

- (Archer, 1998).

Daniel et al. (1998) reported readily availability of P during early season which saved the

plants from early stresses and its higher uptake at higher levels resulted into enhanced

number of grains per spike and 1000-grain weight due to its involvement in grain

formation and development. According to Endalkachew (2006), increasing levels of

applied P from 0 to 30 kg P ha-1 consistently decreased days to heading and maturity. The

same author also reported application of 30 kg P ha-1 has significantly increased grain yield

over application of 10 kg P ha-1 but not over 20 kg P ha-1. Moreover, Asnakew et al. (1991)

revealed that the effect of P on grain yield was highly significant with a general increase in

yield as the level of P increased up to 69 kg ha-1. Rehman et al. (2006) indicated that wheat

plant height was significantly increased by the recommended P rate (40 kgha-1 P) as

compared to the farmers practice (26 kgha-1 P) and half of the recommended dose of P

rates (20 kgha-1 P). At early stages of development, wheat absorbs P faster from fertilizer

than from soil, and high proportion of the total P absorbed by young plants was derived

from the fertilizer and its application at later stages may result in greater uptake of P but

less effect on yield (Gupta, 2006).

Several research results (Tekalign and Haque, 1991, Shiferaw, 2004) indicated that most of

the highland soils of Ethiopia are inherently P deficient and hence it is one of the limiting

elements in crop production. The total P content of the soils in Ethiopia is in the range of

0.02 to 0.08% with an average value of 0.05% which show low P content for the northern

highlands of Ethiopia (Eylachew, 2001). According to Lupwayi and Haque (1996), 82% of

the Ethiopian highland soils are P deficient and the concentrations of extractable P is lower

than 1 mg kg-1. Despite the above general statements for most soils of the highlands,

Mesfin (1998) reported that Vertisols developed on calcareous rocks have high total and

available P, while those developed on volcanic materials have low available P.

2.4.1.3. Sulfur

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

plant tissue on dry matter basis. It is required in similar amount as that of P (Ali et al.,
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2008). It is a building block of protein and a key ingredient in the formation of chlorophyll

(Duke and Reisenaue, 1996). 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, spikeletes and delayed maturity. Sulfur deficient plants have

also less resistance under stress conditions (Doberman and Fairhurst, 2000).

Sulfur fertilizer enhancing the uptake of N, P, K and Zn in the plant. Due to its synergistic

effect, the efficiency of these elements is enhanced which results in increased crop

productivity. Application of S fertilizer is a feasible technique to suppress the uptake of

undesired toxic elements (Na and Cl) because of the antagonistic relationship, thus its

application is useful not only for increasing crop production and quality of the produce but

also improves soil conditions for healthy crop growth (Zhang et al., 1999).

Wheat requires a relatively high amount of supplemental S due to incompatibility of

conditions with its period of most rapid growth, when the rate of S release from soil

organic matter(SOM) is quite slow (Johnson, 1999). Beena et al. (2012) reported no

significance effect of S application on days to flowering and physiological maturity among

wheat varieties. Sulfur application increased the grain S content at high N rather than low

N treatment (Blake-Kalff et al., 2000).  Oates and Kamprath (2005) determined the

response of wheat to S fertilizer on sandy coastal plain soils of the southeastern United

States. A rate of 20 kg S ha-1 as SO4
2- applied in late February was adequate for optimum

response. Hue et al. (2004) reported that there was a yield response to S for the wheat plant

on an ultisol. Minimum SO4
-2 concentration for maximum wheat growth was 0.25 mill

molar in soil solution and 6.0 mg S kg-1 in Ca(H2PO4)2 extracting solution. According to

Pompa et al. (2009) available S levels, the wheat yield can increase from 0 to 42%, usually

obtaining the best response with S application between 10 and 20 kg ha-1, even though

higher supplies of S (49-60 kg ha-1) have been reported for highly calcareous soils in India.

2.4.1.4. Potassium

Potassium (K) is absorbed by plants in large amounts than any other nutrients except N.

Although the total K content of soil is usually many times greater than the amount taken up

by a crop during a growing season, in most cases only a small fraction of it is available to

plants (Tisdale et al., 1993). Potassium is absorbed as the monovalent cation (K+) and it is

mobile in the phloem tissue of the plants (FAO, 2008). Potassium plays major functions in

activation of more than 60 enzymes (chemical substances which govern life) in plants and
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Plants take up potassium as the K+ ion (Fageria, 2009). Thus it plays a vital part in

carbohydrate and protein synthesis (Chandrasekaran et al., 2010).In tropical soils, the total

K content may be quite low because of the origin of the soils, high rainfall and continued

high temperatures. Unlike N and P nutrients, which become immediately deficient in most

tropical soils due to leaching and/or fixation particularly for P, the need for K frequently

arises only after a few years of cropping a virgin soil (Tisdale et al., 2002).

Application of K as fertilizer has not been practiced in Ethiopian soils because the

Ethiopian soils are believed to contain enough or sufficient quantity of K nutrient.

However; some reports indicated that elements like K, S, Ca, Mg and micro-nutrients

particularly Cu, Zn, Mn and Mo are becoming depleted and deficiency symptoms are being

observed on major crops in different areas of the country (Deressa et al., 2013).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 (Fageria, 2009).

The application of potassium sulphate on highland vertisols in central Ethiopia resulted in

about 1 t of wheat yield advantage compared to untreated plots (Astatke et al., 2004). In

another study conducted by Arif et al.(2006), in Chakkanwali Reclamation Research

Station District Gujranwala application of 175 kg ha-1 K gave the highest wheat yield of

3.75 tha-1 and the straw yield raises from 24 to 29% with the raises K level from 50 to 175

kg ha-1. Moreover, Archer (1998) who reported that application of K on wheat crop

enhanced tillering, flowering and milking and improved drought tolerance of plants and

also notably increased the growth parameters such as plant height, spike length, number of

spikelets/spike and yield components like 1000-grain weight, grain yield/plant, number of

grains/spike were also improved.

2.4.2. Effect and availability of micronutrient for yield and yield components of wheat

The micronutrients or trace elements are Fe, Mn, Zn, Cu, Mo, Cl, 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.
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2.4.2.1. Zinc

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 auxinindole acetic acid (Barker and David, 2007).

Moreover, the presence of Zn which played an important role in protein synthesis,

formulation of some growth hormone and promote seed maturation and production

(Tisdale et al., 2002).

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

parts of the world (Barker and David, 2007 ). Worldwide, Zn is the most commonly

deficient micro-nutrient. 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 soils which eventually affect root growth and development; depress Zn

availability or uptake (Fageria, 2009).  The main factors which affect the amount of Zn in

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

other microelements, such as iron (Bukvic et al., 2003).

Application of Zn fertilizers with high water solubility is the most effective way to correct

Zn deficiency. Zinc fertilizer water solubility levels of about 40–50% of the total Zn are

needed to meet the Zn requirements for the current crop, and high correlations have been

found between Zn fertilizer water solubility and plant growth and Zn uptake (Slaton et al.,

2005). Form of Zn availability to plants can affect by water- soluble Zn, exchangeable Zn,

and adsorbed Zn on the surface of colloids or organic matter, and Zn substituted for Mg2+

in the crystal lattices of clay minerals (Tisdale et al., 2002). Zinc is available to the plant

mainly as a divalent cation (Zn+2) while at high pH it is probably absorbed as monovalent

cations (ZnOH). Hence Zn availability is greatly affected by soil pH. As soil pH increases,

Zn availability decreases and vice versa (Barker and David, 2007).

Application of Zn fertilizer at 23 kgha-1 has increased the grain yield by 37% over the

control wheat crops (Torun et al.,2001). Fayera et al. (2014) reported that application of
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Zn with macronutrient fertilizer in increasing spike length, yield and yield components in

teff production. Moreover, Zn application between 0 and 10 kgha-1 levels has showed

statistically non-significant difference on plant height of wheat (Riffat et al., 2007).

Gangloff et al.(2002) found that in maize plants application of zinc sulphate has increased

dry matter and leaf and grain Zn accumulation. Finally, application of Zn on soil increased

growth, yield and leaf Zn concentration on pepper plant (Aktas et al.,2006).

2.4.2.2. Boron
Boron is an essential micronutrient for plants, and plant requirements for this nutrient are

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

only non-metal among the micronutrients and also the only micronutrient present over a

wide pH range as a neutral molecule rather than an ion (Epstein and Bloom, 2005).

Boron is required for normal development of reproductive tissues and deficiency results in

low grain set and poor seed quality. Even the cereals (like wheat and rice) with small B

requirement can suffer from impaired seed set due to B shortage at a critical growth stage

(Shorrocks, 2005). Boron is involved in N and P metabolism, in plants poorly supplied

with B, NO3
-
, N accumulated in the roots, leaves, and stems, showing that NO3

- reduction

and amino acid synthesis were inhibited. Boron is mainly associated with cell wall pectin,

and physical characteristics of the growing cell wall were altered under B deficiency

(Brown and Hu, 1997).

Plants absorb B in the form H3BO3, and it moves to plant root mainly by mass flow and

diffusion. Uptake of B in crop plants is mainly determined by yield level. Variation in B

uptake was about 99% in rice and 97% in dry bean with increasing plant age. This

variation in B uptake may be associated with increasing dry matter of shoot in both crop

species (Fageria, 2009). The decrease in B uptake at harvest was associated with

translocation of this element to grain. Boron recovery under field conditions by annual

crops is generally in the range of 5 to 15% the year of application, and for most annual

crops, uptake of 100 to 200 g B ha-1 of applied B could be expected to be sufficient

(Shorrocks, 2005).

The total B content of most agricultural soils ranges from 1 to 467 mg kg-1, with an

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

in agricultural soils varies from 0.5 to 5 mg kg-1. Most of the available B in soil is believed

to be derived from sediments and plant material (Barker and David, 2007). Principal B
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carriers are boric acid, borax, or sodium tetra-borate is commonly used fertilizers for

correcting B deficiency in crop plants. Boron fertilizers can be applied as broadcast, band,

or foliar application (Fageria, 2009). According to Debnath et al. (2011) who suggested

that spike length varied with B treatments with the highest length (10.6 cm) recorded in

2.25 kgha-1 B treatment and the lowest length (5.45 cm) was recorded in highest B

application (3kgha-1 B). ). Fayera et al. (2014) also reported that application of B blend

with macronutrient fertilizer in increasing spike length, yield and yield components in teff

production.

Fageria (2009) determined adequate and toxic rates of B for five annual crops grown on

Brazilian Oxisol. Adequate B rates were 2 kg ha-1 for dry bean, 4.7 kg ha-1 for corn, and

3.4 kg ha-1 for soybean applied to a Brazilian Oxisol in a greenhouse experiment. The toxic

rates were 4.4 kg B ha-1 for upland rice and dry bean, 8.7 kg B ha-1 for corn, 6.8 kg B ha-1

for soybean, and 7.4 kg B ha-1 for wheat.
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3. MATERIALS AND METHODS

3.1. Description of the Experimental Site

The experiment was conducted at Siya Debrena Wayu Woreda Siya Debre Kebele, in

North Shewa Amhara Regional State, during the 2017 main cropping season. The

experimental site is located at a distance of 147 km from Addis Ababa and 62 km from

Debre Birhan, the capital of North Shewa Zone. The geographical coordinates of the site is

09047’12.4” N latitude and 039004’19.5” E longitude at an elevation of 2600masl (Figure

1). During the period of the experiment, the mean monthly rainfall was 301.7 mm and

mean maximum/minimum temperatures were 4.20C and 25.30C, respectively(Figure 2).

According to Ethiopian agro-ecological classification the area is grouped under dega with

Vertisols soil. The major crops grown in the area include wheat (Triticum aestivum L.),

lentil (Lens esculenta L.), teff (Eragrostis tef zucc.Trotter), and faba bean (Vicia faba L.).

Figure 1. Location map of the experimental site
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Figure 2. mean monthly annual rainfall and maximum and minimum temperatures

recorded in the experimental area during the cropping season (2017)

3.2. Experimental Material

3.2.1. Plant Material

A bread wheat variety named Danda’a, which was released by Kulumsa Agricultural

Research Centre (KARC/EIAR) in 2010 (MoA, 2010) was used as a test crop. It is a semi-

dwarf variety known for its high yielding potential and disease resistance. It needs greater

than 600 mm rainfall and grows at an altitude of 2000-2600masl. The variety needs 56-80

days to heading and 110-145 days to reach maturity (MoA, 2010).

3.2.2. Fertilizer Materials

Fertilizers: Urea (46% N), DAP (18% N; 46 % P2O5) were used for study area. The

blended fertilizer NPS (19.0% N, 38.0% P2O5, 7% S), NPSB (18.9% N, 37.7% P2O5, 6.9%

S, 0.1% B), NPSBZn (17.3% N, 34.5% P2O5, 7.4% S, 2.2% Zn, 0.1% B) and Kcl (60% K)

were used (ATA, 2016). In order to bring the nutrients of blended fertilizer equal to the

rates indicated on Table 2, B was supplied to the blended fertilizer as borax form and K

was added in the form of K2O.
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3.3. Treatments and Experimental Procedures

The 14 treatments included (T1) control treatment (no fertilizer), (T2) recommended NP

fertilizer (175 kg/ha N + 125 kg/ha P2O5). In all the next twelve treatments the

recommended NP fertilizer are equally applied. (3) S1(10.5 kgha1), (4) S2(15.75 kgha-1),

(5) S3(21 kgha-1), (6) S1B1(10.35 S, 0.15B) kgha-1, (7) S2B2(15.5 S, 1.5B) kgha-1, (8)

S3B3(20.7 S, 3B) kgha-1, (9) S1B1Zn1 (11.1S, 0.15B, 3.3Zn) kgha-1, (10) S2B2Zn2(16.65S,

1.5B, 4.95Zn) kgha-1, (11) S3B3Zn3(22.2S, 3B, 6.6Zn) kgha-1,(12) S1B1 Zn1K1(11.1S,

0.15B, 3.3Zn, 50K) kgha-1, (13) S2B2Zn2K2(16,65S, 1.5B, 4.95Zn, 100K) kgha-1and (14)

S3B3Zn3K3(22.2S, 3B, 6.6Zn, 150K) kgha-1. Thus the experiment had the treatments as in

Table 1.

Table 1. Details of fertilizer rates and their composition

Treatments Nutrient contents (kgha-1)

N P2O5 K2O S Zn B
T1. Control - - - - - -
T2.Recommended(NP) 175 125 - - - -
T3. NPS1 175 125 - 10.5 - -
T4. NPS2 175 125 - 15.75 - -
T5. NPS3 175 125 - 21 - -
T6. NPS1B1 175 125 - 10.35 - 0.15
T7. NPS2B2 175 125 - 15.5 - 1.5
T8. NPS3B3 175 125 - 20.7 - 3
T9. NPS1B1Zn1 175 125 - 11.1 3.3 0.15
T10. NPS2B2Zn2 175 125 - 16.65 4.95 1.5
T11. NPS3B3Zn3 175 125 - 22.2 6.6 3
T12. NPS1B1Zn1K1 175 125 50 11.1 3.3 0.15
T13. NPS2B2Zn2K2 175 125 100 16.65 4.95 1.5
T14. NPS3B3Zn3K3 175 125 150 22.2 6.6 3

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

replications. The experimental field was prepared by using oxen driven local plow

(Maresha) in accordance with conventional farming practices followed by the farming

community in the area. The field was plowed three times before planting, between the end

of May and the first week of July 2017. Lastly, the field was leveled and divided into

blocks which were then divided into plots. The size of each experimental plot was 2m x 3

m (6 m2) with a total of 42 plots. Spacing between rows, plots, and blocks was 0.20 m, 0.5

m, and 1 m respectively. Each plot consisted of 10 rows. Wheat plants in the one outer
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most row on both sides of a plot were considered border plants and not considered for data

collection. This was meant to avoid edge effects. The net plot area that was used for data

collection consisted of 8 rows that was 1.6 m x 3 m.

Wheat seed at the rate of 100 kg seed/ha was uniformly drilled into the rows made by hand

hoe on 28 July 2017. The full dose of DAP and all blended formula fertilizers were

applying at sowing and one-third of fertilizer N (i.e., as per the treatment) was applied

uniformly within the rows at planting or sowing. The remaining two-thirds of each N

fertilizer treatment were top-dressed on the inter-row spaces by hand at the mid-tillering

crop stage. Weeds were removed by hand when required. Rouging of lately emerging

grasses and off-type plants was done to avoid interference with the wheat cultivars.

Harvesting was done on 13 December 2017. After harvesting the crop, threshing and

winnowing was done; the yield was recorded and adjusted at 12.5% grain moisture

content.

3.4. Soil Sampling and Analysis

Soil samples (0-30 cm depth) were collected from the experimental field by Auger sampler

using a zigzag pattern from the whole experimental plots and composited into one sample

before sowing the crop. From this mixture, a sample weighing 1.0 kg was taken. Air dried

soil sample was ground with a pestle and mortar. Before analysis, the sample was sieved

through a 2-mm sieve for selected chemical and physical soil properties mainly texture,

soil pH, Cation Exchangeable Capacity (CEC), organic carbon, total N, available P, S, B,

Zn, K and textural analysis using standard laboratory procedures.

Organic carbon content was determined by the volumetric methods (Walkley and Black,

1947).Total N was analyzed by the Micro-Kjeldhal digestion method with sulphuric acid

(Jackson, 1962).The pH of the soil was determined according to FAO (2008) using 1:2.5

(weight/volume) soil sample to H2O ratio using a glass electrode attached to a digital pH

meter. To determine the Cation exchange capacity (CEC), the soil sample first was leached

using 1 M ammonium acetate, washed with ethanol and the adsorbed ammonium was

replaced by sodium (Na). Then, the CEC was determined titrimetrically by distillation of

ammonia that was displaced by Na ((Hesse,1972).Available P was determined by the

Olsen’s method (Olsen et al., 1954).The exchangeable bases (K and Na) in the soil were

determined from the leachate of 1 molar ammonium acetate (NH4OAc)
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Available B was determined using hot water method (Berger and Truog, 1939). Available

S was determined by monocalcium phosphate extraction method or turbidimetric

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

dietylenetriaminepentaacetatic acid (DTPA) method (Lindsay and Norvell, 1978).Particle

size distribution was determined by the hydrometer method (differential settling within a

water column) according to FAO (2008) using particles less than 2 mm diameter. The

procedure measured percentage of sand (0.05-2.0 mm diameter), silt (0.002-0.05 mm

diameter) and clay (<0.002 mm diameter) fractions in soils (Hazelton and Murphy, 2007).

3.5. Crop Data Collected

3.5.1. Phenological and growth parameters

Days to 50% heading (DH): This refers to the number of days from the date of sowing to

the stage when 50% of the spikes fully emerged (headed), and was estimated visually.

Days to 90% maturity (DPM): This was estimated visually as the number of days from

sowing to the stage when 90% of the plants in a plot reached physiological maturity.

Plant height (cm): plant height was measured at physiological maturity from the soil

surface to the top of the spike excluding awns on 10 randomly selected plants from the

central unit area.

3.5.2. Yield components and yield

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

randomly pre-tagged plants per plot at heading.

Number of effective tillers per plant: Number of productive tillers was determined by

counting all productive tillers from 10 randomly pre-tagged plants per plot at physiological

maturity.

Number of seeds per spike (number/spike): The mean number of seed per spike was

determined from 10 randomly selected spikes from the net plot areas.

Spike length (cm): It was determined as the mean spike length excluding awns from 10

randomly selected spikes from the net plot area.



19

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

from the bulk grain yield of each treatment by counting on an electronic seed counter and

their weight taken with an electronic balance and adjusted at 12.5% grain moisture content.

Aboveground dry biomass yield (t ha-1): Plants in the net plot area were harvested at

ground level and tied into bundles. Biological yield was recorded by weighing the bundles

in the field using a sensitive balance.

Grain yield (t ha-1): Grain yield was measured from the harvested central unit areas of 4.8

m2. Grains were cleaned following harvesting and threshing, weighed using electronic

balance, and adjusted to 12.5% moisture content. Adjusted grain yield(kg/ha) = Recorded

grain yield(kg/ha) × 100-MC/100-D; where MC is the measured moisture content and D is

the designated moisture content (12.5%).

Straw yield (tha-1): straw yield was calculated as the difference between above-ground

biomass and grain yield.

Harvest Index (%): was calculated as the ratio of grain yield to total above ground

biomass. (%)= (t ha-1)/ (t ℎ -1), Where, HI= harvest index, GY= grain yield (at

12.5% moisture base), TBY= total biomass yield (straw + grain)

3.6. Economic Analysis

Economic analysis was performed to investigate the economic feasibility of the treatments.

Partial budget and marginal analyses were used. Current prices of wheat, urea, DAP and

blended fertilizer were used for the analysis. The potential response of crop towards the

added fertilizer and price of fertilizers during planting ultimately determine the economic

feasibility of fertilizer application (CIMMYT, 1988).The market cost of wheat was

11.80Ethiopian Birr (ETB) kg-1. Field prices for Blended fertilizer (NPS, NPSB, NPSZnB),

KCl, Borax, P and N from DAP and urea were taken as 11.70 Birr kg-1, 14.50 Birr kg-1,

12.50 Birr kg-1, 14.60 Birr kg-1, and 9 Birr kg-1 of nutrient, respectively. The cost of

application and transport for fertilizer was taken to be 45 Birr 100 kg-1. The costs of

harvesting and bagging were taken at 60Birr 100 kg-1 of grain harvest. Analysis of

marginal rate of return (MRR) was carried out for non-dominated treatments, and the

MRRs were compared to a minimum acceptable rate of return (MARR) of 100% in order

to select the optimum treatment. The economic analysis was based on the formula
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developed by CIMMYT (1988). The dominance analysis procedure as in CIMMYT (1988)

was used to select potentially profitable treatments from the range that was tested.

Thus, (MRR) of 100% implies a return of one Birr on every Birr of expenditure in the

given variable input.

3.7. Statistical Analysis

The data was subjected to analysis of variance (ANOVA) as per the design used in the

experiment SAS version 9.4 Statistical Software. Comparisons among treatment means

with significant difference for measured and scored characters were made using Duncan’s

Multiple Range Test (DMRT) at 5% level of significance (SAS Institute, 2012). Pearson

correlations were done to determine linear associations between selected agronomic

parameters.
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4. RESULTS AND DISCUSSION

4.1. Soil Physico-Chemical Properties of the Experimental Site

The analytical results of the experimental soil indicated that the soil textural class is clay

with a particle size distribution of 72% clay, 16% silt and 12% sand (Table 2). This result

indicated that the soils have good water  holding capacity and have good soil fertility.

The pH of the soil was pH 6.0 which is moderately acidic (Jones, 2003) (Table 2). The

permissible soil pH for wheat production ranges from 5.5 to 7.0 (Doll, 1964).Thus, the pH

of the experimental soil is optimal for wheat production. According to the rating of

Hazelton and Murphy (2007), the soils at the experimental sites have high CEC values

(Table 2). This result indicated that, experimental sites have clay mineral available in the

soil, which have high capacity to hold nutrients against leaching. The OC (%) of greater

than 10 as high,  4-10 as medium and less than 4 as low (booker,1991). Thus, OC(%) of

the experimental field was 1.19 which is grouped under low (Table 2). Hence, amending

the soils with organic fertilizers is important for enhancing crop yields as well as soil

health.

Available B (ppm) content of the soil in the study area is low. According to Jones (2003)

interpretation available B (ppm) less than 0.2 as very low, 0.3-1 as low, 1.1-2 as medium,

2.1-4 as high, and greater than 4.1 as very high. Similarly, available Zn(ppm) ) less than

0.2 as very low, 0.3-0.4 as low, 0,5-1 as medium, 1.1-10 as high, and greater than 10 as

very high. Thus, available Zn (ppm) content of the soil in the study low (Table 2).

According to Havlin et al. (2003) available S (ppm) content of the soil in the study area is

0.231 which is low. According to Olsen et al. (1954) available P content of the soil in the

study area is high. According to Tekalign (1991)total N content of the soil in the study area

is low. The soil analysis result indicated that total N is a limiting factor for optimum crop

growth. Therefore, the soils need amendment with organic fertilizers. The exchangeable

Na was 0.72 (cmol(+)kg soil) in experiment area. Exchangeable K(cmol(+)kg soil)less

than 0.26 as very low, 0.26-0.51 as low, 0.51-0.77 as medium, and greater 0.77 as high

(Berhanu, 1980). Thus, exchangeable K content of experimental site soil was 0.844

(cmol(+)kg soil) which is high.

Generally the result of the study showed that the soils of the study sites had low available

S, B and Zn which indicated that potentially limited the yield of wheat crops. However, the

soils of the study site had high exchangeable K. Thus, additional application of S, B and
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Zn had increased the grain yield of wheat but, additional application of K had not increased

grain yield of wheat crop.

Table 2. Soil physicochemical characteristics of the soil layer of the experimental sites

before sowing.

Soil texture (%) Texture

Class

pH-H2O

(1:2.5)

OC (%) OM

(%)

Total

N (%)

Sand=12 Silt=16 Clay=72 Clay 6.0 1.19 2.05 0.12

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

36.56 20.05 0.231 0.45 0.844 0.72 0.36

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

4.2. Phenological and Growth Parameters

4.2.1. Days to 50% heading

The analysis of variance revealed that blended fertilizer application significantly (P < 0.01)

influenced days to 50% heading (Table 3). The most prolonged duration to reach 50%

heading was observed in the control treatments, However, the minimum duration of 50%

heading was observed in the additional  application of 11.1 kgha-1 S, 0.15 kgha-1 B and 3.3

kgha-1 Zn on recommended NP i.e. (T9) NPS1Zn1B1, which had no significant difference

with the blended treatments T4, T5,T10, T12, T13, and T14. It also no significant

difference with recommended treatment (T2). The date also indicated that the

recommended treatment (T2) had no significant difference with all blended treatments

(Table 3). This result suggested additional application of S, K, B and Zn had no effect on

days 50% heading of wheat crop as compare with recommended treatment (T2). Since N

and P are major nutrients, which are ample for promoted vegetative growth and dates of

flowering of crops. This result is in line with Debritu (2013) that the supply of N and P are

ample to vigorous, rapid growth and early heading of wheat crop. This result is

contradicted by Adera (2016) who reported that with the increase in blended fertilizer rates

of S, B, Zn, the number of days required for flowering, maturity and grain filling period

was reduced in teff.

4.2.2. Days to 90% physiological maturity

Days to 90% physiological maturity was significantly (P<0.01) affected by blended

fertilizer application compared to control treatment (Table 3). However, in the experiment
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different blended rates with each other did not have significant difference on 90%

physiological maturity status of the crop (Table 3). Plants grown under the treatment that

received the highest combined rates of the blended fertilizers had enhanced 90%

physiological maturity by about 7% as compared to plants grown at control treatment

(Table 3). Since all the treatments had uniform dose of N and P, the recommended

treatment (175 kgha-1 N + 125kgha-1 P) had no significant difference with all blended

treatments, thus presence or absence of other nutrients might have not influenced the days

to maturity. The data also indicated that different blended fertilizer treatments had no

impact on days to 90% physiological maturity, this might be due to the constant N and P

application. Thus, N and P are the major nutrient affecting such Phenological parameters.

In agreement with this result, Beena et al. (2012) reported no significance effect of S

application on days to flowering and physiological maturity among wheat varieties. These

results are similar to another report Esayas (2015) that no significance effect of S, B, and

Zn application on days to physiological maturity of wheat.
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Table 3. Effect of blended fertilizer rates on days to 50% head emergence (DH), days to

90% physiological maturity (DPM) and plant height (PH) of bread wheat in Siya Debre.

Treatments description DH DPM PH (cm)

T1. Control 78.33a 130.67a 53.6d

T2. Recommended(NP) 69.00bc 123.67b 83.6ab

T3. NPS1 72.00b 122.33b 80.83abc

T4. NPS2 70.67bc 123.00b 80.33abc

T5. NPS3 71.00bc 123.33b 82.9ab

T6. NPS1B1 73.00b 125.00b 85.5ab

T7. NPS2B2 71.67b 125.00b 83.23ab

T8. NPS3B3 72.67b 125.00b 85.73ab

T9. NPS1B1Zn1 66.67c 122.67b 86.67a

T10. NPS2B2Zn2 70.67bc 123.00b 83.1ab

T11. NPS3B3Zn3 72.33b 124.00b 77.87bc

T12. NPS1B1Zn1K1 70.67bc 124.00b 84.87ab

T13. NPS2B2Zn2K2 68.67bc 123.33b 81.17abc

T14. NPS3B3Zn3K3 71.00bc 123.00b 73.9c

Significant ** ** ***

CV (%) 3.56 1.43 5.00

Note: 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 = 0.05, 0.01, 0.001,

respectively

4.2.3. Plant height

The analysis of variance indicated that effects of blended fertilizer application highly

significantly (P < 0.001) influenced plant height (Table 3). The highest mean height of

86.67 cm was recorded in wheat plots received T9- NPS1Zn1B1 (175 kgha-1N+125 kgha-1

P +11.1 kgha-1 S +3.3 kgha-1 Zn + 0.15 kgha-1 B), even though it is statistically similar

with the treatments that received the rate of all blended fertilizer including the
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recommended treatment T2-(175 kgha-1 N+125 kgha-1 P) except T11- NPS3Zn3B3 and

T14- NPS3Zn3B3K3. In contrast, control plots exhibited significantly lower plant height

compared to all other treatments (Table 3).

The data also indicated that recommended treatment and blend fertilizer had similarly

influenced on plant height. The reason might be the constant level of nitrogen and

phosphorus used throughout all blend fertilizer treatment, which stimulated vegetative

growth uniformly. However, it had significance difference with treatment T14-

NPS3Zn3B3K3, which had shorter plant height compare to other blend fertilizer treatment.

The present of K in the experimental soil is high that indicated by soil analysed report,

because of this reason application of K at higher rates might have not influenced on plant

height i.e. ( T14) to significant levels and It also may be due to nutrient imbalance caused

by high rate of K application. But the blend of different nutrients did not clearly indicate

the effect on this parameter. This could be due to the presence of Zn which played an

important role in protein synthesis, formulation of some growth hormone and promote seed

maturation and production (Tisdale et al., 2002). In line with this result, Debnath et al.

(2011) reported that boron application had significant effect on the plant height of wheat

showing a range of 89.7-97.3 cm. Contrary to the current finding, Riffat et al. (2007)

reported that Zn application between 0 and 10 kgha-1 levels has showed statistically non-

significant difference on plant height of wheat.

4.3. Yield Components and Yield

4.3.1. Number of total tillers and effective tillers per plant

The analysis of variance showed that application of blended fertilizers significantly (P <

0.01) influenced total number of tiller per plant, where as effective number of tiller per

plant was highly and significantly (P < 0.001) influenced by blended fertilizer application

(Table 4). The maximum number of total tillers per plant (7.2) was obtained with T6-

NPS1B1 (175kgha-1N +125 kgha-1 + 11.1 kgha-1 S + 0.15 kgha-1)  followed by T9 (7.1)

and T2 (6.96),which were comparable with T3- NPS1, T4- NPS2, T12- NPS1Zn1B1K1,

and T13- NPS2Zn2B2K2. On the other hand, the maximum number of effective tillers per

plant (5.87) was obtained with T6- NPS1B1 followed by T9 (5.85), which was comparable

with T2-recommended N+P (175kgha-1 N+125kgha-1 P) (Table 4). The result indicated

that blended fertilizers with different macronutrients (K, S) and micronutrients (B, Zn) did

not bring about any significant effect on number of total tillers and effective tillers per
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plant compared with recommended treatment (T2). Additionally, the uniform dose of N

and P in all the treatments might have played a significant role in the formation of total and

effective tiller number per plant. The minimum number of total and effective tillers per

plant was produced at T1-control which had no significant difference with T5, T7, T11,

and T14. However, T8- NPS3B3 was similar with the minimum number of total tiller per

plant (Table 4). This result indicating that highest rate of blended fertilizer could not bring

significance change of total and effective tiller number of plant compared with

recommended NP treatment. This might be due to constant application of N and P

throughout blended treatment. This strengthens the suggestions of the major growth

limiting nutrients in the study area were probably nitrogen and phosphorus.  In line with

this result, Frehiwot (2014) reported that N and P fertilizer had potential role in number of

total and effective tiller production per plant. On other hand, applications of blended

fertilizers (NPS+ZnB) were on parity with the blanket recommendation of DAP and Urea

fertilizers and gave significantly higher plant height, spike length, plant population and

number of total and effective tillers of wheat (Hailu, 2014).

4.3.2. Number of seeds per spike

The analysis of variance showed that application of blended fertilizers significantly (P <

0.01) influenced on the number of seeds produced per spike (Table 4). The maximum

number of seed per spike (50.47) was obtained with additional application of S, Zn, and  B

i.e. T9-NPS1B1Zn1, followed by blended fertilizer T10 (49.6), and T12 (49.3). However,

it was statistically at par with the recommended treatment and all the blended fertilizer

treatments except the blended fertilizer rate NPS3Zn3B3 (T11) (Table 4). Plants grow in

field experiment with blended fertilizer application enhanced number of seed per plant by

54%, 52% and 51% over the control treatments (T9, T10, and T12) respectively. It also

indicated that blended fertilizer application enhanced number of seed per plant by 8%, 6%

and 5.6% over the recommended NP (T9, T10, and T12) respectively. This shows the

combined effect of macro and micro nutrients throughout the growing period did not put

the plants in nutrient stress at any stage resulting in enhancing seed number per spike and

grain production. In agreement with this result, Debnath et al. (2011) reported that B

application enhanced a significant improvement in the number of seeds per spike of wheat.

Other report indicated that grains per spike were significantly increased in response to the

integrated application of organic manures and chemical fertilizers (Razzaque, 1996).
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Table 4. Effect of blended fertilizer rates on total tiller (TT) and effective tillers (ET),

number of seed (NS), spike length (SL) of bread wheat in Siya Debre.

Treatment description TT(plt-1) ET(plt-1) NS(Sp-1) SL(cm)

T1. Control 4.57e 3.43f 32.73c 5.5d

T2. Recommended(NP) 6.97a 5.17abc 46.67ab 8.2abc

T3. NPS1 6.13abc 4.7bcd 47.77ab 8.03abc

T4. NPS2 6.33abc 4.7bcd 46.47ab 8.17abc

T5. NPS3 5.43bcde 4.13cdef 47.76ab 8.13abc

T6. NPS1B1 7.2a 5.87a 47.13ab 9.0a

T7. NPS2B2 5.37cde 3.93def 45.57ab 8.17abc

T8. NPS3B3 5.8bcde 4.6bcde 45.36ab 8.27ab

T9. NPS1B1Zn1 7.1a 5.85a 50.47a 8.97a

T10. NPS2B2Zn2 6.03abcd 4.6bcde 49.6a 8.53ab

T11. NPS3B3Zn3 5.73bcde 4.17cdef 40.9b 7.73bc

T12. NPS1B1Zn1K1 6.3abc 4.67bcd 49.3a 8.2abc

T13. NPS2B2Zn2K2 6.3abc 4.7bcd 47.3ab 7.83bc

T14. NPS3B3Zn3K3 4.7de 3.6ef 46.67ab 7.2c

Significant ** *** ** ***

CV (%) 11.86 11.74 9.04 6.56

Note: pit-per plant, Sp-1-per spike. 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 = 0.05, 0.01, 0.001, respectively

4.3.3. Spike length

Spike length is one of the yield attributes of wheat, which contributes to high grain yield.

Spike length was highly and significantly (P<0.001) affected by the application of blended

fertilizer (Table 4). The longest spike length (9.0 cm) was obtained with blended fertilizer

T6- NPS1B1, followed by blended fertilizer T9- NPS1Zn1B1 (8.97cm), which had no

significant difference with all blended fertilizer rates of NPS (T3, T4,and T5), T7-

NPS2B2, T8- NPS3B3, T10- NPS2Zn2B2, T12- NPS1Zn1B1K1 and also similar with the
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recommended rate T2-175kgha-1N+125kgha-1P. It was also observed that there was no

significant difference in spike length among different levels of blended fertilizer T3, T4,

T5, T7, T11, T12, T13, T14 and also includes recommended rate (T2), while  the  shortest

spike length (5.5 cm) was obtained from control plot (Table 4). The result indicated that

macro nutrient (S, K) and micro nutrient (Zn, B) might be enhanced spike length of plant,

even if it was parity with recommended treatment. On other hand, Nitrogen and

phosphorus had play major role for cell division and elongation. The result is supported by

the results of Debnath et al. (2011), Fayera et al. (2014), and Nasser (2009) who reported

that the spike length of wheat significantly increases as a result of applying Zn and B blend

with macronutrient.

4.3.4. Thousand seed weight

Analysis of variance revealed that no significant difference among treatment level treated

with blended fertilizer treatments on thousand grain weight (Table 5). However, there was

a variation from 61.67g to 74.76 g among the treatments (Table 5). The absence of

significance on thousand grain weights might be constant application of major nutrients

(N, P) throughout blended treatments in which play the major role in growth and

development of a crop. The result is consistent with that of Debnath et al. (2011) who

found that application B fertilizer had no significant effect on thousand grain weight of

wheat crop. These results are also similar to another report Esayas (2015) that blended

fertilizer (NPS, NPSB, NPSZnB) application had no significance effect on thousand grain

seed weight of wheat.  In contrast with this result, Fayera et al. (2014) reported that

thousand grain weights had significant difference with application of micronutrients (zinc

+ boron) and macronutrients in blended form of fertilizer markedly increased thousand

grain seed weight of teff crop.

4.4.5. Aboveground dry biomass yield

Analysis of variance revealed that aboveground dry biomass yield was highly significantly

(P<0.001) influenced by the blended fertilizers (Table 5).The highest (14.29tha-1) above

ground dry biomass yield was record from NPS1Zn1B1 (175kgha-1N+125kgha-

1P+11.1kgha-1S+3.3kgha-1Zn+0.15kgha-1B) (T9). However, it was statistically at par with

the recommended treatment and all blended fertilizer treatments except T3- NPS1 and

T14- NPS3Zn3B3K3(Table 5).The result indicated that even in the absence of K, the

blend of fertilizer contributed to enhance the aboveground dry biomass yield of wheat

plants grow in field experiment. The reason is present of K in the soil is high that indicated
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by soil analysed report and It also may be due to nutrient imbalance caused by high rate of

K application. The data also indicated that recommended treatment and blend fertilizer had

similarly influenced on plant height. The reason might be the constant level of nitrogen and

phosphorus used throughout all blend fertilizer treatment, which stimulated vegetative

growth, plant height and tiller numbers uniformly. The result is in agreement with the

finding by Fayera et al. (2014) who reported that above ground dry biomass yield of teff

was significantly influenced by application of blended fertilizer. The other report Shiferaw

(2012) also indicated that above ground dry biomass yield was significantly affected by

application of blended fertilizer and NP.

4.4.6. Grain yield

Analysis of variance revealed that grain yield was highly significantly (P<0.001)

influenced by the blended fertilizers (Table 5). The highest grain yield (5.77tha-1) was

recorded as a result of NPS1B1Zn1 (175kgha-1N+125kgha-1+11.1kgha-1S+3.3kgha-

1Zn+0.15kgha-1B) (T9), which had no significant difference with blended fertilizer T5-

NPS3 (5.08tha-1) and T6-NPS1B1 (5.09tha-1). From blended fertilizer, the minimum grain

yield (3.56tha-1) was obtained from the application of NPS3Zn3B3K3 (T14), which was

statically comparable with T3- NPS1 and T11- NPS3Zn3B3, but it was higher than control

treatment (Table 5).Moreover, application of NPS3Zn3B3K3(T14) had lower yield than

the recommended NP (175kgha-1N+125kgha-1) (T2). The reason is the present of K in the

experiment site soil is high due to this the yield of T14 was lower than T2 and the other

reason might be nutrient imbalance in the blended fertilizer caused by higher rate of K.

The highest grain yield was recorded from T9, This could be due to the combined effect of

nutrients like N, P, S, Zn and B in blended fertilizer which might have boosted growth and

development of crop compared to the rest of the formulations. Application of blended

fertilizer NPS1B1Zn1(T9)  increased grain by 18% over the recommended NP. It was also

revealed that even with no significant difference in 1000 grain weight (Table 5) among the

treatments, the spike length might have contributed more to the increasing effect of these

yield components to boosted yield of crops. The result is in conformity with the finding by

Lemlem (2012)  showed that application of  blended fertilizer, DAP and urea significantly

increased the N, P, K, Zn, Mg and S concentration of teff grains  and increased  grain yield

in both Regosols and Vertisols.
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The significant rise in yield with the application of NPS1Zn1B1 (T9) blended fertilizer

over the other treatment levels except control treatment was showing a range of 14.89 to

62.07% (Table 5). The response of wheat to blended fertilizers (NPS, NPSB, NPSBZn, and

NPSBZnK) didn’t show constant variation between treatments, but it indicated that

additional application of S, B, and Zn were significant for wheat crop productivity. Feyera

et al. (2014) who reported that the agronomic performance was improved through

application of blend of macro with micronutrient in a suitable form fertilizer in nutrient

deficient soil, as a result improved nutrient use efficiency of teff which increased the grain

productivity. In line with this result, Debnath et al., (2011) also indicated that grain yield

of wheat was significantly influenced by boron application, which was the yield increased

progressively up to 2.25 kgha-1B and thereafter declined at higher rate 3 kgha-1B

4.4.7. 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. Analysis of variance

revealed that straw yield was significantly (P<0.01) influenced by the blended fertilizers

(Table 5). The highest straw yield (8.52 tha-1) was recorded from the application of

NPS1B1Zn1 (175kgha-1N+125kgha-1+11.1kgha-1S+3.3kgha-1Zn+0.15kgha-1B) (T9), which

had no significant difference with blended fertilizer T4,T5, T6 and T13. However, the

lowest straw yield was obtained from control treatment. The highest straw yield was

recorded from T9, this could be due to the combined effect of nutrients like N, P, S, Zn and

B in blended fertilizer which might have boosted growth and development of crop

compared to the rest of the formulations. The data also clearly  revealed that recommended

NP treatment has no significant difference with all the blended fertilizer treatment except

T9 which records the highest straw yield. The reason might be the constant level of

nitrogen and phosphorus used throughout all blend fertilizer treatment, which stimulated

vegetative growth, plant height and tiller numbers uniformly. But, additional application of

blended fertilizer S1B1Zn1 (T9) increased straw yield by 35% over recommended NP

treatment. This result is in line with that of Teklay et al., (2016) who reported that, straw

yield of teff was significantly affected by application of blended fertilizer which exceeds

7% and 490% of straw yield over the recommended NP and control plots respectively.
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Table 5.Effect of blended fertilizer rates on thousand seed weight (TSW) , aboveground

dry biomass yield (AGDBY), grain yield (GY), straw yield (SY) and harvest index (HI) of

bread wheat in Siya Debre.

Treatments description TSW (g) AGDBY(tha-

1)
GY(tha-1) SY

(tha-1)
HI

T1. Control 64.81 3.39c 0.49d 2.88e 0.14b

T2. Recommended(NP) 71.01 11.15ab 4.86b 6.29bc 0.44a

T3. NPS1 68.49 9.6b 4.19bc 5.41cd 0.44a

T4. NPS2 61.67 11.95ab 4.61b 7.34ab 0.38a

T5. NPS3 66.05 12.94ab 5.08ab 7.86ab 0.39a

T6. NPS1B1 71.81 12.5ab 5.09ab 7.41ab 0.41a

T7. NPS2B2 68.02 10.58ab 4.7b 5.88bcd 0.44a

T8. NPS3B3 64.08 11.28ab 4.63b 6.65bc 0.42a

T9. NPS1B1Zn1 64.28 14.29a 5.77a 8.52a 0.41a

T10. NPS2B2Zn2 70.79 11.41ab 4.66b 6.75bc 0.41a

T11. NPS3B3Zn3 74.76 10.61ab 4.16bc 6.45bc 0.39a

T12. NPS1B1Zn1K1 71.63 10.64ab 4.83b 5.81bcd 0.45a

T13. NPS2B2Zn2K2 70.49 12.22ab 4.61b 7.61ab 0.38a

T14. NPS3B3Zn3K3 70.16 9.28b 3.56c 5.72bcd 0.38a

Significant NS *** *** ** **

CV (%) 7.7 17.69 10.88 26.39 18.96

Note: 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 = 0.05,
0.01, 0.001, respectively, and NS denotes no significant difference.

4.4.8. Harvest index

Harvest index was significantly (P<0.01) affected by blended fertilizer compared to control

treatment; however, in the experiment different blended rates with each other did not affect

harvest index status of the crop (Table 5). The HI values varied from 0.14 to 0.45 as

compared with fertilized and control plots. The highest harvest index recorded from the

blended fertilizer rate T12- NPS1Zn1B1K1 was the result of low aboveground dry biomass

yield as compared to the plots with high grain yield (Table 5).  It was also found that HI
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had increased with successive addition of fertilizers over the control. Since all the

treatments had uniform dose of N and P, the recommended treatment (175 kgha-1 N +

125kgha-1 P) had no significant difference with all blended treatments, thus presence or

absence of other additional nutrients (S, B, K, and Zn) might have not influenced on HI.

Mengel and Kirkby (2001) also reported that harvest index of modern wheat cultivars

normally range from 0.35 to 0.4, whereas older cultivars have index in the range of 0.23 to

0.3, which is more or less agreed with the present observation.

4.5. Correlations

The correlation coefficient result indicated that grain yield had highly significantly positive

association with number of effective spikes produced per plant (r= 0.821***), number of

tillers produced per plant (r= 0.765***), aboveground dry biomass yield (r= 0.967***) and

harvest index (r= 0.738***) (Table 6). The results on the association of grain yield with

aboveground dry biomass yield in this study agreed with the findings of Gebreyes (2008)

who reported that grain yield was positively and highly significantly associated with total

above ground biomass of wheat. Similarly, grain yield was a significant positive

correlation with spike length (r= 0.698**), number of seed per spike (r=0.629**) and

thousand seed weight (r= 0.63**). However, grain yield had non-significant association

with plant height. Plant height was positively correlation with aboveground dry biomass

yield (r= 0.741**), spike length (r=0.876***), number of seed per spike (r=0.659*), total

tillers per plant (r=0.683***), and effective tillers per plant (r=0.554***). Plant height had

non-significant correlation with harvest index and it had negative significant correlation

with thousand seed weight (r=-0.315*). On the other hand, thousand seed weight had non-

significant correlation with spike length, number of seed per spike, and harvest index

(Table 6).
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Table 6. Correlation coefficients between mean agronomic traits of bread wheat grown

under blended fertilizers at Siya Debre.

ETPP TTPP PH SL NSPS AGDB
Y

GY HI TSW

ETPP 1.000

TTPP 0.26* 1.000

PH 0.55*** 0.68*** 1.000

SL 0.33** 0.28** 0.88*** 1.000

NSPS 0.53NS 0.79** 0.66* 0.62*** 1.000

AGDB
Y

0.37*** 0.25** 0.74** 0.45*** 0.20** 1.000

GY 0.82*** 0.76*** 0.37NS 0.69** 0.63** 0.97*** 1.000

HI 0.46NS 0.57* 0.19NS -0.11NS 0.08NS -0.61** 0.74*** 1.000

TSW 0.32NS 0.71NS -0.32* 0.54NS 0.15NS 0.64** 0.63** 0.02NS 1.000

Note: ETPP- effective tillers plant-1, TTPP- total tillers plant-1, PH-plant height, SL-spike
length, NSPS- number of seed spike-1, AGDBY- aboveground dry biomass yield, GY-grain
yield, HI-harvest index, TSW- thousand seed weight, NS, *, ** and *** = non-significant,
significantly different at 5%, 1%, and 0.1%, respectively.

4.4. Economic feasibility analysis

In this study the partial budget analysis was done considering all variable costs and all

benefits (grain yield and straw yield).The partial budget analysis revealed that highest net

benefit of 58443 Birr ha-1 was recorded in the treatment that received from NPS1B1Zn1

(175 kgha-1 N+125 kgha-1 P2O+11.1 kgha-1 S+3.3 kgha-1 Zn+0.15 kgha-1 B). The lowest

net benefit of 5707 Birr ha-1 was obtained from control treatment (Table 6).To identify

treatments with the optimum return to the farmer’s investment, marginal analysis was

performed over the control treatment. For a treatment to be considered as worthwhile

option to farmers, between 50% and 100 % marginal rate of return (MRR) was the

minimum acceptable rate of return (CMMYT, 1988).The highest marginal rate of return

(MRR %) 742.18 was recorded from the application of NPS1B1Zn1 (175kgha-1N+125kgha-

1P2O+11.1kgha-1S+3.3kgha-1Zn+0.15kgha-1B)(Table 6). The economic analysis result also
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supported the biological yield and grain yield; plots received NPS1B1Zn1 highest net

benefit indicating economic feasibility of the treatment.

Table 7 Economic analysis of blended fertilizer in terms of partial budget and marginal
rate of return (MRR) for bread wheat production. Based on least total variable cost T1:
MRR

T
re

at
m

en
t

Return and cost items MRR(%)

Gross 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 5303 2124 7427 1450 - 270 1720 5707
2 51625 5157 56782 1450 1825 5335 8610 6890 48172 716.33
3 44567 4428 48995 1450 1755 5869 9074 7354 39921 565.24
4 48977 6010 54987 1450 2633 6126 10209 8489 44778 560.25
5 53956 6445 60401 1450 3510 6413 11373 9653 49028 548.78
6 54103 6076 60179 1450 1757 5475 9560 7840 50619 672.85
7 49925 5289 55214 1450 2647 6176 10273 8553 44941 558.71
8 49310 4821 54131 1450 3548 6211 11209 9489 42922 492.19
9 61397 6978 68375 1450 1757 6724 9932 8212 58443 742.18
10 49523 5535 55058 1450 2647 6170 10267 8547 44791 463.92
11 44265 5289 49554 1450 3548 5955 10953 9233 38601 456.26
12 51367 6240 57607 1450 2482 6215 10147 8427 47460 595.46
13 48955 4764 53719 1450 4083 6125 11658 9938 42061 465.81
14 37759 4690 42449 1450 5685 5628 12763 11043 31406 317.14
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1. Summary and Conclusions

Wheat is an important food crop to Ethiopian people. However, the present production

system cannot satisfy the consumers. This may be caused as a result of removal of surface

soil by erosion, crop removal of nutrients from the soil, total removal of plant residues

from farmlands, low or absence of fertilizer use and lack of proper crop rotation program.

Rational fertilizer promotions and recommendations based on actual limiting nutrients for

a given crop is not only revealed to supply adequate plant nutrients but also helped to

understand the long-term ecological and economic benefits of the studied crop.

Accordingly, all the studied blended fertilizers effects on wheat yield and yield

components showed that the blended fertilizers would be promising to grow wheat in the

study area, whereas wheat productivity for the previously existing NP fertilizers in the

country was low as compared to the blended fertilizers; which indicated that wheat

productivity in the study sites was reduced due to high demand for external nutrient inputs

rather than NP fertilizers.

Field experiment was conducted during 2017 cropping season in Siya Debrena wayu

district , central Ethiopia with the objective to investigate the effect of different blended

fertilizer rates of S, B, Zn and K on growth, yield attributes and yields of bread wheat. The

14 treatments used for the field experiment were (1) control, (2) recommended NP(175

kgha-1N+125 kgha-1 P2O5), (3) S1(10.5 kgha1), (4) S2(15.75 kgha-1), (5) S3(21 kgha-1), (6)

S1B1(10.35 S, 0.15B) kgha-1, (7) S2B2(15.5 S, 1.5B) kgha-1, (8) S3B3(20.7 S, 3B) kgha-1, (9)

S1B1Zn1 (11.1S, 0.15B, 3.3Zn) kgha-1, (10) S2B2Zn2(16.65S, 1.5B, 4.95Zn) kgha-1, (11)

S3B3Zn3(22.2S, 3B, 6.6Zn) kgha-1,(12) S1B1 Zn1K1(11.1S, 0.15B, 3.3Zn, 50K) kgha-1, (13)

S2B2Zn2K2(16,65S, 1.5B, 4.95Zn, 100K) kgha-1and (14) S3B3Zn3K3(22.2S, 3B, 6.6Zn,

150K) kgha-1. The recommended NP fertilizer are equally applied to the whole treatments

except control. The experiment was conducted in RCBD with three replications. The

experiment was laid out in RCBD with three replications. The bread wheat variety used in

the experiment was Danda’a, which is widely grown in the area.

The soil of the experimental field was clay in texture with a pH of 6.0 which was

moderately acidic in reaction. The CEC was high. Experimental field had low organic

carbon (1.19%). Experimental field had high available P (20.05 ppm) and high

Exchangeable K( 0.844cmol(+)kg soil) content of the soil. The experimental soil had low
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available B (0.45 ppm), available S (0.231 ppm), total N (0.12%) and Zn (0.36 ppm).

Generally the result of the study showed that the soils of the study sites had low available

S, B and Zn, which indicated that potentially limited the yield of wheat crops. However,

the soils of the study site had high exchangeable K. Thus, additional application of S, B

and Zn had response to increase the grain yield of wheat but, additional application of K

had no response to increased grain yield of wheat crop particularly in the study area.

The analysis of variance revealed that all parameters were significantly affected by

application of  blended fertilizer treatment and recommended NP such as days to 90%

maturity, days to 50% heading, plant height, spike length, number of total and effective

tiller per plant,  grains per spike, grain yield, biomass yield and harvest index, but 1000-

grain weight was not significantly affected by blended fertilizer treatment and

recommended NP. The highest above ground dry biomass yield (14.29 tha-1), highest grain

yield (5.77 tha-1) and straw yield (8.51 tha-1) was record from additional application of S,

B, and Zn at T9 (NPS1B1Zn1).

Compared to the recommended NP fertilizers, the above ground biomass, straw and grain

yield were increased by 28%, 35% and 18% respectively with the application of blended

fertilizer NPS1B1Zn1 (T9). Application of NPS1B1Zn1 (175 kgha-1N+125 kgha-1P2O+11.1

kgha-1S+3.3 kgha-1Zn+0.15 kgha-1B) gave highest biological yield, grain yield, straw yield

and the result was economically feasible compared to all treatments.

The highest net return (58443 ETB ha-1) with (MRR %) 742.18 was obtained with

application of blended fertilizer NPS1B1Zn1. Thus, it would be advisable for farmers in the

study area to apply blended fertilizer NPS1B1Zn1 for enhancing wheat grain yield ha-1 and

accruing highest economic return.

Generally, The current experiment revealed that blended fertilizer could increase wheat

yield in the study area. Blended fertilizers rates brought significant differences among

treatments. Application of blended fertilizer NPS1B1Zn1 gave highest grain yield and the

result was economically feasible. Thus, additional application of S, B and Zn are essential

but, additional application K fertilizer is unnecessary in the study area.

5.2. Recommendations

To sustain and/or improve the current unbalanced fertilizer application and soil mining of

the study sites, precautionary actions such as adopting sustainable soil fertility
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replenishment strategy, soil conservation practices and avoiding unbalanced fertilizers can

help to rebuild the soil conditions to increase crop productivity. Further researches have to

be continued to recommend fertilizer types and rate for the major crops grown in study

area. Based on the  soil analysis, yield response and net return of wheat to different

blended fertilizer application most of yield contributing agronomic traits showed the need

of blended fertilizer except K in the study area. Therefore, to enrich soil productivity and

to made farmers benefited from their smallholding, further investigation, considering NP

at recommended amount should be conducted by developing new treatment combinations.

It is clearly observed from collected data and soil analysis report application of K fertilizer

is not responsive in study area but, S, B and Zn application at the minimum rate is

responsive and economically visible. Therefore, application of blended fertilizer

NPS1B1Zn1(175 kgha-1N+125 kgha-1P2O+11.1 kgha-1S+3.3 kgha-1Zn+0.15 kgha-1B) can

be recommended for wheat production particularly in the study area as well as it greatly

benefit farmers where deficiencies of micronutrients in the soil significantly reduce the

productivity of the crops but, additional application K fertilizer is unnecessary in the study

area. However, the experiment was done only at one test sites representing the central

highlands of Ethiopia for one season. Therefore the experiments would have to be

replicated over different genotypes of wheat across location and season including the

quality and nutritional value of the crop to get a conclusive result and sound fertilizer

recommendation for the specific area in order to ascertain the finding of the current study.
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7. APPENDIX

Appendix Table 1. Mean square values of ANOVA for days to 50% heading, days to 90%

physiological maturity, PH, NTTPP, NETPP, and NSPS affected by rate of blended

fertilizer.

Source of
variation

Mean squares

DF DH DPM PH NTTPP NETPP NSPS

Replication 2 11.17ns 8.86* 5.16ns 0.93ns 2.14** 30.87ns

Treatments 13 20.99** 12.86** 210.64*** 1.94** 1.38*** 59.24**

Error 26 6.44 3.16 16.12 0.50 0.28 17.27
Note: DF = degree of freedom, DH= days to 50% heading, DPM= days to 90% physiological
maturity, PH= plant height, NTTPP= number total tiller per plant, NETPP= number of effective
tillers per plant, NSPS= number of seed per spike, NS, *, ** and *** = non-significant,
significantly different at 5%, 1%, and 0.1%, respectively.

Appendix Table 2. Mean square values of ANOVA for spike length, thousand seed weight,

aboveground dry biomass yield, grain yield, and harvest index affected by rate of blended

fertilizer.

Source of
variation

Mean squares

DF SL TSW AGDBY GY HI

Replication 2 0.38ns 56.52ns 11.76* 0.96* 0.005ns

Treatments 13 2.18*** 41.99ns 19.02*** 4.51*** 0.019**

Error 26 0.27 27.79 3.68 0.22 0.006
Note: DF = degree of freedom, SL= spike length, TSW= thousand seed weight, AGDBY=

aboveground dry biomass yield, GY= grain yield, HI= harvest index, NS, *, ** and *** = non-

significant, significantly different at 5%, 1%, and 0.1%, respectively.



52

Appendix Table 3. Ranges of soil pH in water

Soil reaction class Soil pH
Extremely acidic < 4.5

Very strongly acidic 4.5-5.0

strongly acidic 5.1-5.5

Moderately medium acidic 5.6-6.0

Slightly acidic 6.1-6.5

Neutral 6.6-7.3

Slightly alkaline 7.4-7.8

Moderately alkaline 7.9-8.4

Strongly alkaline 8.5-9.0

Very strongly alkaline > 9.1

Source: Jones, (2003)

Appendix Table 4. Ratings of organic matter, total nitrogen values, available phosphorus and

Cation exchange capacity (CEC) of soils.

Rating OM(%) Total N (%) Available
P(ppm)

CEC(cmol(+)kg soil

Very low < 0.86 < 0.05 - < 6
Low 0.86-2.59 0.0 -0.12 <5 6–12
Moderate 2.59-5.17 0.12-0.25 5-10 12-25
High > 5.17 > 0.25 >10 25-40
Very high - - - >40
Sources Tekalign

(1991)
Tekalign
(1991)

Olsen
et al. (1954)

Hazelton, P. and B.
Murphy (2007)
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Appendix Table 5. Monthly and yearly total rainfall (mm) at Siya Debre area (2008-2017).

Year Jan. Feb. Mar

.

Apr. Ma

y

Jun. Jul. Aug. Sep. Oct. Nov

.

Dec. Total

2008 6.2 0.0 0.0 21.5 16.2 87.1 391.1 252.0 4.5 NR 778.6

2009 30.9 322.7 332.0 38.1 4.2 15.1 743.0

2010 4.0 54.4 87.3 112.4 77.5 54.4 304.7 310.2 126.6 0.0 22.2 15.4 1169.1

2011 30.1 0.0 78.8 44.4 38.4 68.2 299.3 286.7 67.9 0.0 2.5 916.3

2012 417.1 109.9 0.0 527

2013 0.0 0.0 32.7 53.3 26.1 68.4 231.0 241.1 85.0 47.1 0.0 0.0 784.7

2014 0.0 27.5 34.3 26.7 59.7 37.8 324.4 296.7 87.8 8.4 2.5 0.0 905.8

2015 0.0 54.7 36.2 0.0 62.8 89.2 125.9 252.7 92.1 712.9

2016 16.6 7.1 52.1 122.7 119.1 321.5 272.4 911.5

2017 8.1 31.7 44.2 112.1 104.1 244.6 301.7 0.0 846.5

Mean 6.5 17.5 39.6 49.1 28.7 63.8 256.5 296.2 60.7 6.0 3.1 3.5 829.5

Source: National Meteorology Service Agency, Addis Ababa Head Office

Appendix Table 6. Mean monthly and annual minimum temperature (oC) at Siya Debre (2008 -

2017).

Year Jan
.

Feb
.

Mar
.

Apr
.

Ma
y

Jun. Jul. Aug. Sep. Oct. Nov. De
c.

Mean

2008 4.2 4.7 5.5 7.8 8.5 9.3 9.8 10.1 8.4 5.2 4.1 3.2 6.7
2009 6.6 10.3 10.7 8.0 5.4 2.4 7.2
2010 5.0 9.3 8.2 9.3 10.

4
8.7 10.2 9.3 6.0 4.4 4.9 7.8

2011 5.7 7.3 8.3 9.3 8.8 4.7 4.2 6.4 3.3 6.4
2012 10.2 8.6 9.4
2013 4.1 6.9 9.1 9.5 8.8 8.3 10.1 9.6 8.3 4.8 8.0
2014 5.9 7.6 8.9 8.3 7.0 8.2 8.7 7.6 3.8 3.7 3.6 6.7
2015 2.8 3.9 6.4 6.8 6.6 5.7 4.6 4.1 4.1 4.4 4.2 4.9
2016 5.0 6.2 7.2 8.1 9.2 6.4 6.1 5.3 8.0 4.1 3.9 6.3
2017 4.3 4.2 5.0 7.0 9.4 8.3 4.7 4.8 8.3 4.0 4.2 5.1 5.8
Mean 4.5 5.8 7.0 8.2 8.8 7.8 7.6 7.5 7.8 4.7 4.2 4.0 6.9

Source: National Meteorology Service Agency, Addis Ababa Head Office
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Appendix Table 7. Mean monthly and annual maximum temperature (oC) at Siya Debre (2008-

2017)

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean

2008 23.0 24.0 25.8 24.7 25.3 23.2 19.1 19.3 20.3 21.7 20.7 21.5 22.6
2009 24.8 18.5 19.4 21.4 21.6 22.0 21.1
2010 22.4 23.7 24.1 24.2 24.4 24.7 20.1 21.2 22.0 22.7 22.0 23.0
2011 23.5 24.4 24.4 17.9 19.1 21.9
2012 20.4 22.5 21.5
2013 22.9 25.2 24.2 24.8 25.1 23.0 20.0 17.4 20.7 22.9 21.6 21.8 22.6
2014 21.1 22.9 23.7 23.1 23.2 23.5 21.7 20.1 21.8 21.6 23.2 22.4 22.3
2015 23.1 24.6 24.9 24.8 24.3 24.5 24.1 22.7 22.1 23.9 24.6 23.9
2016 22.1 23.1 23.5 22.5 24.4 25.0 22.0 20.2 20.5 22.1 19.8 22.5
2017 21.9 24.0 24.2 23.0 25.3 24.2 21.1 18.9 21.0 23.0 24.1 22.0 22.7
Mean 22.4 23.9 24.3 23.9 24.6 24.0 20.5 19.7 21.3 22.4 22.4 23.9 22.7

Source: National Meteorology Service Agency, Addis Ababa Head Office
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