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XII

Effects of Blended NPS Fertilizer Rates on Yield Components and

Yield of Bread Wheat (Triticum aestivum L.) varieties

at Jarso District, Eastern Ethiopia

ABSTRACT

Use of inappropriate fertilizer type and rate, cultivation of unimproved low yielding
varieties and low soil fertility are among the major constraints limiting the productivity
of wheat in Ethiopia in general and in particular to the study area. Thus, field experiment
was initiated to evaluate the effects of blended NPS fertilizer rates on yield components
and yield of bread wheat varieties and to identify economically feasible rates of blended
NPS fertilizer in the study area. The experiment was laid out in RCBD with three
replications in which three bread wheat varieties (Ogolcho, Jalane and Sanate) and five
levels of blended NPS fertilizer (0, 50, 100, 150 and 200 kg ha-1) in a factorial
combination were evaluated. The results showed that all characters of the bread wheat
varieties were significantly affected (p<0.01) by main effect of variety and blended NPS
fertilizer. The highest (8.67cm) and the lowest (6.62cm) spike length, (64.56) and (44.56)
kernels per spike were obtained from plots received 200 kg NPS ha-1 and from control,
respectively. While, the highest (0.43) and the lowest (0.36) harvest index was obtained
from 150 kg ha-1 NPS. The two main factors interaction affect only number of total tillers,
number of productive tillers, above ground biomass, grain and straw yield. The highest
(379.6) and the lowest(128.1) productive tillers was recorded from the combined
application rate of 150 and 0 kg ha-1 NPS fertilizer with Sanate and Jalane varieties,
respectively. Whereas, the highest (6424 kg ha-1) and the lowest (2701 kg ha-1) grain
yield was recorded from the combined application rate of 200 and 0 kg NPS ha-1
fertilizer with Sanate and Jalane varieties, respectively. The partial budget analysis
indicated that the highest net benefit of 82710 ETB ha-1 with a marginal rate of return
2305.8% obtained by planting of Sanate variety with the application of blended NPS
fertilizer at a rate of 150 kg ha-1. Based on the result of this study, it can be concluded
that the application of 150 kg ha-1 NPS and the growing of Sanate variety could be better
choice of the farmers of the study area to obtain high yield with higher rate of return.
However, since the experiment was conducted for one season at one location, it is
suggested that the experiment has to be repeated over seasons and locations using this
and other improved bread wheat varieties in order to give a comprehensive
recommendation.

Key words: Blended fertilizer, Economic analysis, Grain yield, Variety, Yield attributes.



1. INTRODUCTION

Wheat is a self-pollinating annual plant belongs to the true grass family poaceae and the

tribe Hordeae (Mollasadeghi and Shahryari, 2011) . It is one of the three cereals which is

the most cultivated in the world and dedicated itself about one third of the world’s arable

land (Emam, 2007). It ranks first in the world cereal crops accounting 30% of all cereal

food worldwide and is a staple food for over 7.6 billion people in as many as 43 countries

of the world (Reddy, 2004).

Wheat is an important cereal crop in Ethiopia, which is cultivated in a wide range of

altitudes (Hailu, 1991). Wheat can grow in the Ethiopian highlands, which are situated

between 6o and 16o N and 35o and 42o E, at altitude ranging from 1500 to 3000 m.a.s.l.

However, the most suitable altitude zones of wheat fall between 1900–2700 m.a.s.l

(Bekele et al., 2000). Wheat is used in different forms such as bread, porridge, soup and

roasted grain, and the straw of wheat is used for animal feed, hatching roofs and bed

decking (Amare et al., 2015). The two types of wheat are grown in Ethiopia; bread wheat

and durum wheat. The bread wheat production covered 15% in 1967 and 40% in 1991,

but currently, it covers about 60% of the total wheat area, while durum wheat covers

about 40% (Eyob et al., 2015).

Data from the Central Statistics Agency (CSA) in Ethiopia indicated that the observed

increase in wheat production over the last ten years was attributed both to expansion of

production area and adoption of improved technologies. For example, between 1995 and

2017 wheat production area increased from 0.8 million ha to 1.69 million ha, and yield

increased from 1.20 t ha-1 to 2.68 t ha-1, respectively (CSA, 2017). However, the large

increment of wheat in area and production is below the world’s average which is about 3

t ha-1. It is cultivated on about 1.69 million hectares and contributing about 4.54 million

tons of grain yields, accounting for 13.49 percent of total grain output in the country in

2016/2017 meher cropping season which makes Ethiopia the second wheat producer in

sub Saharan Africa next to South Africa (CSA, 2017).

Oromia region is the major wheat producer in Ethiopia with 2.5 million tons from the

production area of 872,252.80 hectares (CSA, 2016). In East and West Hararghe, the

total area under wheat production was 18289.94 ha and 4143.26 ha, respectively. The
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zonal average yield of wheat is 2.1 t ha-1 for East Hararghe and 1.9 t ha-1 for West

Hararghe Zone, which is less than the national average of 2.5 t ha-1 (CSA, 2016/17). The

national average yield for wheat is 2.5 tons ha-1 which is lower than the world average

yield (3.19 tons ha-1) (FAOSTAT, 2013).

The yield gap between the country and other world might be attributed by many factors

both biotic and a biotic factor such as disease and pests , poor management practices,

poor soil fertility and moisture stress ( MOA, 2012) that hinders the potential production

of the crop. Low soil fertility and, cultivation of unimproved low yielding varieties, use

of inappropriate fertilizer type and rate, inadequate level of technology generation and

adoption are the most significant constraints limiting wheat production in Ethiopia and

including study area. Thus, addition of nutrients such N, P and S, and developing wheat

cultivar with durable resistance to diseases, insect and stress of moisture and drought is

important to increase yield and yield components of wheat, be it for consumption or

industrial purpose. Among the several factors responsible for low yield in Ethiopia, the

use of unbalanced rate of fertilizers is important agronomic practices, so research on

these limiting factors will surely lead to high yields of wheat crop.

Nitrogen is the major nutrient affecting wheat yield and quality. Yields of cereals have

been reported as being roughly proportional to amount of N applied (Greenwood, 1981).

Increased yield of wheat occurs on all soils with increased rate of N application, but such

increases are reported more frequently on heavy clay soils. Several reports have also

indicated that increased usage of N fertilizer is considered as a primary means of

increasing the productivity of wheat grain in Ethiopia (Asnakew et al., 1991; Tanner et

al., 1993; Amsal et al., 2000). Nitrogen is considered as the most deficient nutrients in

soils of Ethiopia (Asnakew et al., 1991; Wakene et al., 2014). Increasing N fertilizer

greatly affected grain yield and quality of wheat such as protein content, wet gluten and

zeleny values (Dawit et al., 2015).

Phosphorus is the second most limiting nutrient for crop production next to nitrogen and

soils are also low in available phosphorus (Asnakew et al., 1991; Schulthesis et al., 1997;

Wakene et al., 2014). Plants deficient in phosphorus are stunted and in contrast to those

lacking nitrogen, 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
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often delayed in P deficient plants as compared to plants receiving abundant phosphate

(Marschner, 1995).

Sulfur (S) 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 phosphorus

(Ali et al., 2008). The deficiency of sulfur results in stunted growth, reduced plant height,

tillers, spikelets and delayed maturity. Sulfur deficient plants have also less resistance

under stress conditions (Doberman and Fairhurst, 2000). 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 is quite slow (Johnson,

1999). Its fertilization enhances the uptake of N, P, K and Zn in the plant.

According to Ethio-SIS (2014) in addition to N and P reported that the deficiency of K, S,

Zn, B and Cu in major Ethiopian soils, S particularly in the study area studied was found

to be low. In general the farmers in most parts of the country and in particular Jarso

district have limited information on impact of different types and rates of blended

fertilizers except (100 kg urea and 100 kg DAP ha-1), effect of blended NPS fertilizers on

yield components and yield of wheat unknown even though currently being used by the

farmers in study area. Improved wheat Varieties are one of the factors which play an

important role in producing higher yield of wheat (Dercon et.al., 2009; Byerlee et al.,

2007). Moreover, the response of wheat plant to application of fertilizer varies with

varieties, rainfall, soils, agronomic practices, expected yield. Thus, there is a need to

conduct location specific recommendation on the fertilizer rates for major varieties to

increase the productivity of bread wheat. Therefore, this study is initiated with the

following objectives:

 to evaluate the effects of blended NPS fertilizer rates on yield and yield

components of bread wheat varieties; and

 to identify economically feasible rate (s) of blended NPS fertilizer in the study

area
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2. LITERATURE REVIEW

2.1. Adaptation and distribution of Wheat

Wheat is a self-pollinating annual plant that belongs to the genus Triticum and the true

grass family poaceae and the tribe Hordeae that grown as staple food sources in the

world (Mollasadeghi and Shahryari, 2011). It is one of the most important cereal crops

globally which is cultivated worldwide and one of the first crops to be domesticated

10,000 years ago and is the main food for about one third of the world’s population

(Hussain et al., 2002). It is exclusively produced under rain fed conditions (long and

short rainy seasons), respectively. The species of Triticum and their close relatives can be

divided into diploid, tetraploid (T. turgidum sub sp. Durum) and hexaploid bread wheat

(Triticum aestivum L) groups, with chromosome numbers of 2n = 14, 28 and 42,

respectively, in which the basic chromosome number of wheat is x = 7 (Abu, 2012).

In Ethiopia, the crop is grown at an altitude ranging from 1500 to 3000 meters above sea

level (masl), between 6-16° N latitude and 35-42° E longitude. The most suitable

ecological zones, however, fall between 1900 and 2700m a.s.l (Bekele et al., 2000).

Wheat in Ethiopia is produced from 1600-3200 masl. However, wheat is best grown from

1800-2800 m a.s.l with average temperature of 15-25° C. On the average, rainfall of 400-

2000 mm is required. The distribution of rainfall throughout the crop growth period is

very important. Wheat can be produced on different soil types such as black clay soils,

red and brown soils. Sandy soils and soils with problems of water logging are unsuitable

for wheat production. Suitable soil pH for wheat ranges from 5.5-8.0 (MoA, 2012).

2.2. Production and Importance of Wheat in Ethiopia

Wheat is one of the most important among all cereals cultivated in Ethiopia. Ethiopia is

the second largest producer of wheat in sub-Saharan Africa following South Africa and

about 1.69 million hectare of land is cultivated in 2016/2017 cropping season for both

bread and durum wheat production (CSA, 2017). In area of production, wheat ranks 4th

after teff, maize, and sorghum and 3rd in total grain production after maize and teff and 2nd

in yield to maize. It is cultivated by 4.846 million farmers and accounts for more than
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15.63% of the total cereal production and 4.54 million tons of wheat was produced on an

area of 1.69 million ha in 2016/2017 cropping season (CSA, 2017).

Despite the large area under wheat, the national average yield in Ethiopia is about 2.68 t

ha-1 (CSA, 2017). This is completely below the world’s average wheat is about 3 t ha-1.

However, Data from the Central Statistics Agency (CSA) in Ethiopia indicated that the

observed increase in wheat production over the last ten years was attributed both to

expansion of production area and adoption of improved technologies. For example,

between 1995 and 2017 wheat production area increased from 0.8 million ha to 1.69

million ha, and yield increased from 1.20 t ha-1 to 2.68 t ha-1, respectively (CSA, 2017).

Oromia region is the major wheat producer in Ethiopia with 2.5 million tons from the

production area of 872,252.80 hectares (CSA, 2016/2017). Bread wheat is mainly grown

in eastern Ethiopia. Hararghe highlands are considered to be suitable for wheat

cultivation. Type of varieties grown in the Hararghe highlands and midlands including

Jarso disrrict are include Kubsa (HAR1685), Hidase (HAR710), HAR1522, ET13, ET30,

Pavon76 and various local genotypes specially Adulal (East Hararghe Rural

Development and agricultural office, 2009 and 2010). These varieties are old and

susceptible to rust disease. However, to day in the study area bread wheat varieties

including Ogolcho, Sanate and Jalane are selected based on their adaptability to aggro

ecological conditions and resistance to disease such as stem rust and yellow rust

(MOALR, Crop variety register, 2017). In East and West Hararghe, the total area under

wheat production was 18289.94 ha and 4143.26 ha, respectively (CSA, 2016). The zonal

average yield of wheat is 2.1 tons ha-1 East Hararghe and 1.9 tons ha-1 for West Hararghe

Zone, which is less than the national average of 2.5 tons ha-1 (CSA, 2016).

The crop is produced almost in all highland parts of the country with the major wheat

belt areas of Arsi and Bale areas of Oromia region; other areas of wheat production

include Shoa, Gojam and Gonder areas of the country; with minor production found

almost in all parts of the highlands (Hailu et al., 1991). Wheat is one of the important

cereal crops in the world and it has the widest distribution among cereal crops.

Substantial amount of wheat is produced in tropical and subtropical environments,

although the crop is more produced cereal in the temperate regions. Nutritionally, wheat

provides an optimum amount of energy (339 k cal of energy), protein (10.3g of protein),
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calcium (49 mg of calcium) and iron (1.5 mg of iron) per 100 g grain. Wheat is the most

widely grown crop in the world with its unique protein characteristics that serves as an

important source of food and energy (Cooke and Law, 1998). Mature wheat grains

contain 8–20% protein, which are divided into two major categories: prolamins including

gliadins and glutenins and non-prolamins consisting of water-soluble albumins and salt-

soluble globulin s (Singh and Skerritt, 2001).

Wheat produced in Ethiopia is used mainly for domestic food consumption, seed and

industrial use. For instance, in 2012/13 the household consumption accounted for 58

percent of the total wheat produced. Seed and sales accounted for about 19 percent each,

and the remainder is used for animal feed and as in kind payments for labor. Ethiopia

imports a large quantity of wheat grain compared to other crops. Approximately 1.74

million tons of wheat is imported annually and consumption is increasing much faster

than production due to the increasing rate of the population growth (World Fact Book,

2012). Annual wheat consumption in Ethiopia reached 4.2 million metric tons in 2012/13

from two million metric tons in 1995/96 (USDA, 2013). Wheat consumption growth is

higher in urban areas due to higher population growth, changes in life style, and the

rising prices for teff. In Ethiopia, bread wheat is used for different purpose. Its grain is

used to prepare a variety of local food such as Dabo, Dabokolo, Enjera, Kolo, Genfo,

Nifro, Tela etc. In addition to this the straw of wheat is used for animal feed and for

hatching of house (Mathewos et al., 2012).

2.3. Constraints of Wheat Production in Ethiopia

Despite the fact that 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. Recent estimates (CSA, 2017) showed that wheat farmers in

Ethiopia produce on average 2.53 t ha-1, which is far from the experimental yield of about

5 t ha-1 (MOA, 2012). Wheat is one of Ethiopian main staple crops in terms of both

production and consumption. For caloric intake, it is the second most important food in

the country behind maize. The yield has consistently lagged behind Africa’s and world

average yields. In 2012, for instance, Ethiopia’s wheat yield was 29 percent Kenyan

average, 13 percent below the African average, and 32 percent below the world average

yield. There is considerable variation in average wheat yields across regions and zones.
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For instance, the average wheat yield in some zones of SNPP (Hadiya and Siltie), and

Oromia (Arsi and Bale) where farm sizes are relatively large, and better ranged between

2.8 and 3 t/ha-1 than average yield (ranging from 1.7 to 2.2 t/ha-1) report from the most

parts of the Tigray and Amhara regions respectively (CSA, 2016).

The relatively low may be partially attributed to several socioeconomic, abiotic and

biotic constraints such as poor agronomic practices, low or erratic rainfall, the low level

of adoption of improved varieties and improved management techniques like low level of

fertilizer usage, plant diseases, weed infestation are major limiting factors in wheat

production in Ethiopia. In a 2012 national estimate on input, use indicates that only 8.4

percent were planted with improved seed and 48 percent of wheat areas were fertilized

(Spielman et al., 2011; MOA, 2012). Only about 1 percent wheat areas were cultivated

using improved seed-fertilizer package. Fertilizer application rates on fertilized lands are

estimated below the average recommended rates although blanket recommendation is

common in farmers, only about 39.27 percent of the wheat area was cultivated using

improved management and packages (CSA, 2016),which is unfortunate given the high

production response for combined use of improved seed and fertilizers in Ethiopia.

The Ministry of Agriculture in the year 2009 has indicated the national recommendation

of Urea and DAP (Di-ammonium Phosphate) were 100 kg ha-1, that farmers in most parts

of Ethiopia including eastern Ethiopia are using for bread wheat grain production without

considering the differences of soil types and fertility status. Similar to other parts of the

country, the farmers in eastern Ethiopia are using either the national recommendation

rates or different rates of Urea and DAP fertilizers on different bread wheat varieties or

local cultivars for grain production (Endale, 2010). But, this fertilizer contain only

nitrogen and phosphorus that may not satisfy the nutrient requirements of crops, as a

result yield of crop in the country is low. To overcome this Ministry of Agriculture of

Ethiopia has been recently introduced a new compound fertilizer (NPS) containing

nitrogen, phosphorous and sulfur with the ratio of 19% N, 38% P2O5 and 7% S as main

source (MoANR, 2013).

The fertilizer used from 1960s until now is nitrogen and phosphorus fertilizer only

irrespective of soil type and fertility status. Nutrient mining due to sub optimal fertilizer

use in one hand and Unbalanced fertilizer uses on other hand have favoured the
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emergence of multi nutrient deficiency in Ethiopian soils (Wassie et al., 2011); that in

part may contributed to fertilizer factor productivity decline experienced over recent past.

The national soil inventory data also revealed that in addition to nitrogen and phosphorus,

sulphur, boron and zinc deficiencies are widespread in Ethiopian soils, while some soils

are also deficient in potassium, copper, manganese and iron (EthioSIS, 2013/14), which

all potentially hold back crop productivity despite continued use of N and P fertilizers as

per the blanket recommendation. Improved wheat Varieties are one of the factors which

play an important role in producing higher yield of wheat ((Dercon et al., 2009; Byerlee

et al., 2007)). Moreover, the response of wheat plant to application of fertilizer varies

with varieties, rainfall, soils, agronomic practices, expected yield. Thus, there is a need to

conduct location specific recommendation on the fertilizer rates for major varieties to

increase the productivity of bread wheat.

Most Ethiopian soils are deficit in nutrients, especially nitrogen and phosphorus and

fertilizer application has significantly increased yields of crops (Tekalign et al., 2001).

The causes for severe deficiency of most of the major nutrients (nitrogen and phosphorus)

in Ethiopian highlands and midlands are the huge loss of soil from agricultural land,

which is estimated to be 137 t ha-1 per year; approximately an annual loss of 10 mm soil

depth (Zeleke et al., 2010). Fertilizers, particularly those containing nitrogen and

phosphorus, are the major input affecting wheat yield and quality.

As in many other tropical and sub- tropical regions, soils in the high lands of Ethiopia,

usually have low levels of essential plant nutrients and organic matter content, specially

low availability of N and P has been demonstrated to be a major constraint to wheat

production in Ethiopia. This is largely a consequence of the cereal dominated mono-

cropping system resulting with the continuous nutrient mining through removal by plants

and no consideration for the replenishment through application of either mineral or

organic fertilizer sources (Amsal et al., 2000). Apart from the development of high

yielding varieties and their use the use of appropriate agronomic practices in wheat

production is indispensable for high and sustainable yield.
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2.4. Effects of varieties on yield components and yield

Varieties are one of the factors which play an important role in producing higher yield of

wheat (Alam and Jahan, 2013). Studies on Assessment of Prevalence and Severity of

Wheat rusts in wheat growing areas of Eastern Hararghe and efforts in managing these

disease showed that in Jarso District during year 2014 main cropping season varieties of

bread wheat Digalu, Danda’a, Mada walabu, Shorima and local were tested using

Fertilizer rate of 150 kg ha-1 for DAP and 100 kg ha-1 urea uniformly to all plots. Urea

was applied with DAP all at sowing and Urea half at sowing and half at stem elongation

stage respectively. The highest grain yield of 74.33 qt ha-1 was record by Digalu followed

by Danda’a (71.94 qt ha-1) then Madawelabu (65.02 qt ha-1). The least grain yield

(48.38qt ha-1) was recorded by local variety (Samuel et al; 2014). However, these

varieties are today old and susceptible to disease. Now a day three varieties of bread

wheat Ogolcho, Sanate and Jalane are selected based on their adaptability to agro

ecological conditions and rut disease resistance such as stem rust and yellow rust. Wise

use of fertilizers increase crop yield and production; the reverse will lead to decline in

production and ecological imbalance. Efficient use of fertilizers depends on

performances of variety. So that cultivar selection plays a very important role in

determining grain yield (Brian et al., 2007)

2.5. Effect of N Fertilizer on Yield and Yield Components

Nitrogen is the major nutrients affecting wheat yield and quality. Yields of cereals have

been reported as being roughly proportional to amount of N applied (Amsal et al., 2000).

Increased yield of wheat occurs on all soils with increased N rate, but such increases are

reported more frequently on heavy clay soils and have also indicated that increased usage

of N fertilizer is considered a primary means of increasing wheat grain yield in Ethiopia

(Asnakew et al., 1991). It is involved in all major processes of plant development and

yield formation. Besides, a good supply of nitrogen to the plant stimulates root growth

and development as well as uptake of other nutrients (Brady and Weil, 2002).

Nitrogen is important in determining the final grain yield of wheat during the rapid phase

of crop development because it is required for high rates of spikelet initiation,

improvement of spikelet fertility, and increasing grains per fertile spikelet and for
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biomass formation, higher correlation existed between grain yields and the concentration

of nitrogen in plants at tillering, jointing and dough stages and they indicated that the

amount in plant at jointing gave the best estimate of the grain. Increasing levels of

nitrogen under different soils and management conditions increase grain and dry matter

yields, number of kernels per head and plant height of wheat (Amsal et al., 2000).

When plants are deficient in N, they become stunted and yellow in appearance. Nitrogen

deficiency in cereals is characterized by poor tillering and the number of ears per unit

area and also the number of grains per ear are reduced (Mengel and Kirkby, 1996). The

grains are small, but often relatively high in protein content, due to a decrease in the

import of carbohydrate into grains during the later stages of the grain filling (Mengel and

Kirkby, 1996). Several researchers in Ethiopia have reported the role of N in wheat

production in the highlands as substantial changes in yield and yield components have been

effected with the application of N fertilizer (Amanuel et al., 2000; Tilahun et al., 2000). The

total wheat N up take increased with increasing N 0 to 200 kg N/ha application (Damene,

2003).

Nitrogen application affects the number of seedlings and spikes m-2where the number of

plants per meter square was found to increase from the control level of nitrogen to 200kg

ha-1. A maximum number of plants per meter square (351.4) were recorded when the N

dose was 200 kg ha-1 whereas the minimum number of plants per meter square (189.8)

was recorded in the control treatment. Similarly, Hussain and Shah (2002) reported that

increasing nitrogen application increased the number of productive tillers per unit area.

Tilahun et al. (2008) found that fertilized plots produced more spikes than the control and

adequate nitrogen availability, which might facilitate the tillering ability of the plants,

resulting in a greater spike population.

Ali et al. (2005) reported significance influence of N fertilizer rates on wheat tiller

production. In which N application at the highest rate of 210 kg ha-1 produced the highest

number of productive tillers (584.31 m-2), which was significantly higher than the

number of tillers at the lower nitrogen rates (0, 70 and 140 kg N ha-1). With each

increment of the nitrogen, application number of productive/effective tillers increased

significantly. They attributed that the increase in number, might occur due to a better

response of cultivars to nitrogen application at tillering stage. Similarly, Akram (2000)
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reported an increase in the number of tillers per plant of wheat because of an increased

amount of nitrogen to the soil. Plant height is another parameter that reveals the overall

vegetative growth of the crop in response to various management practices (Ali et al.,

2005). Application of different levels of nitrogen significantly increased the plant height

at maturity.

Iqtidar et al. (2006) found that increased N application (0 to 200 kg N ha-1) resulted in

significantly higher numbers of grains per spike as compared to the control treatment. A

maximum number of grains per spike (59.1) were produced when the nitrogen rate was

200 kg ha-1. Iqtidar et al. (2006) reported that a number of spikelets per spike and grains

per spike depend on florets initiation which is affected by varying N supply at different

stages of development. Grain yield per spike was more dependent on the number of

productive/effective spikelets per spike and the number of grains per productive spikelets.

Biomass yield is reflected by growth parameters like a total number of plants, tillers per

unit area and final plant height (Ali et al., 2005). Iqtidar et al. (2006) obtained that

biological yield increased as the amount of N applied was increased from the control

level to 200 kg ha-1. Maximum biological yield (9.6 t ha-1) was recorded at 200 kg N ha-1,

which was not significantly different from the recommended dose of nitrogen (100 kg ha-

1). The same author indicated that increasing rates of N application increased biological

yield in which maximum yield was obtained in plots treated with highest N rate (200 kg

ha-1). His reports also indicated N application at the rates of 70, 140 and 210 kg ha-1

resulted in significantly higher straw yield than the yields observed under zero N rates.

Khursheed and Mahammad, (2015); Solomon and Anjulo (2017) reported a beneficial

effect of N application on wheat. They reported that plant height, numbers of tillers,

spike length, number of spikelet’s and grains per spike, grain and straw yields of wheat

increased with increasing N to the optimum level. Bereket et al., (2014) reported that

higher application of nitrogen fertilizer significantly increases the seed yield of bread

wheat. The level of N fertilization is very important which strongly affects the yield as

well as the physical properties of the wheat grain. Solomon and Anjulo, (2017) indicated

that N could be an important limiting factor for wheat yield by contributing to the

determination of grain number through the development of the spikes. Yield and yield

components of high yielding varieties generally increase by increasing level of N
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fertilization (Behera et al., 2000). However, when N fertilizer applied at rates greater

than required for maximum yields plant nitrogen use efficiency decreases.

2.6. Effect of Phosphorus on Yield Components and Yield of wheat

The high yield potential of modern wheat cultivars required high supplying phosphorus

fertilizer (Clark, 1990) as phosphorus plays a vital role in the storage and transfer of

energy within the cells, speeds up root development, and higher grain protein content.

Phosphorus 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).

Phosphorus deficiency is a common soil problem in the area having a calcareous nature.

It is, therefore, imperative to manage it properly to achieve maximum benefits (Malik et

al.,1992). However, more than 80% of added P to such soil will be fixed, and only a part

of it get dissolved in the soil solution which may be either taken up by plants or

precipitates (Leytem and Mikkelsen, 2005). Plants deficient in phosphorus are stunted

and in contrast to those lacking nitrogen, 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, 1995). Minimum number of tillers was due

to the deficiency of P that directly altered the normal pattern of tiller emergence by

inhibiting the emergence of leaves on the main stem and reducing the rate of tiller

emergence (Daniel et al., 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 due to the role of P in emerging radical and seminal roots during seedling

establishment in wheat, by increased P application (Daniel et al., 1998). Endalkachew

(2006) who 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 P2O5 increased up to 69 kg ha-1.
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The research conducted at varies locations in northwestern Ethiopia showed that the

highest biological and grain yield produced by the application of the highest P fertilizer

rate of 92 kg P2O5 ha-1 and 184 kg N ha-1 (Minale et al.,2006). Baraich et al. (2012)

conducted that application of 90 kg ha-1 P fertilizer resulted in maximum values for plant

height (84.05 cm), number of tillers (6.36 plant-1), spike length (10.85 cm), number of

grains (66.33 spike-1), seed weight (48.38 g) and grain yield (4504.33 kg ha-1). While

analyzing the increase percent in growth and grain yield components in treated plots over

control, it was observed that 90 kg P ha-1 treatment resulted in an increase of 103.11% in

plant height, 97.51% in tillers plant-1, 90.01% in spike length, 84.04% in number of

grains spike-1, 92.82 % in seed index and 115.89% in grain yield ha-1 over control.

Damene (2003) reported that an increase in the number of spikes was significantly higher

due to the application of 40 kg P ha-1 than that recorded the application of 20 and 10 kg P

ha-1 and the control, while no significant differences were observed between 30 and 40

kg P ha-1. Kaleem et.al. (2009) who recorded maximum yield of 3557 kg ha-1 by the

application of 128-128kg ha-1 (NP) ratio 1:1 which was indicating importance of

phosphorus at its highest dose in achieving maximum wheat productivity.

2.7. Effect of Sulfur Fertilizer on Yield Components and Yield

Sulfur (S) 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

phosphorus(Ali et al., 2008). It is a building block of protein and a key ingredient in the

formation of chlorophyll. Without adequate S, crops cannot reach their full potential in

terms of yield or protein content. 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 conditions (Doberman and Fairhurst, 2000). Sulfur

deficiency also decreases grain size and baking quality because of formation of disulfide

bonds formed from the sulphydryl groups of cysteine. This affects the visco elasticity of

dough. Its fertilization helps 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.
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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 is quite

slow (Johnson, 1999).

Shivran and Yadav (2013) conducted an experiment to study the effect of NP fertilizers,

and sulphur on growth, yield attributes, yield and quality of cluster bean and residual

effect of NP fertilizers, and sulphur on grain yield of succeeding wheat. The successive

increase in sulphur up to 40 kg S ha-1 recorded significantly higher seed and straw yields

of cluster bean. Saeed et al. (2012) conducted an experiment to estimate the effects of

sulfur and nitrogen application both as soil as well as foliar fertilization on growth factors

and straw yield of wheat cultivars. They stated that the soil and foliar application of

nitrogen at 100-120 kg N ha-1and sulfur 20-35 kg ha-1 in split doses at various growth

stages could be practiced to get appreciable growth and yield of the wheat crop. Tazeh et

al. (2012) stated that application of compost and sulphur might reduce soil pH, increase

phosphorous, and some micro nutrient availability in soil. The increasing of sulfur

content up to 100 kg ha-1 caused a significant increase in wheat root and shoot growth as

well as nutrient uptake.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted at Afugug kebele (FTC), Jarso district, Eastern Hararghe

Zone during main rainy seasons from July 20 up to December 5 of 2019. Jarso district is

one of the many districts found in Oromia National Regional State, which is located in

eastern part of the Country. It is located at a distance of 561 km eastwards from Addis

Ababa and 36 km from the zonal capital, Harar city. Jarso woreda is found at latitude of

55°.36'31” N and longitude of 38°58'91”E at an altitude of 1050-3030m a s l. The district

is bordered by the Harari regional state to the south, Kombolcha district to the west, Dire

Dawa to the north, and Gursum district to the east. The administrative center of this

district is Ejersa Goro. Afugug kebele is just on the South side of the main road to

Chenaksen.

The climatic condition of the district is a humid moisture condition, with a relatively

shorter growing season. The area receives annual rainfall of 650-950 mm with a bi modal

pattern extending from April to November. The mean annual minimum and maximum

temperature is 18°C, and 30°C, respectively. As far as the aggro-ecology of the area is

concerned, Highland, mid highland and lowland account for 28%, 55% and 17% of the

district, respectively. Afugug kebele is found 2 km from Ejersa Goro, and found at a

latitude of 09o29, 781‘ N and longitude of 042o14.867‘ E at an altitude of (2340 m above

sea level) (JWOA, 2019).

3.2. Experimental Materials

The three bread wheat varieties, namely; Ogolcho, Jalane and Sanate were used for the

experiment. The seeds of the varieties were obtained from Haramaya University wheat

improvement programme.
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Table 1. Descriptions of the bread wheat varieties
No Varieties Year

of
release

Sources of
Varieties
Institution

Adaptation Zone Maturity
(days)

Yield
under
research
site (t ha-1)

Altitude
(masl)

Rain fall
(mm)

1 Ogolcho 2012 KARC/EIAR 1500-2100 500-800 102 3.3-5.0

2 Sanate 2014 SARC/ OIA R/ 2300-2600 750-1500 109-117 3.4-6.7

3 Jalane 2017 HU 1790-2200 >650 141 2.7-3.2

Source: MOANR, Crop variety register, 2016; MOANR, Crop variety register, 2017).
HU= Haramaya University, KARC/EIAR=Kulumsa Agricultural Research Centre,
Ethiopian Institute of Agricultural Research, SARC/OARI=Sinana Agricultural Research
Centre, Oromia Institute of Agricultural Research

3.3. Soil Sampling and Analysis

Soil samples were taken in zigzag pattern before planting randomly from the

experimental site at a depth of 0-30 cm across the experimental field using auger and was

com posited. Then, the composite sample was air-dried at room temperature under shade

and the samples were mixed thoroughly to produce 1.0 kg of a representative composite

sample. The composite sample was submitted to Haramaya University soil testing

laboratory. Then in the laboratory, it was ground to pass through a 2 mm sieve whereas

for organic carbon (OC) and nitrogen (N) determination, the soil was ground to pass

through a 0.2 mm sieve. The soil sample was analyzed for selected physico-chemical

properties mainly for soil texture, soil pH, cation exchange capacity (CEC), total N, and

available P and S following standard laboratory procedures at Haramaya University soil

testing laboratory.

3. 4. Treatments and Experimental Design

The treatments were arranged in a factorial combination of three bread wheat varieties

(Ogolcho, Jalane, and Sanate) and five levels of blended NPS fertilizer rates (0, 50, 100,

150 and 200 kg ha-1) and currently recommended 100 kg ha-1 Urea fertilizer was applied

in split application for all treatments uniformly except control. The experiment was laid

out in a randomized complete block design (RCBD) with three replications in factorial

arrangement of 3x5=15 treatment combinations. Treatments were assigned to plots by

lottery method and each treatment appears only once within a replication. The gross size



17

of each plot was 1.2 m×2.5 m (3 m2) consisting of six rows and the distance between

adjacent plots and blocks was 0.5 m and 1 m apart, respectively. The net plot was 0.8 m

×2 m (1.6 m2) consisted of four rows of 2 m length. The outermost one row on both sides

of each plot and 25 cm of two ends was considered as border plants, and was not used for

data collection to avoid border effects.

Table 2.The combination of Varieties and Fertilizer of experimental

treatmentsDescription of the treatments

Treatment

code

Total Composition of

Fertilizer in the treatment

Treatment combinations (kg ha-1)

Varieties Fertilizer Treatments (kg ha-1) N P2O5 S

T2 Jalane 50 NPS + 100 Urea 55.5 19 3.5

T3 Jalane 100 NPS + 100 Urea 65 38 7

T4 Jalane 150 NPS + 100 Urea 74.5 57 10.5

T5 Jalane 200 NPS + 100 Urea 84 76 14

T6 Ogolcho control (no fertilizer) 0 0 0

T7 Ogolcho 50 NPS + 100 Urea 55.5 19 3.5

T8 Ogolcho 100 NPS + 100 Urea 65 38 7

T9 Ogolcho 150 NPS + 100 Urea 74.5 57 10.5

T10 Ogolcho 200 NPS + 100 Urea 84 76 14

T11 Sanate control (no fertilizer) 0 0 0

T12 Sanate 50 NPS + 100 Urea 55.5 19 3.5

T13 Sanate 100 NPS + 100 Urea 65 38 7

T14 Sanate 150 NPS + 100 Urea 74.5 57 10.5

T15 Sanate 200 NPS + 100 Urea 84 76 14

3.5. Experimental Procedures and Field Management

The experimental field was prepared by using hand implements (local plough ‘akafa’)

according to farmers‟ conventional farming practices. According to the design, the field

layout was prepared; the land was cleaned and leveled, each treatment was assigned

randomly to the experimental units within a block. Sowing was done as the experiment
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has planned 125 kg ha-1 in rows of 20 cm spacing manually by drilling on 20 July 2019

and covered lightly with soil (at the depth of 3-5 cm). The whole of NPS and half dose of

urea fertilizers were applied at sowing while the remaining half of urea was applied at

mid tillering crop stage as top dressing (33 days after sowing). The experimental plots

were received other agronomic practices uniformly for all plot treatments.

.

3.6. Data Collection

3.6.1. Phenology and Growth parameters

Days to heading (DTH): days to spike heading was determined as the number of days

taken from the date of sowing to the date of 50% heading of the plants from each plot by

visual observation.

Days to physiological maturity (DTM): days to physiological maturity was determined

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

yellow in straw color. It was recorded when no green color remained on glumes and

peduncles of the tagged plants, i.e. when grains are difficult to break with thumb nail.

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

(awns excluded) of 10 randomly tagged plants from the net plot area at physiological

maturity.

Spike length (cm): It was measured from the bottom of the spike to the tip of the spike

excluding the awns from 10 randomly tagged spikes from the net plot.

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

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

30o) indicate 25% lodging, 3 (30-45o) indicate 50% lodging, 4 (45-60o) indicate 75%

lodging and 5 (60-90o) indicate 100% lodging (Donald, 2004). The scales was

determined by measuring the angle of inclination of the main stem from the vertical line

to the base of the stem by visual observation

.
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3.6.2. Yield Components and Yield

Number of total tillers: Number of total tillers was determined from 0.5 m length of two

rows from the net plot and converted to per meter square of net plot at physiological

maturity by counting the number of tillers.

Number of productive tillers: Number of productive tillers was determined at maturity

by counting all kernel bearing spikes from 0.5 m length of two rows from the net plot and

converted to per meter square of net plot at physiological maturity.

Number of kernels per spike: The mean number of kernels per spike were computed as

an average of 10 randomly taken spikes from the net plot area.

Thousand Kernels Weight (g): Thousand kernels weight was determined based on the

weight of 1000 kernels sampled from the grain yield of each net plot by counting using

electronic seed counter and weighed with sensitive balance. Then, the weight was

adjusted to 12.5% moisture content.

Above ground dry biomass (kg ha-1): The above ground dry biomass was determined

from plants harvested from the net plot area after sun drying to a constant weight and

converted to kg per hectare.

Grain yield (kg ha-1): Grain yield was taken by harvesting and threshing the grain yield

from net plot area. The grain weight of each plot was recorded in kg and finally, yield per

plot was converted to kg ha-1. The yield was adjusted to 12.5% moisture content.

Adjusted grain yield= (100-MC) x unadjusted grain yield
100-12.5

Straw yield (kg ha-1): Straw yield was obtained as the difference of the total above

ground dry biomass and grain yield.

Harvest index (HI): Harvest index was calculated as the ratio of grain yield per plot to

the total above ground dry biomass yield per plot.
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3.7. Agronomic Efficiency (AE)

The fertilizer agronomic efficiency (kg kg-1): is defined as the economic production

obtained per unit of NPS applied. The agronomic efficiency was calculated using the

procedure described by Craswell and Godwin (1984) as: �‴㜱 �t
�t
� � �t �t ���㜱�t�

��㜱�t�
where;

AE stands for agronomic efficiency, Gf and Gu for grain yield in fertilized and

unfertilized plots, respectively, and Na for quantity of fertilizer applied.

3.8. Economic Analysis

The economic analysis was carried out by using the methodology described in CIMMYT

(1988) in which prevailing market prices for inputs at planting and for outputs at

harvesting were used. All costs and benefits were calculated on hectare basis in Birr.

Actual yield was adjusted downward by 10% to reflect the difference between the

experimental yield and the yield that the farmers could expect from the same treatment.

Adjusted grain yield (AGY) (kg ha-1) the average yield was adjusted downward by a

10% to reflect the difference between the experimental yield and yield of farmers.

Gross field benefit (GFB) (ETB ha-1) was computed by multiplying field/farm gate price

that farmers receive for the crop when they sell it as adjusted yield as GFB =

AGY×field/farm gate price for the crop.

Total variable cost (TVC) (ETB ha-1) was calculated by summing up the costs that vary,

including the cost of NPS, Urea, seed and the application costs.

The net benefit (NB) was calculated as the difference between the gross benefit and the

total cost that vary (TCV) using the formula NB = (GY x P) – TVC Where GY x P =

Gross Field Benefit (GFB), GY = Adjusted Grain yield per hectare and P = Field price

per unit of the crop.

Marginal Rate of Return (MRR %): This refers to the net income obtained by

incurring a unit cost of seed and fertilizer rates. For each pair of ranked treatments based

on net income, marginal rate of return (MRR %) was calculated using the formula

MRR (%) =Change in NB (NBb -NBa) ×100; where NBa NB with the immediate lower,
Change in TVC (TVCb -TVCa)

NBb = NB with the next higher, TCVa = the immediate lower TVC and TVCb = the next

highest TVC. The dominance analysis procedure as described in CIMMYT (1988) was
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used to select potentially profitable treatments from the range that was tested. The

discarded and selected treatments using this technique were referred to as dominated and

un dominated treatments, respectively. Then the treatment with the highest net benefit

and marginal rate of more than 100% was considered for the recommendation as

described by CIMMYT (1988).

3.9. Statistical Data Analysis

All data collected were subjected to analysis of variance (ANOVA) procedure using Gen

Stat 18th edition software (GenStat, 2015). Comparisons among treatment means with

significant difference for measured characters was done by using Fisher’s protected Least

Significant Difference (LSD) test at 5% level of significance.
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4. RESULTS AND DISCUSSION

4.1. Soil Physico-chemical Properties of the Experimental Site

The laboratory results of the analysis of the selected physico-chemical properties of the

soil before sowing was presented in Table 3. The analytical results of the experimental

soil indicated that the soil textural class was clay loam with a particle size distribution of

16% sandy, 36% silt and 48% clay. According to Hailu (1991), soil types used for wheat

production vary from well-drained fertile soils to water logged heavy Vertisols. Thus, the

soil of experimental site is suitable for the production of wheat. The pH of the soil was

6.9, which is neutral (Tekalign, 1991). FAO (2000) reported that the preferable pH

ranges for most crops and productive soils are 4 to 8. Mengel and Kirkby (1996),

reported optimum pH range of 4.1 to 7.4 for wheat production. Thus, the pH of the

experimental soil was within the range for productive soils for wheat.

The soil of the study site had 1.35% of organic carbon (OC) (Table 3), which is low

according to the rating of Tekalign (1991), who rated soils having OC value in the range

of 0.5-1.5% as low, indicating low potential of the soil to supply nitrogen to plants

through mineralization of organic carbon. The low amount of soil organic carbon might

be due to low addition of crop residues as smallholder farmers use the biomass of wheat

for animal feed in the study area. Tekalign (1991) has classified soil total N content of

<0.05% as very low, 0.05-0.12% as poor, 0.12-0.25% as moderate and > 0.25% as high.

According to this classification, the soil samples were found to have moderate level of

total N (0.132%) (Table 3), indicates that the nutrient to be a limiting factor for wheat

production in the study area.

The analysis revealed that the available P of the soil was 13.64 mg kg-1 (Table 3).

Indicative ranges of available phosphorus have been established by Olsen et al. (1954),

as <5 mg kg-1 (very low), 5-15 mg kg-1 (low), 15-25 mg kg-1 (medium), and >25 mg kg-1

of soil (high). Thus, the soil of the experimental site was considered as low in available P

content. The low available phosphorus in the soil is not satisfactory to get potential yield

from the crop. Thus, it is important to apply phosphorus fertilizer from external sources

based on the recommended rate. The analysis for available sulfur also indicated that the
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experimental soil had values of 6.98 mg/kg which is very low according to EthioSIS

(2014). Thus, indicating that the sulfur nutrient to be a limiting factor for wheat

production in the study area. This might be mainly due to poor sulfur containing parent

material of soil, land degradation, crop residue removal, crop uptake, low soil organic

matter, use of non-S containing fertilizers (only N and P containing fertilizers used).

Cation exchange capacity (CEC) is an important parameter of soil, because it gives an

indication of the type of clay mineral present in the soil and its capacity to retain

nutrients against leaching. According to Landon (1991), top soils having CEC greater

than 40 cmol (+) kg-1 are rated as very high and 25-40 cmol (+) kg-1 as high, and 15-25,

5-15 and < 5 cmol (+) kg-1 of soil are classified as medium, low and very low,

respectively, in CEC. According to this classification, the soil of the experimental site

had high CEC (34.45 cmol (+) kg-1 soil), indicating its high capacity to retain cations

(Table 3).

Table 3. Selected Physico-Chemical properties of the soil of the experimental site
Parameter Values Rating References

Soil texture

Clay (%) 48

Sand (%) 36

Silt (%) 16

Textural Class Clay loam Hailu (1991)

pH (1 : 2.5 H2O) 6.9 Neutral Tekalign (1991)

Total N (%) 0.123 Medium Tekalign (1991)

Organic Carbon (% 1.345 Low Tekalign (1991)

CEC[Cmol (+) kg1 soil] 34.45 High Landon (1991)

Available Phosphorus (mg/kg) 13.641 Low Olsen (1954)

Available Sulfur (mg /kg) 6.98 Very low EthioSIS (2014)
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4.2. Effects of NPS fertilizer rates on phenology and growth parameters

4.2.1. Days to heading and Days to maturity

Days to heading and days to maturity were highly significantly (p<0.01) influenced by

the application of blended NPS fertilizer and varieties. However, they were non-

significant by the interaction of blended fertilizer rates and varieties (Appendix Table 2).

The delayed days to heading and maturity observed in plots that received 200 kg NPS ha-

1, but the number of days required for days to heading had not a significant difference

with plot that received 0, 50 kg ha-1 and 150 and 200 kg ha-1NPS. Similarly, the days to

maturity attained in plots that applied with 150 and 200 kg ha-1 NPS had not significant

difference. Sanate and Jalane varieties took significantly higher duration to attain days to

heading than Ogolcho, whereas, Sanate had significantly delayed days to maturity than

the two varieties. The 8.78 (near 9) and 11.3 days to heading and maturity differences

observed between the plants that did not supply fertilizer and which received the highest

rate of 200 kg NPS ha-1 fertilizer, respectively (Table 4). The result of this study is in

agreement with the findings of Tagesse (2017) that indicated the significant influence of

blended NPS fertilizer on days to heading and days to physiological maturity of the bread

wheat. Sanate variety delayed by 7.6 and 35.5 days to heading and maturity, respectively

over Ogolcho wheat variety, as well as 4.87 and 24.5 days to heading and maturity than

Jalane variety (Table 4). This indicated either the varieties maturity is the function of a

genetic factor or the fertilizer applied.

The delayed days to heading and maturity tend to higher rates of NPS fertilizer though

inconsistency and a linear relationship is lacking. This indicated that higher amount of

the N content in the NPS fertilizer, which delays days to heading and maturity periods.

The inconsistent increasing trend with increased NPS fertilizer might be due to the

counteracting effects of P nutrition on N nutrition, because N tends to increase vegetative

growth, while P hastens it (Gemechu, 2011). Similarly, Damene, (2003) observed

significant differences of plant maturity due to the application of nitrogen on wheat.

Woinshet (2007) reported that more application of the N fertilizer delay maturity of

barley varieties. Suleiman et al. (2014) reported that five wheat varieties showed a

significant difference for days to heading and maturity.
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Table 4. Effect of varietal difference and rates of blended NPS fertilizer on days to
heading and maturity of wheat

Blended NPS Fertilizer

rate (kg ha-1)

Days to heading Days to Maturity

0 58.78c 112.4d

50 60.22c 114.8c

100 62.67b 118.0b

150 66.00a 122.0a

200 67.56a 123.7a

LSD (5%) 1.966 1.818

Varieties

Jalane 62.33b 113.7b

Ogolcho 59.60c 102.7c

Sanate 67.20a 138.2a

LSD (5%)

CV (%)

1.523

3.2

1.409

1.6

Mean values followed by the same letter(s) within a column in each trait and treatments
are not significantly different at P<0.05 and LSD (5%) =least significance difference at
P<0.05

4.2.2. Effects of blended NPS fertilizer rates on plant height, Spike length and
Lodging percent

Plant height and Spike length were highly significantly (p<0.01) influenced by the

application of blended NPS fertilizer rates and significant (0.05) effect by variety. But

Lodging percent was highly significantly (p<0.01) influenced by the application of

blended NPS fertilizer rates and varieties. However, they were non-significant by the

interaction of blended fertilizer rates and varieties.

.

Increasing the amount of blended NPS rates significantly increased plant height. The

maximum application rate of blended NPS (200 kg ha-1) resulted in the highest plant

height (81.38cm). As the NPS fertilizer rates increased from 50 to 200 kg ha-1 the plant

height increased from 72.04 cm to 81.38cm. While, application of blended NPS fertilizer

rates in most of the plots that received 0 and 50 kg ha-1 as well as 150 and 200 kg ha-1 of

fertilizer rates had non-significant differences. The increased plant height in response to
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increasing rate of blended NPS application might be due to the vital role of N fertilizer in

promoting the vegetative growth which resulted in significant increase in plant height.

Sanate variety had significantly maximum plant height (78.36cm), Jalane had the

shortest plant height (74.94cm); however, the mean plant height of this variety and

Ogolcho in most of the plots had not significant differences (Table 5). The differences in

plant height among the varieties could be attributed to the difference in their genetic

makeup or cell division rate that result in change in plant height of different varieties.

Moreover, this result is in line with results of Melesse (2017) who reported that

application of N and P fertilizer rates highly significantly (P<0.01) increased plant height

of bread wheat and recorded the highest height of 94.18 and 90.56 cm at applications of

69 kg N ha-1 and 30 kg P ha-1, respectively. Generally, as increasing blended fertilizer

plant height increases for all varieties except for some fertilizer level in which increasing

trend had not seen to some extent. NPS fertilizer has a great contribution to the vigorous

vegetative growth and development. The current study result was also in agreement with

the results of Abdul et al. (2014) who reported that tallness in wheat plants is mostly

associated with the genetic make-up of the variety.

Significantly, maximum mean value of spike length, which ranged from 7.89 to 8.67 cm

was recorded due to the application of 100 to 200 kg ha-1 NPS fertilizer (Table 5). The

treatment that received 150 and 200 kg ha-1 NPS fertilizer did not show significant

difference. The increase in spike length at the highest NPS rate might have been resulted

from improved root growth, increased uptake of nutrients and better growth due to

synergetic effect of the three nutrients. NPS fertilizer had ability to increase spike length

positively. The highest (8.10 cm) spike length was recorded from Ogolcho variety and

the lowest (7.46cm) was recorded from the Jalane variety (Table 5). This might be due to

different varieties which have different yield performing abilities genetically. This result

is in agreement with Otteson et al. (2007) who reported individual genotypes responded

differently to spike length for varying nitrogen rates on wheat.

Lodging is one of crop production factor which determine the yield of crop. The grain

yield was negatively correlated with crop lodging which may decline more than 10% of

wheat yield (Easson et al., 1993). The lodging percent was highly significantly (P< 0.01)

affected by the main effects of blended NPS fertilizer rates and varieties. However, the

interaction of blended NPS fertilizer and varieties was non-significant (Appendix Table
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3). The highest lodging percent (28.89%) was recorded at the application of 200 kg NPS

ha-1 with no significant differences to 150 kg ha-1. Whereas, the lowest lodging percent

(14.22%) was observed at zero blended fertilizer rates (Table 5). As the NPS fertilizer

rates increased from 50 to 200 kg ha-1 the lodging percent increased. However,

application of blended NPS fertilizer rates in most of the plots that received 150 and 200

kg ha-1 had non-significant differences. The highest lodging percent recorded at the

highest rates of NPS might have resulted from the higher internodes length, tall plant

height and weak stalks which are easily affected by wind. Over all, Sanate and Ogolcho

varieties were low in lodging. The highest lodging percent in Jalane might be due to the

vigorous plant height and weak stalk it possesses.

Table 5. Main effect of blended NPS fertilizer rate and variety on spike length, plant

height (cm) and Lodging percent of bread wheat

Mean values followed by the same letter(s) within a column are not significantly
different at P<0.05 and LSD (5%)= least significance difference at P<0.05

Blended NPS
Fertilizer rates (kg ha-
1)

Plant height
(cm)

Spike length
(cm)

Lodging Index
(%)

0 70.75c 6.62d 14.22d

50 72.04c 7.29c 17.00c

100 76.54b 7.81b 23.00b

150 80.66a 8.66a 28.00a

200 81.38a 8.67a 28.89a

LSD (5%) 2.32 0.44 1.37

Varieties

Jalane 74.94b 7.46b 25.00a

Ogolcho 75.52b 8.10a 20.67b

Sanate 78.36a 7.86a 21.00b

LSD (5%) 1.79 0.34 1.06

CV (%) 3.1 5.7 6.4
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4.3. Effects of blended NPS fertilizer rates on Yield Components and
Yield of bread wheat

4.3.1. Total tillers and Productive tillers

The analysis of variance showed that the number of total tillers and number of

productive tillers per m2were highly significantly (P<0.01) affected by the main effect of

NPS fertilizer rates and varieties. However, the interaction effects on Number of total and

productive tillers were found significant (0.05) (Appendix 1). The maximum number of

total tillers (397.7 m-2) and productive tillers (379.6 m-2) were recorded from the

combined application rates of (200 kg NPS ha-1) and (150 kg NPS ha-1) with Sanate

variety respectively. Whereas, the minimum number of total tillers (132.7 m-2) and

productive tillers (128.1 m-2) were recorded from the combination of (0 kg NPS ha-1)

with Jalane variety without significant differences with Ogolcho and Sanate varieties

respectively (Table 6).The highest number of tillers at the highest rates of NPS might be

due to the rapid conversion of synthesized carbohydrates into protein and consequently

the increase in number and size of growing cells, ultimately resulting in increased

number of tillers. The highest number of productive tillers at the highest NPS rates might

be that increasing NPS fertilizer favored more tillering as result the more number of

fertile tillers were obtained.

The number of total tillers and productive tillers increases as NPS fertilizer increase. This

is due to nitrogen and phosphorus fertilizer increases total number of tillers and

productive tillers per unit area. It agrees with the result obtained by Prystupa et al. (2004)

showed that a number of productive tillers/plant were affected significantly by NP

fertilizer application on barely. Additionally, Maqsood et.al. (1999) reported that the

increase in the number of fertile tillers with increasing nitrogen levels could attribute to

the well-accepted role of nitrogen in accelerating the vegetative growth of wheat.

Accordingly, Sanate variety had better performance than Ogolcho and Jalane vaieties.

Sanate variety had performed by 18.5% of total number of tillers and 18% of productive

tiller than Ogolcho and 26% of total number of tillers and 27.25% of productive tiller

than Jalane variety, respectively. The differences in the number of tillers produced by

different responses of different genotypes to various management variable and
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environments with respect to growth attributes might be the inherent nature of the variety,

which would produce different numbers of the productive tiller in the given

environmental conditions. Sufficient amount of growth and development of plants owing

to the essential elements under blended NPS fertilizer. The present study also agrees with

Wu et al. (1998) and Lafarge et al. (2004) observed that the varietal differences with

respect to tillering capacity in rice crop. Similarly, Jemal et al. (2015) also reported that

significant difference of the bread wheat varieties on number of total tillers and

productive tillers. The varieties which had more of the productive number produce more

number of grain yield ha-1. This would be due to the number of productive tiller is an

important yield component that directly contribute to the final grain yield of the crop.

Table 6. Interaction effects of the NPS fertilizer and variety on total number of tillers / m2

Blended NPS

Fertilizer kg ha-1
Variety

Jalane Ogolcho Sanate

0 132.7f 147.2ef 153.1ef

50 152.3ef 177.2e 214.0d

100 237.6d 235.7d 289.8bc

150 274.3c 317.3b 389.3a

200 286.5bc 308.3bc 394.7a

LSD 36.30

CV 8.8

Means in columns and rows followed by the same letter(s) are not significantly different;
LSD=least significant difference at P<0.05
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Table 7. Interaction effects of the NPS fertilizer and variety on number of productive
tillers

Blended NPS

Fertilizer (kg ha-1)

Variety

Jalane Ogolcho Sanate

0 128.1f 138.1f 141.0f

50 141.0f 163.7f 203.9e

100 224.8de 224.3de 280.1bc

150 258.3cd 299.0b 379.6a

200 271.3bc 301.4b 376.0a

LSD 37.61

CV 9.6

Parameters followed by the same letters within a column are not significantly different;
LSD=least significant difference at P<0.05.

4.3.2. Kernels per spike and Thousand kernels Weight

The analysis of variance showed that the number of kernels per spike and Thousand

kernels weight were highly significantly (P<0.01) affected by the main effect of NPS

fertilizer rates and variety. However, the interaction effects blended NPS fertilizer and

variety on kernels per spike and thousand kernels weight were found non significant

(Appendix 4). Sanate variety had significantly higher (9.6%) and (4%) number of kernels

per spike than Jalane and Ogolcho varieties, respectively (Table 8). Number of kernels

per spike is associated with the number of spikelets per spike, number of florets per

spikelet as well as efficiency of pollination and seed developing in florets. This can be

attributed to varieties that show differences in their performance abilities on the number

of kernels per spike. This agree with Abdi (2016) who reported significant difference

among wheat varieties on number of kernels per spike.

Application of 200 kg ha-1 NPS fertilizer increased number of kernels per spike by 35%

than treatment without fertilizer. The plot that received 150 and 200 kg NPS ha-1 did not

show significant difference. The highest number of kernels per spike at the highest NPS

rate might be due to higher uptake of wheat at higher levels that resulted into enhanced

number of grains per spike due to its involvement in grain formation and development.

The probable reason for increased number of kernels per spike with increased rate of
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NPS might be that phosphorus plays an important part in many physiological processes

that occur within a developing kernels and involved in enzymatic reactions in the plant

and in the development of kernels. This indicated that the NPS fertilizer influence more

on yield contributing factors like spike length, number of kernels per spike and thousand

kernel weights. Mesfin, and Zemach, (2015) indicated that application of 69/30 NP Kg

ha-1 fertilizer increase number of seeds per spike up to (42.6) than control (36.3)

treatments on barley. In agreement with this result, Nasser and El-Gizawy (2009)

reported the highest number of kernels per spike of 69.85 at 90/45 kg N/P2O5 ha-1 for

wheat. Similarly, Yasir et al. (2015) reported the maximum number of wheat kernels per

spike (56.4) as treated by at 140 kg N ha-1 and 20 kg S ha-1 at sowing and at anthesis,

respectively. Likewise, Workineh et al. (2015) who reported the highest number of

kernels per spike (38.83) of wheat from the maximum fertilizer (138/115 N/P2O5 kg ha-1).

Application of 200 kg NPS ha-1 increased by 15.9% over treatment that did not received

fertilizer, without a significant difference with treatment that supplied 150 kg NPS ha-1.

The treatment that supplied with 0 to 100 and 150 with 200kg NPS ha-1had not showed

significant difference in their mean values (Table 7). As general the result showed that

increasing blended NPS fertilizer thousand kernels weight increased significantly. This

might be due to the provision of balanced nutrients application have enhanced

accumulation of assimilate in the grains and thus resulting in heavier grains of wheat,

adequate and better nutrition of the plants resulted in good grain filling and development

of better seed size. Similar to this result Alam et al. (2003) who reported that besides

seed yield and weight of thousand kernel varied significantly due to increasing levels of

sulfur and nitrogen fertilizers. This might be because of the contribution of nutrients in

the photosynthesis process and movement of its photosynthesis products to storage

organs (seeds). Contrasts with the finding of (Tamrat (2006); Ali et al. (2007); and Ali et

al. (2008) who reported that nitrogen and phosphorous fertilizers did not have a

significant effect on thousand seed weight.

Jalane variety had significantly the maximum (47.33g) thousand kernels weight than

Ogolcho and Sanate varieties. This might be the genetic nature of the crop may differ in

performance during the grain filling period that gives the highest thousand seed weight.

This result is related with the findings of Ayoub et al. (1994) who reported that the
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thousand seed weight is an important yield-determining component, which is reported to

be a genetic characteristic of cultivars in wheat.

Table 8. Effect of the varietal difference and NPS fertilizer on Number of Kernels per
Spike and Thousand Kernels Weight (g) of wheat

Blended NPS Fertilizer

rates (kg ha-1)

Kernels per

Spike (no)

Thousand Kernels

Weight (g)

0 44.56d 40.33c

50 50.67c 41.67bc

100 57.00b 43.33b

150 63.67a 46.11a

200 64.56a 47.33a

LSD (5%) 2.99 1.697

Varieties

Jalane 53.33c 47.33a

Ogolcho 56.20b 43.73b

Sanate 58.73a 41.93c

LSD (5%) 2.317 1.315

CV (%) 5.5 4

Mean values followed by the same letter(s) within a column are not significantly
different at P<0.05 and LSD (5%)=least significance difference at P<0.05

4.3.3 Above Ground Dry Biomass Yield and Grain Yield

As the analysis of variance revealed; the above ground dry biomass yield and Grain

Yield were highly significantly (p<0.01) affected by the main effect of variety, NPS

fertilizer and Interaction. The highest above ground dry biomass yield (15,132 kg ha-1)

was obtained at combination of the highest rates (200 kg ha-1 blended NPS fertilizer) with

Sanate variety. Whereas, the lowest above ground dry biomass yield (7617 kg ha-1) was

recorded in response to the application of zero level of blended NPS fertilizer with

Jalane variety (Table 8). Above ground dry biomass yield had increased with increase in

NPS rates from control to the highest fertilizer rates. This means that plot received 200

kg NPS ha-1 produced more above ground dry biomass yield by 30% than plot without

fertilizer. The increase in above ground dry biomass at the highest rates of blended NPS
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fertilizer might have resulted from improved root growth and increased uptake of

nutrients favoring better growth and delayed senescence of leaves of the crop due to

synergetic effect of the three nutrients (NPS). Nitrogen and phosphorus fertilizer

application enhance the vegetative growth of the wheat crop, and more tiller number

which ultimately increased biological yield with an increase in straw yield. This is due to

biomass yield is reflected by growth parameters like; a total number of plants, tillers per

unit area and final plant height.

This result agrees with Workine et al. (2015) who reported that the highest (11890 kg ha-

1) above ground biomass yield of wheat from higher 138/115 kg N/P2O5 ha-1. Similarly,

Melesse Harfe (2017) who reported that increasing the N/P fertilizer rate from 46/20 kg

N/P2O5 ha-1 to 69/30 kg N/P2O5 ha-1 for wheat biomass yield was increased from 10417

kg ha-1 to 11233 kg ha-1. Likewise, Dawit et al. (2015) who reported that increasing N

from 0 to 184 kg ha-1 and P from 0 to 138 kg ha-1 increased the above ground dry

biomass yield of wheat by about 70.1% and 40.6%, respectively. Similarly, Yasir et al.,

(2015) also reported the maximum above ground biomass yield of wheat (14,734.5 kg ha-

1) from 140 kg N ha-1 applied at sowing and 20 kg S ha-1 applied at anthesis.

Table 9. Interaction effects of the NPS fertilizer and variety on above ground dry biomass
yield of wheat
Blended NPS Fertilizer

rates (kg ha-1)

Variety VVVVVVV

Jalane Ogolcho Sanate

0 7617i 9005gh 9444fg

50 7922i 9689fg 10384ef

100 7765i 10787de 12226c

150 7806i 11105de 14018b

200 8298hi 11819cd 15132a

LSD 1073.8

CV 6.3

Means in columns and rows followed by the same letter(s) are not significantly
different; LSD=least significant difference at P<0.05

The highest grain yield (6424 kg ha-1) was obtained by the interaction of 200 kg ha-1NPS

with Sanate variety without significantly different with plot that received 150 kg ha-1.

Whereas, the lowest grain yield (2870 kg ha-1) was recorded at zero level of blended NPS
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fertilizer with Jalane variety (Table 9). The result showed grain yield of wheat increased

due to the increasing of blended NPS fertilizer. The highest grain yield at the highest

NPS rates might have resulted from improved root growth and increased uptake of

nutrients and better growth favored due to the synergistic effect of the three nutrients

which enhanced yield components and yield. Many research results also showed highest

grain yields obtained from the maximum sulphur applications Nehara et al., 2006.

Similarly, Baraich et al. (2012) stated that grain yield of the improved varieties of wheat

increased as increasing level of the phosphorus fertilizers. Sanate variety over yielded the

yield of Jalane and Ogolcho varieties by 32.15% and 7.87% kg ha-1 respectively (Table

9). This yield difference might be due to high tillering capacity and its genetic potential

of the variety Sanate. Similarly, Wogene and Agena (2017) reported the significant

variation in performance of bread wheat varieties on seed yield.

The current result agrees with the finding of Kaleem et al. (2009) who reported

maximum yield of wheat (3557 kg ha-1) by the application of 128-128 kg ha-1 (NP) ratio

1:1 which indicated the importance of phosphorus at its highest dose in achieving

maximum wheat productivity. Similarly, Workineh et al. (2015) reported that the highest

grain yield (4890 kg ha-1) was recorded at the highest rate of nitrogen and phosphorus

fertilization (138/115 kg ha-1 N/P2O5) while, the lowest grain yield (4270 kg ha-1) was

recorded at the lowest rate (46/46 kg ha-1 N/P2O5). Likewise, Melesse Harfe (2017)

reported that increasing the N/P fertilizer from (0/0 N-P kg/ ha) to 69/30 kg N/P2O5 ha-1

for wheat it was increased the grain yield from 2333 kg ha-1 to 4164 kg ha-1. The result is

also in line with the result of Yasir et al. (2015) who reported the maximum grain yield

of wheat (4463.5 kg ha-1) at 140 kg N ha-1 and 20 kg S ha-1.
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Table 10.Interaction effect of the NPS fertilizer and varieties on grain yield of bread
wheat

NPS Fertilizer

(kg ha-1)

Variety

Jalane Ogolcho Sanate

0 2701h 3354f 3508ef

50 2870h 3673e 4062d

100 2984gh 4387c 4937b

150 3210fg 4867b 6262a

200 3279fg 4978b 6424a

LSD 318.1

CV 4.6

Means in columns and rows followed by the same letter(s) are not significantly different;
LSD=least significant difference at P<0.05.

4.3.4. Straw Yield and Harvest Index

Straw yield and Harvest Index were highly significantly (p<0.01) affected by the main

effect of NPS fertilizer and variety. Interaction effects of blended NPS fertilizer rates and

varieties on straw yield and harvest index were significant (0.05) and non-significant,

respectively. The highest straw yield (6555 kg ha-1) was obtained from the highest rate

(200 kg ha-1) of blended NPS fertilizer, whereas the lowest straw yield (5502 kg ha-1) was

recorded in response to the application of zero level of blended NPS fertilizer. Moreover,

straw yield increased as blended NPS rates increases for all varieties; but, application of

0 with 50 kg ha-1 were non significant difference. Mean straw yield was highest for all

varieties at the highest rate of NPS. In general straw yield of Sanate was higher than that

of Jalane and Ogolcho varieties. This difference might be attributed to the higher

productivity of yield and yield components of varieties. This could help to understand

farmers’ preference to Sanate variety for animal feed.

The significant increase in straw yield in response to the highest application rate of

blended NPS fertilizer might have resulted increased uptake of nutrients and better

growth favored due to synergistic effect of the three nutrients produced higher plant

population which enhanced growth and yield components there by resulting in the

highest above ground biomass yield. The current result agrees with the finding of Nasser
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and El-Gizawy (2009) who reported increased straw yield of wheat with increase in NP

fertilizer rates up to 90/45 kg ha-1. Similarly, Bereket et al. (2014) reported highest straw

yield of bread wheat (6827 kg ha-1) at phosphorus rate of 92 kg P2O5 ha-1 and nitrogen

rate of 138 kg N ha-1.

The highest harvest index (0.43) was obtained from 150 kg ha-1 rates of blended NPS

fertilizer. Whereas, the lowest harvest index (0.36) was from 0 kg ha-1 NPS (control

treatment) (Table 10). Plots that received 0 and 50 kg ha-1 NPS were non-significant

different. The variety Sanate had greater mean harvest index (0.41) than Ogolcho (0.40)

and Jalane (0.38) varieties. Harvest index tended to increase with increased application

rates of NPS fertilizer until 150 kg ha-1. This might be due to greater photo assimilate

production and its ultimate partitioning into grains compared to partitioning in to straw,

i.e. proportionally higher grain yield than vegetative biomass yield. This result is similar

with the findings of Sharer et al. (2003) who reported higher harvest index (0.39) under

higher level of nitrogen and phosphorus (180/130 kg N/P ha-1) than application of lower

levels of the fertilizers. In contrary to this result, Dawit et.al. (2015) reported no

significant effect of N and P rates on harvest index of bread wheat. Similarly, contrasts

with Wogene and Agena (2017) finding who reported that harvest index was

insignificantly affected by wheat varieties.
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Table 11. Effects of varietal difference and NPS fertilizer on straw and Harvest index of
wheat at Jarso 2019
Blended NPS Fertilizer (kg ha-1) Straw yield (kg ha-1) Harvest index

0 5502c 0.36d

50 5797bc 0.37d

100 6157b 0.39c

150 6197b 0.43a

200 6555a 0.41b

LSD (5%) 477.8 0.0126

Varieties

Jalane 4873c 0.38b

Ogolcho 6229b 0.40a

Sanate 7202a 0.41a

LSD (5%) 370.1 0.0098

CV (%) 8.1 3.3

Mean values followed by the same letter(s) within a column in each trait and treatment
are not significantly different at P<0.05 and LSD (5%) =least significance difference at
P<0.05

4.4. Agronomic Efficiency (AE)

As the analysis of variance revealed the Agronomic efficiency was highly significantly

(p<0.01) affected by the main effect of NPS fertilizer rates and variety. However, an

interaction was significant (0.05). As the NPS level increased from 50 to 150 kg ha-1, the

agronomic efficiency increased from 3.69 to 11.04 kg grain per kg NPS in Sanate, from

2.13 to 6.05 in Ogolcho and from 1.13 to 2.04 in Jalane; but, decreased at application of

200 kg ha-1.

The highest agronomic efficiencies were obtained at 150 kg ha-1 blended NPS by the

three varieties; in Sanate (11.04), Ogolcho (6.05) and Jalane (2.04). In contrast to

Mellese, (2017) who reported that as the P level increased from 23 to 69 kg P/ha, the

agronomic efficiency decreased from 30.66 to 18.36. There was low agronomic

efficiency (1.13 kg grain per kg NPS) observed at Jalane cultivar; which indicated that it

produced low grain yield per unit of NPS supply. The study showed that agronomic

efficiency increases up to 150 kg/ha NPS application levels then beyond this levels it
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decreased. According to this study increment of NPS above 150 kg/ha is not economical

and it leads to environmental pollution and it is in line with Wogene and Agena (2017)

who reported supplying wheat plant by 46 kg/ha produced the maximum grain yield per

nitrogen unit increase; the greatest agronomic efficiency which reached 34.47 kg grain

per kg nitrogen, whereas low agronomic efficiency 22.44 kg grain per kg N was observed

at high nitrogen levels i.e. 69 kg/ha. According to Craswell and Godwin (1984), high

agronomic efficiency would be obtained if the yield increment per unit applied is high

(Table 11).

Table 12. Interaction effect of the blended NPS fertilizer and variety on agronomic

efficiency (AE) of bread wheat at Jarso 2019

NPS Fertilizer

rates (kg ha-1)

variety

Jalane Ogolcho Sanate

50 1.13fg 2.13ef 3.69c

100 1.42fg 5.17cd 7.14b

150 2.04ef 6.05bc 11.04a

200 1.93f 5.77bc 9.72a

LSD (5%) 1.95

CV (%) 24.2.

Means in columns and rows followed by the same letter(s) are not significantly different;
LSD=least significant difference at P<0.05.
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4.5. Partial Budget Analysis

Partial budget analysis of the net benefits, total costs that vary and marginal rate of

returns are presented in Table 10.The yield of bread wheat was adjusted down ward by

10% to reflect experimental yield and expected yield of farmers from the same treatments.

The actual price of seed was used to convert the adjusted yield into gross yield benefits

(15 Birr kg-1), the cost of fertilizer NPS (15.0623 Birr kg-1) and Urea (13.7878 Birr kg-1).

The result of the economic analysis showed that the highest net benefit of ETB (82710

ha-1) and the marginal rate of return (2305.8%) was obtained through the planting of

Sanate variety with the application rate of 150 kg ha-1 blended NPS fertilizer. The net

economic benefit of ETB (63118.4 ha-1) was achieved by Ogolcho planted with 150 kg

ha-1 and the marginal rate of return (749.7%) and the net benefit of ETB (39937.9 ha-1)

and the marginal rate of return (315.7%) was obtained from Jalane variety with

application 150 kg ha-1 (Table10).

According to CIMMYT (1988) suggestion, the minimum acceptable marginal rate of

return should be more than 100%. In this study, even an application of 200 kg NPS ha-1

gave the maximum net benefit (Birr 84629.5 ha-1) and the marginal rate of return was

(254.9%) from Sanate but, economically compared with the application of 150 kg ha-1

NPS not acceptable. Similarly, The net benefit of ETB (64173.9 ha-1) and the marginal

rate of return (140.2%) was obtained from Ogolcho variety (Table 10). Therefore, on

economic grounds, application of 150 kg ha-1 rate of NPS would be best and economical

for production of bread wheat in the study area and other areas with similar aggro-

ecological conditions.
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Table 13. Summary of partial budget and marginal rate of return analysis for bread wheat

to blended NPS fertilizer rates in Jarso District, Eastern Ethiopia.

Treatments
Wheat yield

(kg ha-1)

Income

(ETB ha-1)

GFB

(ETB

ha-1)

TVC

(ETB

ha-1)

NB

(ETB

ha-1)

MRR

(%)

NPS

rate
Varietie

s

AVGY AdGY SY Grain SY

0 Ogolcho 3353.8 3018.4 5651.6 45276 2825.7 48101.4 2062.5 46038.9 0

50 Ogolcho 3672.9 3305.6 6015.8 49584 3007.9 52592.3 4194.4 48397.9 110.7

100 Ogolcho 4386.7 3948 6400.3 59220 3200.2 62420.2 4947.5 57472.7 1204..9

150 Ogolcho 4866.7 4380 6238 65700 3119 68819 5700.6 63118.4 749.7

200 Ogolcho 4978.3 4480.5 6840.3 67207.5 3420.2 70627.6 6453.7 64173.9 140.2

0 Jalane 2700.7 2430.6 4916.7 36459 2458.3 38917.3 2062.5 35377.3 655.8

50 Jalane 2869.7 2582.7 5052.7 38740.5 2526.4 40933.8 4194.4 36739.4 D

100 Jalane 2984.3 2685.9 4780.7 40288.5 2390.4 42507.9 4947.5 37560.4 109

150 Jalane 3210.4 2889.4 4595.9 43341 2297.9 45638.6 5700.6 39937.9 315.7

200 Jalane 3279.2 2951.3 5018.5 44269.5 2509.3 46778 6453.7 40324.3 D

0 Sanate 3508.1 3157.3 5936.3 47359.5 2968.2 50327.2 2062.5 48264.7 180.8

50 Sanate 4062.5 3656.3 6321.5 54844.5 3160.8 58004.5 4194.4 53810.1 260.1

100 Sanate 4936.8 4443.1 7289.5 66646.5 3644.8 70291.9 4947.5 65344.4 1531.6

150 Sanate 6261.7 5635.5 7756.3 84532.5 3878.2 88410.7 5700.6 82710 2305.8

200 Sanate 6424.4 5781.9 8707.3 86728.5 4353.6 91083.3 6453.7 84629.5 254.9

Where, GFB=gross field benefit, TVC = total variable costs; NB = net benefit, MRR = marginal rate of

return; ETB ha-1=Ethiopian ETB ha-1, AVGY=average grain yield, AdGY= adjusted grain yield, SY=

straw yield, D=dominated treatments. At sowing the Cost of bread wheat seed= Birr 16.50 kg-1, NPS

cost=15.0623 Birr kg-1, Urea cost= 13.7878 Birr kg-1. The labour cost for application of NPS 10 persons

ha-1, each 70 ETB day-1), and Urea (12 persons ha-1, each 70 ETB day-1), Market price of bread wheat

grain =15 Birr kg-1 and straw=0.5 Birr kg-1 in Ejersa Goro town at harvesting time in December 2019.
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5. SUMMARY AND CONCLUSION

Bread wheat is one of the major staple and strategic food security crop in Ethiopia.

However, wheat yield in Ethiopia and the study zone are low as compared to the

attainable yield because wheat production is constrained by low soil fertility, cultivation

of unimproved low yielding varieties, use of inappropriate fertilizer type and rate, disease,

insect pests, poor management practices and moisture stress. Moreover, the effects of

blended NPS fertilizer rates on yield components and yield has not been studied in Jarso

district. Therefore, this research was initiated to evaluate the effects of blended NPS

fertilizer rates on yield components and yield of bread wheat varieties and to identify

economically feasible rate of blended NPS fertilizer in Jarso district during the main

cropping season in 2019.

The experiment was conducted at Afugug FTC in Jarso District, East Hararghe Zone,

Oromia Region. The experiment was laid out by a factorial combination of the five NPS

fertilizer levels (0, 50, 100, 150 and 200 kg ha-1) with three bread wheat (Jalane,

Ogolcho and Sanate) varieties and currently recommended 100 kg ha-1 Urea. The

experiment was tested in factorial arrangement in randomized complete block design

with three replications.

Analysis of the results showed that parameters like 50% days to heading, 90%

physiological maturity, number of total tillers, number of productive tillers, lodging

percent, number of kernels per spike, thousand kernels weight, above ground biomass,

grain yield, straw yield and harvest index were highly affected by the main effect of NPS

fertilizer rates and varieties. While, plant height and spike length were highly affected by

the main effect of NPS fertilizer rates and significant effect by varieties. However, all

parameters were not significantly affected by the interactions of blended NPS fertilizer

rates and variety except above ground biomass and grain yield which were highly

affected by the interactions. But, number of total tillers, number of productive tillers and

straw yield were significantly affected by the interaction of both factors.

The highest and the lowest mean values of the days to heading (67.56 and 58.78), days to

maturity (123.7 and 112.4), plant height (81.38cm and 70.75cm), spike length (8.67cm

and 6.62cm), kernels per spike (64.56 and 44.56), lodging percent (28.89% and 14.22%),



42

thousand kernels weight (47.33 and 40.33) were recorded due to the application of 200

kg ha-1 and from the control treatments, respectively. While, the highest and the lowest

value of harvest index (0.43 and 0.41) was recorded from 150 kg ha-1. Moreover, the

highest and the lowest mean value of plant height (78.36cm and 74.94cm), kernels per

spike (58.73 and 53.33) Straw yield (7202 and 4873) and harvest index (0.41 and 0.38)

were recorded on Sanate and Jalane varieties. Furthermore, the interaction of NPS with

variety the highest and the lowest (379.6 and 128.1) mean values of productive tillers

was recorded from the combination of Sanate variety with 150kg ha-1 and Jalane variety

with zero kg ha-1NPS, respectively. Similarly, the highest and the lowest (11.04 and 1.13)

agronomic efficiency was obtained from the combined application rate of 150 kg ha-1

with Sanate variety and 50 kg ha-1 fertilizer rates with Jalane variety, respectively.

However, the highest and the lowest (6424 and 2701 kg ha-1) mean of grain yield was

recorded from the combined application rate of 200 and 0 kg ha-1NPS fertilizer rates with

Sanate and Jalane varieties, respectively.

The research results indicated that the variety as well as rates of blended fertilizer had

significant influence on yield and yield components. The application of 200 kg NPS ha-1

and Sanate variety produced highest grain yield with higher mean values for most of the

yield parameters without significant difference to 150 kg NPS ha-1. The growing of

Sanate variety with the application of 150 kg NPS ha-1 had highest marginal rate of

return in percent (2305.8%) and net benefit (82710 Birr ha-1) than any other treatment

combinations (as compared economically). Therefore, it can be concluded that the

application of 150 kg NPS ha-1 in addition to 100 kg ha-1 Urea and the growing of Sanate

variety could be better choice of the farmers of the study area to obtain high yield with

higher rate of return. However, since the experiment was conducted for one season at one

location, it is suggested that the experiment has to be repeated over seasons and locations

using this and other improved bread wheat varieties in order to give a comprehensive

recommendation.
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Appendix Table 1. Mean monthly annual total rainfall and minimum and maximum

temperatures of ten years (2010-2019); mean monthly minimum and maximum

temperatures and total rainfall recorded in the experimental area during the experimental

year of the test crop (January 2019 – November 2019)

2010-2019 Meteorological Data 2019 Meteorological Data

Months Total

rainfall

(mm)

Min.

Temp.

(ºC)

Max.

Temp.

(ºC)

Total

rain

fall

(mm)

Maximu

Temp.

(ºC)

Minimu

Temp.

(ºC)

Average

Temp.

(ºC)

January 66.73 1.76 11.92 60.798 12.16 1.041 6.60

February 63.22 1.77 13.71 62.224 13.25 1.83 7.54

March 68.51 4.73 17.10 69.482 16.98 5.11 11.045

April 69.01 8.41 20.72 75.78 20.53 8.58 14.555

May 65.20 11.53 23.34 74.602 23.28 11.45 17.365

June 75.36 13.96 25.67 74.643 25.94 13.99 19.965

July 87.33 15.14 26.67 76.841 26.94 15.16 21.05

August 89.89 14.65 26.19 89.53 26.37 14.63 20.5

September 71.89 12.68 24.13 91 24.57 12.85 18.71

October 67.49 9.49 20.51 75.612 20.86 9.67 15.265

November 64.27 5.09 16.16 69.433 16.08 5.04 10.56

December 60.27 2.03 13.29 55.62 13.46 2.13 7.795

Total 849.17 875.565

Average 8. 5 19.93 20.035 8.46 14.25

Source: National Meteorological Agency, Ejersa Goro Branch
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Appendix Table 2. Mean square values of ANOVA for days to heading, maturity, plant

height and spike length of bread wheat as affected by blended NPS and variety at Jarso

during 2019 main cropping season.

Source of variation DF

Mean squares

DH DPM PH SL

Replication 2 28.289 36.689 28.074 0.7048

Blended NPS 4 124.644** 200.700** 211.018** 7.0940**

Variety 2 222.289** 4963.756** 50.195* 1.5660*

NPS X Variety 8 1.011ns 1.950ns 5.015ns 0.2950ns

Error 28 4.146 3.546 5.755 0.2055

CV(%) 3.2 1.6 3.1 5.8

Where, D.F= degree of freedom, DH= Days to heading, DPM= Days to physiological
maturity, PH= plant height, SL=spike length; ANOVA =Analysis of variance;
CV=coefficient of variation, NS=non-significant difference; ** and * significant at 1%
and 5% level of significant, respectively.

Appendix Table 3. Mean square values of ANOVA for lodging percent, Number of total
tillers and Number of productive tiller of bread wheat as affected by blended NPS and
variety at Jarso during 2019 main cropping season

Source of variation
DF

Mean squares

LP NTT NPT

Replication 2 9.489 2950.0 3366.4

Blended NPS 4 381.833** 63429.9** 60255.6**

Variety 2 87.222** 20347.0** 20261.4**

NPS X Variety 8 4.083ns 1417.3* 1537.0*

Error 28 2.013 470.9 505.6

CV(%) 6.4 8.8 9.6

Where, D.F= degree of freedom, LP= lodging percent, NTT= Number of total tillers,

NPT= Number of productive tiller ANOVA =Analysis of variance; CV = coefficient of

variation, NS, * and ** = non-significant, significant at 5% level of significant and

significantly different at level of 1%, respectively.
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Appendix Table 4. Mean square values of ANOVA for number of kernels per spike,

thousand kernels weight y and above ground dry biomass of bread wheat as affected by

blended NPS and variety at Jarso during 2019 main cropping season

Source of variation DF

Mean squares

NKPS TKW AGDB

Replication 2 57.622 38.422 111146

Blended NPS 4 657.800** 77.856** 13598500**

Variety 2 109.489** 50.422** 72137844**

NPS X Variety 8 9.433ns 1.589ns 3747584**

Error 28 9.598 3.089 412194

CV(%) 5.5 4.0 6.3

Where, D.F= degree of freedom, NKPS= Number of kernels per spike; TKW= thousand
kernels weight, AGDB= above ground dry biomass; ANOVA =Analysis of variance; CV
= coefficient of variation, NS, * and ** = non-significant, significantly different at 5%
and 1%, respectively.

Appendix Table 5. Mean square values of ANOVA for yield, straw yield and harvest

index of bread wheat as affected by blended NPS and variety at Jarso during 2019 main

cropping season

Source of

variation

DF Mean squares

SY YLD HI

Replication 2 144521 11881 0.0002454

Blended NPS 4 2325108** 5049184** 0.0063076**

Variety 2 20529550** 15710764** 0.0029578**

NPS X Variety 8 1042757* 856535** 0.0000663ns

Error 28 244834 36181 0.0001709

CV(%) 8.1 4.6 3.3
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