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Abstract
Low soil fertility and poor crop management practices are among the major constraints limiting the produc-
tivity of bread wheat in Ethiopia in general and Hulbareg District in particular. Therefore, a field experiment
was conducted in Hulbareg District during the 2019 main cropping season to evaluate the effect of blended
NPSB fertilizer rates on yield and yield components and to determine the economically feasible rates for
bread wheat production. Factorial combination of three improved bread wheat varieties (Ogolcho, Kekeba
and Kingbird) and five rates of NPSB fertilizers (0, 50, 100, 150 and 200) were laid out in randomized
complete block design with three replications. The results revealed that the plant height, number of kernels
per spike, thousand kernel weight, straw yield, number of total tillers and productive tillers were substantially
(P <0.01) affected by the main effects of NPSB.. The interaction effect of fertilizer and variety was also
statistically affected the days to physiological maturity, total aboveground dry biomass and grain yield. The
maximum grain yield (6500 kg ha−1) and above ground dry biomass kg ha−1 (15389), were recorded at
the combination of the highest rates of NPSB, i.e., 200 kg with variety Ogolcho. Generally, the economic
feasibility of the fertilizer over varieties combination indicated that application of 200 kg NPSB ha−1 to
Kekeba variety resulted in maximum marginal rates of return of 4202%. The partial budget analysis revealed
that the highest net return (72, 495 Birr ha−1) with MRR 2711.9% was obtained for Ogolcho from application
of 200 kg NPSB ha−1. Based on the result of this study, it can be concluded that bread wheat variety Ogolcho
and NPSB rate of 200 kg ha−1 to be appropriate for bread wheat production in the study area.
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1 Introduction

Wheat (Triticum aestivum L.) belongs to the fam-
ily Poaceae, subfamily Pooideae and tribe Triticeae
(Clayton et al., 2015). Synonyms include Triticum
vulgare and there are also many synonyms for sub-
species and cultivars (Clayton et al., 2015). Wheat
is the world’s leading cereal grain where more than
one-third of the population of the world uses as a
staple food (Curtis, 2002). Bread wheat is the most
widely grown food crop in the world. Wheat Produc-
tion in 2018 was 731.46 million tons. This year’s
(2019) production of 764.49 million tons could rep-

resent an increase of 33.03 million tons or 4.52%
in wheat production around the globe. It ranks first
in the world cereal crops accounting for 30% of all
cereal food worldwide (USDA, 2022).

Wheat is an important staple food crop all over the
world (Mathpal et al., 2015). It is one of the most
important cereals cultivated in Ethiopia (Jemal et al.,
2015). Ethiopia is one of the largest wheat producers
in the Sub-Saharan Africa, with yearly estimated pro-
duction of 4.5 million tons on 1.69 million hectares
of land in 2018/19 (CSA, 2019) with 2.66 ton yield
per hectares (CSA, 2019). Durum and bread wheat
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are the two major wheat species produced in the
country. However, bread wheat surpasses durum
wheat in recent years (Godebo et al., 2021) due to its
wide agro-ecological adaptation and better produc-
tivity. Wheat is a leading source of protein in human
food (Yong et al., 2011). It is one of the daily diets
of the Ethiopian population that contributes signifi-
cantly to the calorie and protein intake. In terms of
caloric intake, it is the second most important food
in the country next to maize (FAO, 2014).

Wheat is one of the most important cereals cultivated
in Silte Zone and ranks first in area coverage and
total production. The total wheat area and produc-
tion in the Silte Zone is 55,063.25 ha and 132,151.8
tons respectively with the productivity of 2.4 tons
ha−1 in 2018/19 cropping season (CSA, 2019) which
is lower than the national average 2.66 tons ha−1

(CSA,2019) and the world 2.8 tons ha−1 (USDA,
2022).

There are several factors that lowered the wheat pro-
ductivity in Ethiopia and in the experiment area such
as lack of knowledge about improved wheat produc-
tion technologies by farmers, poor extension support,
biotic stress, low soil fertility, and lack of improved
management practices, high cost and inadequate sup-
ply of agri-inputs (Demeke & Di Marcantonio, 2013).
The yield gap of Silte zone suggests the potential for
increasing production through improved soil and
crop management practices, particularly increased
use of fertilizers and adequate soil fertility mainte-
nance program with the appropriate varieties for the
area. Continuous cropping and inadequate replace-
ment of nutrients, nutrients removed in crop harvest
or lose through erosion and leaching are the major
causes of soil fertility decline in Ethiopia (Hillette et
al., 2015).

Among the above constraints, low soil fertility and
slow progress in developing wheat cultivars with
durable resistance to diseases are considered the
most important constraints limiting wheat produc-
tion in Ethiopia (Teklu & Teklawold, 2009). Crop
growth requires sufficient, but not excessive supply
of essential mineral elements for optimal produc-
tivity. An insufficient supply of mineral elements
may limit plant growth and development (Godebo
et al., 2021; Nadian et al., 2010). Thus, addition of
nutrients such as N, P, S and B to less fertile soil is

important to increase wheat yield.

For the last four to five decades, Ethiopian agricul-
ture depended solely on urea and Di-ammonium
phosphate (DAP), as sources of N and P, respec-
tively. However, recently it is perceived that the
production of such high protein cereals like wheat
can be limited by the deficiency of S and other nutri-
ents (Assefa et al., 2015). It is true that farmers and
Agriculture extension workers can aim at increasing
crop yields only in quantity by applying significantly
higher amounts of N from urea and DAP. But, in
such conditions, failure to supplement S in balanced-
fertilizer programmes can rapidly deplete available
soil reserve leading to hidden S deficiency (Assefa
et al., 2015).

Nitrogen is considered as the most deficient nutri-
ents in soils of Ethiopia (Asnakewet al., 1991). Ni-
trogen fertilizer may not be fully utilized if S is de-
ficient and correct S fertilization improves quality
of grains. The capability of nitrogen fertilizer is to
increase protein content, while sulfur fertilizer af-
fects protein composition (Luo et al., 2000). Further,
Boron is essential for cell division and elongation
in meristematic tissues, floral organs and for flower
male fertility, pollen tube germination along with its
seed/fruit formation. Boron deficiency impairs grain
setting in wheat, resulting in increased number of
open spikelet’s and decreased number of grains per
spike (Marschner, 1995).

Varieties are one of the factors which play an impor-
tant role in producing higher yield of wheat (Alam &
Jahan, 2013). Efficient use of fertilizers depends on
performances of variety. So that cultivar selection
that optimally utilizes the applied fertilizers plays a
very important role in determining grain yield and
quality (Brian et al., 2007). A study was conducted
to know the response of three wheat cultivars (Ogol-
cho, Kekeba and Kingbird) and five NPSB rates (0,
50, 100, 150 and 200 kg NPSB ha−1) at Hulbareg.
The result showed that variety Ogolcho out smart va-
riety Kekeba and Kingbird in grain yield at fertilizer
rate of 200 kg NPSB ha−1.

Recent studies have indicated that elements like N,
P, K, S and Zn levels as well as B and Cu are becom-
ing depleted and deficiency symptoms are being ob-
served on major crops in different areas of the coun-
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try (ATA, 2014). Further studies showed that most
Ethiopian soils are deficit in macronutrients (N, P, K
and S) and micronutrients (Cu, B and Zn) (EthioSIS,
2014). Macro-nutrients as well as micronutrients
are of primary importance in our agriculture system
but due to unawareness of the farmers about impor-
tance of applying micronutrients and unavailability,
the soils are becoming deficient in micronutrients
(Muhammad et al., 2009). Micronutrients are essen-
tial for plant growth and play a vital role in increas-
ing crop yields as they develop plant nutrition and
increase soil efficiency (Hamzeh & Florin, 2013).
The increases in crop yields from application of B,
Cu, Fe, Mn, Mo, and Zn occur in many parts of the
world (Martens & Westermann, 1991). Therefore,
this study was aimed to assess the effect of blended
(NPSB) fertilizer rates on yield and yield compo-
nents of bread wheat varieties, and to estimate its
economic feasibility.

2 Materials and Methods

2.1 Description of the Study Site

The field experiment was conducted at AngamoYede
Farmers Training Center (FTC) in Hulbareg District
from July to November 2019 under rain fed condi-
tions. Hulbareg Districtis located in the Southern
Nations Nationalities and Peoples Region (SNNPR).
The Districtis located at 7o45’42"N latitude and
38o46’41"E longitude. The elevation at study area
is 2100 m above sea level. The District has two
Agro-ecological Zones; 95% Weinadega and 5%
Kolla climatic type. The soil of the experimental
site is classified as sandy loam in texture with pH
of 5.1. The mean annual rainfall of the area ranges
between 800 and 1200 mm and the annual average
minimum and maximum air temperatures are 9.84oC
and 23.57oC, respectively.

2.2 Soil Sampling and Analysis

Soil samples were taken in zigzag pattern before
planting from the experimental site at a depth of 0 -
30 cm across the experimental field from 10 spots us-
ing auger before planting and was composited. Then,

the composite sample was air-dried at room temper-
ature under shade and the samples were mixed thor-
oughly to produce 1.0 kg of a representative sample.
The composite sample was submitted to Soddo soil
testing laboratory and Areka Agricultural Research
Center. Then in the laboratory, it was ground to pass
through a 2 mm sieve for soil analysis 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,
organic carbon, cation exchange capacity (CEC), to-
tal N, and available P following standard laboratory
procedures at Wolaita Soddo soil testing laboratory
and the available S and B was analyzed at Areka
Agricultural Research Center soil testing laboratory.

Organic carbon was determined by Walkley and
Black oxidation method (Walkley & Black, 1934).
Total nitrogen was analyzed by Kjeldhal method
(Dewis & Freitas, 1975). The pH of the soil was
determined by potentiometric test method on 1:2.5
(weight/volume) soils to water ratio using a pH me-
ter (Motsara & Roy, 2008). The CEC was mea-
sured after saturating the soil with 1N ammonium
acetate (NH4OAc) and displacing it with 1N NaOAc
(Chapman, 1965). Available phosphorus was deter-
mined by the Olsen method (Olsen et al., 1954) and
the available sulfur (mg/kg SO−2

4 ) was measured by
ammonium acetate method (Chapman, 1965). The
available B was done by dilute HCl methods and
azomethine reducing agent (Havlin et al., 1999).

Plant Material
Seeds of three bread wheat varieties, which were
adapted to the agro-ecology of the areawere used
as test/experimental material. The varieties where
released by Kulumsa Agricultural Research Center
(KARC) and their detail description is provided in
Table 1.

Fertilizer Materials
The blended NPSB fertilizer (18.9% of N, 37.7% of
P2O5, 6.95% of S and 0.1% of B) and urea (46% N)
as N sources were used for the experiment.
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Table 1. Description of bread wheat varieties used in the experiment

Variety Year of release Rainfall Maturity (days) Adaptation (m.a.s.l.) Yield (t ha−1)

Ogolcho 2012 400-500 102 1600-2100 3.3-5.0
Kekeba 2010 500-800 90-120 1500-2200 3.3-5.2
Kingbird 2015 500-800 90-120 1500-2200 3.3-5.2

Source: (MOA, 2012).

2.3 Treatments and Experimental Design

The experimental treatments consisted of factorial
combination of three bread wheat varieties (Ogolcho,
Kekeba, and Kingbird), and five levels of blended
NPSB (0, 50,100, 150, 200 kg ha−1) fertilizer in
which treatments arranged in a randomized complete
block design (RCBD) with three replications (Table
2). The experimental field was ploughed with oxen
to a fine tilth four times and the plots were leveled
manually. Then, a field layout was made and each
treatment was assigned randomly to the experimen-
tal units within a block. Bread wheat seed was sown

at the recommended seed rate of 150 kg ha−1 in rows
of 20 cm spacing manually by drilling. The currently
recommended 100 kg ha-1 of urea was applied for
all treatments equally except for the control. The
gross plot size was 10 rows of three meter length
(3 m×2 m =6 m2) and the net plot/ harvestable rows
consist of 8 with 2.8 m length (2.8 m×1.6 m=4.48
m2). The spacing between rows, plots and blocks
were 0.20, 0.5 and 1 m, respectively. The whole
amount of blended (NPSB) and 1/2 of the urea were
applied at sowing, and the remaining 1/2 urea top-
dressed at tillering. Weeding was done as needed;
and harvesting and threshing was done manually.

Table 2. Rates of fertilizer treatment used with their nutrient contents in kg ha−1 for the experiment

S. No. Treatments
Total composition of the respective
nutrients in the treatment (kg ha−1)

Fertilizer rates N P2O5 S B

1 0 kg NPSB ha−1 + 0 kg urea ha−1 0 0 0 0
2 50 kg NPSB ha−1 + 100 kg urea ha−1 55.45 18.85 3.475 0.05
3 100 kg NPSB ha−1 + 100 kg urea ha−1 64.9 37.7 6.95 0.10
4 150 kg NPSB ha−1 + 100 kg urea ha−1 74.35 56.55 10.425 0.15
5 200 kg NPSB ha−1 + 100 kg urea ha−1 83.8 75.4 13.9 0.20

2.4 Data Collection Procedures

Days to Physiological Maturity (DTM): Days to
physiological maturity was determined as the num-
ber of days from sowing to the date when 90% of
the panicles turned to yellow straw color. It was
recorded when no green color remained on glumes
and panicles of the plants, i.e. when grains are diffi-
cult to break with thumb nail.

Plant Height (PH): 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.

Number of Total Tillers (NTT): 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 (NPT): 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 (NKPS): Ten main
plants were taken randomly from the net plot area
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of each plot and number of kernels per spike was
counted carefully and then the mean was determined.

Thousand Kernels Weight (TKW): The TKW was
determined by weighing 1000 kernels sampled from
the net plot yield of wheat after moisture content is
measured using grain moisture meter and weighed
using a sensitive balance and the seed mass was ad-
justed to 12.5% moisture content.

Aboveground Dry Biomass (AGB): The above
ground dry biomass was determined from plants har-
vested from the net plot area after sun drying and
converted to kg ha−1.

Grain Yield (GY): Grain yield was taken by har-
vesting and threshing the grain yield from net plot
area. The grain yield was adjusted to 12.5% moisture
content as:

Adjusted grain yield= Grain yield obtained (kgha−1)∗(100−MC)
100−12.5

Where, MC is the moisture content of bread wheat
grains at the time of measurement and 12.5 is the
standard moisture content of bread wheat in percent.
Finally, yield per plot was converted to kg ha−1

Straw Yield (SY): Straw yield was obtained by sub-
tracting grain yield from the total above ground dry
biomass yield for respective treatment and expressed
in kg ha−1.

2.5 Statistical Data Analysis

The experiment was subjected to two-way (NPSB
rates x Variety) analysis of variance (ANOVA) in
RCBD design. The significance level was set at
α = 0.05 and means were separated using Tukey’s
honestly significant difference test. The statistical
analysis was performed using R-Software (version
4.2.1, 2022).

2.6 Partial Budget 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 re-
flect 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) was the average yield adjusted downward by
a 10% to reflect the difference between the experi-
mental yield and yield of farmers.

Gross field benefit (GFB) (ET B ha−1) was computed
by multiplying field/farm gate price that farmers re-
ceive for the crop when they sell it as GFB = AGY x
field/farm gate price for the crop. Total variable cost
(TVC) (ET B ha−1) was calculated by summing up
the costs that vary, including the cost of NPSB, Urea
and the application costs. The cost of each variable
was as follows; NPSB (Birr 12.20 kg−1)), urea (Birr
10.42 kg−1) and bread wheat seed (Birr 16 kg−1)
during sowing time (July 22, 2019). The labour cost
for application of NPSB was 7 persons ha−1, each
60 ET B day−1, and two split of urea application was
8 persons ha−1, each 60 ET B day−1). The costs of
other inputs and production practices such as the cost
of seed, labour cost for land preparation, planting,
weeding, harvesting and threshing were considered
the same for all treatments or plots. The average
open price of bread wheat grain at Hulbareg market
was Birr 12.50 kg−1 and straw price was Birr 0.50
kg−1 in December 2019 during harvesting time.

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) – TCV

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 refers to net income obtained
by incurring a unit cost of fertilizer. For each pair of
ranked treatments based on net income, % marginal
rate of return (MRR) was calculated using the for-
mula:

MRR(%) = Change in NB (NBb −Nba)
Changes in TCV (TCVb −TCVa)

x 100

Where NBa is NB with the immediate lower, NBb is
NB with the next higher, TCVa - is the immediate
lower TCV and TCVb is the next highest TCV.

The dominance analysis procedure as described in
CIMMYT (1988) was used to select potentially prof-
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itable treatments from the range that was tested. The
discarded and selected treatments using this tech-
nique were referred to as dominated and undomi-
nated 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 Results and Discussions

3.1 Soil Physicochemical Properties

Soil physicochemical properties analysis indicated
that the soil textural class was sandy loam with a
particle size distribution of 60% sandy, 23% silt
and 17% clay (Table 3). According to Hailu (1991),
soil types used for wheat production vary from well-
drained fertile soils to waterlogged heavy Vertisols.
Thus, the soil of experimental site is suitable for the
production of wheat. The pH of the soil was 5.1,
which is highly acidic (Ethiosis, 2013). FAO (2019)
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 2.16% of organic car-
bon (OC) (Table 3), which is low according to the
rating of Tekalign (1991), who rated soils having
OC value in the range of 0.86 to 2.59% as low, in-
dicating 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 farm-
ers 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. Ac-
cording to this classification, the soil samples were
found to have moderate level of total N (0.13%) (Ta-
ble 3) that indicating the nutrient as a limiting factor
for wheat production in the study area.

The analysis revealed that the available P of the soil
was 13.73 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 experimen-
tal site was considered as low in available P con-
tent. The medium 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 value of the
study area was 19.16 mg kg−1 (Table 3). Based on
EthioSIS soil classification for S values lies on low
range. The classification is < 9 very low, 10-20 low,
20-80 optimum, and > 80 mg kg−1 high. So, addi-
tion of fertilizer which contains S is relevant. This
low in sulfur content of the soil may be due to loss
of OM and lacking of using S source mineral fer-
tilizer. It was also related to continuous cultivation
which result intensive mining of S from the soil. This
might be mainly due to poor sulfur containing par-
ent material of soil, land degradation, crop residue
removal, crop uptake, low soil organic matter, use of
non-S containing fertilizers (only N and P contain-
ing fertilizers used). The results of the analysis also
indicated that the soil has medium available Boron
(0.67 mg kg−1) according to the rating of Horneck
et al. (2011).

Cation exchange capacity (CEC) is an important pa-
rameter of soil, because it gives an indication of the
type of clay mineral present in the soil and its capac-
ity 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 clas-
sification, the soil of the experimental site had low
CEC (8 cmol kg−1 soil), indicating its low capacity
to retain cations.
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Table 3. Selected physicochemical properties of the soil of the experimental site

Parameter Values Rating Reference
Soil texture
Clay (%) 17
Sand (%) 60
Silt (%) 23

Textural Class Sandy loam
pH (1:2.5 H2O) 5.10 highly acidic Tekalign (1991)
Total N (%) 0.13 moderate Tekalign (1991)
Organic Carbon (%) 2.16 low Tekalign (1991)
CEC [cmol kg−1 soil] 8.00 low Landon (1991)
Available P (mg kg−1) 13.73 low Olsen (1954)
Available S (mg kg−1) 19.16 low Ethiosis (2014)
Available B (mg kg−1) 0.67 medium Horneck et al. (2011)

3.2 Days to physiological maturity

The main effect of varieties as well as the interaction
effect of fertilizer treatments and varieties showed
significant (p <0.01) effect on days to physiologi-
cal maturity and main effect of NPSB fertilizer did
not show significant effect on days to physiological
maturity. The longest days to physiological matu-
rity (108 days) was recorded at the NPSB rate of
150 kg ha−1 whereas the shortest (103 days) was
obtained from 50 kg NPSB ha−1. The number of
days required to 90% physiological maturity varied
between 103.0 for variety Kingbird to 108.00 for
variety Ogolcho (Table 4). The significant difference
between varieties might be due to genetic difference
among the varieties coupled with the favourable en-
vironmental condition and as a result there is dif-
ference on enhancing or delaying the physiological
maturity of wheat varieties. In line with this study,
Rai et al. (2012) reported a significance effect of
physiological maturity among wheat varieties.

Generally, the number of days to physiological ma-
turity recorded at the highest rate of NPSB was sig-
nificantly higher than that of unfertilized plot and
lower rate of NPSB fertilizer. The increase in days
to maturity of wheat at the highest rate of NPSB

might be due to the three nutrients interaction and
synergetic effect of them, especially N and S. Ni-
trogen 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
(FAO, 2019; Weil and Brady, 2017). An adequate
supply of N is associated with high photosynthetic
activity, vigorous vegetative growth, and dark green
colour as result it delayed the crop maturity. On
the other hand sulfur is an essential element best
known for its role in the synthesis of proteins, oils,
vitamins and flavored compounds and it is essential
not only for plant growth and quality produce, but
also enhances other nutrients use efficiency. The cur-
rent result is in line with the study by Melesse Harfe
(2017) who reported that increasing the N/P fertil-
izer from zero level to 69/30 kg N/P2O5 ha−1 for
wheat, prolonged the physiological maturity from
124.87 to 127 days. Similarly, Manna et al. (2007)
reported that combined application of NP and or-
ganic fertilizers promoted vegetative growth, leading
to prolonged days to maturity. Legesse (2004) have
also reported that N fertilization delayed the physi-
ological maturity of tef due to extended vegetative
growth instead of reproductive growth.
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Table 4. Days to physiological maturity (days) of bread wheat as influenced by the interaction of blended NPSB
fertilizer and bread wheat variety

Blended NPSB (kg ha−1)
Variety

Ogolcho Kekeba Kingbird
0 103.33de 104.67bcde 105.33bc

50 104.33cde 103.00e 104.00cde

100 106.33ab 103.67cde 103.33de

150 108.00a 104.00cde 103.00e

200 104.67bcde 105.00bcd 104.00cde

Mean 6.37
LSD 1.86
CV 11.0

P value ***

Means in columns and rows followed by the same letters are not significantly different at 5% level of significance;
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of variation

3.3 Plant height

The result showed that, the main effect of fertilizer
and variety had significant (p <0.001) effect on plant
height. Variety Ogolcho had the tallest plant height
of 92.75 cm, whereas, variety kekeba had the short-

est plant height of 81.88 cm (Figure 1). In case of
fertilizer rates, plant height was reduced at the low-
est fertilizer rates. Whereas the highest plant height
(89.74 cm) was recorded from 150 kg NPSB ha−1

fertilizer rate (Figure 2).

Figure 1. Response of plant height to different wheat varieties
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This could be due to the adequate soil fertility re-
sources in the soil required by the wheat crop for
growth and development. These results supported
by the findings of Khan et al. (2010) who reported
that increasing the level of nitrogen increased the
plant height. Application of the highest dose of
phosphorus contributed to maximum dry matter and

physiological attributes towards the yield attributes
in wheat and therefore, helped in achieving highest
number of grains per spike, 1000 grain weight and ul-
timately yield of wheat (Alam & Jahan, 2013). Non-
significant variation for plant height among bread
wheat varieties was reported by (Fano & Tadeos,
2017).

Figure 2. Main effects of blended NPSB fertilizer on plant height

3.4 Number of total tillers and productive tillers

The analysis of variance indicated that the main ef-
fect of fertilizer rate had highly significant (p <0.01)
effects on the number of total and effective tillers per
plant. However, main effect of variety and the inter-
action effect of variety and fertilizer rates were not
significant (Table 5). Application of 200 kg NPSB
ha−1 resulted into maximum number of total and ef-
fective tillers of 476.1 and 451.7 per m2, respectively
and no fertilized treatment resulted into minimum
number of total and effective tillers of 240 and 218.9
per m2, respectively (Table 5). In line with this result,
Hameed et al. (2003) observed that increasing nitro-
gen application significantly increased the number
of tillers m−2. Jaenisch et al. (2022) also found a
significant increase in the number of total tillers per
plant with the increase of NPK level from 0 to150
kg ha−1. Muhammad et al. (2009) reported that the
significant variations on number of tillers per plant

with the increased level of phosphorus application
and the maximum numbers of tillers per plant (6.67)
were found in the 80 kg P ha−1.

3.5 Number of kernels per spike

The result revealed that fertilizer rates showed highly
significant (p <0.01) effect with respect to the num-
ber of kernels per spike. While, the main effect of
varieties and the interaction between the two factors
were not significant to the number of kernels per
spike. Variety Ogolcho had the highest number of
kernels per spike (47.28) while lowest number of
kernels per spike (41.97) recorded in variety king-
bird (Table 5). The difference among varieties might
be due genetic differences among the varieties. In
agreement with this result Knezevic et al. (2015)
reported that highly significant differences among
the tested cultivars for number of kernels per spike
with largest impact belongs to the genetic variability
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(63.92%). Similarly, Akmal et al. (2000) observed
significant differences among the wheat varieties for
number of grains per spike. In contrast to this result,
Hussain et al .(2002) reported non- significant differ-
ence among wheat cultivars for number of grains per
spike in response to NPK fertilizer treatments which
on an average varied only from 43.9 to 44.25. The
effect of fertilizer also showed that the highest num-
ber of kernels per spike (50.43) was recorded from
NPSB fertilizer rate of 150 kg ha−1 (Table 5). Such
response can be attributed to the adequate nitrogen
availability which might facilitate the tillering ability
of the plants, resulting in a greater spike population.
The current study is in agreement with Jaenisch et al.
(2022) who observed that number of grains per spike
was significantly increased with each increment of
NPK fertilizer. Geleto et al. (1995) also reported
higher number of spikes per unit area at 120 kg N

ha−1 fertilized plots than the control.

3.6 Thousand kernels weight (TKW)

The result revealed that fertilizer rate and the vari-
eties showed highly significant (p <0.01) effect on
the thousand kernels weight and the interaction effect
was not significant. Variety Kekeba had the highest
thousand kernels weight (40.28 g) whereas variety
Kingbird had the lowest thousand kernels weight
(37.91 g) (Table 5). This might be due to good grain
filling period and favorable environmental condition
increases the thousand seed weights differ among
the varieties. The reason is due to genetic variability
in the parameter among the varieties. In line with
this result the significant variation with the highest
42.96 g and lowest 39.58 g thousand seed weight
among the varieties was reported by Shirinzadeh et
al. (2018).

Table 5. Main effects of variety and blended fertilizer on number of total and productive tillers, Number of kernels per
spike and straw yield of bread wheat

Treatments
Number of total No. of productive Number of kernels Thousand Straw yield

tillers/m2 tillers/m2 per spike kernels weight (kg ha−1)
Variety
Ogolcho 329.0ns 302.0ns 47.28a 38.76b 5259b

Kekeba 315.0ns 297.7ns 45.66a 40.28a 5244b

Kingbird 355.3ns 329.0ns 41.97b 37.91b 6264a

NPSB Fertilizer (kg ha−1)
0 240.0d 218.9c 32.46c 36.97c 3033c

50 277.2cd 250.6c 43.52b 39.03ab 4269b

100 340.0b 310.6b 48.81ab 38.68b 6293a

150 332.2bc 316.1b 50.43a 40.7a 7130a

200 476.1a 451.7a 49.62a 39.53ab 7222a

LSD 58.19 54.38 2.88 1.67 1126.6
CV 5.80 8.00 13.60 4.40 20.9
P value ** ** ** ** *

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= non-significant, means in column followed by the same letter are not
significantly different at 5% levels of Significance

The effect of fertilizer rate showed that the highest
thousand kernels weight (40.7 g) was recorded from
NPSB fertilizer rate of 150 kg ha−1 while the lowest
thousand kernels weight (36.97 g) was obtained with
no fertilizer application (Table 5). This may 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. This
could also be due to adequate and better nutrition of

the plants resulted in good grain filling and develop-
ment of better seed size. The fact that higher amount
of nitrogen application resulted in higher percentage
of weight gain in grain filling stage in kernels and
there by thousand kernel weight increased (Kauser
et al., 1993). Makowska et al. (2008) also reported
that 1000 kernels weight increased with the increase
in nitrogen rate up to 100 kg ha−1. In similar to this
result, Bereket et al. (2014) also reported that in-
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creasing N rate from 92 kg N ha−1 to 138 kg N ha−1

decreased thousand kernels weight of bread wheat
by about 3.7%.

3.7 Grain yield (kg ha−1)

The analysis of variance showed that the main ef-
fects of blended NPSB fertilizer and variety and
their interactions significantly (P < 0.01) affected the
grain yield of bread wheat Thus, the highest grain
yield (6500 kg ha−1) was obtained at the rates of
200 kg NPSB ha−1 for Ogolcho whereas, the lowest
grain yield (2330 kg ha−1) was recorded at 0 fertil-
izer application in combination with Kekeba (Table
6). The increase in grain yield at increasing NPSB

rate might have resulted from improved root growth
and increased uptake of nutrients and better growth
favored due to the synergetic effects of both nutri-
ents which enhanced yield components and yield.
In agreement with this result, Haile et al. (2012)
found that increasing N rate from 0 to 120 kg N
ha−1 increased grain yield of bread wheat. Bereket
et al. (2014) also reported that increasing P rate
from 46 to 69 kg P2O5 ha−1 increased grain yield of
bread wheat by about 6.8%. Similarly, Guja et al.
(2020) reported that application of nutrients like K,
S, Zn, Mg and B used in experiments significantly
increased grain yield and yield component of bread
wheat as compare to the control (no fertilizer).

Table 6. Mean grain yield (kg ha−1) of bread wheat as influenced by the interaction of blended NPSB fertilizer and
variety

Blended NPSB (kg ha−1)
Variety

Ogolcho Kekeba Kingbird
0 2444g 2330g 3078 f g

50 2650g 4444de 4039e

10 4167de 4178de 5833abc

150 5000cd 3889e f 5556bc

200 6500a 6222ab 5944ab

LSD 915
CV 12.4

P value ***

Means in columns and rows followed by the same letters are not significantly different at 5% level of significance;
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of variation

3.8 Straw yield

The result showed highly significant (p <0.01) differ-
ence among the varieties of wheat and the fertilizer
rate and the interaction between the two factors were
not significant. Variety Kingbird had the highest
straw yield (8056 kg ha−1) whereas variety Kekeba
had the lowest straw yield (2611 kg ha−1) (Table 5).
This might be due to differences in genetic make-up
of the varieties. Similarly, Ghafari et al. (2017) and
Gul et al. (2012) found that straw yield of wheat
significantly varied among the varieties. The result
showed that an increase in straw yield when fertil-
izer rate increased from the lowest to the highest
rate. The highest straw yield of 7222 kg ha−1 was
obtained at the highest NPSB rate of 200 kg ha−1

whereas the lowest straw yields of 3033 kg ha−1

was from the control (Table 5). The significant in-
crease in straw yield in response to the highest rate
of blended NPSB might be attributed to the synergis-
tic roles of the nutrients that enhanced growth and
development of the crop. The result is consistent
with that of Nasser (2009) who reported increased
straw yield of wheat with increase in NP fertilizers
rates up to 90/45 kg ha−1. Bereket et al. (2014) also
reported that the highest straw yield was recorded at
the highest nitrogen rate of 69 kg N ha−1. On top of
this, Gul et al., (2012) reported that higher nitrogen
application (160 kg ha−1) has more contribution in
higher straw yield production (9098.65 kg ha-1) as
compared to control treatment (5302.97 kg ha−1).
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3.9 Aboveground biomass yield (kg ha−1)

Analysis of variance showed that the main effects
of variety, fertilizer rates and the interaction effect
of variety and fertilizers had a highly significant ef-
fect (p <0.01) on aboveground dry biomass yield.
Variety Ogolcho produced the highest aboveground
dry biomass yield (15389 kg ha−1) treated with 200
kg ha−1 NPSB while the lowest above ground dry
biomass yield (5056 kg ha−1) was produced from
variety Kekeba at 0 level application of the fertilizer
(Table 7). This result agrees with that of 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
aboveground dry biomass yield of wheat by about
70.1% and 40.6%, respectively. Similarly, Workineh
et al., (2015) reported that the highest biomass yield
(11890 kg ha-1) of wheat was observed with 138/115
kg N/P2O5 ha−1 while the lowest (9780 kg ha−1)
was recorded with 46/46 kg N/P2O5 ha−1. Like-
wise, Melesse Harfe (2017) 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.
The increase in aboveground dry biomass at the high-
est rates of NPSB might have resulted from improved
root growth and increased uptake of nutrients favor-
ing better growth and delayed senescence of leaves
of the crop due to synergetic effect of the nutrients.
In conformity with this result, Jasemi et al., (2017)
reported vegetative growth and biological yield has
much dependence to consumption of chemical fertil-
izers, application of the fertilizers led to increasing
biological yield of wheat. Similarly, Bekalu and
Mamo, (2016) also reported that increasing N rates
from 23 to 69 kg ha−1 increased aboveground dry
biomass of wheat by about 22.6%. Likewise, Wak-
ene et al. (2014) stated that supply of P2O5 at rate
of 69 kg ha−1 in wheat found to be adequate to pro-
duce maximum aboveground dry biomass. Yasir et
al. (2015) also reported the maximum aboveground
dry biomass of wheat have obtained with application
of 140 kg N ha−1 at sowing and 20 kg S ha−1 at
anthesis.

Table 7. Mean Above ground biomass (kg ha−1) of bread wheat as influenced by the interaction of blended NPSB
fertilizer and variety

Blended NPSB (kg ha−1)
Variety

Ogolcho Kekeba Kingbird
0 5208i j 5056 j 6689hi j

50 7122ghi 8611 f g 8206gh

100 8669 f g 10844de 13611abc

150 11944cde 10278e f 13611abc

200 15389a 12611bcd 14278ab

LSD 1919.3
CV 11.3

p value **

Means in columns and rows followed by the same letters are not significantly different at 5% level of significance;
LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of variation

3.10 Partial Budget Analysis

The partial budget analysis showed that highest net
benefit of (72, 495) Birr ha−1 was obtained for vari-
ety Ogolcho that received 200 kg NPSB ha−1 (Table
8). However, the lowest net benefits of 27,651 Birr
ha−1 was obtained from the unfertilized treatment
with the variety Kekeba. The variety Ogolcho gave
economic benefit of 72,495 Birr ha−1 with marginal
rate of return of 2711.9% at 200 kg NPSB ha−1

fertilizer rate. Therefore, on economic grounds, ap-
plication of 200 kg NPSB ha−1 with variety Ogol-
cho would be best and economical for production
of bread wheat in the study area and other areas
with similar agro-ecological conditions. In line with
this result, (Bekalu & Mamo, 2016) reported that
N application at 69 kg ha−1 is effective in attaining
higher grain yield and economic benefit of wheat in
southern part of Ethiopia.
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Table 8. Marginal rate of return analysis for response of bread wheat varieties to blended NPSB fertilizers in Hulbareg
District, Southern Ethiopia

Treatments Wheat yield (kg ha−1) Income (ET B ha−1)
2MRR (%)

Variety NPSB UGY AGY SY Grain Straw GFB TVC NB
Ogolcho 0 2444 2199.6 2611 27495 1305.5 28800.5 0 28800.5 D
Ogolcho 50 2650 2385 4472 29812.5 2236 32048.5 2550 29498.5 72.45
Ogolcho 100 4167 3750.3 4502 46878.75 2251 49129.75 3160 45969.75 2700
Ogolcho 150 5000 4500 6944 56250 3472 59722 3770 55952 1636.4
Ogolcho 200 6500 5850 7500 73125 3750 76875 4380 72495 2711.9
Kekeba 0 2330 2097 2878 26212 1439 27651.5 0 27651.5 D
Kekeba 50 4444 3999 4167 49995 2083.5 52078.5 2550 49528.5 812.9
Kekeba 100 4178 3760 6667 47002.5 3333.5 50336 3160 47176 D
Kekeba 150 3889 3500.1 6389 43751.25 3194.5 46945.75 3770 43175.75 D
Kekeba 200 6222 5599.8 6389 69997.5 3194.5 73192 4380 68812 4202
Kingbird 0 3078 2770.2 3611 34627.5 1805.5 36433 0 36433 D
Kingbird 50 4039 3635.1 4167 45438.75 2083.5 47522.25 2550 44972.25 334.9
Kingbird 100 5833 5249.7 7711 65621.25 3855.5 69476.75 3160 66316.75 3499
Kingbird 150 5556 5000.4 8056 62505 4028 66533 3770 62763 D
Kingbird 200 5944 5349.6 7778 66870 3889 70759 4380 66379 592.8

Where, AGY= adjusted grain yield; SY = Straw yield; GFB = gross field benefit; TVC= total variable costs; NB = net benefit, MRR = marginal rate of
return; ET B ha−1= Ethiopian Birr per hectare; D = dominated treatments. Cost of bread wheat seed= 16.00 ET B kg−1; Cost of NPSB= 12.20 kg−1;
Cost of Urea =10.40 ET B kg−1; Labour cost for NPSB application = 7 persons ha−1, each 60 ET B day−1; Labour cost for urea top dress fertilizer
application at tillering = 8 person ha−1, each 60 ET B day−1. Market price of bread wheat grain =12.5 Birr kg ha−1 and straw=0.5 Birr kg−1 in Hulb-
areg town at harvesting time in December 2019.

4 Conclusion

For the last four to five decades, Ethiopian agricul-
ture depended solely on imported fertilizer products;
only urea and Di-ammonium phosphate (DAP), as
sources of N and P, respectively. However, recently
it is perceived that the production of such high pro-
tein cereals like wheat can be limited by the defi-
ciency of S and other nutrients. Thus, addition of
nutrients such N, P, S and B to low fertile soil is
important to increase yield, yield components and
quality of wheat whether it is for consumption or
industrial purpose. Therefore, from the result of
present study that the application of the 200 kg ha−1

blended NPSB fertilizer in addition to 46 kg N ha−1

with variety Ogolcho can be recommended to farm-
ers for production of wheat in the study area and
other areas with similar agro-ecology.
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