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Abstract: Bread wheat (Triticum aestivum L.) is the most important cereal crop in the Poaceae (Gramineae) family
originated in the Near-Eastern Fertile Crescent in the Middle East. It is the second most influential staple food crop after rice,
grown in 89 countries with climates ranging from temperate to tropical but the production did not meet demand. The field
experiment was conducted during 2020 cropping season in Mao-Komo District, western Ethiopia to evaluate the effects of
blended NPSZnB fertilizer on bread wheat varieties. The experiment consisted of five levels of NPSZnB (0, 100, 150, 200, 250
kg ha') and four bread wheat varieties Kingbird, Danda, Shorima and Ogolcho combined factorially and laid out in
Randomized Complete Block Design with three replications. Days to 90% maturity were delayed with increased rates of
fertilizer for all varieties. The highest mean plant height (81.4cm), number of grains per spike (52.5), and harvest index (39%),
leaf area (30.15cm?), total tillers (6.29), productive tillers (6.1), grain yield (3.54), thousand grain weight (33.83g) and
hectoliter weight (81.2) were obtained at 200 kg ha™ NPSZnB with Kingbird variety. Moreover, the highest straw yield (7.53t
ha™') and spike length (8.2 cm) were recorded at 200 kg NPSZnB ha™' with Danda variety. The highest biomass (9.97 tha™") and
hectoliter weight (81.2) were obtained at 250 kg ha” NPSZnB with Ogolcho and Kingbird varieties, respectively. The
maximum net benefit (85047ETB ha™') was obtained due to use of 200 kg ha” NPSZnB with Kingbird bread wheat variety.
Due to soil acidity of the study area, use of integrated soil fertility management practices is important to improve the
production and productivity of bread wheat.

Keywords: Blended Fertilizer, Economic Feasibility, Grain Yield, Straw Yield, Variety

accounting for 40 and 1.4 percent of Africa's and the world's
wheat production, respectively [35]. Based on the level of
production, many African countries are producing wheat for
both consumption and sales. Ethiopia, South Africa, Sudan,
Kenya, Tanzania, Nigeria, Zimbabwe, and Zambia are the
most dominant wheat producing countries in SSA [2].

In Ethiopia, bread wheat is the fourth most important cereal
crop by area coverage, with 1.70 million ha after tef, maize,
and sorghum [21]. Bread wheat accounts for about 80% of the
wheat area in Ethiopia, while tetraploid wheat (durum wheat
and landraces) produced in regions [56]. For instance, Ethiopia
harvested 4.6 million metric tons of wheat in SSA in 2017 [23].
Wheat is grown in Ethiopia at altitudes ranging from 1500 to

1. Introduction

Bread wheat (Triticum aestivum L.) is the most important
cereal crop in the Poaceae (Gramineae) family originated in the
Near-Eastern Fertile Crescent in the Middle East about 10,000
years ago [28, 58]. It is the second most influential staple food
crop after rice, grown in 89 countries with climates ranging from
temperate to tropical [41]. It is produced on about 221 million
hectares of land, resulting in 728.9 million tons of food grains
with a global productivity of 36.2 q ha [41].

Accordind to [58], Africa produces more than 25 million
tons of wheat from 10 Mha. Sub-Saharan Africa (SSA)
produced about 7.5 MT of wheat from a total area of 2.9 Mha,
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3000 meters above sea level, and it is grown entirely by rain.
The best sites, however, ranges between 1900 and 2700 meters
above sea level [57].

Wheat production in the country is primarily of dominated
by a subsistence character, dominated by the country's
numerous smallholder farmers, home consumption and less
for market and produced with low inputs in puts under rain
feed conditions [45]. It is apparent that Ethiopia’s wheat
production has been dominated by subsistence farming, with
low productivity and production.

Farmers in Ethiopia had been using blanket fertilizer
recommendations such as 100 kg Urea + 100 kg DAP ha™ to
grow cereal crops such as bread wheat. Mineral fertilizer
applied in a balanced manner has been shown to increase crop
yields while reducing nitrogen (N) and phosphorous (P) losses
to the environment [46]. Chemical fertilizers, notably DAP and
Urea, were employed for major crop production, including
wheat, in Ethiopia for decades. Taking this into account,
Ethiopia's Agricultural Transformation Agency [30] advised
that the soil fertility management system be improved overall
by including more nutrients in the fertilizer program. The ATA,
for example, recommended NPS, NPSB, NPSBCu, NPSCu,
and NPSZnB blended fertilizers for use in several parts of the
country, including the Benishangul Gumuz region [30].

The rate of blended fertilizer required for wheat production
in western parts of Ethiopia is not determined and need more
effort. Moreover, essential micronutrients required for
successful plant growth and good productivity have never
been included in the fertilizer program of Ethiopia.
Furthermore, unbalanced application of plant nutrients may
exacerbate the depletion of other important nutrient elements
in soils such as K, Mg, Ca, S and micronutrients [66]. As a
result of the widespread adoption of wheat varieties, the
average yield of wheat-producing farmers is around 2.7 tons
per hectare [21], which is significantly lower than the yields
achieved at research stations and on farms, which is 7 and 6
tons per hectare, respectively [48]. In a similar trend, from
Benishangul Gumuz regional State, Mao-komo district is one

of the potential district for bread wheat production about 2.76
tons per hectare of average yield which shows lower than
potential yield due to nutrient deficiency problem [22].

Out of 20 districts of the region, Mao-komo district has
huge potential in wheat, sorghum, maize and other cereal
crop production. However, traditional ways of production
system is the dominant practice in the district that lead to low
productivity crops. Recent acquired soil inventory data from
Ethiopian Soil Information System (EthioSIS) revealed that
in addition to N and P, nutrients such as S, B, and Zn are
deficient in most soils of Ethiopian including Asossa area
[30]. Therefore, the objective of this study was to determine
the optimum blended fertilizer rate for potential bread wheat
variety production in potential district of Benishangul Gumuz
area of Western Ethiopia.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted in Mao-Komo district
around Assosa Agricultural Research Center (ASARC) at
about 687 km to west direction of Addis Ababa, Ethiopia. Its
geographical location is 9°23'12.93 N longitude and 34°
24'27.81 E latitude, representing a medium altitude at 1600-
1900m above sea level with an average rainfall of 900mm-
1320 mm per annum. The mean annual average temperature
range was 24.3-26.6°C [7].

2.2. Experimental Materials

2.2.1. Plant Materials

Seeds of four bread wheat varieties namely (Kingbird,
Danda (DANPHE1), Shorima (ETBW 5483) and Ogolcho
(ETBW 5520)) were used for the study. All varieties were
obtained from Kulumsa Agricultural Research center (KARC)
except Danda (DANPHE1) which was used as standard
check. They have relatively the same area of adaption and
growing period (Table 1).

Table 1. Images of bread wheat varieties used for the study.

SN Genotypes Breeder Center

Recommended Agro-ecology zone

Year of rel

Alti (masl) RF (mm)
1. Ogolcho (ETBW5520) KARC 2012 1600-2100 400-500
2. Danda’a (Danphe#l) KARC 2010 2000-2600 >600
3. Kingbird KARC 2015 1500-2200 500 — 850
4. Shorima (ETBW 5483) KARC 2011 1900-2600 600-900

Source: Ministry of Agriculture and Natural Resources, Crop Variety Register (2016).

2.2.2. Fertilizer Materials

Blended fertilizer NPSZnB (17.8N%, 35.7 P,05%, 7.7S%,
2.2Zn% and 0.1B%) and Urea (46% N) were used as the
sources of fertilizer.

2.3. Treatments and Experimental Design

The treatment consist of five rates of NPSZnB fertilizer (0,
100, 150, 200 and 250kg/ha) and four bread wheat varieties

(Danda’a (standard check), Kingbird, Shorima, and Ogolcho).
The experiment was laid dawn in Randomized Complete
Block Design (RCBD) with factorial arrangement (5*4) in
three replications.

2.4. Experimental Procedures

The experimental field was prepared following the
conventional tillage practice ploughed by tractors, and
harrowed to make the land level. The area of the plot was 3*3
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m with a spacing between plots and blocks 0.5 and 1m,
respectively. All treatments were arranged in three blocks by
lottery method. Sowing was done by hand drilling of the seed
with spacing 20 cm between rows and at a seed rate of 125
kg ha”'. NPSZnB fertilizers was applied at time of sowing
based on the treatments. While N in the form of urea was
applied as recommended by Assosa Agricultural Research
Center (69 kg Nha™ to all treatments except the control plots
in two splits, half at time of sowing within the rows of plant
combined with NPSZnB fertilizer, and the remaining half at
the mid-tillering crop stage by side dressing). Agronomic
data were also collected from middle 13 rows by excluding
the one outer row from both sides of each plot to minimize
border effects. All agronomic practices were done to all
treatment as per the bread wheat crop recommendations.

2.5. Soil Sampling

Representative soil samples were collected from the
experimental field before sowing at a depth of 0 - 20 cm using
auger in zigzag pattern. About 10 soil sub-samples were collected
from different spots to form a composite soil sample. The sub-
samples were thoroughly mixed together on flat plastic sheet and
collected in clean new plastic bags. The composite soil samples
were labeled with necessary information and transported to the
laboratory. The soil samples were then air dried, and ground and
sieved with a 2 mm size sieve, in preparation for analysis of the
envisaged soil physicochemical properties.

The soil samples were further ground to pass a 0.5 mm size
sieve for the determination of organic carbon and total N
contents. Standard laboratory procedures through sample
collection that is a true representative of the area; chemical
analysis, interpretation /Calibration of test result and
recommendation on the bases of test for the following physico-
chemical properties. The following physico-chemical analysis
viz, texture, pH, CEC, OC, total N, available P, available S,
available B, and available Zn. The analysis was done at
Horticoop Ethiopia (Horticulture) PLC. Soil and Water
Analysis Laboratory based on standard procedures.

The soil textural class distribution was determined using
the Bouyoucos hydrometer method [24]. The pH of the soil
was determined at 1:2.5 (weight/volume) soils to water
dilution ratio using a glass electrode attached to digital pH
meter [19]. Cation exchange capacity (CEC) was determined
after saturating the soil with in ammonium acetate (NH4OAC)
and displacing it with in NaOAC [17]. Organic carbon was
determined by Potassium dichromate method [29]. Total
nitrogen was analyzed by Micro-kjeldahal method [64].
Available phosphorus and sulfur were determined using the
Bray II method [15] and turbid metric method [11],
respectively. Moreover available Zinc and Boron were
determined based on DTPA Extraction and using hot water
extraction methods, respectively [44].

2.6. Data Collected

2.6.1. Phenological Parameters
Days to 50% seedling emergence: determined as the

number of days from sowing to 50% crop emerged in each
plot from the ground through visual observation.

Days to 50% heading: determined as the number of days
from sowing to the time when plants from the middle rows in
a plot reached to 50% heading based on visual observation.

Days to 50% physiological maturity: determined as the
number of days from sowing to the time when the plants in a
plot reached to 50% maturity based on visual observation. It
was indicated by senescence of the leaves as well as
threshing of grain from the glumes when pressed between the
forefinger and thumb.

2.6.2. Growth Parameters

Leaf area (cm?): was determined by using manual method
(Linear model) with the following formula, A=b X Length X
Maximum Width, where b is a coefficient (0.75 for wheat),
A=leaf area, Length=leaf length, W=maximum leaf width,
that sample of leaf was taken and dimensions of each sample
were measured [16]. Then piece of flag leaf was placed on a
plane page and its length and width were measured from two
different positions of each plant and taken average area from
ten plants in each plot at 50% flowering stage.

Plant height (cm): The plant height was measured at
physiological maturity from the soil surface to the top of the
spike excluding awns on ten randomly pre-tagged selected
plants from the central harvestable rows. The total measured
plant height was summed together and divided by the
numbers of plant to get height per plant.

2.6.3. Yield and Yield Components

Total number of tillers: The mean numbers of tillers
produced per plant was counted in ten randomly pre-tagged
selected plants at physiological maturity stage.

Number of productive tillers per plant: The mean numbers
of effective tiller was determined based on ten pre-tagged
random selected plants of each harvestable raws (13 raws)
per plot.

Kernels per spike: The mean number of kernels per spike
was determined from ten randomly selected and pre-tagged
spikes from the net plot areas which was 7.8m” that contains
13 raws.

Spike length (cm): The mean number of spike length was
obtained from ten randomly selected and pre-tagged plants of
each plot.

Above ground biomass (tha™): At maturity, the whole plant
parts, including leaves and stems, and seeds from the net plot
area in each plot was harvested and sun dried for two days
until constant weight achieved, then the aboveground
biomass was weighed and expressed in t ha™.

Grain yield (tha™): Grain yield was measured from the
harvested central unit areas of 7.8m” and converted to tons
per hectare. Grains were cleaned following harvesting and
threshing, weighed using electronic balance, and to get actual
grain yield the moisture content at harvest was adjusted to
12.5% moisture content since actual moisture content may
increase or reduce grain yield by the following formula.

(100—-% actual Moisture Content
100-12.5

GrainYield (t/ha) = Yield obtained(t/ha) x
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Straw yield (t ha): Straw yield was calculated as the
difference between total above-ground biomass and grain
yield.

Harvest index (%): Harvest index was calculated as the
ratio of grain yield to total above ground biomass yield per
plot expressed in percent.

Grain Yield Per plot

100

Harvest index (%) = Above ground dry biomass per plot

Stem lodging Percentage: Stem lodging was observed for
all varieties by visual observation just before the time of
harvest based on the scales (1-5), where 1 (0-15°) indicates
no lodging, 2 (15-30°) indicates 25% lodging, 3 (30-45°)
indicates 50% lodging, 4 (45-60°) indicates 75% lodging and
5 (60 - 90°) indicates 100% lodging [18].

2.7. Quality Parameters

Thousand kernel weight (g): was determined based on the
weight of 1000 seeds sampled from the bulk grain yield of
each treatment by counting using an electronic seed counter
and their weight taken with an electronic balance and
adjusted at 12.5% grain moisture content.

Hectoliter weight: Hectoliter weight was determined on free
samples using a laboratory hectoliter weight apparatus [13].

Moisture Content (%): The grain moisture levels were
measured by aparatus known as grain analysis computer
(GAC 2100) at the time of one day of harvest.

2.8. Data Analysis

2.8.1. Statistical Data Analysis

The collected data were subjected to Analysis of Variance
(ANOVA) using SAS version 9.0 statistical software program.
Comparisons among treatment means with significant
difference for measured and scored parameters were made
using LSD at 5% level of significance. Correlation analysis
was carried out between phenological, growth, yield and
yield components.

2.8.2. Economic Analysis

The partial budget analysis was done for economic
analysis as described by [20]. The economic advantages of
applied blended NPSZnB and varieties were carried out
using partial budget analysis. In this experiment, the costs
that vary were calculated by adding costs of fertilizer and
labor for fertilizer application. However, other management
and fixed costs were assumed to be equal for all and not
included in the calculation. The cost of blended NPSZnB
was 25.50 birr kg'. Price of bread wheat grain was 28.00
ETB kg' and the straw was 3.0 ETB kg'. The average
grain yield and straw yield were adjusted by 10% down
wards to reflect the difference between the experimental
yield and the farmers yield that farmers would expect from
their field. It was estimated that per man-days 60 ETB
calculated for two man per day were needed for application
of 100 kg NPSZnB ha™'. To identify treatments with the
optimum return to the farmer’s investment, marginal
analysis was performed on non-dominated treatments. For a

treatment to be considered as worthwhile to farmers,
between 50% and 100% marginal rate of return (MRR) was
the minimum acceptable rate of return [20].

3. Results and Discussion

3.1. Soil Physico-chemical Properties of the Experimental
Site Before Sowing

3.1.1. Soil Physical Properties

The soil texture of the experimental site had 14% sand, 42%
silt, and 44% clay (Table 2). Accordingly, the soil under the
textural category of Silty clay suitable for wheat production
[50]. Silty clay soil influence water holding capacity, water
infiltration rate, aeration, root penetration and soil fertility
which is favorable for cereal crop production [50].

3.1.2. Soil Chemical Properties

The soil pH of the experimental field showed that the field
has a pH of 4.99, which is under very strongly acid category.
According to [38], pH values classified as pH < 4.0 extremely
acid, 4.0-5.5 very strongly and strong acid, 5.5-7.3 moderately
acid slightly acid and neutral, 7.3-8.5 slightly and moderately
alkaline, and pH values > 8.5 strongly and very strongly
alkaline. Hence, soil pH is a very import soil property due to
its ability to determine the availability of nutrients for plant
uptake [38]. Different soil nutrients are available for uptake by
plants at different soil pH levels. Some soil nutrients are
available at acidic pH while others are available at alkaline pH
levels. The Soil pH level that allows for a wider nutrient
availability to crops is in the 5.5 to 7.5 range [19].

The CEC of the experimental site was 24.40 cmol kg™ soil,
which is under medium category [43] (Table 2). The soil
organic carbon content of the study area was 2.76, which is
under high range as described by [38]. Total nitrogen value
was 0.22% (Table 2). According to [43] classified soil nitrogen
as N content < 0.1% was rated as very low, 0.1-0.2% as low,
0.2-0.5% as medium (sufficient), 0.5-1.0% as > 1% is very
high. The experimental site can be classified in medium
(sufficient) range in its total N content range. Available P
content of the experimental site was 18.86mg/kg of soil sample
solution. According to [38], the range of phosphorus in Bray
method is < 7, 8-19, 20-39, 40-58 and >59 was very low, low,
medium, high and very high, respectively. Hence the study
area was medium and no need phosphorous fertilizer.

Available sulf+ur value of the study area was 7.34 mg kg™
(Table 2). According to [39], sulfur values categorized under
medium range. The classification showed soils with value <2
very low, 2-5 low, 5-20 medium and > 20 mg/kg high. Hence
application of maintenance rate of sulfur fertilizer is needed
for the study area.

Available boron value of the study area was also 0.032 mg
kg (Table 2). According to [13] report, the critical levels of
boron value for most Ethiopian soils is 1.1 - 2 mg kg™, below
this range indicated as boron deficiency whereas ranges low
(0.3- 1 mg kg™, optimum (1.1-2 mg kg™), high (2.1- 4 mg
kg") and very high >4 mg kg'). Based on these common
ranges the soil of the study area was deficit in its boron
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content that implies application of fertilizer which contains
boron to fulfill the deficient level is crucial. Boron
concentration and its bioavailability in soils is affected by
several factors including parent material, texture, nature of
clay minerals, pH, liming, organic matter content, sources of
irrigation, interrelationship with other elements, and
environmental conditions like moderate to heavy rainfall, dry
weather and high light intensity [49].

Available zinc value of the study area was <0.23 mg kg
(Table 2). [12] classify the soil’s zinc content as < 0.2 very low,

0.3-1 low, 1.1-2 optimum, 2.1- 4 high and >4.1 mg /kg'1 is
very high. soil classification for zinc values < 1 indicates very
low, 1-1.5 low, 1.5-10 optimum, 10-20 high and >20 mg /kg'1
(ppm) is very high. Hence, the study area lies on very low
range and need application of appropriate rate of zinc fertilizer.
This very low inorganic zinc content of the soil may be due to
several soil factors (weathered parent material, nature of clay
minerals, soil organic matter) that can cause deficiency of total
Zn content and Zn availability to plant uptake [5].

Table 2. Soil physical and chemical characteristics of the study area before sowing.

Soil Physical Properties Value Rating Range References

Sand (%) 14 Moderate 10.0-25.0 Hazelton and Murphy (2007)
Silt (%) 44 Low >50.0 Hazelton and Murphy (2007)
Clay (%) 42 High 10.0-25.0 Hazelton and Murphy, (2007)
Textural class Silty clay - - Day, 1965

Soil Chemical Properties

pH (1:2.5 H,0) 4.99 Medium 4.5-5.5 Chopra and Kanwar, 1976
TN (%) 0.22 mg kg’ Medium 0.2- 0.5% Landon et al., 1991

0OC (%) 2.76 mg kg High 0.6-1.0 mg kg* Hazelton and Murphy (2016)
Av. Phosphorus mg kg 18.86 mg kg Medium 17-25 mg kg Hazelton and Murphy (2016)
Av. Sulfur mg kg’' 734 mg kg’ Medium 5-20 mg kg Horneck et al., (2011)

Av. Zinc mg kg! <0.23 mg kg'! Very Low 1.1-2 mg kg™ Benton (2003)

Av. Boron mg kg'! <0.032 mg kg! Low 1.1-2 mgkg" Benton, (2003)

CEC cmol kg 24.4 cmol kg Medium 15-25 cmol kg Chapman, 1965

CEC=Cation exchange capacity, OC=Organic carbon, OM=Organic Matter, TN=Total nitrogen, Av.=Available

3.2. Crop Phenology

3.2.1. Days to 50% Emergence

Days to 50% emergence of bread wheat varieties were
significantly (P < 0.05) affected by the main effect of blended
fertilizer NPSZnB and variety, but non-significantly affected in
their interaction (Appendix Table 2). As application of NPSZnB
fertilizer rate increases, the mean days to 50% emergence
decreased significantly (P < 0.05) (Table 3). The maximum days
to reach 50% emergence (4.83 days) was recorded on the control
treatment (0 kg ha' NPSZnB), while the minimum days to
emergence (3.33 days) was recorded on treatment that received
250 kg ha” NPSZnB. The decrease in days to emergence as the
result of increased in NPSZnB rate could be due to increment of
boron which concerned with the water relations in cells that
regulates the intake of water in to the cell, tissue development
and differentiation, which is directly support seedling emergence
[65]. Similarly [27] reported that the duration of days to 50%
emergence of bread wheat prolonged as application of blended
NPSZnB fertilizer rate reduced.

Kingbird, Danda and Shorima took more days days to
reach to 50% emergence; while the minimum days to 50%
was observed in variety Ogolcho (Table 3). The 50%
emergence did not show significant difference at a rate of
100, 150 and 200 kg ha™ despite the boron level increased
this is due to boron rate was lower than the optimum and
since the boron level increased almost to optimum level the
days to 50% emergency reduced. The variation in days to
50% emergence among varieties might be attributed to the
to the genetic variability of bread wheat varieties in

absorption of moisture and stored food in the seeds.
Likewise, [54] also reported varietal difference affected day
to 50% emergence in wheat.

Table 3. Effects of blended NPSZnB fertilizer rates and varieties on days to
50% emergence of bread wheat.

Treatments Days to 50% Emergence
NPSZnB (kg ha™)

0 4.83%
100 3.83°
150 3.83°
200 3.75°
250 3.33¢
Mean 3.90
LSD (0.05) 0.29
Varieties

Kingbird 4.07°
Danda 4.2°
Shorima 4.07°
Ogolcho 3.33°
Mean 3.92
LSD (0.05) 0.26
CV (%) 8.98

Means followed by the same letters are not significantly different (P < 0.05)

3.2.2. Days to 50% Flowering

Days to 50% flowering was significantly (P < 0.05) affected by
the main effects of NPSZnB fertilizer rates and interaction effect
of main factors, however the bread wheat varieties did not differ
significantly in days to 50% flowering. The maximum number of
days to flowering (76.33 days) was observed at the rate of 200 kg
ha” NPSZnB with Ogolcho variety, which was statistically at par
with Danda and Kingbird with 250 kg ha”' NPSZnB. While the



International Journal of Applied Agricultural Sciences 2022; 8(1): 24-40 29

minimum number of days to flowering (58.30 days) was observed
at 0 kg ha” NPSZnB with Danda variety (Table 4). This result
showed that the increment application of NPSZnB rate delays
bread wheat to flower. Moreover N and P are major nutrients,
which are important to enhance vegetative growth and delays
flowering of crops. This finding is consistent with [1], who found
that application of blend fertilizer (macro and micro) and urea
prolongs the vegetative growth stage of wheat.

Similarly [26] suggested that blended fertilizer has a

substantial effect on days to heading and maturity,
accordingly at 300 kg of NPSZnB application with additional
urea, the longest days to heading (71.7) and physiological
maturity (113.0) were observed whereas the earliest dates to
heading or flower and physiological maturity (61.3) and
(106.2) recorded at control treatments respectively. On the
other hand, [47] reported that with the increase in blended
fertilizer rates of S, B, Zn, the number of days required for
flowering, maturity and grain filling period increased.

Table 4. Interaction effect of blended NPSZnB rate and variety on days to 50% flowering.

NPSZnB (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 66.67° 70.67°% 71.00% 75.33%® 76.30° 72.00
Danda 58.30¢ 72.00°¢ 75.33%® 76.30° 76.30° 71.65
Shorima 64.67" 69.00% 71.67° 72.00% 7333 70.00
Ogolcho 63.67" 70.33 72.30%4 76.33° 76.30° 71.80
Mean 63.33 70.50 72.58 75.00 75.56

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 2.05 1.83 4.10
CV (%) 3.47

Means followed by the same letters are not significantly different at (P < 0.05)

3.2.3. Days to 90% Physiological Maturity

The main effects of blended NPSZnB fertilizer rates and
bread wheat varieties and their interaction effects were
significantly (P < 0.05) affected days to 90% physiological
maturity. The number of days required to achieve 90%
physiological maturity ranged between 75 to 116.33 days among
varieties. Days to 90% physiological maturity was delayed
(116.33 days) at 250kg ha’ NPSZnB with Danda variety; in
contrast earlier physiological maturity (75 days) was observed at
0 kg ha' NPSZnB with Shorima variety (Table 5). The
significant difference among the varieties to varying levels of
fertilizer rates for observed physiological maturity might be due
to varying response of varieties to applied fertilizer rates/

response to environmental conditions (Table 5).

Similarly, [10] reported significant difference among ten
genotypes on both days to heading and maturity. Besides, the
number of days required to attain 90% physiological maturity
of bread wheat varieties proportionally increased with
blended NPSZnB fertilizer rate. This could be due to the
presence of N, P, S, Zn and B plant nutrients which played an
important role in protein synthesis, formulation of some
growth hormone that prolong crop on field duration and
promote seed maturation and production. Similarly, [1]
described application of a blend fertilizer (macro and micro)
and urea, which has a higher rate of nitrogen nutrient,
prolongs the vegetative growth stage of wheat.

Table 5. Interaction effect of blended NPSZnB rate and variety on days to 90% physiological maturity.

NPSZnB rate (kg ha™)

Treatments

0 100 150 200 250 Mean
Variety
Kingbird 87.00" 102.33%" 104.33°% 108.00>% 113.00"® 102.90
Danda 85.67' 106.00° 107.33%%F 112.33%¢ 116.33° 105.50
Shorima 75.00' 102.33%" 105.00°" 107.00%f 111.33% 100.00
Ogolcho 85.00" 97.67" 99.33¢" 102.33%" 111.67% 99.00
Mean 83.17 102.08 104.00 107.40 113.08

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 2.6052 233 521
CV (%) 3.09

Means followed by the same letters are not significantly different at (P < 0.05)

3.3. Growth Parameter of Bread Wheat Varieties

3.3.1. Leaf Area
Leaf area of bread wheat was significantly (P < 0.05)

affected by the main factors of NPSZnB fertilizer rate, bread
wheat varieties and their interaction. The least leaf area
(10.69 cm?) was recorded from combination of 0 kg ha™
NPSZnB with Danda variety, whereas the maximum leaf area
(30.15 cm®) was recorded at 200 kg ha”' NPSZnB fertilizer
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rate with Kingbird variety (Table 6). This implies that as rates
of fertilizer increased up to optimal level depending on
varietal variability in response to applied nutrients, leaf area
of plants increased, that plays a vital role in absorption of
solar radiation that result in growth of crop, yield and yield
components increment. The result was compatible with the

research finding of [8], who reported NP increased leaf area
and leaf area duration. The more leaf area produces the more
production of dry matter and grain yield since leaf area is
directly proportional with amount of sun light absorption that
helps in total dry matter production.

Table 6. Interaction effect of blended NPSZnB fertilizer rates and bread wheat varieties on leaf area (cm?).

NPSZnB rate (kgha™)

Treatments

0 100 150 200 250 Mean
Variety
Kingbird 15.51 20.26°%" 22.51%4F 30.15° 25.42° 22.77
Danda 10.69' 17.85% 18.32Mk 20.52%fehi 18.6" 17.20
Shorima 15.93% 19.35¢h 19.37¢0 22.92bcde 21.06%E 19.73
Ogolcho 16.43%* 19.93%" 21.71%% 25.07™ 23174 21.30
Mean 14.64 19.35 20.48 24.67 22.06

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 1.43 1.28 2.86
CV (%) 8.55

Means followed by the same letters are not significantly different at (P < 0.05

3.3.2. Plant Height

Plant height was significantly affected by the main effects of
NPSZnB, variety as well as by the main effects of NPSZnB
and variety. The highest plant height (81.4 cm) was from
variety Danda’a at a rate of 200 kg ha’ NPSZnB which was
statistically at par with the application 250 kg ha” NPSZnB
with the same variety. However, the shortest plant height
(45.02 cm) was recorded from variety Kingbird under the
control treatment (0 kg ha” NPSZnB) and it was statistically at
par with varieties Danda’a, Shorima and Ogolcho at the
control NPSZnB rate and at 100 kg ha fertilizer rate with
variety Danda’a (Table 7). Generally in this study plant height
of the tested varieties increased as the amount of NPSZnB

increased from 0 to 200 kg ha” which is optimum for all
varieties except for Kingbird bread wheat variety.

The application of blended fertilizer to optimum level (200 kg
ha” NPSZnB) significantly increased plant height as compared to
the control (zero fertilizer plots). This could be due to genetic
variation among varieties with respect to plant height with
response to applied blended fertilizer since the variation at control
treatments observed due to absence of fertilizer spetially due to
lack of nitrogen fertilizer which promotes plant growth. The result
was in agreement with the finding of other authors [6, 62] also,
reported that macro and micro nutrients (nitrogen, phosphorous
with sulfur and born) can increase plant height with increasing
doses and combination based on varietal responses.

Table 7. Interaction effect of blended NPSZnB rate and variety on plant height (cm).

NPSZnB rate (kgha™)

Treatments

0 100 150 200 250 Mean
Variety
Kingbird 45.02! 49.05" 51.18%" 63.1% 66.2¢ 54.91
Danda 4851 66.85¢ 73.07% 81.4 79.37° 69.84
Shorima 4535 55.25% 57.68 68.32¢ 67.17¢ 58.75
Ogolcho 46.66" 59.93¢ 62.87% 77.43% 77.03%® 64.79
Mean 46.38 57.77 61.2 72.56 72.44

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 291 2.60 5.81
CV (%) 5.67

Means followed by the same letters are not significantly different at (P < 0.05)

3.4. Yield and Yield Components

3.4.1. Total Numbers of Tillers

The analysis of variance showed that the main effect of
blended NPSZnB fertilizer rate and varieties, and their
interaction significantly (P < 0.05) affected the total numbers
of tillers per plants. The highest number of total tillers (6.29

per plant) was obtained at 200 kg NPSZnB ha™' with Kingbird
variety, which was statistically at par with Danda variety with
200 kg NPSZnB ha™ (6.2 per plant). However, the lowest total
number of tillers per plant (1.52) was also recorded from
Kingbird variety without NPSZnB fertilizer application
(control treatment) due to lack of growth initiating nutrients
(Table 8). The possible reason for increment in number of total
tiller might be due to the effect of balanced fertilization in
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which readily soluble minerals help to the vegetative growth of
the crop. In contradiction of this result, [42] reported that N
and P fertilizer rate had on significant role in number of total

and effective tiller production per plant of wheat that might be
due to ecological or varietal difference.

Table 8. Interaction effect of blended NPSZnB rate and variety on total number of tillers.

NPSZnB rate (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 1.52! 4.18% 5.17°% 6.29° 5.46™ 4.52
Danda 2.09M 4,508 4,96 6.20° 6.19° 4.79
Shorima 2.45" 3.73¢8 4.5 5.23% 5.26™ 423
Ogolcho 2.63" 3.85% 5.01% 5.96" 5.62% 4.61
Mean 2.17 4.07 491 5.92 5.63

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.36 0.32 0.72
CV (%) 9.61

Means followed by the same letter are not significantly different at (P < 0.05)

3.4.2. Number of Productive Tillers

The number of productive tillers per plant were significantly (P
< 0.05) influenced by the main effects of varieties and blended
fertilizer rates, and their interaction. The highest mean number of
productive tillers (6.1) was recorded from Kingbird variety with
200 kg NPSZnB ha™' fertilizer rate (Table 9). Whereas, the lowest
mean number of effective tillers (1.07) was recorded from control
(unfertilized) plot with Danda variety, which was statistically
similar with control treatment with Kingbird and Shorima
varieties. The increment of effective tillers were depended on
genetic variability of varieties and the increasing rate of the

blended fertilizer rates. The increased in productive tillers on plots
treated with blended fertilizer than in the unfertilized plot might be
due to the profound effect of balanced nutrition for root
development. This result is in agreement with that of [36, 33] who
reported that application of blended fertilizer NPSZn brought
significant increase in productive tillers. [34] also reported
increase in the number of productive tillers produced due to
blended fertilizers may be attributed to the synergic roles in
enhancing productive tillers production by the plant. In addition
[63] revealed that blended NPS was significantly influenced
productive tillers of bread wheat.

Table 9. Interaction effect of blended NPSZnB fertilizer rates and varieties on number of productive tillers of bread wheat.

NPSZnB rate (kg ha™)
Treatments 0 100 150 200 250 Mean
Variety
Kingbird 1.75" 4.02% 5.00%% 6.10° 5.25% 4.42
Danda 1.07 271 2.90" 3.40% 427" 2.87
Shorima 1.60" 2.99" 4,03% 4,90 437 3.57
Ogolcho 1.93' 3.408" 4.50%" 5.80® 5.40% 421
Mean 1.59 3.28 411 5.05 4.82

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.40 0.35 0.77
CV (%) 12.54

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.3. Spike Length (cm)

Spike length was significantly (P < 0.05) affected by the
main effects of blended NPSZnB fertilizer rate and varieties,
as well as their interaction. The highest spike length (7.38cm)
was recorded from application of 200 kg of NPSZnB ha™
fertilizer (Table 10). The longest spike length (8.2 cm) was
observed on 200 kg NPSZnB ha' rate with Danda variety,
which was statistically at par with 150 kg NPSZnB ha™ with
the same variety, and 200kg NPSZnB ha™' with Ogolcho
variety. Whereas the shortest spike length (5.01 cm) was
produced at control (zero) NPSZnB fertilizer level with
Kingbird variety. The increase in spike length at the 200 kg

NPSZnB ha' rate with Danda variety could be due to
improved root growth and increased uptake of nutrients and
better growth as a result of synergetic effect of the nutrients
and genetic varietal response. The result also indicated that
macro nutrients (N, P,) and micro nutrients (S, Zn, B)
increased spike length of plant, even though recommended N
(69 kgha™') was equally applied to all plots except of control
treatment. This is in agreement with [53, 25] who reported
that spike length of wheat significantly increased as a result
of applying Zn and B blended with macronutrients based on
the responses of varieties. Similarly, [12] also reported that
optimum amount of fertilizer application has significant
effect on the growth of spike length.
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Table 10. Interaction effect of blended NPSZnB fertilizer rates and bread wheat varieties on spike length (cm).

NPSZnB rate (kgha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 3.6 6.00%" 6.10°%" 6.73% 6.23%f% 5.73
Danda 5.57¢ 6.27%" 7.55% 8.20° 7.73% 7.06
Shorima 4941 6.15%% 6.33%f 6.82% 6.63%4f 6.17
Ogolcho 5.43M 6.10°%" 6.80% 7.77% 7.3% 6.68
Mean 4.89 6.13 6.69 7.38 6.98

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.34 0.30 0.68
CV (%) 6.37

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.4. Number of Grains Per Spike

The number of grains per spike was significantly affected by
main effects of blended NPSZnB fertilizer and bread wheat
varieties as well as their interaction. The highest number of
grains per spike (52.5) was obtained on 200 kg NPSZnB ha™
application with Kingbird variety. While the lowest number of
grains per spike (24.1) was recorded on control treatment with
Ogolcho variety, which was statistically at par with Danda
(27.3) variety with control treatment (Table 11).

The number of grains per spike of a bread wheat increased
with increase in fertilizer rate up to a certain level for all
varieties. The variation in grain per spike observed among
varieties was due to their genetic difference that hereditarily

determines production capability of crops. This might be due
to phosphorous and boron nutrient increment which are
essential in development of grains and grain setting
respectively. This finding is also supported by the result of
[25] who reported that boron application results in significant
improvement in the number of seeds per spike of wheat.
Additionally, [5] reported that Zn fertilizer application on
soils with low soil Zn content may increase the Zn
concentration and grain yield of crops. Similarly, [52]
reported that application of nutrients like S, Zn, and B and
other micronutrients significantly increased yield component
of bread wheat as compared to the control (no fertilizer)
based on the genetic variability of varieties.

Table 11. Interaction effect of blended NPSZnB fertilizer rates and varieties on number of grain per spike of bread wheat.

NPSZnB rate (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 36.67" 4727 47.47> 52.5° 48.27° 46.43
Danda 27.3" 40.2° 40.87° 44.8% 42.77% 39.2
Shorima 31.278 41.8% 44.5% 46.5% 48.5° 42.54
Ogolcho 24.1 42.8% 46.5% 48.7° 48.27° 42.1
Mean 29.85 43.03 4485 48.1 46.96

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 1.71 1.53 3.42
CV (%) 4.87

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.5. Above Ground Biomass Yield

Analysis of variance showed that above ground biomass
yield was significantly (P < 0.05), affected by the main effects
of blended fertilizer rates and interaction, however not
significantly affected by the main effect of varieties. The
highest biomass yield (9.97t ha™) was obtained on application
of 250 kg NPSZnB ha™ with variety Ogolcho, and application
of 200kg NPSZnB ha™ (9.91 t ha") with Danda variety which
were statistically at par application of 250kg NPSZnB ha
with Danda variety and application of 200 kg NPSZnB ha
with Ogolcho (Table 12). While the lowest biomass yield (4.6t
ha™) was recorded with 0 kg NPSZnB ha™on Danda variety.

The biomass yield (t ha™) of a wheat increases with increase

in fertilizer rate up to a certain levels for all varieties due to
varietal difference on fertilizer requirement. The possible reason
for this response could be due to adequate supply of fertilizer
application and their assimilation in meristematic tissue which
might have played an important role in tillering and overall plant
growth. That might be also due to better crop nutrition through
applied blended micronutrients (Zn and B) with macronutrients
(N, P, and S), which may result in improved vegetative growth
of crops. The result also indicated that even in the absence of K,
the blend of fertilizer contributed to enhance the aboveground
dry biomass yield of wheat plants grow in field experiment. [67]
also indicated that above ground dry biomass yield was
significantly affected by application of blended fertilizer and
NPZnB. This result was similar to the research findings of [68]
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found that application of 150 kg NPSB ha blended fertilizer
increased the biomass by 11.5 t ha™. Similarly, these authors
concluded that this might be due to better crop nutrition through
applied blended micronutrients (Zn and B) with macronutrients
(N, P, and S), which may result in improved vegetative growth

of crops and specially due to sulfur that enhanced the formation
of chlorophyll and encouraged vegetative growth and boron
which helps in nitrogen absorption that plays great role in
biomass increment in crop development.

Table 12. Interaction effect of NPSZnB fertilizer rate and varieties on above ground mass (t ha'*) of bread wheat.

NPSZnB rate (kgha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 5.541 8.09%" 8.48%f 8.80"df 9.07*4 8
Danda 4.60’ 8.424fe 8.77°%f 9.91° 9.52:¢ 8.24
Shorima 5.96' 7.59" 8.14°fe 8.64%f 8.930cde 7.85
Ogolcho 6.11° 7.66" 8.84Pedef 9.58% 9.97° 8.44
Mean 5.55 7.94 8.56 9.24 9.38

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.40 0.36 0.81
CV (%) 6.00

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.6. Grain Yield

The analysis of variance revealed that grain yield of bread
wheat was significantly (P < 0.05) affected by the main effect
of blended NPSZnB fertilizer rate and variety as well as their
interaction (Appendix Table 3). Increasing the rates of blended
NPZnB fertilizer from 0 to 200 kg ha” showed consistent
increase of grain yield while the yield was become declined at
maximum application rates of blended fertilizer (Table 13).
This indicated that the plants achieved its optimum application
of blended NPSZnB which beyond that application the plant
might not responded to fertilizer application and leads to yield
reduction. The highest grain yield (3.54tha™) was obtained in
response to application of 200 kg ha” blended NPSZnB
fertilizer with Kingbird variety, while the lowest grain yield
(0.55 tha™) was recorded on control treatment with Danda
variety, which was at parity with all varieties with control

treatment. The yield obtained from application of 200 kg
NPSZnB ha™ gave 32.8% grain yield increment with Kingbird
variety over Danda variety (standard check) with the same rate
of blended NPSZnB fertilizer.

An increase in the application of blended fertilizer to the
optimum rates for improved wheat varieties enhance. The
productivity of crop. This could be due to the contribution of
balance nutrition (macro and micro nutrient) present in fertilizers
which increased yield attributes through higher uptakes of all the
nutrients and increased translocation of photosynthesis from
source to sink. In conformity with this finding [59] reported that
the highest grain yield of bread wheat was obtained at 200 kg ha’
! blended NPS supplemented with 92 kg N ha™. Similarly, [52]
reported that application of nutrients like K, S, Zn, Mg and B
significantly increased grain yield and yield component of bread
wheat as compare to the control (no fertilizer).

Table 13. Interaction effect of blended NPSZnB fertilizer rates and varieties on grain yield (t ha™') of bread wheat.

NPSZnB rate (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 0.60" 2.59% 2.89% 3.54° 3.13° 2.55
Danda 0.55 1.88" 2.03& 2.38 2.20% 1.81
Shorima 0.717 2.06% 2.24% 2.61% 2.57% 2.04
Ogolcho 0.85' 226 2714 3.08° 2.95% 237
Mean 0.68 2.20 247 2.90 272

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.14 0.12 0.27
CV (%) 7.50

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.7. Straw Yield

Straw yield was significantly (P < 0.05) influenced by the
main effect of blended fertilizer and varieties of bread wheat
as well as their interaction. The highest straw yield (7.53t ha™")
was recorded from the application of 200kgha™ of NPSZnB

with Danda variety, which was statistically at par with 250kg
NPSZnB ha™” with Danda variety, and 200kg NPSZnB ha™
with Ogolcho variety (Table 14). However, the lowest straw
yield (4.04t ha') was obtained from the control (zero
fertilizer) treatment with Danda variety. The highest straw
yield recorded could be due to the combined effect of
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nutrients like N, P, S, Zn and B in blended fertilizer which
might have advanced growth and development of crop and
straw yield capability of bread wheat variety.

The significant increase in straw yield in response to the
combined application of high rate of NPSZnB blended
fertilizer rates with Danda variety might be attributed to the
synergic roles of the nutrients in the fertilizer played in
enhancing growth and development of the vegetative part of

the bread wheat varieties. That is why the 200kg ha™
NPSZnB blended fertilizer rate had 46% more straw yield
increment over unfertilized Danda variety on their overall
plots and same management practices. This result is in line
with that of [61] who reported that, straw yield of teff was
significantly affected by application of blended fertilizer
which exceeds 49% over the control plots.

Table 14. Interaction effect of NPSZnB fertilizer rate and varieties on straw yield (t ha™*) of bread wheat.

NPSZnB rate (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 494 538 5.45%" 5.55%h 5.94°¢ 5.45
Danda 4.04 6.54°% 6.73%¢ 7.53" 7.29%® 6.43
Shorima 525" 5,53 5.9]¢kn 6.04% 6.36°% 5.82
Ogolcho 5.26" 5.4¢h 6.13%" 6.51°% 7.04% 6.07
Mean 4.88 5.71 6.06 6.41 6.66

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.35 0.32 0.71
CV (%) 7.19

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.8. Harvest Index

Analysis of variance showed that the harvest index was
significantly (P < 0.05) affected by both main effects of
blended fertilizer rates and varieties, and their interaction.
The maximum (39%) and minimum (10.89%) harvest index
were recorded from the application of 200kg NPSZnB ha™
and control treatment with Kingbird variety (Table 15). The
variation in harvest index could be due to synergetic effect of

blended fertilizer and genetic variability of bread wheat
varieties in response to blended fertilizer. As [60] expressed,
higher transfer of assimilates to the grain could increase the
harvest index and minimize the proportion of dry matter
produced. The result is also supported by the findings of [59],
who suggested that harvest index was affected by the
interaction effect of blended NPS and varieties.

Table 15. Interaction effect of blended NPSZnB fertilizer rates and varieties on harvest index (%) of bread wheat.

NPSZnB rate (kg ha™)

Treatments 0 100 150 200 250 Mean
Variety
Kingbird 10.89' 32.45% 33.50™ 39.00° 35.78° 30.31
Danda 12.16" 22.41" 23.20" 24.04" 23.26" 21.01
Shorima 12.107 27.208 27.408 30.18%f 28.83% 25.15
Ogolcho 14.18' 29.18% 29.80°% 32.11%% 31.12¢F 27.28
Mean 12.33 27.81 28.48 31.32 29.75

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 131 1.17 2.62
CV (%) 6.10

Means followed by the same letters are not significantly different at (P < 0.05)

3.4.9. Lodging Percentage

The main effects of blended NPSZnB fertilizer rates and
the varieties were significantly (P < 0.05) affected lodging
percentage of bread wheat, while the interaction effect of the
two factors was not significant. The highest lodging (11.92%)
was obtained from application of 250kgha™ NPSZnB, which
was at par with 200kgha”' NPSZnB; while the lowest lodging
(8.17%) was recorded on control (zero fertilizer) treatment
(Table 16). The marked increases in lodging percentage due
to increased application of blended NPSZnB fertilize could

be attributed from an increase of plant height since plant
height and lodging percentage are positively correlated.

In line with this study, [32] reported that the highest
lodging percentage in the highest rate of NPK application.
Moreover, Kingbird variety showed the highest lodging
percentage (11.27%) which was statistically at par with
Ogolcho variety, while the lowest lodging percentage (8.93)
was recorded on Danda (standard check) variety (Table 16).
The difference in lodging percentage among varieties might
be due to their genetic variability.
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Table 16. Main effects of NPSZnB fertilizer rates and varieties on lodging percentage of bread wheat.

Treatments Lodging Percentage (%)
NPSZnB (kg ha™)

0 8.17°
100 9.10™
150 9.50°
200 11.10°
250 11.92¢
Mean 9.95
LSD (0.05) 1.16
Variety

Kingbird 11.27°
Danda 8.93¢
Shorima 9.33%
Ogolcho 10.27%
Mean 9.95
LSD (0.05) 1.04
CV (%) 14.14

Means followed by the same letters are not significantly different at (P < 0.05)

3.5. Quality Parameters of Bread Wheat

3.5.1. Thousand Seed Weight

The analysis of variance showed that the main effect of
blended NPSZnB fertilizer rates and bread wheat varieties
and their interaction significantly (P < 0.05) affected
thousand seed weight (TSW). The highest TSW (33.83g) was
produced by the application of 200 kg ha™ NPSZnB blended
fertilizer on Kingbird bread wheat variety, which was at par
with Danda variety with the same rate. The lowest TSW
(23.71g) was recorded from control (unfertilized treatment)
with Shorima variety, which was at par with Danda (standard
check) and Ogolcho varieties with control treatment (Table

17). The difference recorded between varieties on TSW was
due to genetical difference in response to blended fertilizer
treatments.

Application of blended fertilizer rates to the optimum rate
increased seed size and seed dry matter contents that directly
increase the amount of powder of bread wheat varieties. The
higher the seed weight is the reflection of improved nutrient
use efficiency as a result of optimum application of blended
fertilizer. This similar with finding of [51], who reported that
applying both micro (especially Zn and B) and macro
nutrient have a positive effect on yield component of wheat
crop especially on 1000 seed weight.

Table 17. Interaction effect of blended NPSZnB fertilizer rates and variety on thousand seed weight (g) of bread wheat.

NPSZnB rate (kg ha™)

Treatments

0 100 150 200 250 Mean
Variety
Kingbird 26.7" 27.83¢" 28.9¢% 33.83° 29.82°4f 29.42
Danda 25.50 29,74t 30.28%%f 32.27%® 31.05%¢ 29.76
Shorima 23.71) 2845 29 2%t 29519t 29,77 28.13
Ogolcho 25.51" 29,72k 30.65"% 31.14% 31.70™ 29.74
Mean 25.36 28.93 29.76 31.69 30.58

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 0.99 0.89 1.99
CV (%) 411

Means followed by the same letters are not significantly different at (P < 0.05)

3.5.2. Hectoliter Weight

Hectoliter weight (kg hl') was significantly (P < 0.05)
influenced by both main effects of blended NPSZnB fertilizer
and varieties as well as their interaction. The highest
hectoliter weight (81.2 kg hl'") was obtained from Kingbird
variety with 250 kg ha” blended NPSZnB fertilizer rate,
while the lowest hectoliter weight (60 kg hl™") was recorded
from Danda variety with control treatment which was
statistically equivalent with all tested varieties with control
(unfertilized) treatment (Table 18). The higher HLW with the

application of blended NPSZnB rate might be due to the role
of balanced nutrients on quality of wheat such as flour yield,
however differ with varieties [31, 3]. Similarly [9] also
indicated that hectoliter weight ranged from about 57.9 kg
hL"' for poor wheat and to about 82.4 kg hL™ for good
quality wheat varieties. The hectoliter weight ranged from 60
to 81.2 kg hL™" which is in good quality range. Moreover, the
significant difference among bread wheat varieties could be
due to genetic differences among varieties, biotic and abiotic
factors.
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Table 18. Interaction effect of NPSZnB fertilizer rates and varieties on hectoliter weight (kg hL™) of bread wheat.

NPSZnB rate (kg ha™)
Treatments 0 100 150 200 250 Mean
Variety
Kingbird 61.108 67.77° 72.83 77.3® 81.2° 72.04
Danda 60.008 60.63¢ 61.13¢8 63.03¢ 67.53° 62.47
Shorima 60.40¢ 60.538 63.83" 68.17° 71.40% 64.87
Ogolcho 60.20¢ 67.5 72.57% 73.17% 76.37% 69.96
Mean 60.43 64.12 67.59 70.42 74.13

NPSZnB rate Varieties NPSZnB rate * Varieties
LSD (0.05) 2.03 1.81 4.05
CV (%) 3.64

Means followed by the same letters are not significantly different at (P < 0.05)

3.5.3. Grain Moisture Content (%)

The analysis of variance result showed that the mean
moisture content of bread wheat was significantly (P < 0.05)
affected by the main factor blended NPSZnB fertilizer rate
and varieties, but not affected by their interaction. The
treatment that received 250 kg NPSZnB ha™' fertilizer rate
had the highest grain moisture content (11.06%), which was
statistically equivalent to treatment received 200 kgha™
NPSZnB ha™'. The control treatment (Okg NPSZnB ha™), was
statistically equal to (100 kg NPSZnB ha') and had the
lowest grain moisture content (9.43%) (Table 19). The
variation between treatments on moisture content would be
the environmental condition at harvesting [55].

The maximum average moisture content (10.83%) was

recorded from Kingbird variety, while the minimum average
moisture content (9.89%) was obtained from Shorima variety
which was at par with Danda (10.21%) and Ogolcho (10.19%)
varieties (Table 19). The difference in moisture content among
varieties was due to genetic variation. Moisture level of grains
needed to be adjusted to low enough to inactivate the enzymes
involved in seed germination as well as to prevent heat damage
and the growth of disease causing microorganisms. Wheat
harvesting begins when the crop reaches physiological maturity
and the moisture content drops to 14%, but this can vary
depending on management methods [55]. Along with
management measures that might help increase agricultural
output, the variability of grain yields is mostly determined by
climatic conditions rather than fertilization or varieties [40].

Table 19. Main effects of blended NPSZnB fertilizer rates and varieties on grain moisture content (%) of bread wheat.

Treatments Grain Moisture Content (%)
NPSZnB (kg ha™)

0 9.43¢
100 9.91¢
150 10.34%
200 10.66®
250 11.06°
Mean 10.28
LSD (0.05) 0.59
Variety

Kingbird 10.83°
Danda 10.21°
Shorima 9.90°
Ogolcho 10.19°
Mean 10.28
LSD (0.05) 0.53
CV (%) 6.98

Means followed by the same letters are not significantly different at (P < 0.05)

3.6. Correlation Analysis Between Yield and Yield
Components of Bread Wheat

Significant positive correlation of grain yield with almost
all the yield and yield components were observed which
indicating that grain yield could invariably increase by
increasing those characteristics (Table 20). Positive
associations obtained between grain yield with number of
total tillers produced per plant (r=0.86*%*), productive tillers

produced per plant (r=0.93*%*), aboveground dry biomass
yield (r=0.83**), harvest index (1=0.96**) spike length
(r=0.62**), number of grain per spike (r=0.89*) and
thousand grain weight (r=0.73**) (Table 4). The result shows
that the applied fertilizers have positive contribution to the
economic yield. The result of this study is in line with the
findings of [61], who reported a highly significant positive
association between grain yield and plant height, panicle
length, panicle seed weight, straw yield, and harvest index,
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backed up this conclusion.

Table 20. Correlation analysis between yield, yield related parameters and quality parameter of bread wheat.

DF DM LA PH TT PT SL GPS
DF 1.00
DM 0.78** 1.00
LA -0.36** 0.53%* 1.00
PH 0.48** 0.60%** 0.42%+* 1.00
T 0.54%* 0.65%* 0.71%* 0.79%** 1.00
PT 0.52%** 0.66%* 0.83%** 0.55%* 0.86** 1.00
SL 0.44%* 0.51%* 0.44%* 0.83%* 0.80%* 0.57** 1.00
GPS 0.44** 0.60%** 0.77** 0.53%** 0.77** 0.83%* 0.52** 1.00
HI -0.33%* 0.53%* 0.81%* 0.43%* 0.76** 0.91** 0.48** 0.87*
LP -0.43%* 0.56%* 0.65** 0.36%* 0.51** 0.64%* 0.31* 0.57*
TGW 0.36** 0.54%* 0.58** 0.78** 0.75%* 0.61%** 0.70** 0.68*
HW 0.48** 0.67** 0.74** 0.35%* 0.59** 0.80%** 0.31* 0.70*
MO 0.41%* 0.46** 0.54%* 0.40%* 0.53%* 0.59%* 0.35% 0.55%
BM 0.51** 0.64%* 0.69** 0.77** 0.88** 0.72%* 0.77** 0.74*
SYLD 0.44%* 0.49%* 0.35% 0.73%* 0.65%* 0.33%* 0.69%* 0.40%
GYLD 0.42°+* 0.62%* 0.85%* 0.57** 0.86** 0.93%** 0.62*+* 0.89*

Table 20. Continued.

HI LP TGW HW MO BM SYLD GYLD
DF
DM
LA
PH
TT
PT
SL
GPS
HI 1.00
LP 0.60%* 1.00
TGW 0.59** 0.47** 1.00
HW 0.75%* 0.67** 0.47** 1.00
MO 0.58* 0.60%** 0.49** 0.67** 1.00
BM 0.68%* -0.46** 0.83%* 0.55%* 0.44%* 1.00
SYLD 0.22NS -0.18NS 0.69** 0.19NS 0.18NS 0.87** 1.00
GYLD 0.96** -0.62%* 0.73%** 0.77%** 0.59%* 0.83%* 0.45% 1.00

DF=days to flower, DM=days to physiological maturity, LA=leaf area, PH=plant height, TT=total tillers, PT=productive tillers, SP=spike length, GPS=grain
per spike, HI=harvest index, LP=lodging percentage, TGW=thousand grain weight, HW=hectoliter weight, MO=moisture content, BM=above ground biomass,
SYLD=straw yield and GYLD=grain yield.

method showed that net benefit income was higher as
blended NPSZnB fertilizer rates increases up to certain level
(200kg ha™).

In terms of advantage the result was showed a net
advantage of Birr 54735.82 (64.40%) of 200kg NPSZnB ha™!
over control treatment. In line with these result [37],
indicated that the estimated net income for mineral fertilizer

3.7. Economic Analysis

The result of partial budget analysis showed that the
maximum net benefit (85047 Birr ha) with marginal rate of
return (782.47 percent) was obtained from 200 kg blended
NPSZnB ha™ fertilizer application, whereas the lowest net
benefit (30312 Birr ha') among the treatments was on ! ; . ;
Control (0 kg ha” NPSZnB) treatment (Table 21). The result 'S a}ttra'ctwe as. 'compared to growing wheat without
of economic analysis of the treatments using a partial budget application of fertilizer.

Table 21. Economic feasibility analysis for fertilizer rates for grain yield of bread wheat.

NPSZnB (kgha™) Adj. Gyld 10% (kgha™) Adj. Styld 10% (kgha™) Rev. grain Rev. Straw TGB (birr ha™)
0 612 4392 17136 13176 30312
100 1980 5139 55440 15417 70857
150 2223 5454 62244 16362 78606
200 2610 5769 73080 17307 90387

250 2448 5994 68544 17982 86526
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Table 21. Continued.

NPSZnB (kgha™) Ferti. Cost Ferti Appli. Cost TVC (birr ha™) NB (birr ha™) MRR%
0 0 0 0 30312 =

100 2550 120 2670 68187 1418.5
150 3825 180 4005 74601 480.5
200 5100 240 5340 85047 782.5
250 6375 300 6675 79851 D

Where, AGY=Adjusted grain yield, ASY=Adjusted straw yield, TGB=Total gross benefit, TVC=Total variable cost, NB=Net benefit, NPSZnB cost=25.50 Birr
kg, Labour cost=60 Birr perman-day's” and 2man ha’, sales of price of bread wheat grain=28 Birr kg™, Straw sales price=3 birr kg, MRR (%)=Marginal

Rate of Return, D=Dominated treatment, Control=Unfertilized treatment.

4. Conclusion and Recommendations
4.1. Conclusion

Application of blended NPSZnB fertilizer for all
treatments except of control (0kg ha' NPSZnB)
treatments significantly affected days to 50% heading,
days to 90% maturity, plant height, spike length, number
of total and effective tiller per plant, grains per spike,
grain yield, biomass yield, harvest index, hectoliter weight
and 1000-grain weight. Application of 200kgha™ NPSZnB
with the Kingbird variety resulted in the maximum leaf
area (30.15 cm?), grains per spike (52.5), and grain yield
(3.54tha™).

The application of 200kg ha™ blended NPSZnB fertilizer
increased grain yield by 32.8% as compared to the control
(zero fertilizer). The highest net return (85047 ETB ha™) with
MRR of 782.47% was obtained with application of blended
fertilizer 200kg NPSZnB ha™ which is economically feasible
for wheat production in the study area.

4.2. Recommendations

The results of this study showed that the highest grain
yield (3.54 tha) was recorded from application of
200kgha™ NPSZnB with Kingbird variety. The Kingbird
bread wheat variety had better performances as compared
to other varieties. Moreover, the highest net return (85047
ETB ha') with MRR of 782.47% was obtained with
application of blended fertilizer 200kg NPSZnB ha™.
Hence the use of Kingbird variety with 200kg NPSZnB
ha™' is economically feasible and recommended for bread
wheat production in the study area and similar agro-
ecologies. Nevertheless, the study should be repeated in
many locations and seasons for further recommendations
for sustainable bread wheat production and productivity.
Moreover soil of the study area is acidic with low soil
fertility status; hence use of integrated soil fertility
management practices like liming is recommended to
improve the production and productivity of bread wheat in
the study area and similar agro-ecologies.
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