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Abstract

Bread wheat (Triticum aestivum L.) is one of the major food crops cultivated in West Guji and plays a significant role in ensuring
food security in Ethiopia. However, low soil fertility and inadequate fertilizer application are among the major constraints
limiting wheat productivity in the study area. The study took place in the West Guji southern Oromia, during the main cropping
season in 2023. The study was aimed to determine the combined application of NPS and urea (N) fertilizer rates for bread wheat
(Triticum aestivum L.) production. The treatments were (0 NPS) negative control, 60 kg NPS, 120 kg NPS, and 180 kg NPS,
and (0 N) negative control, 140 kg N, 280 kg N, and positive control (100/100 kg ha-* NPS/N). The treatments were arranged in
a randomized complete block design and replicated three times. The results of the analysis of variance for agronomic characters
indicated that the effects of fertilizer application rates were significant for the date of 50% heading, the date of 90% physiological
maturity, plant height, the number of total tillers per plant, spike length per plant, effective tiller per plant, spikelet per spike, the
number of grains per spike, thousand seed weight, and harvest index. The maximum duration of 50% days to heading (83.67
days) and day to 90% physiological maturity (136 days) was obtained from unfertilized plants, whereas the minimum duration
of 50% day to heading (70.33 days) and day to 90% physiological maturity (120 days) was obtained from 180 kg NPS ha ! +
280 kg N ha* fertilizer rates, respectively. The maximum plant height (92.5 cm) was also recorded under the highest fertilizer
treatment, indicating a strong correlation between nutrient application and plant growth. These findings suggest that balanced
fertilizer rates can significantly enhance both yield components and overall plant development. 21 cm), effective tiller per plant
(5.21), number of total tillers per plant (5.25), spike length (9.21 cm), and 180 kg NPS ha* + 280 kg N ha! fertilizer rates,
respectively. The maximum spikelet per spike (19) and number of grains per spike (74.67) were obtained from 120 kg NPS ha?
+ 140 kg N ha* fertilizer rates, respectively. The maximum thousand grains weight (38.00 gm) and harvest index (44.33%) were
obtained from 180 kg NPS ha ' + 140 kg N ha! fertilizer rates, respectively. Therefore, 180 kg/280 kg and 180 kg/140 kg ha™*
NPS/urea (N) are better, but 120/140 kg is best for gain yield, and the farming community can be used in the study area. This
suggests that optimizing fertilizer application can significantly enhance bread wheat yield and yield components. Future research
should focus on refining these rates further to maximize efficiency and sustainability in agricultural practices.
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1. Introduction

Wheat is a major global cereal crop that feeds more than
one-third of the world’s population and reached about 761
million tons of production in 2020 [21]. It is an important sta-
ple food and protein source, especially in developing and low-
rainfall regions [41]. Eastern African highlands, particularly
Ethiopia and Kenya, are key wheat-producing areas [47].
However, wheat productivity differs among countries, with
Egypt producing around 67 quintals per hectare and Ethiopia
about 28 quintals per hectare in 2020. Wheat also contributes
about 19% of global calorie intake and is widely used for hu-
man food and animal feed. In Ethiopia, wheat is commonly
processed into foods such as injera [46]. Ethiopia is the sec-
ond-largest wheat producer in Africa, producing about 5.5
million tons annually and contributing around 21.7% of the
continent’s total wheat production [42]. Wheat is mainly
grown in the highland areas and plays a vital role in food se-
curity and household income generation. Both durum and
bread wheat are cultivated, with bread wheat accounting for
over 80% of the production area. The crop also provides more
than 15% of the caloric intake for nearly 90 million Ethiopians
[6]. However, wheat productivity in the West Guji region re-
mains low, averaging about 32.23 quintals per hectare, which
is below national and global standards. Besides grain produc-
tion, wheat straw is commonly used for livestock feed and
compost. Wheat production in the area is constrained by sev-
eral challenges, including poor agronomic practices, inade-
quate fertilizer use, poor crop management, diseases, lack of
improved and disease-resistant varieties, low soil fertility,
limited application of organic manure, and improper plant
population density.

Soil fertility is one of the major constraints affecting agri-
cultural productivity, as it determines the soil’s ability to pro-

vide essential nutrients for plant growth and crop development.

Properly managed soil fertility improves plant health, growth,
and yields [14] both organic and inorganic fertilizers are im-
portant for enhancing wheat production and maintaining soil
fertility [8]. However, intensive farming practices without
considering local soil and climatic conditions have led to seri-
ous soil degradation and nutrient depletion.

In Ethiopia, declining soil fertility is a major challenge to sus-
tainable agriculture. Factors such as soil erosion, deforestation,
continuous cultivation, inadequate fertilizer use, and the decline
of traditional soil restoration practices have reduced soil
productivity, particularly in the highlands [1, 2]. Additional
problems, including limited knowledge of proper fertilizer ap-
plication, poor crop management, and lack of improved crop
varieties, have further lowered wheat productivity. As a result,
poor soil fertility and the absence of site-specific fertilizer rec-
ommendations contribute significantly to low grain yield, poor
grain quality, and food insecurity in the country [12].

Fertilization is a key agronomic practice that improves soil
fertility and increases crop productivity, with the ability to
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raise yields by 30-50% [15, 31]. Together with improved seed
varieties and sufficient water supply, balanced fertilizer appli-
cation plays a major role in enhancing agricultural production.
Fertilizers support crop growth, increase productivity, and
contribute to agricultural development [45] However; contin-
uous agricultural intensification without proper nutrient man-
agement has accelerated soil fertility depletion. Despite this
challenge, inorganic fertilizers remain essential for improving
soil fertility and boosting food production in Ethiopia [43].
Nitrogen (N) and phosphorus (P) are key nutrients required
for plant growth, but many tropical soils, including those in
Ethiopia, are deficient in these nutrients, leading to low crop
productivity. Excessive nitrogen application, however, can re-
duce nitrogen use efficiency and contribute to environmental
pollution. Sulfur (S) is also an essential nutrient that supports
protein synthesis, chlorophyll formation, optimum crop yield,
and grain quality. Continuous cultivation and imbalanced fer-
tilizer use have negatively affected soil fertility and crop per-
formance, while sulfur deficiency has recently become a ma-
jor constraint in Ethiopian agriculture.

In the West Guji Zone, particularly in Bule Hora District,
the use of balanced fertilizers is inadequate, limiting bread
wheat productivity. In addition, there is limited information
on bread wheat production and site-specific fertilizer recom-
mendations in the area. Therefore, identifying appropriate
combined application rates of NPS and urea fertilizers is nec-
essary to improve bread wheat yield and agricultural produc-
tivity in the study area.

2. Materials and Methods

2.1. Description of Study Area

The experiment was conducted during the 2023 cropping
season in West Guji, Bule Hora District, located in the West
Guji Zone of southern Ethiopia. The study area lies at 5°35’' N
latitude and 38°15' E longitude, at an altitude of about 2000
meters above sea level. The area experiences a bimodal rain-
fall pattern, with an average annual rainfall of 586.84 mm,
maximum temperature of 28.08 <C, and minimum temperature
of 8.22<C. The dominant soils are silty and sandy loam with a
soil pH of 5.8.

2.2. Experimental Materials

The experiment used the bread wheat variety “Sanate,” re-
leased by the Sinana Agricultural Research Center in 2012.
The variety was selected because of its high yield potentiall,
disease resistance, farmer preference, and adaptability to the
local agroecology. Fertilizer materials included blended NPS
fertilizer (18% N, 38% P,0s, and 7% S) and urea as a nitrogen
source.
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2.3. Experimental Design and Treatments

The study consisted of thirteen fertilizer treatments involv-
ing different combinations and rates of NPS and urea fertiliz-
ers, including the farmers’ conventional fertilizer practice as a

control. The experiment was arranged in a Randomized Com-
plete Block Design (RCBD) with three replications. Each plot
measured 3 m < 1.2 m (3.6 m?), with spacing of 0.20 m be-
tween rows, 0.5 m between plots, and 0.75 m between blocks.

Table 1. Treatments used for the experiment.

No Trt Fertiliozer treatements

Control (negative)
140kg (N)

280kg (N)

60 kgNPS

60 kgNPS + 140kg (N)
60 kgNPS + 280kg (N)
120kg NPS

120kg NPS + 140Kg (N)
120kg NPS + 280kg (N)
180kg NPS

180kg NPS + 140kg (N)
180kg NPS + 280kg (N)

© 00 N oo O A~ w N B
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2.4. Experimental Procedure

Before planting, the experimental field was prepared
through three plowings using oxen, after which the field lay-
out was arranged and treatments were randomly assigned to
plots within each block. The improved bread wheat variety
was planted manually in rows during the 31 March 2023 crop-
ping season, using a spacing of 20 cm between rows and a

100kgNPS+100kg (N) control (positive)

Nutrient contents

N P20s S

0 0 0
64.4 0 0
128.8 0 0
10.8 22.8 4.2
75.2 22.8 4.2
139.6 22.8 4.2
21.6 45.6 8.4
86 45.6 8.4
150.4 45.6 8.4
324 68.4 12.6
96.8 68.4 12.6
161.2 68.4 12.6
64 38 7

seed rate of 125 kg ha*. Nitrogen, phosphorus, and sulfur fer-
tilizers were applied in the form of Urea and NPS fertilizer
according to the treatment arrangements. The full dose of NPS
fertilizer was applied at planting time, while nitrogen fertilizer
from urea was applied in split applications. Half of the nitro-
gen was applied at sowing, and the remaining half was top-
dressed at the tillering stage to improve nitrogen use effi-
ciency and reduce nutrient loss. Fertilizers were applied uni-
formly to each plot based on the recommended treatment rates
and incorporated into the soil during planting.

Figure 1. Fertilizer application and measure of yield parameters.
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Soil Sampling and Analysis

Before sowing, representative composite soil samples were
collected from a depth of 0-30 cm using a zigzag sampling
method across the experimental field. Six soil samples were
taken with an auger and combined into a 1 kg composite sam-
ple. The samples were air-dried, ground, and sieved to 2 mm
for general analysis, while finer sieving (0.025 mm) was used
for organic carbon and available nitrogen analysis to improve
surface area and solubility. The pre-sowing soil samples were
analyzed for important physicochemical properties, including
soil texture, pH, total nitrogen, organic carbon, organic matter,
available phosphorus, and cation exchange capacity (CEC).

After harvest, soil samples were again collected from each
treatment plot at a depth of 0-30 cm using the zigzag method.
Three samples (0.5 kg each) were taken from every experi-
mental unit, giving a total of 39 post-harvest soil samples. La-
boratory analyses were conducted at the Yabello Pastoral and
Dryland Agriculture Research Center and the Jimma Agricul-
tural Research Center for sulfur analysis and other soil prop-
erty evaluations.

After harvest, soil samples were analyzed for soil pH, total
nitrogen (N), available phosphorus (P), available sulfur (S),
organic carbon (OC), organic matter (OM), and cation ex-
change capacity (CEC). Soil texture and particle size distribu-
tion were determined using the hydrometer method. Organic
carbon was analyzed using the Walkley and Black oxidation
method [51] while total nitrogen was measured using the
Kjeldahl method [16]. Soil pH was determined in a 1:2.5 soil-
to-water suspension using a pH meter. Cation exchange ca-
pacity was measured by saturating the soil with 1IN ammo-
nium acetate and displacing it with 1N sodium acetate. Avail-
able phosphorus was analyzed using the Olsen method [39],
and available sulfur was determined using the turbid metric
method.

The analyzed soil parameters were interpreted based on
standard soil fertility rating classifications to evaluate the fer-
tility status of the experimental site before planting and after
harvesting.

Figure 2. Soil analysis.

2.5. Data Collection

All phenological, growth, yield, and yield component data
were collected following standard agronomic procedures.
Data were recorded from the four central rows of each net plot
area, while observations on individual plant characteristics
were taken from eight randomly selected plants from each ex-
perimental unit. The collected data were subjected to statisti-
cal analysis.

Days to 50% heading: Days to 50% heading were recorded
as the number of days from sowing until 50% of the plants in
each plot had emerged spikes from the flag leaf sheath. Days
to 90% Physiological Maturity: Days to physiological ma-
turity were recorded as the number of days from sowing to the
stage when 90% of the plants in each plot changed from green
to yellow color. Plant Height: Plant height was measured at
physiological maturity from the ground surface to the tip of
the spike, excluding awns, using randomly selected plants
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from the net plot area. The average height was expressed in
centimeters (cm). Spike Length: Spike length was measured
from the base of the spike to the tip of the spike, excluding
awns, using randomly selected spikes from each plot, and the
average value was recorded in centimeters. Number of total
tillers per plant: The number of total tillers per plant was de-
termined by counting all tillers from eight randomly selected
plants at the full tillering stage, and the mean value was cal-
culated for each plot. Effective Tillers per Plant: The number
of effective tillers per plant was determined by counting pro-
ductive tillers from randomly selected plants in each plot at
maturity, and the average value was recorded. Spikelets per
Spike: The number of spikelets per spike was counted from
randomly selected spikes taken from the net plot area, and the
average was computed. Number of Grains per Spike: The
number of grains per spike was determined by counting grains
from sampled spikes collected randomly from each plot, and
the mean value was recorded. Thousand Seed Weight: Thou-
sand seed weight was measured by counting 1000 grains from
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the harvested seed of each plot and weighing them using a
sensitive balance after adjusting the seed moisture content to
a standard level. The result was expressed in grams. Harvest
Index: Harvest index was calculated as the ratio of grain yield
to total aboveground biomass yield and expressed as a per-
centage using the following formula:

HI (%) = (Grain Yield / Aboveground Biomass Yield) <100

3. Results and Discussion

2.6. Data Analysis

All recorded data were subjected to analysis of variance
(ANOVA) using SAS statistical software following the Gen-
eral Linear Model (GLM) procedure. The analysis was carried
out in accordance with the procedures described by Gomez
and Gomez (1984). Treatment means were compared using
the Least Significant Difference (LSD) test at the 5% proba-
bility level whenever the analysis of variance indicated signif-
icant differences among treatments.

Table 1. Soil physicochemical properties of the experimental site before sowing and after harvest.

Values
Properties

Before
Clay (%) 14.6
Silt (%) 12.7
Sand (%) 72.7
Textural class Sandy loam
pH: (H20) 1:2:5 5.8
Organic Carbon (%) 191
Total nitrogen (%) 0.16
Auvailable phosphorus (mg/kg soil) 7.8
Available Sulfar (mg/kg soil) 0.036
Cathane Exchange Capacity (CEC meq/100g) 5.6

Source: [5, 18, 25, 27, 28, 34, 35].

3.1. Soil Physicochemical Properties Before
Planting and After Harvest

The analysis of soil physicochemical properties conducted
before planting and after harvest showed noticeable changes
in soil fertility status due to crop cultivation and fertilizer ap-
plication (Table 2). The results indicated variations in soil re-
action, organic matter content, nutrient availability, and cation
exchange capacity.

The soil of the experimental site contained 72.7% sand,
14.6% clay, and 12.7% silt, which was classified as sandy
loam textural class. Sandy loam soils are generally character-
ized by good drainage, high aeration, and relatively low nutri-
ent-holding capacity. The dominance of sand particles in the
experimental field suggests a greater possibility of nutrient
leaching, particularly nitrogen and sulfur. This finding agrees
with the reports of [13, 20] who stated that sandy loam soils
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Ratings
After Before After
6.16 Moderately acid Slightly acid
1.73 low low
0.17 medium medium
45.63 low Very high
0.042 Very low Very low
23.52 Very low medium

usually possess low water and nutrient retention capacities
compared with clay soils. Similarly [18] reported that sandy
loam soils are common in several wheat-growing areas of
Ethiopia and often require integrated nutrient management
practices to maintain soil fertility.

The soil pH increased from 5.80 before planting to 6.16 af-
ter harvest (Table 2). According to soil rating standards, the
soil reaction changed from moderately acidic to slightly acidic.
The increase in soil pH may be attributed to the application of
fertilizers containing basic cations and decomposition of crop
residues during the growing period. The observed soil pH
range is considered favorable for wheat production because
most essential nutrients become adequately available between
pH 6.0 and 7.0. The result is consistent with the findings of
[49] who reported that slight increases in soil pH may occur
following fertilizer application and crop residue mineraliza-
tion.
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Organic carbon content decreased from 1.91% before plant-
ing to 1.73% after harvest, and both values were rated as low
(Table 2). The reduction in organic carbon might be due to
rapid decomposition of organic matter, continuous cultivation,
and removal of crop biomass from the field. Low organic car-
bon content indicates poor organic matter status and limited
soil structural stability. This finding is in agreement with the
reports of [51] who stated that cultivated tropical soils com-
monly exhibit declining organic carbon levels due to intensive
farming practices. Similarly, [27, 28] explained that continu-
ous cropping without adequate organic amendments contrib-
utes to depletion of soil organic matter.

Total nitrogen slightly increased from 0.16% before plant-
ing to 0.17% after harvest, though both values remained
within the medium rating category (Table 2). The slight in-
crease may be associated with the residual effects of nitrogen-
containing fertilizers and mineralization of organic materials
during crop growth. The result agrees with the findings of [25]
who reported that application of nitrogen fertilizers can im-
prove total soil nitrogen content after harvest. Likewise, [38]
observed moderate total nitrogen levels in cultivated Ethio-
pian soils receiving inorganic fertilizers.

Available phosphorus showed a substantial increase from
7.80 mg kg before planting to 45.63 mg kg* after harvest.
The rating changed from low to very high (Table 2). The dra-
matic increase in available phosphorus could be attributed to
the application of phosphorus-containing fertilizers such as
NPS fertilizer and improved phosphorus availability under the
slightly acidic soil condition. The increase indicates that ferti-
lizer application significantly improved phosphorus availabil-
ity in the soil. This finding is consistent with the reports of
[39], who stated that phosphorus fertilizer application mark-
edly enhances available phosphorus levels in cultivated soils.
Similarly, [18] reported that Ethiopian soils deficient in phos-
phorus respond positively to phosphorus fertilization.

Available sulfur increased slightly from 0.036 to 0.042 mg
kg* soil; however, the soil remained under the very low cate-
gory after harvest (Table 2). The slight improvement may be
due to sulfur supplied from NPS fertilizer application. Never-
theless, the sulfur level was still insufficient for optimum crop
production. The result is in agreement with the findings of.
Likewise, [18] confirmed that sulfur deficiency is becoming
one of the major nutrient limitations in Ethiopian farmlands
due to continuous cropping and limited sulfur replenishment.

The cation exchange capacity increased considerably from
5.60 cmol (+) kg * before planting to 23.52 cmol (+) kg after
harvest, improving from very low to medium rating status (Ta-
ble 2). The increase in CEC may be associated with improved
soil fertility conditions, fertilizer application, and accumula-
tion of exchangeable basic cations in the soil. Higher CEC val-
ues indicate better nutrient retention and improved soil fertil-
ity status. This finding agrees with the report of [26] who ex-
plained that soil amendments and improved nutrient manage-
ment can enhance CEC values. Similarly, Brady and Weil
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stated that increases in organic matter and soil nutrient status
contribute to improved cation exchange capacity.

Generally, the experimental soil was sandy loam with mod-
erately acidic reaction before planting. After harvest, im-
provements were observed in soil pH, available phosphorus,
sulfur content and cation exchange capacity, while organic
carbon slightly declined. The findings suggest that fertilizer
application positively influenced soil fertility parameters, par-
ticularly phosphorus availability and nutrient-holding capac-
ity. However, the low organic carbon and very low sulfur sta-
tus indicate the need for integrated soil fertility management
practices, including the use of organic amendments and sul-
fur-containing fertilizers for sustainable crop production.

3.2. Phenology

3.2.1. Days to 50% Heading (DH)

The effects of fertilizer rates was significant (P<0.05) on
days of 50% heading of bread wheat. The longest days to 50%
heading (83.67days) was recorded from the unfertilized plot
whereas the shortest days of 50% heading (70.33days) was
recorded from 180 kg NPS +280 kg urea (N) ha-1 (Table 3).
This might be due to the Nitrogen feed as NPS fertilizer en-
hance the vegetative development as well as stimulate shoot
growth and due minimum duration of heading days. The result
in line with the finding of reported that sufficient nitrogen at
right time results in rapid growth and heading and short dura-
tion time. The result was in agreement with many authors re-
ported that an increase in the level of NPS fertilizer applica-
tion significantly hastened the days to 50% heading of the
wheat plants across NPS fertilizer treatments.

3.2.2. Days to 90% Physiological Maturity (DPM)

The effects of fertilizer rate was highly significant (P <
0.0001) on days of 90% physiological maturity of bread wheat.
The longest days to physiological maturity (136days) was rec-
orded with the control plot whereas the early maturing
(120days) was recorded from 180 kg NPS +280 kg urea ha-1.
Increasing of NPS and Urea level enhanced the earlier anthe-
sis and early maturity of crop over the unfertilized (Table 3).
A adequate supply of phosphorus improves numerous aspects
of plant physiology, including photosynthesis, blooming, seed
maturity, and seed development and promotes root develop-
ment and photosynthesis. Similar results with reported of [29]
reported that increasing rate of phosphorus enhance earlier
production in wheat and ultimately early maturity of crop and
also parallel with the results of other authors informed that
earlier days to 90% physiological maturity (119 days) were
recorded from plots treated with high NPS fertilizer level (250
kg ha-1), while delayed maturity (128 days) was recorded on
control treatment.
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Table 3. The effects of NPS and Urea fertilizer rate on days to 50% heading and days to 90% physiological maturity of bread wheat.

No trt. Fertilizer treatments DH 50% DPM 90%
1 Control (negative) 83.67a 136.0a

2 140kg UREA (N) 79.33ab 128.0bc

3 280kg UREA (N) 73.67cde 121.67de
4 60 kgNPS 76.00bcd 128.67b

5 60 kgNPS + 140kg UREA (N) 75.667bcd 124.33cd
6 60 kgNPS + 280kg UREA (N) 76.67bcd 122.67de
7 120kg NPS 78.0bc 127.67bc
8 120kg NPS + 140kg UREA (N) 75.33bcd 121.00de
9 120kg NPS + 280kg UREA (N) 73.67cde 120.00e
10 180kg NPS 70.333e 123.33de
11 180kg NPS + 140kg UREA (N) 73.00de 121.33de
12 180kg NPS + 280kg UREA (N) 70.33¢ 120.00e
13 100kgNPS+100kgUREA (N) control (positive)  75.67bcd 125.00bcd
Means 75.49 124.58
CV% 3.47 2.03

LSD (0.05) 4.45 4.26

Means within a column followed by the same letter are not significantly different at 5% level of significance LSD (0.05) = least significant

differenced; CV = Coefficient of Variation.

3.3. Growth Parameters

3.3.1. Plant Height

The effect of fertilizer rate was highly significantly differ-
ent at the probability level of (P < 0.0001) on plant height of
bread wheat.). The maximum plant height (92.21cm, 90.75cm
and 89.38cm) were obtained from the application of 180kg
NPS+ 280kg, 60 kgNPS + 280kg UREA (N), 120kg NPS +
140kg UREA (N) Urea fertilizer rates ha-1. Whereas the min-
imum value (76.46cm) was obtained from unfertilized plot
(Table 4). Increasing the rate of NPS + N fertilizer rates with
increased plant height of bread wheat. The beneficial role of
N and P in cell division and elongation as well as the root
growth and dry matter content of plants. The result was paral-
lel with the report that increasing the rate of phosphorous fer-
tilizer was significantly increase the plant height of bread
wheat, this might be due to better development of root system
and nutrient absorption. The plant height increased from 70.2
cm to 87.2 cm and as the P rate increased from 0 to 100 kg/ ha
the plant height increased from 70.2 cm to 87.2 cm. Similarly,
[24] reported that as the nitrogen fertilizer rate increased from
0 to 69 kg/ha, the plant height increased from 82.63 c¢cm to
94.18 cm and as the P rate increased from 0 to 30 kg/ha the
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plant height increased from 86.41 to 90.56 cm. Other authors
Bereket [23] reported that plant height and head length of
wheat increased with N application rate.[37] who repport that
application of maximum N and application of N and P ferti-
lizer rates increased plant height of bread wheat and also the
highest height of durum wheat at applications of N and P af-
fected the mean plant height of bread wheat. Many authors [48]
reports that the mean plant height bread wheat was signifi-
cantly affected by the application of blended NPS and nitro-
gen fertilizer rates. [11] Informed that increasing the increased
the mean level of nitrogen from 0 to 60 kg ha-1 plant height
of bread wheat [17] reported that plant height increased with
an increase of NPS fertilizer rate supplemented by Urea. This
result is reliable with the results of [32] who found that in-
creasing nitrogen rates increased wheat plant height.

3.3.2. Total Number of Tillers Per Plant

Number of total tiller per plant was highly significant (P <
0.0001) affected by the fertilizer rates. The maximum number
of total tiller per (5.25) was produced under application of the
NPS rates of 180kg + 280kg ha-1 respectively (Table 4)
whereas, the minimum numbers of total tiller per plant (1.83)
recorded from unfertilized. Maximum number of total tiller
per plant recorded at highest fertilizer application rate as com-
pare to recommended and control. According to [40] informed
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phosphorus fertilization impact on wheat yield and its short-
age has been reported as one of the main reasons for reduced
number of tillers. According to [9] who reported that “the
highest number of tillers per plant of bread wheat due to the
combined application of 200/200 kg NPS/N ha-1 indicating
the positive role of Nitrogen for tillering.

3.3.3. Spike Length
The effect of fertilizer rate was highly significant (P <

0.0001) effect on the spike length of bread wheat. The longest
spike (9.2cm) was recorded at the application of 180kg NPS
and Urea 280kg fertilizer rates ha-1 whereas the shortest spike
length (5.58cm) was recorded under application unfertilized
(Table 4). The result showed that increasing the rate of NPS
at higher levels increased spike length might be due to ade-
quate NPS fertilizer applications which resulted in better
length of the spike. [19] informed that the spike length was
consistently increased with increasing N rates. [23] reported
that head length of wheat increased with N application rate.

Table 4. The effects of NPS and Urea (N) fertilizer rate on plant height, total tiller per plant and spike length per plant of bread wheat.

No. trt. Fertilizer treatments

1 Control (negative)

2 140kg UREA (N)

3 280kg UREA (N)

4 60 kgNPS

5 60 kgNPS + 140kg UREA (N)
6 60 kgNPS + 280kg UREA (N)
7 120kg NPS

8 120kg NPS + 140kg UREA (N)
9 120kg NPS + 280kg UREA (N)
10 180kg NPS

11 180kg NPS + 140kg UREA (N)
12 180kg NPS + 280kg UREA (N)
13 100kgNPS+100kgUREA (N) control (positive)
Means

Cv%

LSD (0.05)

PH (cm) NTP (no) SLP (cm)
76.469 1.83k 5.58i
83.88f 3.21j 7.13g
86.50cdef 3.75¢ 7.50f
84.08ef 3.13j 6.58h
87.63cd 4.0f 7.71e
90.75ab 4.25¢ 8.13d
86.88cde 3.38i 7.88¢
89.38abc 5.0b 8.50c
88.58bcd 4.71c 8.88b
86.04def 3.63h 8.08d
88.71bcd 5.08b 9.08a
92.21a 5.25a 9.21a
88.21bcd 4.38d 8.38¢c
86.87 3.96 7.89
2.03 212 16
2.97 0.14 0.21

Means within a column followed by the different letter are significantly different at 5% level of significance. LSD (0.05) = least significant

differenced; CV= Coefficient of Variation.

3.4. Yield Components

3.4.1. Effective Tiller Per Plant (Etp)

Number of effective tiller was highly significantly (P <
0.0001) affected by the effect of fertilizer rates. The maximum
number of effective tillers (5.21) was recorded at NPS 180kg
with urea (N) 280kg fertilizer rate ha-1 and the statistically
less (1.63) was recorded from unfertilized (Table 5). Effective
tillers are the most important because of the influence in final
yield. The NPS and urea (N) fertilizer rate application increas-
ing from zero to 180/280kg ha-1 with increased effective tiller
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per plant from 1.63 to 5.21. This might be due to applied top-
dressing of urea fertilizer at time of tillering initiations. [30,
44] informed that nitrogen fertilization contributed in increas-
ing tiller production up to an optimal level.

3.4.2. Spikelet Per Spike

The effect of fertilizer rate was highly significant (P <
0.0001) effect on number of spikelet per spike of bread wheat.
The maximum number of spikelet per spike (19.0) were rec-
orded from both 120kg NPS + 140kg urea (N) fertilizer level
ha-1 and followed by (18.96) obtained from 180kg NPS +
280kg urea (N) fertilizer levels while the minimum number of
spikelet per spike (14.04) were recorded from unfertilized
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(Table 5). The increased of NPS and Urea (N) fertilizer rates
as increase spikelet per spike. The number of spikelet, fertile
floret, and grains would allow the control of the spikelet fer-
tility, fertile florets proportion, and grain/fertile florets to more
measure [22].

3.4.3. Number of Grains Per Spike

The effect of fertilizer rate was highly significant (P <
0.0001) effect on number of grain per spike. The maximum
number of grains per spike (74.67) were recorded from both
120kg NPS +140 kg urea (N) fertilizer rates ha-1 and followed
by (74.46) recorded from 180kg NPS + 280kg urea (N) ferti-
lizer rates whereas the minimum number of grains per spike
(49.58) was recorded from unfertilized (Table 5). This might
be due to spike length and spikelet count are crucial factors in
determining the number of kernels each spike and increased
number of grains per spike could be because optimum crop
stand with better nutrition of NPS fertilizer. Better nutrition
enhanced the source capacity to better fill of the sink. Nitrogen
is the most important nutrient which affects the assimilate pro-
duction and distribution and also affecting directly and indi-
rectly the source-sink relation. According to [50] informed
that the application of 150 kg NPSB fertilizer rate ha-1 gave
the highest number of grains per spike and also other authors
[36] informed that application of 150 kg N ha-1 gave the max-
imum number of grains per spike. According to [10] informed
that nitrogen level of 125 kg ha-1 resulted in highest number
of spikes m-2 (368) and less number of spikes m-2(261) was
testified in control plots. Also [8] reported phosphorus appli-
cation maximum spikes m-2 (364) were produced by 90 kg P
ha-1 while minimum spikes m-2 (261) were counted in control
plots.

3.4.4. Thousand Grains Weight
The effect of fertilizer rate was significant ((P < 0.05) effect

on thousand grains weight of bread wheat. The maximum
number of thousand grains weight (38gm) was obtained from
180kg NPS + 140kg urea (N) fertilizer rate (Table 5) while the
minimum thousand grains weight (29gm) was obtained from
unfertilized. This result comparable with [36] who reported
that increased NPS fertilizer rate it increased Thousand grains
weight and confirm with [33] who reported that the thousand
kernels weight was increased with increase in phosphorus
level.[45] reported that delayed sowing shortens the duration
of each development phase, which ultimately reduces grain
filling period and lowers the grain weight.

3.4.5. Harvest Index

The effect of fertilizer rate was highly significant
(P<0.0001) effect on harvest index of bread wheat. The max-
imum harvest index value (44.36) was obtained
from180kgNPS and 140kg urea fertilizer rate followed by
(39.7) was obtained from application of 180kgNPS and 280kg
urea fertilizer rate ha-1, respectively whereas minimum har-
vest index (25.07) was obtained from 60/140(Table 5). Har-
vest index is an ability of a cultivar to convert the dry matter
into economic yield. The higher the harvest index value, the
greater the physiological potential of the crop for the convert-
ing dry matter to grain yield. This result confirm with report
of who informed that N application increased as increased har-
vested index of winter wheat. Contrasting of this result [29]
who repport that Phosphorus fertilizer rates influenced yield
and yield components of bread wheat, as well as all other ag-
ronomic parameters except the harvesting index. In con-
trasting [7] reported that increased in harvest index of bread
wheat was obtained with (38%) whereas application of higher
150 and 125 kg N ha-1 the lowest harvest index (34%) was
recorded from control. According to [3, 4] informed that har-
vest index of bread wheat was different from farm to farm and
with application of urea and blended NPSB fertilizer rates.

Table 5. The effects of NPS and Urea (N) fertilizer rate on effective tiller per plant, spikelet per spike, number of grain per spike, thousands

seed weight and hevest index of bread wheat.

Notrt.  Fertilizer treatments ETP
1 Control (negative) 1.63i
2 140kg UREA (N) 3.04h
3 280kg UREA (N) 3.63f
4 60 kgNPS 3.0h

5 60 kgNPS + 140kg UREA (N) 3.88e
6 60 kgNPS + 280kg UREA (N) 4.13d
7 120kg NPS 3.25g
8 120kg NPS + 140kg UREA (N) 4.88b
9 120kg NPS + 280kg UREA (N) 4.63c

138

SPS NGP TSW HI (%)
14.04f 49.58¢g 29.0f 25.42¢
15.75e 60.54f 34.0abcde 25.27e
16.92cd 64.83e 31.0def 28.15cde
16.04e 66.42de 30.8ef 29.07cde
16.79d 69.46¢ 32.5bcdef 25.07e
17.58bc 69.3c 31.0def 26.05de
17.29bcd 66.0de 35.92ab 28.43cde
19.000 74.67a 33.67bcde 38.18b
18.46a 71.38b 35.0abcd 38.62ab
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No trt. Fertilizer treatments ETP
10 180kg NPS 3.50f
11 180kg NPS + 140kg UREA (N) 5.0b
12 180kg NPS + 280kg UREA (N) 5.21a
13 100kgNPS+100kgUREA (N) control (positive) 4.25d
Means 3.84
CV% 2.64
LSD (0.05) 0.17

SPS NGP TSW HI (%)
17.38bcd 67.0d 31.75cdef 32.08c
18.92a 74.08a 38.0a 44.36a
18.96a 74.46a 35.2abc 39.75ab
17.71b 69.71bc 32.0bcdef 31.68cd
17.26 67.49 33.0 317
2.29 1.62 7.14 11.45
0.72 1.84 5.81 6.12

Means within a column followed by the different letter are significantly different at 5% level of significance. LSD (0.05) = least significant

differenced; CV= Coefficient of Variation.

4. Conclusion and Recommendations

The study was conducted to evaluate the effects of different
rates and combinations of NPS and urea fertilizers on soil
properties, growth, phenology, yield components, and yield
performance of bread wheat under the agro ecological condi-
tions of the study area. The results of the experiment clearly
demonstrated that fertilizer application significantly influ-
enced soil fertility status and agronomic performance of bread
wheat compared with the unfertilized control treatment. Over-
all, the study revealed that balanced application of NPS and
urea fertilizers enhances soil fertility, improves crop growth
and development, and increases yield components of bread
wheat. Among the tested treatments, the combined application
of 180 kg NPS with 140 kg or 280 kg urea was found to be the
most effective for improving wheat performance under the
conditions of the study area. Based on the findings of the study,
the following recommendations are forwarded.

The combined application of NPS and urea fertilizers
should be encouraged for bread wheat production because bal-
anced nutrient management significantly improved crop
growth, yield components, and soil fertility status. The appli-
cation of 180 kg NPS combined with 140 kg urea is recom-
mended for bread wheat production under the study area con-
ditions because it provided high performance for most agro-
nomic and yield parameters while likely being more econom-
ical than excessive nitrogen application. Farmers in the study
area should avoid continuous cultivation without proper nutri-
ent replenishment, since the soil was found to have low or-
ganic carbon and very low sulfur content. Integrated soil fer-
tility management practices, including the use of organic fer-
tilizers, compost, crop residue incorporation, and sulfur-con-
taining fertilizers, should be promoted to improve soil organic
matter and sustain long-term soil productivity. Further studies
should be conducted across different locations, seasons, and
wheat varieties to verify the consistency of the findings and
determine the economically optimum fertilizer rates for
broader recommendation. Future research should also include
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detailed economic analysis and soil nutrient balance assess-
ment to identify fertilizer treatments that provide maximum
profitability and sustainable soil fertility management.
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