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1. Introduction

Abstract

Maize is one of the staple food crops in Ethiopia in general and in the study area
specifically. However, inappropriate use of fertilizers resulted in low productivity
of the crop. Therefore, a field experiment was conducted to assess the effect of
blended NPS and N fertilizer rates on maize grain yield and yield components and
to determine the economically optimum rate of blended NPS and N that can max-
imize the productivity of maize in the study area. The treatment consisted of a fac-
torial combination of five levels of blended NPS (0, 100, 150, and 200 kg ha™" and
four levels of N from urea (0, 23, 46, and 69 kg ha™V fertilizer rates. The experiment
was laid out in a randomized complete block design (RCBD) with three replica-
tions. Analysis of variance showed that grain yield, number of seeds per cob, days
to tassel, and days to maturity were significantly influenced by the interaction of
NPS and N, while thousand-kernel weight and cob weight were affected by the
main effect. The results showed that the highest grain yield (4781 kg ha" and net
benefit (114856.26 ETB ha'') with an acceptable marginal rate of return (500.46%)
were obtained from the plot treated with 200 kg ha™! of NPS and 46 kg ha™! of N
fertilizer rates. The control treatment (0 NPS + 0 N) produced 2606 kg ha™', rep-
resenting a 45% yield increase with fertilizer application. Therefore, based on the
results obtained from this study, the application of 200 kg ha! of blended fertilizer
supplemented with 46 kg ha'! of N fertilizer can be suggested as profitable for the
production of maize in the study area and similar soil conditions and agro-ecolo-
gies.
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Grain; interaction effect; main effect; economic benefit; production

After wheat, maize (Zea mays L.) is the second most important cereal crop [1]. According to [2], of all the grains
grown in Ethiopia, it ranks first in productivity and overall production, but second in area coverage to Tef (Erag-
rostis tef). Its economic significance is demonstrated by the various forms of consumption, ranging from biofuel to
high-tech industries to human food and animal feed [3]. Today, millions of impoverished farmers around the world
rely heavily on maize for their livelihoods and food security. In Ethiopia, 9.3 million smallholder farmers cultivate
maize primarily for human use. In Ethiopia’s western, southern, and eastern regions, maize is the most widely grown
food crop and the primary source of calories [4]. For these farmers, it is also a significant source of revenue [2]. In
response to diseases and pests like Gray Leaf Spot and Turcicum Leaf Blight, Ethiopia has implemented a number
of breeding initiatives that have greatly enhanced maize output in recent years. However, compared to the global
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average yield, the research area’s average maize yield is extremely low, at roughly 4.05 t ha™! [5].

Low soil fertility and erratic rainfall are the main obstacles to sustainable maize production in smallholder farm-
ing systems. Low nutrient input levels, ongoing cropping, excessive grazing, deforestation, and inadequate soil and
water conservation practices are the main reasons for low soil fertility [6]. The two nutrients thought to be most
lacking in Ethiopian soils are nitrogen and phosphorus. This suggests that the two elements that most restrict the
output of cereals, particularly Ethiopian maize production, are nitrogen and phosphorus. NP fertilizers have been
used in the majority of fertilizer research on maize. In order to address the issue of soil fertility in the region, the
district’s office of agricultural and natural resources has implemented urea fertilizer and chemical fertilizer blended
with NPS fertilizer, which comprises nutrients including N, P, and S in a 19:38:7 ratio. To meet the crop require-
ments in the area, farmers may or may not employ the NPS fertilizer rate of 100 kg ha™!, which is a blanket guideline,
in addition to 46 kg N ha™!. While previous studies have evaluated NPS fertilizer in other Ethiopian zones (e.g.,
Kembata, Buno Bedele), no published information exists for the midlands of the Guji zone. Given the variability in
soil types and rainfall patterns across Ethiopia, site-specific validation is required before recommending fertilizer
rates to farmers in this area. Therefore, it is crucial to carry out a location-specific study on how one of the most
widely grown maize varieties among farmers reacts to the recently released blended fertilizer in addition to nitrogen
fertilizer, which will assist farmers in raising crop yields. In order to ascertain the economically optimal levels of
NPS and N needed for increased maize production, the study’s goals were to evaluate the impact of blended NPS
and N fertilizers on yield and yield components.

2. Materials and Methods
2.1 Description of the Study Area

The experiment was conducted under rain-fed conditions during three consecutive growing seasons (2021-2023).
The study area has a bimodal rainfall pattern with a long cropping season. The district is positioned between 5° 44’
107-6° 12” 38” northing latitude and 38° 45’ 10”-39° 12’ 37” easting longitude and at an altitude of 1500-2000 m.s.I.
The site is located in Adola town in Dufa Kebele, just on the West side of the main road to Negelle town. It is
located at about 463 km south from Addis Ababa, the capital city of the country.

The climatic condition of the area is a humid, moist condition, with a relatively shorter growing season. The area
receives annual rainfall of 1084 mm with a bimodal pattern extending from April to November. The mean annual
minimum and maximum temperature is 9.9° C and 15.9°C, respectively (source: Ethiopian Meteorological Institute,
Hawasa branch, 2023). The type of soil is red basaltic soil (Nitisols) and Orthic Aerosols [7]. The soil is clay in
texture and moderately acidic with a pH of around 5.43 (Table 1).

2.2 Sampling and Analysis of Soils

Prior to planting, fifteen subsamples were collected from a depth of 0-30 cm using a stainless steel auger following
a zigzag pattern across the experimental area. Subsamples were thoroughly mixed to form a composite sample, from
which a 1 kg working sample was obtained by quartering. With the exception of organic carbon (OC) and nitrogen,
which passed through a 1 mm filter, the samples were then crushed to fit through a 2 mm sieve after being allowed
to air dry at room temperature in the shade. Horticoop Ethiopia’s soil and water analysis lab collected a working
sample (1 kg) from the generated sample/composite and examined it for physico-chemical properties, namely soil
texture, pH, cation exchangeable capacity (CEC), organic carbon, total N, accessible P, S, and B.

The Kjeldahl method [8] was used to assess the total nitrogen, while the Walkley and Black oxidation method [9]
was used to ascertain the organic carbon. A glass electrode connected to a digital pH meter was used to measure the
soil’s pH at a 1:2.5 (weight/volume) soil-to-water dilution ratio [10]. The cation exchange capacity was measured
when the soil was saturated with 1N ammonium acetate (NH4OAC) and then replaced with 1N sodium acetate [11].
The Bray method [12] was used to determine the amount of phosphorus that was accessible. The amount of acces-
sible S was calculated using the turbidimetric method [13]. The amount of boron that was accessible was measured
using Mehlich 3.

2.3 Experimental Materials

As the test crop, BH546 maize was used. The variety was picked because it performed better and was more envi-
ronment-adaptable.
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2.3.1 Fertilizer materials
Blended NPS (19% N, 38% P,0s and 7% S) and Urea (46% N) were used as the source of fertilizers.

2.4 Treatments and Experimental Design

Four NPS levels (0, 100, 150, and 200 kg ha) and four N fertilizer levels (0, 23, 46, and 69 kg ha') were included
in the treatments. With three replications and a factorial layout of 4 x 4, the experiment was set up in a randomized
complete block design, creating 16 treatment combinations. Each plot measured 4.5 m by 4.5 m (20.25 m?) and had
six rows. The plants, plots, and blocks were spaced 0.3 m, 1 m, and 1.5 m away, respectively. The net plot was 3.75
m % 3.75 m (14.06 m?) and consisted of five rows. The outermost row on both sides of each plot and two plants on
both sides of each row were considered border plants and were not used for data collection to avoid border effects.

2.5 Management of the Experimental Procedures

The experimental field was tilled four times using a tractor and oxen, and the plots were leveled by hand. According
to the strategy, a field layout was constructed, and the experimental units within a block were assigned to each
treatment at random. Hand-planted maize seeds were spaced 30 cm apart in rows. NPS fertilizer was applied uni-
formly in furrows at sowing. Urea was split-applied: 50% at sowing and 50% at the V6 growth stage (six fully
expanded leaves, approximately 35 DAE). Weeding, threshing, and harvesting were all done by hand as required.

2.5.1 Crop management

Sowing was conducted on 17/04/2012 at a seed rate of 25 kg ha™ , with two seeds planted per hill and thinned to
one plant per hill at 14 days after emergence (DAE). Weeds were controlled manually at 21, 42, and 63 DAE. No
pesticide applications were required as pest pressure was below the economic threshold.

2.6 Data Collection and Measurement

2.6.1 Crop phenology and growth parameters
Days to maturity were recorded as the number of days from sowing until 90% of the plants had changed from green
to yellow and reached physiological maturity.
Plant height was measured from the ground level to the top of 6 randomly selected plants from the central rows.
The number of kernels per cob was calculated by counting the number of kernels in five cobs of the two central
rows of each subplot, and then the average was calculated.

2.6.2 Yield and yield component parameters
1000-kernel weight was determined based on the weight of a 1000-seed sample from the cobs of the two central
rows of each subplot, and weighing with an electronic balance; the yield was adjusted to a 12.5% moisture level.

Seed per cob- the number of grains per cob was determined from three cobs, and the average value was considered
for analysis.

The grain yield was taken by husking and cleaning the grain yield from the net plot area and converted to kg
ha™!. Grain moisture content was measured using a digital moisture meter (DRAMINSKYT). Fresh grain weight was
adjusted to 12.5% moisture using the formula: Adjusted yield = (Fresh yield x (100 — Fresh moisture %)) / (100 —
12.5).

2.7 Data Analysis

The data were subjected to analysis of variance (ANOVA) as per the experimental designs for each experiment
using GenStat 18" edition software [14]. The Least Significant Difference (LSD) at a 5% level of probability pro-
cedure was used to determine differences between treatment means.

2.8 Partial Budget Analysis

The economic analysis was carried out using market prices that were in force at the time of planting and harvest,
using the methodology described in [15]. Birr per hectare was used to calculate all costs and benefits. The concepts
used in the partial budget analysis were the field price of fertilizers (the expenses), the gross benefit (GB) ha! (mean
yield for each treatment), and the mean grain yield for each treatment. Straw yield was not included in the benefit
calculation because local farmers do not use it. The marginal rate of return, or the net revenue obtained by incurring
a unit cost of fertilizer and its application, was calculated by dividing the net increase in bread wheat yield caused
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by the application of each fertilizer rate using the equation NB= (GY x P) — TCV. The difference between the gross
benefit and the total cost that fluctuates (TCV) was used to calculate the net benefit (NB). P is the field price per
unit of the crop, and GY is the adjusted grain yield per hectare. 10% was subtracted from the actual grain yield.

As stated in [15], a number of therapies were selected from the variety of treatments studied utilizing the domi-
nance analysis method. This approach led to the chosen and rejected therapies being called undominated and dom-
inated, respectively. For every pair of ranking treatments, the marginal rate of return (MRR) was calculated using
the formula below:

Change in NB (NBb—NBa)
Change in TCV (TCVb—-TCVa)

Where NB, = NB with the immediately lower TCV, NBy, = NB with the next higher TCV, TCV, =the immediately
lower TCV, and TCV,, = the next highest TCV.

The % MRR between any two undominated treatments was used to compute the return on fertilizer investment.
These returns were calculated by dividing changes in NB (increased benefit) by changes in total variable cost (in-
creased cost). During the sowing period, the cost of each fertilizer for NPS (Birr 38.31 kg!) and 40.48 Birr kg'' was
computed. The open market price of maize was Birr 30 kg™!, and the cost of applying NPS was Birr 1260 ha! when
harvesting started in January 2023.

MRR (%) = x 100

3. Results and Discussions
3.1 The Test Site’s Soil Physical and Chemical Properties

A review of some of the physico-chemical properties of the soil prior to planting is shown in Table 1. According to
the results of the investigation, the experimental soil has a particle size distribution of 56% clay, 16% silt, and 28%
sand, placing it in the clay textural class. Thus, the test site’s soil is suitable for maize cultivation. According to [16],
the soil’s pH of 5.43 indicates that it is somewhat acidic. [17] states that pH values between 4 and 8 are optimal for
most crops and productive soils. The optimal pH range for cereal growth is between 4.1 and 7.4 [18]. As a result,
the pH of the test soil fell within the range that is considered suitable for productive soils.

According to [16], the soil organic carbon content at the testing site was moderate at 2.41%. According to [16]’s
evaluation, the analysis also showed that the soil had a moderate total nitrogen content (0.19%). The analysis results
also indicated that the soil has a considerable amount of accessible phosphorus (12.27 mg/kg), according to [19].
[20] states that the experimental soil’s accessible sulfur levels were 17.30 mg/kg, which is regarded as low. The soil
sample’s low CEC value (2.16 [Cmol (+) kg-1 soil]) suggests that the soil has a considerable capacity to hold onto
exchangeable cations, according to [21].

Table 1. Selected physical and chemical characteristics of the soil at the experiment site before planting

Parameter Result Rating Reference

Soil texture

Clay (%) 56

Sand (%) 28

Silt (%) 16

Textural Class Clay
Chemical Analysis

pH (1: 2.5 H20) 543 Moderately acidic [16]
Total N (%) 0.19 Moderate [16]
Organic Carbon (%) 2.41 Moderate [16]
Cation Exchange Capacity [Cmol(+)kg! soil] 2.16 Low [21]
Available Phosphorus (mg/kg) 12.27 Medium [19]
Available Sulfur (mg/kg) 17.30 Low [20]
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3.2 Post-harvest Physical and Chemical Characteristics of Experimental Soil

The variations among treatments were observed, as shown in Table 2. At the conclusion of this field experiment,
the pH changed as a result of the administration of NPS and N fertilizer. The pH range of the soil was 5.07 to 5.51.
The highest pH (5.51) was observed at 150 NPS and 23 kg N ha!. Overall, soil pH varied among treatments but did
not increase or decrease linearly with increasing fertilizer rates. In general, the pH values of treatment plots were
lower than before planting except at 150 NPS and 23 kg N ha'!. Available P, S and CEC increased across treatments
while total nitrogen decreased across all treatments (Table 2). The decrease in available P and S across most treat-
ments can be attributed to crop uptake, as these nutrients were not replenished during the single growing season.
Organic carbon also decreased except at the combination of 100 NPS + 23 kg N ha"' and 0 NPS + 23 kg N ha™! The
increase in available P observed in some treatments may be attributed to mineralization of organic P and release
from previously fixed P due to pH changes.

Table 2. Post-harvest physical and chemical characteristics of experimental soil

N rate

Tex-

pH-

CEC

Ge o dahe G 60 0o U MO0 G mow MUY o) 0o 0w
0 0 30 54 16 Clay 5.21 10.19 16.49 16.72 0.18 231 3.98
0 23 28 58 14 Clay 5.36 9.15 17.45 20.11 0.18 244 421
0 46 28 56 16 Clay 5.40 7.28 15.20 16.72 0.18  2.18 3.76
0 69 30 56 14 Clay 5.10 8.74 15.51 18.51 0.20 231 3.98
100 0 28 56 16 Clay 5.37 9.78 17.31 18.84 0.18 238 4.10
100 23 28 56 16 Clay 5.27 10.03 20.93 18.49 020 264 455
100 46 30 56 14 Clay 5.25 14.77 16.49 17.35 0.18 232  4.00
100 69 30 56 14 Clay 5.37 6.66 15.58 16.76 0.18 232 4.00
150 0 30 56 14 Clay 5.31 11.23 28.37 17.26 0.18 232 4.00
150 23 30 56 14 Clay 5.51 10.19 16.02 18.80 0.18 1.59 2.74
150 46 30 56 14 Clay 5.38 10.19 19.88 16.64 0.19 157 2.71
150 69 28 56 16 Clay 5.26 14.77 17.18 14.85 0.19 2.18 3.76
200 0 28 52 20 Clay 5.40 13.94 17.15 12.94 0.18 2.18 3.76
200 23 30 56 14 Clay 5.35 20.38 14.39 19.74 0.17  2.01 3.47
200 46 30 58 12 Clay 5.07 29.12 18.97 14.52 0.18  2.18 3.76
200 69 28 54 18 Clay 5.07 15.74 18.03 16.62 0.17 2.10 3.6

3.3 Analysis of Variance (ANOVA)

Analysis of variance indicated that there was a significant difference between parameters of maize due to the appli-
cation of NPSB and N fertilizer rates.

Table 3. ANOVA Mean squares for growth, yield components, and yield parameters for maize at the midland of Guji

Mean squares

SV DF DTTH DTS DTM  EL(em) PH(ecm) NS/C  CWT(kg) GY (kg/ha) TKW(g)
Rep 0.875 26.542 12.885 6.684 838.0 1147. 0.0069 1247802 2399
NPS 0.344NS  0.844NS  6.177NS  1.756NS  363.9NS  12382%*  0.2469*  3977699**  4754*

N 2.622NS  1.455NS  12.399*  3.944NS  7182NS  11779**  0.1854*  2394163.*  3616NS
I;”I’\? 9 5872NS  10223*  7.110*  2.17INS  315.8NS  6872**  0.023INS  1451882**  743NS
Error 78  6.826 3.587 3.770 3211 3815 2010 0.0671 232608 1557
cv
o) 3.4 2.2 13 9.6 9.0 7.9 18.8 12.9 13.5

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant, CV=coefficient of variation, LSD=list significant difference.
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3.4 Days to Silking

The NPS x N interaction had a significant impact on days to silking of maize, although the main effect of NPS and
N was not significant (P < 0.05), according to the analysis of variance (Table 3).

The highest prolonged duration to silking (89days) was observed under the combined application of 150 kg
NPS!and 46 kg N ha™!, while the minimum duration to silking (85.67days) was recorded at 100 kg NPS™! and 0 kg
N ha'!, as it was not statistically different from 150 kg NPS™ and 0 kg N ha™! (Table 4). In line with this result, [22]
reported significant differences for different treatments.

Table 4. NPS and N rates’ interaction impact on the number of days until tassel and silking

Days to maturity Days to silking
NPS N rate (kg ha'!) N rate (kg ha'!)
(kg ha) 0 23 46 69 0 23 46 69
0 147 ¢ 149.5 2¢ 149.3 >4 149.7 »¢ 87.5*d 87.5*d 87.17*¢ 87.33 &¢
100 147.5 ¢ 150.3 @ 148.8 ¢ 147.2 d 85.67 % 88.17 #¢ 86.83 ¢ 87.33 &¢
150 148.3 #¢ 148.7 &< 148.2 b 148.7 #¢ 85.83 de 86 ¢ 892 87.67 >
200 147.7 ¢© 150 150.52 148.5 ¢ 88.5% 86.67 ¢ 85.17°¢ 87.5
Mean 148.74 87.11
LSD (0.05) 2.23 2.17
CV (%) 13 22

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant.
3.5 Days to Maturity

The findings showed that the days to physiological maturity of maize were significantly (P<0.05) impacted by both
the main effects of N and the interaction (Table 3). The 200 kg NPS fertilizer ha! supplemented with 46 kg N ha™!
resulted in the greatest number of days to physiological maturity (150.5 days), while the control treatment produced
the shortest number (147 days) (Table 4). Extended vegetative growth under high N availability is consistent with
the well-established role of N in promoting cell division and leaf area development [23]. In the Guji midlands, where
temperatures are moderate (mean 15.9°C during the growing season), the combination of adequate N and cooler
conditions may prolong the grain-filling period compared to warmer maize-growing regions. The delayed maturity
of maize plants in response to increased NPS and N treatments may be caused by an increased rate of nitrogen,
which promotes rapid vegetative growth and development of the plants, delaying physiological maturity. Although
the variety was classified as a medium-maturity cultivar (130-140 days to maturity), its maturity was delayed. This
could be due to stress encountered in the study area. According to [22] and [24], higher levels of N and NPS for
maize were associated with improved physiological maturity. The outcome is also consistent with the idea that a
plentiful supply of nitrogen promotes strong vegetative growth in plants, delaying physiological maturity [25].

3.6 Plant Height

Neither the main effects nor the interactions between NPS and N rates significantly (P<0.05) affected maize plant
height, according to the analysis of variance (Table 3). The absence of significant treatment effects on plant height
and ear length may reflect the strong genetic control of these traits in the BH546 variety, which has a determinate
growth habit. However, the high coefficients of variation (CV = 9.2% for plant height) also indicate substantial plot-
to-plot variability, which may have masked treatment differences.

Despite the fact that there was no statistically significant difference between the treatments, the control treatment
(0 kg NPS ha! + 0 kg N ha!) produced the shortest plant (206.2 cm), while the tallest plant (230 cm) was measured
at 150 kg NPS ha! and 23 kg N ha™!. [26] findings, which indicated that NPS and N for maize were not significant,
were consistent with the results of this investigation. Therefore, the application of NPS and N increased maize plant
height compared with the unfertilized control.
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3.7 Number of Ears per Plant

The analysis of variance showed that the number of ears per maize plant was not significantly affected (P < 0.05)
by the main effects of NPS and N, nor by the interaction of the two fertilizers (Table 3). Lack of significance might
be due to the use of the same variety for all treatments.

Table 5. Main effects of NPS and N rates on plant height and ear length of maize

Number of ears per

Treatment Plant height (cm) Ear length (cm) Days to tassel plant
N rate (kg ha™')

0 226.9 19.62 75.42 1.229
23 215.2 19.92 74.42 1.396
46 212.8 20.38 74.17 1.583

69 208.9 19.85 75 1.5

LSD (0.05) NS NS NS NS

NPS rate (kg ha')

0 213 19.54 74.42 1.229
100 212.9 20.21 75 1.438
150 2242 19.77 74.83 1.479
200 213.7 20.25 74.75 1.562

LSD (0.05) NS NS NS NS
CV (%) 9.2 5.8 2.2 20.2

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant.
3.8 Ear Length

According to analysis of variance, maize ear length was not significantly (P<0.05) impacted by either the main
effects or the interactions between NPS and N rates. The lack of importance may be because the genetic composition
of the variety mostly controls the crop’s maturity (Table 3).

3.9 Cob Weight

The analysis of variance revealed that the main effects of NPS and N significantly (P < 0.05) affected the cob weight
of maize, while the NPS x N interaction did not influence cob weight. The highest cob weight (531.4 g) was ob-
served under the application of 46 kg N ha™!, while the minimum cob weight (332.38g) was recorded at 0 kg N ha
! (Table 6). Similar to N, the result also showed that increasing the rate of NPS increased cob weight. Thus, the
highest cob weight (498.9g) was recorded at the highest rate of NPS 200 kg ha™!, while the lowest was from control
treatments. This might be due to the fact that phosphorus plays a role in the development and quality of seed.

Table 6. Effect of NPS and N rates on thousand-kernel weight and cob weight of maize

NPS rates (kg ha'') Cob weight (kg)
0 0.295°
100 0.52#
150 0.447
200 0.498*
LSD (0.05) 0.298
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Table 6 Continued
NPS rates (kg ha'!) Cob weight (kg)
N rates (kg ha'!)
0 0.323P
23 0.435%®
46 0.5342
69 0.468 2
Mean 0.44
LSD (0.05) 0.298
CV (%) 18.8

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant.

3.10 Seeds per Cob (Number)

The main effects of NPS and N, as well as their interaction, had a highly significant (P<0.01) impact on the number
of kernels per cob (Table 3). The control treatment produced the fewest kernels per cob (452.1), while 200 kg NPS
with 69 kg N ha™! produced the most kernels per cob (626.8) (Table 7). Given its critical role in photosynthetic
activity, it is possible that N promoted growth in maize plants. The findings were similar to those of [22], who found
that the highest NPS rates were associated with the greatest number of seeds per cob. The greatest (585.33) was also
achieved by [27] when 200 kg NPS and 69 kg N ha™! were applied together.

3.11 Grain Yield

Analysis of the results indicated that maize grain yield was highly significantly (P<0.01) affected by the main effects
of blended NPS and N fertilizer application rates as well as their interactions (Table 3).

The application of 200 kg NPS ha™! with 46 kg N ha ha™! produced the highest grain yield (4781 kg ha™'), which
was statistically comparable to the grain yield obtained from 150 kg blended NPS ha™' and 46 kg N ha''. In contrast,
the control treatment produced the lowest grain yield (2606 kg ha™!) (Table 7). Generally speaking, grain production
improved as the rate of NPS and N increased. This may be due to the fact that phosphate administration is especially
helpful in encouraging a healthy root system, which may encourage the optimal use of soil-derived mineral nutrients
[3]. The absence of a yield response to N rates above 46 kg ha™ suggests that either: (1) soil N supply plus 46 kg N
ha™ was sufficient to meet crop demand, (2) another nutrient (possibly K or Zn) became limiting, or (3) water
availability constrained the realization of higher yield potential. The moderate soil organic carbon (2.41%) may
have contributed to baseline N mineralization, reducing the need for high N fertilizer rates. The maximum grain
yield of 4781 kg ha™' achieved with 200 NPS + 46 N is comparable to yields reported by [28] in Haramaya (4500
kg ha™ but lower than yields in Buno Bedele [27] ~5500 kg ha™). This regional variation likely reflects differences
in baseline soil fertility, rainfall distribution, and growing season length. The findings of this study are consistent
with those of other researchers [22], who all noted that maize grain yields significantly increased when NPS and N
fertilizer treatment levels increased. The result of the study also supported the findings of [29], who found that
applying N and S fertilizers together raises crop plants’ net photosynthetic rate, which raises the plants’ grain pro-
duction.

Table 7. NPS and N rates impacts on grain yield & number of seeds per cob of maize

Grain yield (kg/ha) Number of seeds per cob
¥ N rate (kg ha!) N rate (kg ha!)
NPS (kg ha') 0 23 46 69 0 23 46 69

0 2606 ¢ 3331 ¢ 3339¢f 3307° 452.1°¢ 589.6 >4 550.6 ¢ 588.52d

100 3589 «f 3772 ¢f 3925 bd 3959 bd 553.2 563.2 b4 606.9 2 554.6

150 3624 of 4069 be 43552 3880 b 554.9 «d 562.6 >4 583 ad 563.3 >

200 3502 ¢f 3848 >f 47812 3964 b 592 d 578 &4 604.3 2 626.8 2
Mean 3740.72 570.21
LSD (0.05) 554.35 51.53

CV (%) 12.9 7.9

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant.

DOI: 10.26855/ijfsa.2026.09.003 227 International Journal of Food Science and Agriculture



Seyoum Alemu, Yared Tesfaye, Aliyi Kedir, Kuma Kebede

3.12 Thousand-kernel Weight

The main effect of blended NPS significantly affected thousand-kernel weight (Table 3), whereas the main effect
of N and the NPS x N interaction were not significant. The application of 200 kg NPS ha'resulted in the highest
thousand-kernel weight (308.4 g), whereas the application of 0 kg blended NPS kg ha™! yielded the lowest thousand-
kernel weight value (274.1 g) (Table 8). The synergistic action of the three nutrients (N, P, and S) may be the cause
of the rise in TKW in response to higher rates of NPS fertilizer. [22] reported the maximum maize production at the
highest rates of fertilizer and NPS, which is consistent with this finding.

Table 8. NPS and N rates Effect on thousand-kernel weight and cob weight of maize

NPS rates (kg ha') Thousand-kernel weight (g)
0 274.1°
100 293.9 @
150 292 b
200 308.42
LSD (0.05) 22.53

N rates (kg ha'!)

0 275.9
23 291.1
46 305.3
69 296.1
Mean 292.09
LSD (0.05) NS
CV (%) 13.5

Notes. * = significant at P < 0.05; ** = significant at P < 0.01; NS = not significant.
3.13 Analysis of Partial Budget

The results of the analysis of the net benefits, total variable costs, and marginal rate of return are displayed in Table
9. Farmers must be aware of the benefits and drawbacks of treatments in order to embrace technical innovation. The
study assessed the treatments’ financial benefits in order to generate recommendations based on the agronomic data.
This makes it easier for farmers in the research region to choose the best mix of resources. The results of the study
showed that the combined application of NPS and N fertilizer resulted in greater net advantages than either the
unfertilized or control treatments (Table 9).

According to Table 9, the control treatment had the lowest net benefit, whereas the combined application of 200
kg NPS ha! + 46 kg N ha™! produced the highest net benefit (Birr 114856.26 ha ha™!). This was followed by 150 kg
NPS ha! + 46 kg N ha! (105269.79 Birr ha ha™). If fertilizer recommendations are based on the marginal rate of
return (MRR %), the minimum acceptable rate of return should be between 50% and 100% [15]. The application of
200 kg NPS ha'+ 46 kg N ha ! produced the biggest economic gain in this study, 114856.26 ha ha™!, with a marginal
rate of return of 500.46 percent. Under the conditions of the present study, the combined application of 200 kg NPS
ha™ and 46 kg N ha™' was the most economically favorable treatment. The marginal rate of return for the 200 NPS
+ 46 N treatments exceeded 500%, far above the minimum acceptable rate of 50-100% recommended by [15].
While this indicates highly profitable fertilizer use under the conditions of this experiment, farmers should exercise
caution: the MRR calculation assumes constant prices and does not account for year-to-year rainfall variability.
Multi-season trials are needed to confirm the robustness of this recommendation. [27] showed increased grain pro-
duction and economic benefits of maize at combined application of 200 kg NPS ha! and 69 kg N ha’!, which is
consistent with this result. Similarly, [22] recorded the highest net benefit by applying 200 kg NPS ha! + 92 kg N
ha! for the production of maize in the Kembata zone.
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Table 9. Analysis of the maize’s partial budget and marginal rate of return in relation to NPS and N rates

Treatments Adjusted grain yield

NPS (kg N rate1 (kg ha downwards by 10% Grogs Ber_lleﬁt Total V.ariab!le cost Ne.t retuﬁn MRR (%)

ha'!) ) (ke ha'!) (Birr ha'') (Birr ha'!) (Birr ha'!)

0 0 2345.40 70362.00 0.00 70362.00 0

0 23 2997.90 89937.00 454431 85392.69 330.76
100 0 3230.10 96903.00 6351.06 90551.94 285.55

0 46 3005.10 90153.00 6568.62 83584.38 D
150 0 3261.60 97848.00 8266.59 89581.41 D
100 23 3394.80 101844.00 8375.37 93468.63 144.08

0 69 2976.30 89289.00 8592.93 80696.07 D
200 0 3151.80 94554.00 10182.12 84371.88 D
150 23 3662.10 109863.00 10290.90 99572.10 318.63
100 46 3532.50 105975.00 10399.68 95575.32 D
200 23 3463.20 103896.00 12206.43 91689.57 D
150 46 3919.50 117585.00 12315.21 105269.79 281.46
100 69 3563.10 106893.00 12423.99 94469.01 D
200 46 4302.90 129087.00 14230.74 114856.26 500.46
150 69 3492.00 104760.00 14339.52 90420.48 D
200 69 3567.60 107028.00 16255.05 90772.95 D

Notes. Where, MRR (%) = Marginal rate of return, D= Dominated treatment, Control = unfertilized.
4. Conclusion and Recommendation

To determine how NPS and N rates affected the yield components and maize yield in the Guji midland, a field
experiment was carried out during the Gana season. The results showed that, with the exception of a few parameters
(plant height, ear length, and days to tassel), all parameters, except plant height, ear length, and days to tasseling,
were significantly affected by the main effects of NPS and N and/or their interaction (P < 0.05). This shows the
significance of the factors in maize productivity and production. All of the parameters measured over treated plots
were generally considerably greater than those over control plots. As a result, applying NPS and N fertilizer raises
maize yield and yield components. Additionally, the partial budget analysis showed that the optimum economic
benefit with a reasonable marginal rate of return was obtained from the combined applications of 200 kg NPS and
46 kg N ha! It is therefore possible to recommend the use of 200 kg NPS ha™! and 46 kg N ha™! for maize production
in the research area as well as other places with similar agro-ecology.
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