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Onions, a crucial bulb crop cultivated globally, including in Ethiopia, face significant production challenges. These constraints
encompass poor soil fertility, inappropriate fertilizer usage, limited availability of improved varieties, disease and insect pests, and
the high costs associated with commercial fertilizers. Among these limitations, improper fertilizer application amounts and types
play a pivotal role in restricting onion production. To address this, a field experiment was conducted during the 2020-2021
cropping season in the Shewa Robit district of the North Shewa zone. The study assessed the impact of NPS and Zn fertilizer rates
on onion growth and yield. The treatments included four NPS fertilizer rates (0, 121, 242, and 363 kg/ha) and four levels of ZnSO,
(0, 0.25, 0.5, and 0.75% w/v). The experiment was laid out as a randomized complete block design in a factorial arrangement and
replicated three times. The results demonstrated that the interaction effect of NPS and Zn fertilizers significantly influenced
various onion parameters, including days to maturity, plant height, leaf length, marketable bulb yield, unmarketable bulb yield,
and total bulb yield. The application of NPS at a rate of 242 kg/ha and 0.75% ZnSO, led to the highest plant height (65.20 cm), leaf
length (51.93 cm), marketable bulb yield (34.87 t/ha), and total bulb yield (35.04 t/ha). In addition, this treatment combination
yielded the highest net benefit (908,628.89 ETB/ha) with an acceptable MRR (313.64%) compared to other treatments. Hence, it
can be recommended for economical production of onion in the study area and areas with similar agroecologies.

1. Introduction

The onion (Allium cepa L.) belongs to the Allium genus
within the Alliaceae family. It is believed to have originated
in southwestern Asia, a region known for its rich diversity.
Since its initial worldwide distribution, it has been cultivated
in over 4,700 countries for bulb production [1]. The onion is
primarily grown as a vegetable crop due to its bulb [2].
Onions are prized for their distinctive flavor and their
capacity to elevate the taste of various dishes [3]. In addition,
they are suggested for managing or preventing conditions
such as the flu, atherosclerosis, and heart disease. Notably,
onions play a role in inhibiting cholesterol synthesis and
lowering fibrinogen levels [4]. Moreover, onion bulbs exhibit

elevated levels of dry solids and soluble carbohydrates,
whereas the green leaves are abundant in nitrogen com-
pounds, minerals, and vitamins [5].

China, India, and Pakistan are the leading producers of
onions, including common onions, shallots, and green
onions. Together, these countries contribute over 20 million
tons of onions, accounting for 84% of the total global onion
production. In addition, Japan, South Korea, Bangladesh,
Indonesia, and New Zealand are among the other onion-
producing nations [6]. Furthermore, onions thrive in nearly
all tropical countries in Africa, including Ethiopia.

Onions have a vital economic role in Ethiopia. The
nation has substantial potential to cultivate this crop
throughout the year, catering to both domestic consumption
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and export markets. Onion production further plays a key
role in commercializing the rural economy and creating
numerous off-farm job opportunities [7].

The cultivation of onions continues to expand over time,
primarily driven by its lucrative returns per unit of land, ease
of cultivation, and the growth of small-scale irrigation zones.
Onions are grown during the “meher” season under rainfed
conditions and in the offseason using irrigation. In several
regions of the country, the offseason crop accounts for
a significant portion of the total onion production area [8].

During the 2020-21 growing period in Ethiopia, onion
cultivation covered 38,952 hectares, yielding a total pro-
duction of 346,048 tons with an average yield of 8.8 tons per
hectare [9]. However, this production level falls significantly
below that of other onion-producing countries. Several
factors contribute to this lower output, including soil fer-
tility, inappropriate fertilizer usage, lack of improved onion
varieties, disease and insect pests, limited extension services,
high costs, and restricted availability of commercial fertil-
izers for small-scale farmers, especially during the peak
growing season [10, 11]. Among these challenges, the
suboptimal application rate of mineral fertilizers emerges as
a critical constraint in enhancing onion yield in the Shewa
Robit district [12, 13].

In Ethiopian agriculture, the primary fertilizers used are
urea and DAP, which supply nitrogen (N) and phosphorus
(P). The national recommendation for onion production
stands at 105kg N ha™' and 92 kg P,05 ha™' [14]. However,
relying solely on N and P fertilizers may not adequately meet
the nutritional requirements of onions and other crops. To
address this challenge, the Ministry of Agriculture and
Natural Resources has recently introduced a new compound
fertilizer called NPS. NPS not only contains nitrogen and
phosphorus but also includes sulfur (S), with a composition
of 19% N, 38% P,0s, and 7% S. Currently, NPS has replaced
DAP as the primary phosphorus source in Ethiopian crop
production [15].

Conversely, micronutrient deficiencies arise due to in-
tensified cropping practices, the adoption of high-yielding
varieties, and extensive nitrogen and phosphorus fertilizer
usage. A study by ATA [16] revealed that most soils in the
research area lack essential macronutrients (N, P, K, Ca, S,
and Mg) as well as micronutrients (Cu, Mn, Zn, B, and Fe).

Moreover, in the study area, most onion producers apply
NPS fertilizers in incorrect amounts either surpassing or
falling short of the recommended levels while overlooking
micronutrient supplementation. This mismanagement
substantially impacts yield reduction. Consequently, eval-
uating different combinations of NPS and zinc (Zn) fertil-
izers becomes essential to improve onion production in the
study area.

2. Materials and Methods

2.1. Experimental Site. The experiment was conducted at
Shewa Robit Integrated Development Project site of Debre
Berhan University (DBU) during the 2020-21 cropping
season. The research site is located at a latitude of 10°00'N
and a longitude of 39°54'E, with an elevation of 1280 meters
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above the sea level. The area received an average annual
rainfall of 1007 mm, and the annual mean minimum and
maximum temperatures were 16.5°C and 31°C,
respectively [17].

The Shewa Robit district, located in the Robit valley,
predominantly consists of basalt and related pyroclastic rock
formations from the Tertiary age. Alluvial and colluvial de-
posits within the valley originate from these rocks. The alluvial
plain of the Robit river features primarily Calcaric Fluvisols,
Gleyic Cambisols, and Orthic Luvisols. In the alluvial fan area
of the district, Eutric and Pellic Vertisols dominate, while the
lower piedmont regions are primarily covered by Calcaric
Gelysols and Calcic Cambisols [16]. In addition, the site
includes vertisols resulting from the soil formation processes
mentioned above. In the previous cropping season, maize
(Zea mays L.) was cultivated in the experimental field.

2.2. Experimental Materials. The study utilized the “Bombay
red” onion variety as the planting material. This variety,
which was released by the Melkassa Agricultural Research
Center in 1980, exhibits a light red bulb skin color, dark
green leaf color, and a flat globe bulb shape. In addition, its
bulb flesh color is reddish white [18]. Notably, this early-
maturing variety reaches maturity in less than 120 days [18].
In the Shewa Robit district, “Bombay red” is widely rec-
ognized as one of the most commonly used and improved
onion varieties. The study employed a combination of
blended NPS (19:38:7% N:P:S), urea (46% N), and zinc
sulfate (21:5% Zn:S) as fertilizer sources.

2.3. Treatments and Experimental Design. The experimental
treatments comprised various combinations of NPS rates (0,
121, 242, and 363 kg/ha) and ZnSO, rates (0, 0.25, 0.5, and
0.75%). These treatments were arranged in a randomized
complete block design (RCBD) with three replications. The
blanket recommendation of urea and DAP for onion pro-
duction was 100 kg/ha and 200 kg/ha, respectively [19]. To
determine the appropriate N: P,Os: S fertilizer rates, 50% of
the nutrients from the blanket recommendation were either
added or subtracted using N: P,Os fertilizer.

2.4. Management of Experimental Plants. The land was
ploughed to a depth of 25-30 cm, harrowed, and leveled.
Manual preparation of ridges and furrows was carried out
using hand tools. On January 20, 2021, healthy and uniform
seedlings at the 3 or 4 true leaf stages were taken from the
nursery and transplanted into the experimental field. Each
experimental plot covered an area of 2.4 m x 1.6 m, totaling
3.84 m”. Within each plot, there were four double rows, with
16 plants in each row and a total of 128 plants per plot.
Planting occurred on the ridges, following the recom-
mended spacing of 40 cm between furrows, 20 cm between
rows on the ridge, and 10 cm between individual plants. The
outer double rows on both sides of the plot, as well as one
plant at each end of the rows, served as border plants to
minimize edge effects. The middle two double rows, with
a net plot size of 1.2 m x 1.4 m (1.68 m?), were designated for



Applied and Environmental Soil Science

data collection. A distance of 0.5m between plots and 1 m
between blocks facilitated cultural practices. The experiment
utilized furrow irrigation, with a four-day irrigation interval
during the first four weeks. Subsequently, the interval was
extended to five to seven days until 15 days before harvest,
when irrigation ceased completely. Other cultural practices,
such as earthing up, weeding, and chemical spraying, fol-
lowed recommended guidelines for the crop [19].

All NPS was applied during planting, while urea at a rate
of 100 kg/ha was split into two applications; half at planting
and the other half side-dressed 45 days after transplanting
[20]. Uniform application of urea was maintained across all
treatments, including the control. In addition, three foliar
applications of zinc sulfate (at concentrations of 0, 0.25, 0.5,
and 0.75%) were administered at monthly intervals, starting
30 days after transplanting [21].

2.5.Soil Sampling and Analysis. Before planting, soil samples
were collected from ten representative sampling points using
an auger, at a depth of 0-20 cm. These samples were taken
from the entire experimental field and combined to create
one composite sample weighing one kilogram. Selected soil
physicochemical properties were determined based on this
composite sample. The collected soil samples were air-dried,
ground using a mortar and pestle, and then sieved through
a 2mm mesh. Proper labeling and bagging were done, and
the samples were transported to the Ethiopian Construction
Design and Supervision Works Corporation in Addis Ababa
for analysis. The analysis included assessing soil texture, soil
pH, soil organic matter (OM), total nitrogen (TN), cation
exchange capacity (CEC), exchangeable potassium (K),
available phosphorus (P), available sulfur (S), and extract-
able zinc (Zn).

Soil pH was measured in a supernatant suspension of
a 1:2.5 soil-to-distilled water mixture using a pH meter. Soil
organic matter (OM), total nitrogen (TN), and cation ex-
change capacity (CEC) were determined using mid-infrared
(MIR) spectral analysis. Available phosphorus (P), available
sulfur (S), and extractable zinc (Zn) were determined using
the Mehlich III multinutrient extraction procedure [22]. The
soil physicochemical properties are summarized in Table 1.

2.6. Sampling and Data Collection

2.6.1. Phenology and Growth Parameters

Days to maturity: the days to maturity were determined
by measuring the actual number of days from trans-
planting until 80% of the plant’s foliage had fallen.

Plant height (cm): plant heights of ten randomly se-
lected plants in the net plot area were measured from
the soil surface to the tip of the longest leaf using a ruler,
and the mean values were computed for further
analysis.

Leaf length (cm): the longest leaves of ten randomly
selected plants in the net plot area were measured using
a ruler, expressed as a mean value in centimeters, and
used for further analysis.

TaBLE 1: Physicochemical characteristics of soil in the experimental
site before planting.

Soil properties Value Rating Source
) Slightly

pH (1:2.5) 7.6 el [23]
Electrical conductivity .
(d-Sm) 0.44 Nonsaline [24]
Organic matter (%) 0.15 Very low [25]
Total nitrogen (%) 0.03 Low [24]
Exchangeable .
K (c mol(+)/kg) 1.5 Sufficient [26]
Available P (ppm) 15 Marginal [27]
Available S (ppm) 23 Medium [28]
Zn (ppm) 0.48 Low [29]
Particle size distribution

Sand (%) 40.2

Silt (%) 33.07

Clay (%) 26.67
Textural class Slandy [24]

oam

Leaf number per plant: the total number of leaves of ten
randomly selected plants per net plot area was counted,
and the mean values were computed.

2.6.2. Yield and Yield Components

Bulb length (cm): the bulb length was determined by
randomly selecting ten plants from the net plot area. It
was measured longitudinally by using a caliper after
curing.

Bulb diameter (cm): the bulb diameter was determined
by randomly selecting ten plants from the net plot area.
It was measured at the middle cross section of the bulb
by using a caliper after curing.

Marketable bulb yield (t ha™'): bulbs that were free of
mechanical injury, disease and insect pest damage,
uniform in color, and medium to large in size
(20-160g) were considered the marketable bulb yield
[30]. The weight of such bulbs was calculated from the
net plot area of each plot and expressed as t ha™' using
a scaled balance.

Unmarketable bulb yield (t ha™'): harvested bulbs that
were undersized as well as oversized (<20 g and >160 g),
misshaped, decayed, discolored, diseased, and physi-
ologically disordered were considered the unmarket-
able bulb yield [30]. The weight of such bulbs was
calculated from the net plot area of each plot and
expressed as t ha™' using a scaled balance.

Total bulb yield (t ha™): the total bulb yield was
measured from the total harvest of net plot area as
a sum weight of marketable and unmarketable bulb
yields that was measured in kilograms per plot and
finally converted into t ha™".

2.7. Statistical Analysis. Data were subjected to analysis of
variance (ANOVA) using the general linear model (GLM) of
the SAS statistical package [31]. All significant pairs of



treatment means were compared using Duncan’s multiple
range test (DMRT) at a 5% level of significance [32].

2.8. Economic Analysis. Economic analysis in the form of
partial budget analysis and marginal rate of return (MRR)
was done following the procedures described by CIMMYT
[33]. It was done to identify economically feasible treatment
combination of NPS and zinc fertilizers where variable costs
(cost of fertilizers and labor), gross benefits, and net benefits
were calculated based on CIMMYT [33]. The marketable
bulb yield was downscaled by 10% and gross income was
calculated by multiplying it with the average local price
(30 ETB-kg™") at the time of the study. The purchasing prices
of NPS and ZnSO, were 20 ETB and 1200 ETB-kg’l, re-
spectively. The cost for daily labor during the season was
100 ETB per day.

3. Results and Discussion
3.1. Phenology and Growth Parameters

3.1.1. Days to Maturity. Days to maturity was significantly
affected by the main and interaction effects of NPS and Zn
fertilizers. Applying NPS fertilizer at a rate of 242 kg/ha and
0.75% ZnSO, resulted in the longest maturity period
(107 days), which was statistically similar to the application
of NPS fertilizer at the same rate but with 0.5% ZnSQO,, as
well as the combination of 363 kg/ha NPS with 0.5% and
0.75% ZnSO,. However, the earliest maturity (100 days) was
observed in the treatment without NPS and ZnSO, appli-
cation (Table 2). Specifically, the application of NPS fertilizer
at a rate of 242 kg/ha and 0.75% ZnSO, resulted in a 7-day
delay in maturity compared to the combined application of
Okg/ha NPS and 0% ZnSO,.

The delay in days to maturity can be attributed to the
availability of essential nutrients and increased chlorophyll
synthesis, which enhances photosynthetic activities and
assimilate production, leading to robust vegetative growth.
In line with this, Assefa [34] reported that the longest days to
maturity for onion bulbs (118.87 days) were observed when
applying NPS fertilizer at a rate of 361.5 kg/ha, while earlier
maturity (114.83 days) occurred in the treatment without
NPS fertilizer. Kitila et al. [35] also noted that higher NPS
levels (ranging from 0 to 200kg/ha) caused delays in
maturity.

Furthermore, Arora and Singh [36] observed that in-
creased zinc levels led to greater vegetative growth in onion
crops, resulting in maturity delays. Similarly, Tisdale et al.
[37] described how elevated zinc amounts caused stem or
stalk elongation, contributing to delayed maturity.

3.1.2. Plant Height. The height of plants was significantly
affected by the main and interaction effects of NPS and Zn
fertilizers. Applying NPS and Zn at a rate of 242 kg/ha NPS
and 0.75% ZnSO, resulted in the tallest plant height
(65.20 cm). Conversely, the shortest plant height (50.00 cm)
was observed in the treatment without NPS and ZnSO,
application (Table 2). The use of 242 kg/ha NPS and 0.75%
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TaBLE 2: The interaction effect of NPS and Zn fertilizer levels on
days to maturity, plant height, and leaf length.

NPS (kg/ha) ZnSO, (%) DTM PH (cm) LL (cm)
0 100.00¢  50.00¢ 39.86°

0 0.25 103.33°  52.53°  43.40°°
0.5 103.33°  52.93°  44.80°9

0.75 104.00°  53.60°  46.33°

0 105.00°  53.53°  44.06°°¢

1 0.25 104.00°  53.53°  44.60°¢
0.5 104.00°  53.86°  44.06°¢

0.75 105.00°  54.06°  44.13%

0 105.00°  54.13° 4240

i 0.25 104.00°  54.60"  42.00%
0.5 107.00°  57.20°  44.00>°

0.75 107.00*  65.20° 51.93°

0 103.33°  53.93°  42.80°°

363 0.25 104.00°  54.53> 4253
0.5 106.00%  54.80"  44.06°°

0.75 106.00*  54.93*  47.93°

Significance level
CV% 1.94 2.65 4.89

*, **, ***Significant at probability level of p<0.05, p<0.01, p<0.001,
respectively; CV =coeflicient of variation; DTM=days to maturity;
PH = plant height; LL = leaf length; means followed by the same letter(s) are
not significantly different.

ZnSO, led to a 30.4% growth boost in plant height compared
to applying 0kg/ha NPS and 0% ZnSO, together.

The tallest plant height was achieved through the ap-
plication of higher NPS and Zn. This increase in height can
be attributed to the abundant availability of nutrients and
enhanced chlorophyll synthesis, leading to greater assimi-
lates production. Consequently, vigorous vegetative growth
ensued. These findings align with Assefa et al. [38]’s research,
where they observed that applying N, P, and S at a rate of
130:20:21 and Zn at 15kg/ha resulted in a plant height of
64.27 cm, while the treatment without N, P, S, and Zn had
the shortest height of 37.00 cm. Similarly, Nigatu et al. [39]
reported that applying NPS fertilizers at a rate of 73.5:92:
16.95kg/ha led to the longest plant height (60.07 cm),
whereas the treatment without NPS fertilizer had the
shortest height of 50.30 cm. In addition, Kitila et al. [35]
noted that increasing the NPS fertilizer rate positively im-
pacted the plant height of three onion varieties.

Bhat et al. [40] reported that increased Zn application
leads to greater plant height, likely due to Zn’s involvement
in cell division and other physiological processes such as
photosynthesis and nitrogen metabolism. In addition, Zn
plays a crucial role in tryptophan production, which serves
as a precursor for auxin, an essential growth hormone in
plants. Similarly, Mishra et al. [41] and Manna [21] found
that plant height significantly increased with higher levels of
zinc fertilizers.

3.1.3. Leaf Length. The leaf length was significantly influ-
enced by both the main effect of Zn and the interaction effect
of NPS and Zn fertilizers. On the other hand, the main effect
of NPS did not have a significant impact on this parameter.
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Notably, applying NPS fertilizer at a rate of 242 kg/ha and
0.75% ZnSO, resulted in the longest leaf length (51.93 cm),
while the treatment without NPS and ZnSO, application
recorded the shortest leaf length (39.86 cm) (Table 2). In
comparison to the treatment with Okg/ha NPS and 0%
ZnSOy, the combined application of 242 kg/ha of NPS and
0.75% ZnSOy fertilizers resulted in a 30.28% increase in leaf
length.

The greater leaf length resulting from the combined
application of higher NPS and Zn fertilizers can be attributed
to increased nutrient availability and elevated chlorophyll
content. This, in turn, led to enhance assimilate production
and vigorous vegetative growth, ultimately contributing to
the observed longer leaf length. A study by Nigatu et al. [42]
found that the longest leaf length (51.07 cm) was achieved
with the application of N:P,05:S fertilizer at a ratio of
136.5:119.6:22kg/ha, while the shortest leaf length
(44.33 cm) occurred in treatments without NPS fertilizer.
Furthermore, according to Kitila et al. [35], the increase in
NPS fertilizer rate had a positive impact on leaf length across
three onion varieties.

Arshad et al. [43] found that applying Zn at a rate of
10kg/ha resulted in the maximum leaf length of onion
(42.31 cm), while the treatment without Zn fertilizer ap-
plication vyielded the minimum leaf length (38.16 cm).
Similarly, Tisdale et al. [37] found that zinc (Zn) is involved
in auxin metabolism and other enzymatic reactions, leading
to an enhancement in leaf length.

3.1.4. Leaf Number. The leaf number was significantly
influenced by the main effect of NPS fertilizer. However,
neither the main effect of Zn nor the interaction effect of
NPS and Zn had a significant impact on this parameter. The
highest leaf number (11.68) was observed when NPS fer-
tilizer was applied at a rate of 242 kg/ha, which was statis-
tically similar to the application of NPS at a rate of 363 kg/ha.
Conversely, the lowest leaf number (9.47) was recorded in
the treatment without NPS application (Table 3). Applying
NPS fertilizer at a rate of 242 kg/ha resulted in a 23.33%
increase in leaf number compared to the application of 0 kg/
ha NPS.

The increase in leaf count due to increased NPS fertilizer
application can be attributed to the ample availability of
nutrients, which promoted robust vegetative growth. Con-
sequently, onion plants exhibited an increased number of
leaves. In agreement with this, Gashaw [44] found that
applying NPS fertilizer at a rate of 57:114:21kg/ha N:
P,Os:S resulted in the highest garlic leaf count (13.63),
while the lowest count (7.63) occurred in the treatment
without NPS fertilizer. Similarly, Assefa [34] reported that
the highest onion leaf count (12.46) was observed with NPS
application at a rate of 271.12kg/ha, whereas the lowest
count (11.33) occurred without NPS fertilizer. Additionally,
Kitila et al. [35] noted that increased NPS fertilizer levels led
to more number of leaves in three onion varieties. In
contrast, Nigatu et al. [39] found no significant impact of
NPS fertilizer on the onion leaf number.

TaBLE 3: Main effect of NPS and Zn fertilizers on leaf number, bulb
length, and bulb diameter.

NPS (kg/ha) LN BL (cm) BD (cm)
0 9.47° 4.70° 4.59°
121 10.46° 5.77° 5.59°
242 11.68% 6.03" 6.12%
363 11.03% 5.87% 6.01°
Significance level e o **
ZnSO4%

0 10.26 5.38 5.08"
0.25 10.41 5.60 5.36°
0.5 10.99 5.64 5.83%
0.75 10.98 5.76 6.02%
Significance level ns ns **
Cv 7.86 6.20 6.61

**, ***Significant at probability level of p <0.01 and p < 0.001, respectively;
ns = nonsignificant difference; CV =coefficient of variation; LN =leaf
number; BL =bulb length; BD = bulb diameter; means followed by the same
letter(s) are not significantly different.

3.2. Yield and Yield Components

3.2.1. Bulb Length. The length of onion bulbs was signifi-
cantly affected by the main effect of NPS fertilizer. However,
the main effect of Zn and their interaction did not have
a significant influence on this parameter. The longest bulb
length (6.03 cm) was observed when NPS was applied at
a rate of 242 kg/ha, which was statistically similar to the
application of 121 kg/ha and 363 kg/ha of NPS. Conversely,
the shortest bulb length (4.70cm) was recorded in the
treatment without NPS fertilizer application (Table 3).
Applying 242 kg/ha of NPS resulted in a 28.29% increase in
bulb length compared to the application of 0kg/ha of NPS.

The elongation of onion bulbs resulting from NPS
application can be attributed to the improved nutrient
availability, which fosters robust vegetative growth and
enhances assimilate production. Consequently, assimilates
are more efficiently transported into the bulbs, leading to
an overall increase in bulb length. In agreement with this,
Assefa [34] observed that the highest bulb length (5.08 cm)
was achieved with NPS applied at a rate of 271.12 kg/ha,
while the lowest length (4.59 cm) occurred in the treatment
without NPS application. In contrast, Nigatu et al. [39]
reported that NPS fertilizer did not significantly impact the
onion bulb length.

3.2.2. Bulb Diameter. The diameter of onion bulbs was
significantly influenced by the main effects of NPS and Zn
fertilizers. However, their interaction did not have a signif-
icant impact on this parameter. The widest bulb diameter
(6.12 cm) was recorded when NPS was applied at a rate of
242 kg/ha, which was statistically similar to the application
of NPS at a rate of 363 kg/ha. In contrast, the narrowest bulb
diameter (4.59 cm) was observed in the treatment without
NPS application (Table 3). The application of 242 kg/ha of
NPS led to a 33.33% increase in bulb diameter, in contrast to
using 0kg/ha of NPS.



The widest bulb diameter (6.02 cm) was observed when
ZnSO, was applied at a rate of 0.75%, which was statistically
similar to the application of ZnSO, at a rate of 0.5%. In
contrast, the narrowest bulb diameter (5.08cm) was
recorded in the treatment without ZnSO, application (Ta-
ble 3). The application of 0.75% ZnSO, resulted in 18.50%
increase in bulb diameter compared to the treatment with
0% ZnSO4.

The increase in bulb diameter may be attributed to the
application of NPS, which likely played a synergistic role by
providing a balanced supply of nutrients to the crop. Ap-
plying a well-balanced amount of nitrogen (N), phosphorus
(P), and sulfur (S) had a significant impact on vegetative
growth and assimilate production. Consequently, this led to
increased translocation of assimilates into the bulbs,
resulting in larger bulb diameters. Similarly, Assefa [34]
found that the widest onion bulb diameter (5.34 cm) was
achieved with NPS application at a rate of 271.12kg/ha,
while the narrowest diameter (4.68cm) occurred in the
treatment without NPS application. Shiferaw [45] also ob-
served an increase in garlic bulb diameter with higher NPS
fertilizer application. However, Nigatu et al. [39] reported
that NPS fertilizer did not significantly influence onion bulb
diameter.

The increase in onion bulb diameter due to zinc ap-
plication may be attributed to its role in enhancing the
accumulation of higher photosynthates within the bulbs.
This, in turn, ensures a larger bulb diameter. In line with this,
Babaleshwar et al. [46] found that applying Zn fertilizer at
a rate of 0.5% resulted in the widest onion bulb diameter
(6.0cm), while the narrowest diameter (5.4 cm) was ob-
served in the treatment without Zn fertilizer application.
Similarly, Bhat et al. [40] reported that the widest bulb
diameter (6.32 cm) occurred with Zn application at a rate of
7.5kg/ha, whereas the narrowest diameter (5.13cm) was
recorded in the treatment without Zn fertilizer application.

3.2.3. Marketable and Unmarketable Bulb Yield. The mar-
ketable and unmarketable bulb yields of onions were signifi-
cantly influenced by the main and interaction effects of NPS
and Zn fertilizers. The highest marketable bulb yield (34.87t/
ha) was observed when NPS was applied at a rate of 242 kg/ha
along with 0.75% ZnSO,, which was statistically similar to the
yield obtained from the application of NPS at a rate of 363 kg/
ha combined with 0.75% ZnSO,. Conversely, the lowest
marketable bulb yield (23.26 t/ha) occurred in the treatment
without NPS and ZnSO, application (Table 4). The application
of NPS at 242kg/ha along with 0.75% ZnSO, led to a re-
markable 49.91% boost in marketable bulb yield, in contrast to
the combined application of 0kg/ha NPS and 0% ZnSO,.
The enhanced marketable bulb yield resulting from the
combined application of NPS and Zn can be attributed to
improved nutrient availability and increased chlorophyll
synthesis. These factors contribute to higher photo assimilate
production and efficient translocation to the bulbs, ulti-
mately leading to an increase in marketable yield. In line
with this, Kitila et al. [35] also reported that an elevated NPS
level correlates with an increase in marketable bulb yield.
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Manna [21] found that the highest marketable bulb yield
of onion (31.52t/ha) resulted from applying 0.5% ZnSO,,
while the lowest marketable bulb yield (19.62 t/ha) occurred
in the treatment without ZnSO, application. Similarly,
Babaleshwar et al. [46] obtained that the highest marketable
bulb yield (34.13t/ha) occurred when 0.5% ZnSO, was
applied, while the lowest yield (25.76 t/ha) was observed in
the treatment without ZnSO,.

The lowest unmarketable bulb yield (0.33 t/ha) resulted
from applying 242 kg/ha of NPS and 0.75% ZnSO,, whereas
the highest unmarketable bulb yield (1.63 t/ha) was observed
in the treatment without NPS and ZnSO, application (Ta-
ble 4). The increase in unmarketable bulb yield due to the
absence of NPS and ZnSO, fertilizers may be attributed to
essential nutrient deficiencies in the soil, resulting in un-
dersized and decayed bulbs with reduced yield. Similarly,
studies by Kibebew et al. [47] and Kitila et al. [35] found that
the highest unmarketable bulb yield was obtained when no
NPS fertilizer was applied (0kg/ha).

3.2.4. Total Bulb Yield. The combined effects of NPS and Zn
fertilizers significantly impacted the total bulb yields of
onions. The highest total bulb yield (35.04 t/ha) was achieved
when applying 242kg/ha NPS along with 0.75% ZnSO,,
which was statistically comparable to the yield obtained
from 363 kg/ha NPS combined with ZnSO, at rates of 0.5%
and 0.75%, as well as 242kg/ha NPS with 0.5% ZnSO,.
Conversely, the lowest total bulb yield (24.90 t/ha) occurred
in treatments without NPS and ZnSO, application (Table 4).
Notably, the application of NPS at a rate of 242 kg/ha along
with 0.75% ZnSO, led to a substantial 40.72% boost in the
total bulb yield when compared to the combined use of 0 kg/
ha NPS and 0% ZnSO,.

The increase in the total bulb yield resulting from the
combined application of NPS and Zn fertilizers can be at-
tributed to improved nutrient availability and heightened
chlorophyll content. Consequently, this led to an elevated
photosynthetic rate, facilitating greater production and
translocation of photo assimilates to the onion bulbs. Yadav
et al. [48] observed a similar phenomenon, where a balanced
nutrient application promoted vegetative growth and
chlorophyll synthesis, ultimately enhancing assimilate
production and bulb yield in onions. Similarly, Assefa et al.
[38] found that applying NPS fertilizer at a rate of 130:20:
21 and Zn at 15kg/ha resulted in the highest bulb yield
(25.38 t/ha), while the lowest yield (9.81 t/ha) occurred with
0:0:0 kg/ha NPS and 0kg/ha Zn. Kitila et al. [35] also found
that the highest total bulb yield (29.35t/ha) resulted from
applying 200 kg/ha NPS, while the lowest yield (12.42 t/ha)
occurred with no NPS application.

Babaleshwar et al. [46] observed that higher levels of Zn
application led to an increase in the total bulb yield of
onions. This enhancement was likely due to improved
synthesis and translocation of photosynthates to the bulbs.
Specifically, the highest total bulb yield (38.28 t/ha) occurred
when Zn was applied at a rate of 0.5%, while the lowest yield
(29.89 t/ha) was recorded in the treatment without ZnSO,
application. Similarly, Manna [21] reported that applying
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TaBLE 4: The interaction effect of NPS and Zn fertilizers on marketable, unmarketable, and total bulb yield of onion.
NPS (kg/ha) ZnSO,4 (%) MBY (t/ha) UMBY (t/ha) TBY (t/ha)
0 23.26° 1.63* 24.90°
0 0.25 25.919-f 1417 27.32°°¢
0.5 25.564F 1.30*¢ 26.86°°°
0.75 24.41% 1.13¢ 25.50%
0 24,554 1.30%°¢ 25.85°¢
1 0.25 26.30%F 1.41%¢ 27.72°°¢
0.5 25234 1.41%¢ 26.65°7°
0.75 27.394¢ 1.26%°¢ 28.65°¢
0 28.11¢ 1.15% 29.10°4
i 0.25 27.955°¢ 1.38*¢ 29.34%¢
0.5 31.04%¢ 0.61% 31.65%
0.75 34.87° 0.33¢ 35.04%
0 26.40%F 1.60%° 27.62°°¢
363 0.25 27.69% 1.60% 29.29%¢
0.5 31.62° 1.41%°¢ 33.04°
0.75 33.99% 0.984 34.97%
Significance level * * *
CV% 6.68 12.15 6.59

*Significant at probability level of p < 0.05; CV = coeflicient of variation; MBY = marketable bulb yield; UMBY = unmarketable bulb yield; TBY = total bulb

yield; means followed by the same letter(s) are not significantly different.

TaBLE 5: Summary of partial budget and marginal rate of return analysis for response of onion production to different rates of NPS and Zinc

sulfate.

NPS (kg/ha) Zn (%) TVC (ETB/ha) AvY (t/ha) AjY (t/ha) GFB (ETB/ha) NB (ETB/ha) MRR (%)
0 0 — 23.26 20.93 627,900.00 628,020.00 0
121 0 4,418.98 24.55 22.09 662,700.00 658,431.02 688.19
242 0 7,861.11 31.04 27.94 838,200.00 830,218.89 4990.74
0 0.25 9,027.00 25.91 23.32 699,600.00 690,543.00 D
363 0 11,260.80 26.40 23.76 712,800.00 701,539.20 D
121 0.25 12,645.98 26.30 23.67 710,100.00 697,454.02 D
242 0.25 16,688.11 27.95 25.15 754,500.00 737,961.89 D

0 0.5 17,244.00 25.56 23.00 690,000.00 672,876.00 D
363 0.25 19,687.80 27.69 24.92 747,600.00 727,942.20 D
121 0.5 20,662.98 25.23 22.71 681,300.00 660,547.02 D
242 0.5 25,005.11 31.04 27.94 838,200.00 813,074.89 D

0 0.75 25,500.00 24.41 21.96 658,800.00 633,570.00 D
363 0.5 28,704.80 31.62 28.46 853,800.00 825,035.20 D
121 0.75 29,218.98 27.39 24.65 739,500.00 710,311.02 D
242 0.75 32,861.11 34.87 31.38 941,400.00 908,628.89 313.64
363 0.75 36,760.80 33.99 30.59 917,700.00 880,969.20 D

TVC: total variable cost; AvY: average yield; AjY: adjustable yield; GFB: gross field benefit; NB: net benefit; ETB: Ethiopian Birr; D: dominated treatment;
MRR: marginal rate of return; selling price of onion at farm gate = 30 ETB kg™ '; purchasing costs of NPS fertilizer = 20.00 ETB kg ™'; cost of ZnSO, = 1200 ETB

kg™'; labor cost =100 ETB per man day.

0.5% ZnSOy, resulted in the highest total bulb yield (33.34t/
ha), whereas the lowest yield (24.43 t/ha) was observed in the
treatment without ZnSO, application. In addition, studies by
Mukesh et al. [49] and Acharya et al. [50] also highlighted
that increased application of zinc fertilizer positively
influenced the onion bulb yield.

3.3. Economic Analysis. The results of the economic analysis
revealed that the combined application of 242 kg/ha NPS
and 0.75% ZnSO, provided the highest net benefit of
908,628.89 ETB/ha with acceptable MRR 313.64%, followed

by the combined application of 242kg/ha NPS and 0%
ZnSO, with the net benefit of 830,218.89 ETB/ha and the
highest MRR (4990.74%) (Table 5).

4. Conclusion

The growth and yield parameters of onions in the study area
were significantly influenced by the application of NPS and
zinc fertilizers. The results indicated that the highest leaf
count (11.68), longest bulb length (6.03 cm), and widest bulb
diameter (6.12 cm) were recorded when NPS was applied at
a rate of 242kg/ha. On the other hand, the combined



application of 242 kg/ha NPS and 0.75% ZnSO, resulted in
the longest plant height (65.20 cm), leaf length (51.93 cm),
highest marketable bulb yield (34.87 t/ha), total bulb yield
(35.04 t/ha), and lowest unmarketable yield (0.33 t/ha). An
economic analysis further revealed that the combined ap-
plication of 242kg/ha NPS and 0.75% ZnSO, led to the
highest net benefit (908,628.89 ETB/ha) with an acceptable
MRR (313.64%). In addition, the combination of 242 kg/ha
NPS and 0% ZnSO, yielded a net benefit of 830,218.89 ETB/
ha with the highest MRR (4990.74%). Therefore, this study
suggest utilizing the combined application of 242 kg/ha NPS
and 0.75% ZnSO, to enhance the economic efficiency of
onion production in the study area and similar agro-
ecological regions.
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