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Onion (Allium cepa L.) is a vegetable crop that belongs to the genus Allium under the family Alliaceae produced widely
throughout the world. Field experiments were undertaken to evaluate the diferent varieties and plant spacings on the growth and
bulb yield performance of onion (Allium cepa L.) in Beyeda district, North Gondar, Ethiopia. Four diferent levels of spacing (6, 8,
10, and 12 cm) and four diferent types of varieties (Shallot, Nasik red, Robat, and Nafs) were arranged under randomized
complete block design (RCBD) of factorial arrangement with three replications. Te experiment was arranged in 4× 4 factorial
combinations, and the total area was divided into three blocks each of which comprised 16 treatment combinations and a total of
48 plots. Te highest plant height (54.18 cm), leaf length (45.48 cm), and leaf diameter (1.47 cm) were recorded from the variety of
Nasik red while the lowest plant height, leaf length, and leaf diameter were measured from shallot. Te highest leaf number was
observed from shallot (37.53) while the lowest leaf number was recorded from the Nafs variety. Te longest bulb length (4.44 cm)
and the widest bulb diameter (4.67 cm) were obtained from the Nafs variety while the shortest bulb length and narrowest bulb
diameter were measured from shallot. Inversely, the highest bulb weight (54.50 g/plant), total biomass (94.75 g/plant), and
unmarketable bulb yield (1.75 t/ha) were recorded from shallot while the lowest bulb weight, total biomass, and unmarketable bulb
yield were recorded from the Robat variety. Intrarow spacing showed a signifcant efect on onion growth and bulb yield
parameters, as the earliest (135 days) and the most delayed (146 days) maturity were recorded at 6 cm and at 12 cm spaces,
respectively. Te highest unmarketable bulb yield has been seen at 8 cm and the lowest at 12 cm space of the Nasik red variety.
Similarly, the highest leaf number, leaf diameter, bulb diameter, bulb weight, total biomass, marketable, and total bulb yield were
recorded at 12 cm space under the Nafs variety. Furthermore, under the shallot variety, the widest bulb diameter was recorded at
10 cm while the narrowest one was recorded at 6 cm space. Generally, based on the result of marketable bulb yield performance,
Nafs variety at 12 cm and 8 cm spaces, Robat at 6 cm space, and Nafs red at 10 cm space, respectively, have efective performance
for onion production. Te interaction efects of intrarow spacing with diferent varieties did not have a signifcant efect on all of
the growth parameters and yield components.

1. Introduction

1.1. Background of the Study. Onion (Allium cepa L.) crop
belongs to the genus Allium under the family Alliaceae,
which is one of the most important vegetable crops
grown in the world commercially as well as at small-
holder levels. It is one of the oldest bulb vegetables in

continuous cultivation dating back to at least 4000 BC
and probably, it originated from Central Asia between
Turkmenistan and Afghanistan, South Asia, and Medi-
terranean region [1]. Most recent studies have reported
that there are at least 750 species in the Allium genus.
Onions are grown in around 170 countries of the world
[2, 3].
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Te production of onion crop is worldwide because of its
wide benefts in our daily food requirements, medicinal/
health benefts that fght diseases such as cancer, asthmatic,
heart, and diabetic diseases due to the presence of vitamins,
minerals, and chemical compounds [4], and it is a source of
income [5]. Te onion bulbs can be harvested and can either
be sold “green” to be used in salads [3], or the mature bulbs
are cooked or eaten raw as a vegetable [6]. China is the top
producer in the world followed by India and the USA, and
countries such as Turkey, Iran, Afghanistan, Brazil, and
South Korea are also largely producing and selling to in-
ternational markets [7]. Egypt is the frst country in Africa to
produce a large amount of onion per year for home con-
sumption and international markets and is ranked as the
fourth world producer [8]. In Ethiopia, as many studies
suggested, onion was introduced by foreigners in the early
1970s and is currently produced widely in many parts of the
country [9]. Even though onion was a recently introduced
bulb crop in Ethiopia, by now, it is rapidly becoming
a popular vegetable [10].

Although some studies hypothesized that onion can
grow in all types of soils, well-drained sandy loam soils with
high fertility and plenty of organic matter (high nutrient
availability) are preferable for higher yield. Onion is sensitive
to highly acid soils and grows best when the pH is between
5.0 and 6.8 [11]. Related to geographical adaptability, the
average altitude range for optimum production of onion is
between 700 and 2200 meters above sea level (masl). Sim-
ilarly, the optimum growth temperature requirement lies
between 15°C and 23°C day and 10–12°C at night [12].

Despite the ever-rising demand for onions in all of the
country, there were a number of production problems,
which makes the farmers not to produce onions in advanced
manner. Among those problems, the lack of improved
cultivars adapted to diferent agroecologies of the country,
and especially in the north Gondar, Beyeda district, the high
cost of seed, inappropriate agronomic practices, and in-
festation of diseases take the lion’s share of low productivity
[13]. Determining the optimum plant spacing for diferent
varieties of onion crops should be helpful for onion growers
to produce marketable size and good quality onion bulbs.

Traditionally grown shallots followed by the Bombay red
onion variety are the only vegetables as well as spice crops of
onion species that are produced poorly by small-scale
farmers in the study area. Due to this, to meet the local
demands for home consumption, large amounts of onions
have been imported from west Gojjam and South Gondar
zones [14]. Onion production frequently decreases and price
increases due to diferent diseases and nonrecommended
agronomic practices such as inappropriate plant spacing and
fertilization management, lack of improved seed varieties,
unavailability and high cost of seed, lack of well-organized
markets, and shortage of water supply. According to the
authors in [13, 14], lack of awareness to use appropriate
agronomic practices such as planting spacing, varietal se-
lection, and pest management caused to reduce the pro-
ductivity of onions, especially in Beyeda district. In this
regard, by selecting two factors from the abovementioned
chronic problems of onion production, this study

determined the optimum intrarow spacing and the best
adaptable variety of onion species advisable to boost onion
production in the district.

Terefore, the objective of this study was to identify the
growth and bulb yield performance of improved onion
varieties in diferent levels of plant spacing and so to select
the highest yielding variety and optimum plant spacing in
Beyeda District.

2. Materials and Methods

2.1. Description of the Study Area. Te research was carried
out at Watti kebele, i.e., Abaymesno irrigation site, in
Amhara National Regional State (ANRS) north Gondar
zone, Beyeda District (Figure 1). Beyeda is found in the
northeast direction of ANRS. It is located at 13°6′58″ N
latitude and 38°25′18″ E longitude with an altitude of
1800–4620 meters above sea level (masl) from which spe-
cifcally the study site is 3102masl. Te annual temperature,
rainfall, and humidity have been taken for about eight se-
quential years (2013–2020) data. Te annual temperature of
the district ranges from a minimum average of 8°C to
a maximum average of 27°C. Te temperature in the study
sites ranges from aminimum average of 7.2°C to amaximum
average of 19.5°C. Te district’s mean annual rainfall ranges
from 23.9mm to 134.6mm and humidity ranges from
25–83.5%. Te mean annual rainfall and humidity of the
study site range from 38.6mm to 87.6mm and from
50–57%, respectively (West Amhara Meteorology Service
center). In general, Beyeda District is classifed into Wurch
(alpine), Dega (highland of its altitude), and Woyna-Dega
(medium of its altitude) agroclimatic zone, and specifcally,
the study site is Dega. Te district has plateaus, mountains,
hills, plains, and valley in physiographical characterization
and from which, specifcally, the study site is plateau [14].

2.2. Experimental Materials

2.2.1. Onion Varieties. 250 g of each improved seed variety
of onions, i.e., Nasik red, Robat, and Nafs were obtained
from onion seed producing center (Fogera national rice
research and training center), and the local shallot was
obtained from the farmers and used as control. Te seeds
were cleaned and made free from extraneous materials.

2.2.2. Fertilizer. NPS (N: P2O5 : S) and urea were available
based on the recommended rate of 200 kg/ha NPS and
100 kg/ha of urea [15, 16].

2.2.3. Materials. Meter, balance, ruler, fence, watering bag/
water tube, sack, stick, paper and cover plastic, grass, MUAC
(mid-upper arm circumference) tape, and other materials
were used.

2.3. Experimental Layout, Design, and Treatment. Te feld
experiment was done on a total land of 168m2 (24m∗ 7m)
that was selected from the study site. Te experimental land
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was plowed and harrowed frequently with oxen. Te ex-
periment consisted of three types of onion varieties (Nasik
red, Robat, and Nafs) that were taken from Fogera National
Rice Research and Training Center, and a local shallot which
serves as control was collected from the farmers with four
diferent levels of intrarow spacing (6, 8, 10, and 12 cm).Tis
is based on [17, 18] where 10 cm is recommended as op-
timum standard among 5, 7.5, 10, and 12.5 cm intrarow
spacing for onion production. Similarly, the authors in [19]
recommend that 10 cm is optimum for bulb yield in garlic
among 10, 15, and 20 cm intrarow spacing.

Hence, the experiment was arranged in 4× 4 factorial
combinations [20]. Te treatments were laid down in
a randomized complete block design (RCBD) with three
replications (Figures 2 and 3).Te total area was divided into
three blocks each of which comprised 16 treatment (Table 1)
combinations and a total of 48 plots. Te size of each

experimental plot was 1.1m× 1.3m (1.43m2) with 20 cm
height above the surface with six rows where each row
contained 21, 16, 13, and 11 plants per row for 6, 8, 10, and
12 cm intrarow spaces (spacing between plants), re-
spectively. In all treatments, interrow space (spacing be-
tween rows) was constantly 20 cm. In addition to this, the net
plot area of each treatment was 0.58, 0.53, 0.48, and 0.43m2

for 6, 8, 10, and 12 cm intrarow spacing, respectively.
Growth and yield parameters of onion were collected from
the central two rows of each net plot area to avoid border
efects (Figure 3).

2.4. Experimental Procedures. Tree diferent onion variety
seeds were raised in well-prepared three seedbeds after this
nursery land was plowed frequently. Each bed was con-
structed with 3m× 2m (6m2) width and 20 cm height above
the surface area as indicated by [15]. Seedling rows at

Figure 1: Location map of the study area.
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a distance of 10 cm were prepared and seeds were sown at 2
to 3 cm distance from each other in seedbeds. Cultivation,
weeding, and irrigation of seedlings in the nursery were done
uniformly as described by [15]. Similarly, the plots have been
covered by grasses to protect against solar radiation and
maintain moisture [15]. Seedlings were ready for trans-
planting when they produced two pairs of true leaves and
attained averagely the height of 12–15 cm which was taken
about 58 days after sowing.

After the experimental feld was plowed 3-4 times, the soil
was categorized and laid out in rectangle shape and then plots/
beds were made by maintaining 40 cm distance between them
and 75 cmdistance between blocks to facilitate cultural practices.
Te experimental beds were irrigated sufciently before seed-
lings were transplanted to make the soil suitable for seedlings.
After preparing the experimental site based on the layout, three
varieties (Nasik red, Robat, and Nafs) of onion seedlings were
transplanted to the experimental feld. Before seven days of
transplanting, the cloves of local shallot were sown into plots
based on the experimental spacing. Seedlingswere irrigated soon
after transplanting. Hence, transplanted seedlings were irrigated
by showering irrigation system in 3-4 days intervals at early
growth stages, but after establishment, it was extended up to 6-
7 days intervals [15].

120 g of NPS was applied for each plot uniformly as
a source of phosphorous, nitrogen, and sulfur on the seedbed
based on the recommendation rate of 200 k/ha, and also in
the permanent feld for each plot, 28.6 g of NPS have been
incorporated into the soil before transplanting [16]. A total
of 0.686 kg urea as a main source of nitrogen was applied
into two equal splits. Te frst half was applied at the time of
transplanting while the remaining half was applied 45 days
after transplanting based on the recommendation rate of
100 k/ha [13, 16, 21]. Other cultural practices such as
weeding, hoeing, and irrigation were performed uniformly
for all treatments.

2.5. Soil Sample. To assess the fertility status of the exper-
imental soil, samples were taken randomly from the ex-
perimental feld at fve spots at the depth of 0–20 cm before
transplanting and then mixed to make a soil composite.
Ten, the chemical and physical properties of soil (organic
matter, pH, N, P, and soil texture) were analyzed at Amhara
Design and Supervision Works Enterprise Soil Laboratory.

2.6. Growth Parameters. At maturity, which means that
before the leaf became yellow, dry, and collapsed or shrunk
at the neck region, the measurement of growth parameters
was performed (Figure 3) [17].

2.6.1. Plant Height (cm). Plant heights of ten randomly
selected plants grown in the net plot area were measured
from the soil surface to the tip of the longest leaf using a ruler
at physiological maturity, and the mean values were com-
puted for further analysis.

2.6.2. Leaf Length (cm). Te longest leaves of ten randomly
selected plants were measured from the point of their
emergence to the tip of leaves using a ruler in
centimeter (cm).

2.6.3. Leaf Number. Te number of leaves of ten randomly
selected plants from the middle rows of the net plot was
counted.

2.6.4. Leaf Diameter (cm). Te mid-diameter of the widest
leaves of ten randomly selected plants from the net plot was
measured.

2.6.5. Days of Maturity. Days to maturity were the actual
number of days from the transplanting to the time when 80%
of plants’ foliage collapsed and became yellow as well as
shrinked at the neck region.

2.7. Yield Components and Bulb Yield

2.7.1. Bulb Length (cm). Te length of matured bulbs of ten
randomly selected plants in each plot was measured by using
a ruler.

2.7.2. Bulb Diameter (cm). Te bulb diameter was measured
at the widest circumstance of the bulb of ten randomly
selected plants from each net plot by using MUAC mea-
surement (Figure 3).

C� 2πr and D� 2r. Ten, D�C/π �C/3.14 (π � 3.14).
C� circumference, D� diameter, and r� radius.
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Figure 2: Layout of feld experiment.
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2.7.3. Average Bulb Weight (g). Te average bulb weights of
ten randomly selected plants from the net plot were taken
and calculated as the mean fresh bulb weight measured by
sensitive balance after harvesting and used for further
analysis [17].

2.7.4. Total Biomass (g). Te total biomasses of ten ran-
domly selected plants were measured, including the
aboveground biomass with bulb and so weighed at har-
vesting time and the average weight was computed and used
for further analysis.

Measurement of Growth parameters Average bulb weight

Diameter/circumfere Bulb length Shallot Onion

Marketable bulb yield

Experience exchange with households and office experts

Soil sample Randomization of Blocks and Plots

Seedling growth stage

Figure 3: Photos of the experimental site.
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2.7.5. Marketable Bulb Yield (t/ha). Marketable yield was
categorized by weight into large (100–160 g), medium
(50–100 g), and small (21–50 g) and fnally calculated in t/ha.
Te total weight of clean, disease, and damage-free bulbs
greater than 21 g in weight was considered as marketable
bulb yield.

2.7.6. Unmarketable Bulb Yield (t/ha). It was determined by
bulbs smaller than 3 cm in diameter [20], split, rotten,
damaged, and discolored bulbs, and undersized or oversized
bulbs (<21 g or >160 g) were categorized as unmarketable.

2.7.7. Total Bulb Yield (t/ha). Te yield that includes both
marketable and unmarketable bulb weight was expressed as
kg per plot and converted into t ha−1 (Figure 3).

2.8. Data Analysis. Te collected experimental data, dis-
played as mean and standard deviation (Table 2), were
statistically analyzed by using Statistical Analysis System
(SAS) version 9.1 for the analysis of variance (ANOVA). If
the analysis of variance shows a statistically signifcant
diference in growth and yield parameters, mean separation
was carried out using 1% or 5% level of signifcance [22].

3. Results and Discussions

3.1. Soil Analysis: Physicochemical Properties of the Experi-
mental Soil. Te experimental soil had a high percentage
of clay, which might disagree with [23] where it was stated
that for higher yield, well-drained friable sandy loam soils
are preferable. Te mean pH value is relatively acidic
(5.91), and this soil pH was relatively suitable for the
production of onion based on the studies showed that the
optimum pH for onion production ranges between 6 and 8
[24] and on the other study results, onion grows best when
the pH is between 5.0 and 6.8 [11]. Te organic carbon
content (0.49%), as well as total nitrogen content (0.05%)
of the soil, are categorized as the lower level which has its
own limitation in onion crop growth while the soil has
medium available phosphorus content as listed in the
following (Table 3).

3.2. Growth Parameters and Yield Components of Onion

3.2.1. Vegetative Growth Parameters. Most of the growth
parameters (plant height, leaf number, leaf length, and leaf
diameter) were signifcantly diferent among the varieties (P
< 0.001). Te most signifcant diference of plant height
performance was between shallot (36.12 cm) and the

varieties such as Nasik red (54.18 cm), Nafs (51.17 cm), and
Robat (48.84 cm), respectively. Tis result was similar to the
fnding of [25, 26] where it was indicated signifcant dif-
ferences among onion varieties in plant height. Tere was
a highly signifcant diference (P< 0.001) between the
highest number of leaf in shallot (37.53) and the lowest
number in Nafs (8.32). However, there was no signifcant
diference between Nasik red (8.73), Robat (8.34), and Nafs
(8.32) varieties (Table 4).

Similarly, the lengths and diameters of onion leaves
showed a highly signifcant diference (P< 0.001) between
a shallot and the rest three varieties of onion (Table 4). Te
longest and the widest mean (45.48 cm, 1.47 cm) of leaves,
respectively, were obtained from Nasik red variety while
the shortest length (28.84 cm) and the narrowest diameter
(0.69 cm) leaves were observed from the control variety
shallot. In addition, there was a signifcant diference (P
< 0.05) in both leaf length and diameter among Nasik red
(45.48, 1.47), Nafs (42.50, 1.32), and Robat (40.43, 1.30),
respectively. Terefore, this result showed that the dif-
ference in varieties in leaf length and diameter might be
due to their diferences in genetic makeup or the envi-
ronment where it has been grown as stated in [27]. Tere
was no signifcant diference (P> 0.05) in days of maturity
among the onion varieties (Table 4). Tis result disagrees
with the observation of [28] who reported that there were
signifcant diferences among eight onion varieties in days
of bulb maturity.

Related to intrarow spacing, most of the growth pa-
rameters not showed a signifcant diference (P> 0.05) but
showed a numerical diference. Nasik red variety at 6 cm
intrarow spacing was matured at approximately 135 days,
signifcantly earlier than other treatments. Onions of
intrarow spacing at 8 cm matured at 141 days, while those at
10 cm and 12 cm intrarow spacing matured at approximately
146 days (Table 4). Tis result is consistent with the fnding
in [23] where it was reported that maturity in response to the
increased rate of nitrogen application and wider intrarow
spacing might be attributed to enhancing plant biochemical
processes, which in turn extends vegetative growth and delay
maturity as well.

Similarly, under Nafs variety of four levels of intrarow
spacing, there was a slightly signifcant diference (P
< 0.05) in leaf diameter. Te highest width/diameter of
leaves was recorded in 12 cm spacing (1.45 cm) while the
lowest width of leaves was recorded in a space of 6 cm
(1.23 cm). Tis result was inversely related to [19] where it
was noted that increased leaf width was observed at
narrower row spacing in garlic. Other treatments such as
plant height and leaf length were not signifcantly dif-
ferent with diferent plant spacings. On the contrary, the
experiment in [19] resulted in a larger plant height as the
plant spacing gets narrower in garlic. Te highest number
of leaves was counted in space at 12 cm (9.13/individual),
while the lowest number of leaves was counted in space at
10 cm (7.37/individual). In general, even though there was
a numerical diference, there was no signifcant diference
in the interaction efect (varieties with spacing) among the
whole tested growth parameters.

Table 1: Treatments used in the experimental feld.

No. Treatments Varieties
1 T1� plant spacing 6 cm× 20 cm V1� Local shallot
2 T2� plant spacing 8 cm× 20 cm V2�Nasik red
3 T3� plant spacing 10 cm× 20 cm V3�Robat
4 T4� plant spacing 12 cm× 20 cm V4�Nafs
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Table 2: Mean and standard deviation of vegetative and yield parameters.

Level of PH (plant height) LN (leaf number) LL (leaf length)
V spa N Mean Std. dev. Mean Std. dev. Mean Std. dev.
1 1 3 37.7000000 6.30000000 36.2000000 8.08949937 30.4000000 5.80258563
1 2 3 35.0666667 3.59490380 38.6666667 5.58957363 28.7000000 2.42487113
1 3 3 34.7666667 3.57258077 35.7333333 4.38444219 26.7333333 5.10130702
1 4 3 36.9333333 2.50266525 39.5000000 5.17397333 29.5333333 2.60832002
2 1 3 55.3333333 7.40562849 8.7666667 1.15902258 44.6333333 4.05257120
2 2 3 54.8000000 4.24617475 8.4666667 0.28867513 46.2000000 3.87427413
2 3 3 54.8666667 3.69098000 9.5000000 0.87177979 46.8666667 1.55026879
2 4 3 51.7000000 7.97558775 8.1666667 1.51437556 44.2000000 5.72974694
3 1 3 52.0666667 5.16946161 8.6333333 1.24230968 42.1333333 1.50111070
3 2 3 51.2666667 2.39652526 9.1333333 0.35118846 42.7000000 2.86879766
3 3 3 44.5333333 6.25166644 7.5666667 1.24230968 37.1000000 4.54312668
3 4 3 47.5000000 5.97327381 8.0333333 1.36503968 39.8000000 4.68081190
4 1 3 50.7000000 2.84780617 8.1333333 0.40414519 41.5000000 0.98488578
4 2 3 53.8333333 5.22717259 8.6333333 0.35118846 44.6000000 4.44409721
4 3 3 47.7666667 2.37135685 7.3666667 0.51316014 40.9333333 2.21885857
4 4 3 52.3666667 1.65630110 9.1333333 0.55075705 42.9666667 1.81475435

Level of LD (leaf diameter) Mr (maturity days) BL (bulb length)
V spa N Mean Std. dev. Mean Std. dev. Mean Std. dev.
1 1 3 0.66333333 0.03785939 138.000000 0.00000000 2.46666667 0.30138569
1 2 3 0.70666667 0.08326664 140.666667 4.61880215 2.46666667 0.10408330
1 3 3 0.71333333 0.08504901 138.000000 8.00000000 2.95000000 0.13228757
1 4 3 0.69000000 0.08888194 143.333333 4.61880215 2.65000000 0.37749172
2 1 3 1.39333333 0.09504385 135.333333 4.61880215 4.40000000 0.49244289
2 2 3 1.52333333 0.04618802 140.666667 4.61880215 4.15000000 0.56347138
2 3 3 1.52666667 0.09865766 146.000000 0.00000000 4.66666667 0.38188131
2 4 3 1.44333333 0.24090109 146.000000 0.00000000 4.41666667 0.38188131
3 1 3 1.37333333 0.10263203 138.000000 8.00000000 4.25000000 0.00000000
3 2 3 1.34666667 0.07023769 135.333333 4.61880215 3.95000000 0.57662813
3 3 3 1.17666667 0.06350853 140.666667 4.61880215 3.91666667 0.38188131
3 4 3 1.31000000 0.18734994 146.000000 0.00000000 4.38333333 0.76865684
4 1 3 1.22666667 0.05507571 135.333333 4.61880215 3.86666667 0.24664414
4 2 3 1.42000000 0.12767145 140.666667 4.61880215 4.63333333 0.43684475
4 3 3 1.16333333 0.13613719 140.666667 4.61880215 4.10000000 1.39373599
4 4 3 1.45000000 0.07549834 146.000000 0.00000000 5.16666667 0.80363756

Level of BD (bulb diameter) BW (bulb weight) TBY (total bulb yield)
V spa N Mean Std. dev. Mean Std. dev. Mean Std. dev.
1 1 3 1.91333333 0.07571878 51.0000000 7.9372539 86.666667 20.8166600
1 2 3 2.13333333 0.25166115 54.3333333 7.5055535 90.000000 0.0000000
1 3 3 2.62666667 0.07505553 50.6666667 10.0664459 87.333333 4.6188022
1 4 3 2.28666667 0.23459184 62.0000000 12.7671453 115.00000 30.4138127
2 1 3 4.14000000 0.58889727 37.6666667 10.7857931 65.333333 21.5715862
2 2 3 4.26333333 0.14364308 35.0000000 5.0000000 70.666667 1.1547005
2 3 3 4.90333333 0.30501366 53.3333333 5.7735027 96.666667 5.7735027
2 4 3 4.71333333 0.43878620 40.6666667 9.0184995 81.666667 16.0727513
3 1 3 4.38000000 0.51507281 38.3333333 10.4083300 75.000000 5.0000000
3 2 3 4.44333333 0.24006943 41.6666667 7.6376262 85.000000 17.3205081
3 3 3 4.19666667 0.43316663 37.0000000 10.8166538 62.000000 15.6204994
3 4 3 4.50333333 0.52538874 40.0000000 10.0000000 76.666667 22.5462488
4 1 3 4.25333333 0.63955714 30.3333333 9.5043850 65.000000 18.0277564
4 2 3 4.76000000 0.21517435 45.0000000 0.0000000 78.333333 7.6376262
4 3 3 4.32666667 0.43015501 43.3333333 5.7735027 74.666667 12.8582010
4 4 3 5.33333333 0.20816660 52.6666667 2.5166115 104.333333 5.1316014

Level of MBY (marketable bulb yield) UBY (unmarketable bulb
yield) TBY (total bulb yield)

V spa N Mean Std. dev. Mean Std. dev. Mean Std. dev.
1 1 3 11.1333333 2.41936631 1.53333333 0.83266640 12.6666667 3.25166624
1 2 3 11.6666667 0.65064071 1.80000000 1.20000000 13.4666667 1.01159939
1 3 3 11.4333333 1.78978583 1.86666667 1.16761866 13.3000000 2.78747197
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Table 2: Continued.

1 4 3 14.7333333 3.55715242 1.80000000 0.60000000 16.5333333 2.96872588
2 1 3 15.0000000 6.17980582 1.40000000 0.30000000 16.4000000 6.12862138
2 2 3 12.4333333 2.40901086 2.36666667 0.51316014 14.8000000 1.90787840
2 3 3 15.2666667 2.17791950 0.86666667 1.09696551 16.1333333 1.91398363
2 4 3 15.1000000 3.05122926 0.13333333 0.11547005 15.2333333 3.16596483
3 1 3 15.7000000 4.33474336 0.96666667 1.05987421 16.6666667 3.59490380
3 2 3 14.5666667 5.51935987 0.30000000 0.10000000 14.8666667 5.49302588
3 3 3 9.1666667 3.76474877 1.43333333 1.11504858 10.6000000 4.87544870
3 4 3 12.3333333 3.43850743 0.46666667 0.56862407 12.8000000 3.08058436
4 1 3 13.2000000 0.72111026 1.76666667 0.40414519 14.9666667 0.47258156
4 2 3 15.8666667 0.80829038 1.33333333 1.28582010 17.2000000 1.50996689
4 3 3 11.6000000 2.25388553 0.56666667 0.66583281 12.1666667 2.17791950
4 4 3 16.8000000 1.13578167 0.80000000 0.26457513 17.6000000 0.87177979

Table 3: Physiochemical properties of experimental soil.

pH (H2O) value
Texture (soil type) Organic carbon

%
Total nitrogen

%
Av. phosphorus

(mg/kg)% Sand % Silt % Clay Classes
5.91 32 23 45 Clay 0.49 0.05 9.3

Av.� available.

Table 4: Efects of plant varieties and intrarow spacing on plant morphological characteristics.

Variety Intrarow spacing
Parameters

Plant height (cm) Leaf number Leaf length (cm) Leaf diameter (cm) 80% maturity

Shallot

6 cm 37.70 36.20 30.40 0.66 138
8 cm 35.07 38.67 28.70 0.71 141
10 cm 34.77 35.73 26.73 0.71 138
12 cm 36.93 39.50 29.53 0.69 143
Mean 36.12 37.53 28.84 0.69 140
SEM 1.11 1.55 1.12 0.02 144
Sig Ns ns ns ns ns

Nasik red

6 cm 55.33 8.77 44.63 1.39 135
8 cm 54.80 8.47 46.20 1.52 141
10 cm 54.87 9.50 46.87 1.53 146
12 cm 51.70 8.17 44.20 1.44 146
Mean 54.18 8.73 45.48 1.47 142
SEM 1.57 0.30 1.06 0.04 156
Sig ns ns ns ns ∗∗

Robat

6 cm 52.07 8.63 42.13 1.37 138
8 cm 51.27 9.13 42.70 1.35 135
10 cm 44.53 7.57 37.10 1.18 141
12 cm 47.50 8.03 39.80 1.31 146
Mean 48.84 8.34 40.43 1.30 140
SEM 1.57 0.33 1.12 0.04 174
Sig ns ns ns ns ns

Nafs

6 cm 50.70 8.13 41.50 1.23 135
8 cm 53.83 8.63 44.60 1.42 141
10 cm 47.77 7.37 40.93 1.16 141
12 cm 52.37 9.13 42.97 1.45 146
Mean 51.17 8.32 42.50 1.32 141
SEM 1.06 0.23 0.79 0.05 150
Sig ns ∗∗ ns ∗ ns

Shallot 36.12b 37.53a 28.84c 0.69c 140a
Nasik red 54.18a 8.73b 45.48a 1.47a 142a
Robat 48.84a 8.34b 40.43b 1.30b 140a
Nafs 51.17a 8.32b 42.50ab 1.32b 141a

Sig. variety (var) ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ns
Sig. intrarow spacing (sp) ns ns ns ns ∗∗∗

Sig. Var∗sp ns ns ns ns ns
Sig� signifcantly diferent; SEM ± � standard error of mean; CV� coefcient of variation; P< 0.05� less signifcant (∗), P< 0.01� signifcant (∗∗), and P

< 0.001�most signifcant (∗∗∗). Means of the same letter are not signifcantly diferent at P< 0.05 (Abdisa et al., 2013).
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3.2.2. Yield and Yield Components of Onion

(1) Bulb Length and Diameter. Tere were signifcant dif-
ferences among varieties (P< 0.05) in onion bulb length and
diameter, even though intrarow spacing and their in-
teraction with varieties did not make signifcant diferences
in bulb length (Table 5). Te highest bulb length and the
widest bulb diameter were observed from Nafs (4.44 cm,
4.67 cm), followed by Nasik red (4.41 cm, 4.51 cm) and Robat
(4.13 cm, 4.38 cm) varieties, respectively.Tis result might be
due to either genetic or environmental efects as studied by
[27]. Similarly, it was related to [18] where it was stated that
the production of quality seed yield of onion depends on the
genotype, locality, season, and method of seed production
that have a vital role in crop yield production.

Related to plant spacing for shallot, the highest bulb
diameter was 2.63 cm at 10 cm intrarow spacing, followed by
2.28 cm at 12 cm spacing and 2.13 cm at 8 cm spacing while

a signifcantly minimum bulb diameter was obtained from
the closer spacing of 6 cm.Te widest bulb diameter of Nafs
was 5.33 cm at the intrarow spacing of 12 cm, followed by
8 cm intrarow spacing, while the minimum bulb diameter
was 4.25 cm at 6 cm intrarow spacing (Table 5). Tis in-
dicates that the closer intrarow spacing could decrease bulb
diameter Reference [29], reported that there was a signifcant
increase in the diameter of onion bulbs as the plant pop-
ulation decreased.

(2) Bulb Weight and Total Biomass. As the analysis of
variance showed that both mean bulb weight and total
biomass were highly afected (P< 0.001) by varieties and less
signifcantly infuenced (P< 0.05) by intrarow spacing
(Table 5). Te highest bulb weight was 54.50 g/plant and the
total biomass was 94.75 g/plant for shallot. On the other
hand, the least mean bulb weight was 39.25 g/plant and the
total biomass was 74.67 g/plant for Robat (Table 5).

Table 5: Infuence of varieties, intrarow spaces, and their interaction efects in yield and yield components.

Variety Intrarow space
Parameters

Bulb length
(cm)

Bulb diameter
(cm)

Bulb weight
(g/plant)

Total biomass
(g/plant)

Marketable yield
(t/ha)

Unmarketable yield
(t/ha)

Total bulb
yield (t/ha)

Shallot

6 cm 2.47 1.91 51.00 86.67 11.13 1.53 12.67
8 cm 2.47 2.13 54.33 90.00 11.67 1.80 13.47
10 cm 2.95 2.63 50.67 87.33 11.43 1.87 13.30
12 cm 2.65 2.28 62.00 1.15 14.73 1.80 16.53
Total 2.63 2.24 54.50 94.75 12.24 1.75 13.99

SEM ± 0.08 0.09 2.77 5.78 0.73 0.24 0.79
Sig ns ∗ Ns ns ns ns ns

Nasik red

6 cm 4.40 4.14 37.67 65.33 15.00 1.40 16.40
8 cm 4.15 4.26 35.00 70.67 12.43 2.37 14.80
10 cm 4.67 4.90 53.33 96.67 15.27 0.87 16.13
12 cm 4.41 4.71 40.67 81.67 15.10 0.13 15.23
Total 4.41 4.51 41.67 78.58 14.45 1.19 15.64

SEM ± 0.13 0.14 2.89 4.95 1.00 0.29 0.93
Sig ns ns ns ns ns ∗ ns

Robat

6 cm 4.25 4.38 38.33 75.00 15.70 0.97 16.67
8 cm 3.95 4.44 41.67 85.00 14.57 0.30 14.87
10 cm 3.92 4.20 37.00 62.00 9.17 1.43 10.60
12 cm 4.38 4.50 40.00 76.67 12.33 0.47 12.80
Mean 4.13 4.38 39.25 76.67 12.93 0.79 13.73

SEM ± 0.14 0.11 2.47 4.74 12.33 0.47 12.80
Sig ns ns ns ns ns ns ns

Nafs

6 cm 3.87 4.25 30.33 65.00 13.20 1.77 14.97
8 cm 4.63 4.76 45.00 78.33 15.87 1.33 17.20
10 cm 4.10 4.32 43.33 74.67 11.60 0.57 12.17
12 cm 5.17 5.33 52.67 104.33 16.80 0.80 17.60
Total 4.44 4.67 42.83 80.58 14.37 1.12 15.48

SEM ± 0.26 0.16 2.79 5.28 0.71 0.23 0.74
Sig ns ∗ ∗∗ ∗∗ ∗∗ ns ∗∗

Shallot 2.63b 2.24b 54.50a 94.75a 12.24a 1.75a 13.99a
Nasik red 4.41a 4.51a 41.67b 78.58ab 14.45a 1.19ab 15.64a
Robat 4.13a 4.38a 39.25b 74.67b 12.93a 0.79b 13.73a
Nafs 4.44a 4.67a 42.83b 80.58ab 14.37a 1.12ab 15.48a

Sig. variety ∗∗∗ ∗∗∗ ∗∗∗ ∗ Ns ∗ Ns
Sig. space Ns ∗ Ns ∗ Ns Ns Ns
Sig. Va∗sp Ns Ns ns ns Ns Ns Ns

Sig� signifcantly diferent; SEM ± � standard error of mean; CV� coefcient of variation; P< 0.05� less signifcant (∗), P< 0.01� signifcant (∗∗), and P

< 0.001�most signifcant (∗∗∗). Means with the same letter are not signifcantly diferent at P< 0.05.
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Regarding intrarow spacing for Nafs variety, the greatest
bulb weight was 52.67 g/plant and total biomass was 104.33 g/
plant at12 cm spacing, followed by 45.00 g/plant, 78.33 g/plant,
respectively) at 8 cm spacing (Table 5). Tis result showed that
when plant spacing increased from 6cm to 12 cm, similarly
bulb weight and total biomass also increased.Tismight be due
to the fact that closer spacing between plants resulted in
competition for nutrients, water and light, thus reducing the
amount of assimilating stored in the bulbs, which reduced their
bulb weight and total biomass.Tis result is similar to [30] who
reported that plants spaced at the narrowest gave the lowest
bulb weight for a single onion bulb.

(3) Marketable, Unmarketable, and Total Bulb Yield. Mar-
ketable, unmarketable, and total bulb yield of onion were not
signifcantly afected by both intrarow spacing and their
interaction efect (Table 5). Marketable and total bulb yield
were not signifcantly afected by diferent varieties.

Tere were signifcant diferences in unmarketable bulb
yield among the varieties. Te highest unmarketable bulb yield
(1.75 t/ha) was obtained from the control variety shallot fol-
lowed by Nasik red (1.19 t/ha) and Nafs (1.12 t/ha), while the
least values were recorded from Robat with (0.79 t/ha). Tis
result might be due to genetic trait diferences that resulted in,
split, rotten, damaged, discolored bulbs or a few large-sized or
small-sized bulbs classifed as unmarketable bulbs.

Tere was a signifcant diference in marketable and total
bulb yield among four levels of intrarow spacing for Nafs
variety (Table 5). Te highest marketable and total bulb yield
was 16.8 t/ha and 17.6 t/ha, respectively, at 12 cm spacing,
followed by 15.87 t/ha and 17.20 t/ha, respectively, at 8 cm
spacing.

4. Conclusion and Recommendation

Te diferent intrarow spacings and varieties had diferent
signifcant impacts on the onion yield. Newly tested varieties
such as Nafs (12 and 8 cm), Robat (6 cm), and Nasik red
(10 cm) varieties were the best varieties with optimum plant
intrarow spacing for the production of greater marketable
bulb yields than local shallot.

Te major constraints of onion production in the study
area are the absence of reliable and well-adaptable improved
seed supply. Te local shallot produced by farmers is poor in
its marketable productivity through irrigation under vari-
eties of intrarow spacing. Hence, the growers/agricultural
ofce should purchase seed varieties such as Nafs, Robat,
and Nasik from well-known improved seed producers as
well as certifed sellers to cultivate in the district. Te fre-
quency and amount of irrigation should be based on the
requirement levels of the plants. Related to yield and yield
components, the variety Nafs was the best variety in the way
of producing the highest bulb length and diameter, while the
control variety shallot produced unmarketable bulb yield.

It can be recommended that Nafs, Robat, and Nasik red
at 8–12 cm, 6 cm, and 10 cm intrarow spacing, respectively,
are the best option for optimum onion production in Beyeda
district, North Gondar, Ethiopia [31].
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