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Abstract. Rapid leaching of soluble nitrogen (N) sources in soil poses a significant
challenge in agricultural practices. Therefore, gaining a comprehensive understanding
of crop responses to slow-release N application rates has become crucial to contribut-
ing valuable insights to optimize N management strategies in agriculture. A field
study was conducted to investigate the influence of preplant calcium cyanamide fertil-
izer on the growth, yield, quality, and shelf life of short-day onion. Six levels of cal-
cium cyanamide (CaCN2, 19.8% N), 0, 90, 120, 200, 400, and 600 kg�ha21 CaCN2,
which are equivalent to 0, 17.82, 23.76, 39.6, 79.2, and 118.8 kg�ha21 N, respectively,
replicated four times were broadcasted and incorporated into the top 5 to 10 cm of
soil. Using 400 kg�ha21 of CaCN2 yielded noteworthy improvements in various pa-
rameters of onion growth, such as plant height, leaf count, bulb weight per plant,
bulb diameter, bulb length, and overall plant weight, as indicated by the study results.
The application of different levels of CaCN2 as an N source exerted a significant influ-
ence on these growth factors. Moreover, the study revealed a direct correlation be-
tween CaCN2 application levels and the storage life of onions. Specifically, the
findings demonstrated that the application of 400 kg�ha21 CaCN2 resulted in en-
hanced yield and overall onion plant growth. However, the application of 600 kg�ha21

CaCN2 increased the incidences of bulb weight loss, rots, and sprouting during the
8-week storage period at room temperature. These findings provide valuable insights
for onion investors and farmers in the region and offer practical recommendations
for optimizing fertilizer use and storage practices to improve onion production and
minimize postharvest losses.

Agricultural practices are in a constant
state of evolution and driven by the combined
efforts of researchers and farmers to achieve
the highest possible levels of crop productiv-
ity, quality, and sustainability. Within this dy-
namic landscape, the strategic utilization of
fertilizers emerges as a crucial factor in the
quest for optimal growth and yield. Among

these fertilizers, nitrogen (N) takes on a par-
ticularly significant role because of its status
as a vital macronutrient with far-reaching im-
plications for plant development, nutritional
content, and overall performance (Sutton et al.
2022). This relentless pursuit of agricultural im-
provement extends to the cultivation of short-
day onions, which is a staple crop essential to
global cuisines. The increasing demand for on-
ions in culinary preparations persists and drives
ongoing efforts to improve production while
maintaining high-quality standards (Department
of Agriculture, Land Reform and Rural Devel-
opment 2021). The intricate relationships be-
tween N fertilizer application and onion growth,
yield, quality, and storage longevity have capti-
vated researchers (Elouattassi et al. 2023). Re-
garding mineral fertilizers, N plays a crucial
role in influencing the development and yield of
onions (Ncayiyana et al. 2018). As a necessary
component of proteins, amino acids, and chloro-
phyll, N has a significant effect on photosynthe-
sis, root development, and general plant health

(Sutton et al. 2022). However, a delicate balance
must be struck because excessive N can lead to
detrimental outcomes such as environmental
pollution, leaching, and reduced postharvest
shelf life (Bibi et al. 2016).

Onions require several mineral nutrients,
particularly N (Mozumder et al. 2007). Man-
aging N levels effectively is of paramount
importance for onions because of their shal-
low and unbranched root systems (Brewster
1994). This makes them susceptible to nutri-
ent deficiencies. To attain the best possible
yields, it becomes essential to apply N fre-
quently in small quantities, place it as near to
the root zone as feasible, and apply it in
forms that are easily accessible. This ap-
proach yields strong and favorable responses
from onions when fertilizers are applied, as
documented by Brewster (1994) and Ndjadi
et al. (2022). Tandon (1987) and Vojnovi�c
et al. (2023) highlighted the substantial nutri-
ent requirements of onions, notably, their uti-
lization of approximately 120 kg N, 50 kg
phosphorus (P2O5), and 160 kg potassium
(K2O) per hectare to achieve a yield of 35
tons. This underscores the critical link be-
tween nutrient uptake and the potential onion
yield.

The impact of mineral fertilizers on onion
growth and yield has been a subject of extensive
investigation in the existing literature. Notewor-
thy studies conducted by Bhattacharjee et al.
(2013), Mozumder et al. (2007), and Ncayiyana
et al. (2018) have specifically delved into the
role of N in shaping various aspects of onion
development. These investigations collectively
underscore the positive association between in-
creased N levels and the yield of diverse onion
cultivars, as articulated in the findings reported
by Bhattacharjee et al. (2013) and Mohammad
and Moazzam (2012). Despite these positive
correlations, a critical gap in the literature is the
absence of fertilizer guidelines tailored to spe-
cific regions. This deficiency in region-specific
guidance has resulted in notable production
challenges (Vojnovi�c et al. 2023). Subsequently,
these challenges manifest as subpar bulb yields,
compromised product quality, and reduced stor-
age longevity, thereby further emphasizing the
significance of developing targeted fertilizer rec-
ommendations to optimize onion cultivation
outcomes across different geographical areas
(Ndjadi et al. 2022). Therefore, the existing liter-
ature underscores the importance of bridging
this gap in knowledge to enhance the overall ef-
ficiency and sustainability of onion production
systems. Despite the essential role that N plays
in enhancing onion size and yield, conventional
beliefs among onion growers indicate that ex-
cessive N could hinder proper ripening and re-
sult in bulbs with inferior storage quality (Hafez
and Geries 2018; Sheikh et al. 1987; Vojnovi�c
et al. 2023). Studies have indicated that provid-
ing onion plants with the correct amount of N is
crucial because it fosters plant development,
boosts yield, and improves onion bulb quality
(Biesiada and Kolota, 2009; Shaheen et al.
2010). Al-Moshileh (2002) also noted that the
highest onion yield was obtained after applying
200 kg�ha�1 N and stressed that it would not be
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economically feasible to apply more N than this
level to increase crop productivity.

Urea stands out as a widely embraced con-
ventional fertilizer in agriculture because of its
partial absorption by plants (Swify et al. 2024).
However, a notable challenge associated with
this fertilizer is its susceptibility to leaching.
Leaching occurs when water carries the soluble
nutrients from the fertilizers beyond the reach
of plant roots, potentially leading to groundwa-
ter contamination (Ahmad et al. 2021). Using
slow-release fertilizer sources such as Perlka
(calcium cyanamide) presents a unique ap-
proach to solving the problem of N leaching
losses in horticultural crops, and it could also
help address this issue in agronomic crops
(Dixon 2017; Klasse 1996; Simelane et al.
2023). Therefore, Perlka, which is a granular
fertilizer product containing calcium cyana-
mide, has been proposed as a promising fertil-
izer alternative that could solve the problem of
N leaching losses (Bletsos 2006; Leytur et al.
2018).

Calcium cyanamide, a compound that pro-
vides both N and calcium to plants (Dixon
2017; Hahn 1951; Sala et al. 2016), undergoes
hydrolysis upon soil application and releases
ammonia and cyanamide. The released ammo-
nia can be converted to ammonium ions, which
bind more tightly to soil particles, thus reduc-
ing leaching risks compared with nitrates.
Slow-release calcium cyanamide offers the ad-
vantage of minimizing N leaching because of
its inherent properties (Brzozowski et al. 1953;
Sala et al. 2016). This is particularly advanta-
geous in environments with high rainfall or
areas where overhead irrigation is used. The
gradual release of N from the fertilizer aligns
better with the plant’s growth stages and nutri-
ent uptake patterns (Dixon 1984, 2017; Leytur
et al. 2018). This can result in improved nutri-
ent use efficiency and reduced N wastage.
Slow-release fertilizers like Perlka provide a
sustained supply of nutrients to plants over an
extended period. This can reduce the frequency
of fertilizer applications and labor costs.

There has been limited scientific explora-
tion of how calcium cyanamide specifically
affects the various aspects of onion cultiva-
tion. The central objective of this study was to
establish the optimal calcium cyanamide fer-
tilizer levels. Improvements in onion growth,
yield, bulb quality, and postharvest storage
longevity should result from these levels. This
investigation aimed to guide the promotion of
efficient and sustainable onion production
methods by combining insights from recent
research findings with real-world applications.
This investigation holds potential benefits for
farmers, agronomists, and researchers alike.

Materials and Methods

Description of the study area. A 2-year
experiment was conducted at the Hygrotech
Experimental Farm in Dewagensdrift, Pre-
toria, from Mar to Nov 2019 and 2020.
The geographic coordinates of the site are
25.4580 �S latitude and 28.6411 �E longi-
tude, with an elevation of 1214 m. Climatic
weather conditions during the experimental

period are shown in Table 1. The mean mini-
mum annual temperature was 18.5 �C, with a
corresponding maximum of 23.6 �C, whereas
an average of 640 mm of rainfall occurred
(South African Weather Service 2020). The
crop water requirement (ETc) for the growing
season during this study was determined us-
ing the crop coefficient (Kc) and potential
evapotranspiration of the study area. The re-
sult is given as ETc 5 Kc*ETo. Based on
crop, soil, and climate data, irrigation sched-
uling was projected using the FAO model
CROPWAT software 8.0. Bunds of soil were
created around each plot’s edges to stop nu-
trients from moving between plot blocks.
Weeding and hoeing were performed manu-
ally. A total of 600 mm of irrigation was
applied in 2019; the plants were irrigated
25 mm during the first week, 35 mm during
the following week, and 620 mm during the
growing season of 2020, or approximately 35
to 40 mm per week. When at least 50% of
the plant leaves began to fall, the irrigation
was turned off. Then, the plants were pulled
up and the dirt was shaken off. The plants
were spread out to cure by hanging in sacks
beneath a cover. For each treatment and repli-
cation, well-cured onion bulbs (5 kg) were
chosen, weighed, and stored at room temper-
ature between 17 to 28 �C, with 45% to 75%
relative humidity (RH). The percentage of
the total weight loss of the bulbs during a
3-month storage period from 22 Dec to 22 Feb
was used to determine the storability of the
bulbs in each of the two seasons. Throughout
the storage period, the remaining bulbs (sound
bulbs) were weighted after each month’s inspec-
tion and storage to remove any sprouted or rotted
bulbs. The calculation of the percentage of the to-
tal physiological weight, representing weight loss,
was ascertained on a monthly basis.

Soil sample collection and analysis. Land
was prepared by ploughing to a soil depth of 25
to 30 cm and discing and rotovating the soil.
Before planting, the experimental plots were
meticulously prepared by manual harrowing to
achieve a fine and even tilth. Before planting
the seeds in the soil, a comprehensive assess-
ment of the experimental soil was performed to
evaluate the distinctive root structure of onions.
Onion plants typically feature shallow roots
with limited branching primarily concentrated
in the upper 30 cm of soil. Before sowing seeds,
an evaluation of soil properties was conducted
by gathering samples from 18 distinct locations
at depths ranging from 0 to 15 cm and 15 to
30 cm. Approximately 600 g of soil was bulked
from each composite sample; this soil was then
dried to allow a consistent analysis (Lawrence
et al. 2020; Murindangabo et al. 2023). A subse-
quent analysis of these samples encompassed
both chemical and physical properties and ad-
hered to the procedures delineated in the soil
and plant laboratory manuals (�Alvaro-Fuentes
et al. 2019). The results were similar to those re-
ported by Simelane et al. (2023). Physical prop-
erties were as follows: sand, 54.10%; silt,
41.30%; and clay, 4.60%. Chemical properties
were as follows: pH, 5.5; calcium, 61.6%;
magnesium, 20.7%; potassium, 7.4%; phos-
phorus, 47%; sodium, 1.34%; ammonium

nitrogen, 0.29 mg�kg�1; and nitrate nitro-
gen, 0.50 mg�kg�1.

Experimental design and treatments. The
study used the short-day onion cultivar Texas
Grano as the experimental crop. The experi-
ment was subjected to six CaCN2 (19.8% N)
treatments (0, 90, 120, 200, 400, and 600
kg�ha�1) equivalent to 0, 17.82, 23.76, 39.6,
79.2 and 118.8 kg�ha�1 N applied by broad-
casting on the plot surface and then incorpo-
rated into the soil at a depth of 5 to 10 cm.
Calcium cyanamide underwent watering and
was kept consistently moist for 8 d before the
seeding process. The experiment followed a
randomized complete block design with four
replications. Onion seeds were directly sown
into sandy loam soil, with each planting per-
formed in plots measuring 6 m2. Within these
plots, the area was further divided into five
single rows. After the seedlings emerged,
thinning was performed to attain intrarow
spacing of 7.5 cm, resulting in each row ac-
commodating 40 plants. All plots maintained
the recommended 20 cm interrow spacing to
guarantee strong growth. Each plot was sepa-
rated by 1 m, and blocks were separated by
1.5 m. The application of preplant fertilizer
was determined based on the soil analysis,
with the following components being broad-
casted: 300 kg�ha�1 superphosphate (10.5% P);
150 kg�ha�1 potassium sulfate (22.4% K and
18.4% S); and 150 kg�ha�1 magnesium sul-
fate (10% Mg and 13% S). For the control
treatment, 2000 kg�ha�1 calcitic lime was ex-
clusively applied, and no N fertilizer was ad-
ministered. Additionally, potassium sulfate
was applied at a rate of 50 kg�ha�1 per week
from weeks 6 to 10 after sowing, with five
applications across all treatments, irrespective
of the N level.

Determination of storage weight loss. A
sample of 20 onion bulbs were selected per
treatment and replication and subjected to
curing in the field. They were dried by sus-
pending them in sacks at room temperature.
The initial weight of each onion bulb was
noted before storage, and the respective sack
was labeled for convenient identification. The
total weight loss of the onion bulbs was deter-
mined by comparing their initial weights be-
fore storage, with the weights recorded at 7-d
intervals over an 8-week storage period. This
weight loss was expressed as a percentage us-
ing the storage weight loss (SWL) method
recommended by Waskar et al. (1992) and
Kukanoor (2005):

SWL ð%Þ5 1 � Wf

Wi
100 [1]

where Wi is the initial onion bulb weight (g)
before storage and Wf is the final onion bulb
weight (g) after storage.

Measuring storage rot losses. After physi-
cal inspections during which each bulb’s
firmness was felt with the hand, the number
of rotten onion bulbs was tallied at the end of
every seventh day. The moment the onion
bulb softened, it was deemed rotten. Then,
Eq. [2] that was applied to cocoyam was used
to determine the percentage of storage rot
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loss (SRL) by Obetta (2007):

SRL ð%Þ5 1 � Nr

Nt
100 [2]

where Nr is the number of rotten onion bulbs
and Nt is the total number of onion bulbs.

Measuring storage sprout losses. To deter-
mine the percentage of storage sprout losses
(SSLs) in onion bulbs at specified storage inter-
vals, the method involved identifying bulbs dis-
playing sprouting, recording their numbers, and
segregating them from the bulk. A sprouted on-
ion bulb was defined as one in which the stored
bulb exhibited the development of green leaves,
as opposed to scale leaves, as outlined by
Kukanoor (2005). Additionally, Eq. [3] was
used to calculate the percentage of sprouts,
which measured the percentage of onion bulbs
that had sprouted at the end of the storage pe-
riod. Obetta (2007) previously used this method
for cocoyam.

Sprouted onions ð%Þ5 1 � NH
Nt

100

[3]

where Nh is the number of healthy bulbs re-
tained and Nt is the total number of stored
onion bulbs.

Statistical method. This study used a ran-
domized complete block design and was rep-
licated over a 2-year period. The data were
subjected to a separate analysis of variance
(ANOVA) for each year and adhered to the
specified experimental design. The ANOVA
was conducted using the general linear model
procedure in SAS software (version 9.4; SAS
Institute Inc., Cary, NC, USA). Additionally,
the observations from both years were
consolidated for a comprehensive single
ANOVA (John and Quenouille 1977). To
facilitate combined analyses, the uniformity
of experimental error variances was evalu-
ated through the F-test (Snedecor and Co-
chran 1989). When error variances exhibited
variation, an ANOVA was performed with in-
verse variance weighting. Residuals were care-
fully examined for deviations from normality,
and outliers that caused skewness were system-
atically eliminated. Fisher’s least significant dif-
ference was computed at a 5% significance
level to compare means for significant effects
(Meier 2006).

Results and Discussion

Bolting. The utilization of CaCN2 as an N
source fertilizer had a notable effect on

reducing the bolting percentage in onions,
whereas the year of cultivation and CaCN2

had no discernible interaction effect (Table 2).
The reduction in the bolting percentage
with increasing levels of CaCN2 as a N
source fertilizer can be attributed to the in-
fluence of N on the growth and development
of onion plants. This study indicates that ap-
plying 90 kg�ha�1 (17.82 kg�ha�1 N) and
120 kg�ha�1 (23.76 kg�ha�1 N) CaCN2 re-
sulted in significant reductions of 8.8% and
20% in the bolting incidence, respectively,
compared with the control treatment. The re-
duction in bolting can be explained by the
effect of N on the vegetative stage of onion
plants. Furthermore, N plays a crucial role in
promoting vegetative growth and delaying
the onset of flowering. The findings align
with those of previous research conducted
by Abdissa et al. (2011), who demonstrated
that inadequate levels of N could induce
bolting in onion plants. When onion plants
receive an ample supply of N, they tend to
invest more energy in vegetative develop-
ment before transitioning to the reproductive
phase. This delay in flowering can help pre-
vent premature bolting. The control plants,
which likely experienced N limitation, ex-
hibited a higher bolting percentage com-
pared with the fertilized plants (Abdissa
et al. 2011; Jilani 2004). In this case, the
cool growing periods from June to October
and potential N limitation in the control
treatment may have contributed to a higher
bolting percentage (Jilani 2004).

Physiological maturity. Fascinatingly, ir-
respective of the level of CaCN2 applied, it
was observed that CaCN2 extended the

duration of physiological maturity by �4 d in
comparison with the untreated condition, re-
sulting in a total of 101 d for physiological
maturity. This extension is attributed to the
delay in the onset of the flowering phase and
the promotion of robust vegetative growth
caused by N fertilization, as explained by
Yamasaki and Tanaka (2005) and Abdissa
et al. (2011). This phenomenon aligns with
the findings of Sørensen and Grevsen (2001),
who discovered that elevated N levels pro-
moted excessive vegetative growth and post-
poned the maturation process.

Split bulbs. The development of split bulbs
in onions appears to be significantly influenced
by CaCN2 and its interaction with the year of
cultivation (Fig. 1). The impact was particu-
larly notable in the second tested season grow-
ing season, during which the percentage of
split bulbs was substantially higher compared
with that of the previous year (the first tested
season). Among the various CaCN2 application
levels, the highest occurrence of split bulbs
was observed with a dosage of 600 kg�ha�1

CaCN2 in the second tested season (2.216%).
Conversely, the control treatment, which re-
ceived 0 kg�ha�1 CaCN2, exhibited the lowest
incidence of split bulbs in both years, with
1.236% recorded in the first tested season and
1.403% recorded in the second tested season.
Generally, an increase in the CaCN2 applica-
tion increased split bulbs. The reason for this
could be the elevated temperatures in the sec-
ond tested season (Table 1), which accelerated
the metabolic processes in plants. High temper-
atures might lead to faster growth and enlarge-
ment of bulbs (Khokhar 2017; Steer 1980).
When this rapid growth happens in conjunction

Table 1. Average weather data over a 2-year period (2019–20) during the experimental study.

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2019

Average maximum temperature (�C) 27 27 26 23 21 18 18 21 24 25 26 27
Average minimum temperature (�C) 19 18 17 14 10 6 6 9 13 15 16 18
Mean precipitation (mm) 110 80 80 50 20 0 0 0 40 90 100 110

2020

Average maximum temperature (�C) 28 28 27 25 21 18 18 23 25 26 27 27
Average minimum temperature (�C) 19 18 18 16 12 6 6 8 14 17 17 18
Mean precipitation (mm) 120 90 80 60 20 0 0 0 40 100 100 110

Table 2. Effect of calcium cyanamide (CaCN2) applications on bolting, physiological maturity, plant
height, number of leaves, leaf length, leaf diameter, split bulbs, and neck thickness of short-day
onion.

CaCN2

(kg�ha�1)
Bolting
(%)

Days to
physiological

maturity
Plant ht
(cm)

Leaf
number
plant�1

Leaf
length
(cm)

Leaf
diam
(cm)

Neck
thickness
(cm)

0 3.96 a 101.03 b 48.56 e 6.16 f 42.47 d 0.765 1.290 c
90 3.61 b 105.41 a 56.85 d 6.75 e 47.38 c 0.763 1.305 b
120 3.16 bc 105.28 a 57.3 c 7.2 d 47.69 b 0.767 1.312 b
200 2.42 c 105.16 a 57.34 c 8.08 c 47.93 b 0.765 1.316 b
400 2.5 c 105.28 a 57.74 b 8.72 a 48.28 a 0.768 1.343 a
600 3.38 b 105.32 a 57.92 a 8.36 b 47.89 b 0.766 1.349 a
LSD 0.05 0.7628 0.3265 0.3485 0.2146 0.4666 NS 0.0143
Year × CaCN2 NS NS NS NS NS NS NS

Using Fisher’s protected t test, values in a column that are followed by the same letter are not signifi-
cantly different.
P # 0.05.
LSD 5 least significant difference; NS 5 not significant.
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with excessive N, the outer layers of the bulb
might not expand uniformly, leading to bulb
splitting (Khokhar 2017).

The results showed that CaCN2 fertilization
increases the percentage of onions that split, in
accordance with the findings of Hassan and
Ayoub (1978). Bigger bulbs resulting from N
and P applications displayed more splits and
doubles than smaller bulbs from control plots,
according to the findings of Hassan and Ayoub
(1978). Specifically, when compared with the
control treatment, the applications of 90 kg�ha�1

and 180 kg�ha�1 CaCN2 resulted in 14.2% and
13.6% increases in splitting, respectively. Jilani
et al. (2004) also noted a comparable pattern in
a field study conducted in Pakistan, where the
incidence of splitting increased with increased
N levels.

Plant height and number of leaves per
plant. Onion plant height increased signifi-
cantly with an increase in the CaCN2 appli-
cation (Table 2). There was no significant
interaction effect of the year × CaCN2 appli-
cation (Table 2). Applying 90 kg�ha�1 CaCN2

specifically produced a height increase of ap-
proximately 8.3 cm relative to 48.56 cm ob-
served with the control treatment. This increase
in height can be attributed to the vital role of N
in amino acids, which are the fundamental
building blocks of proteins (Huang et al. 2022).
Proteins are crucial for plant growth and en-
compass essential processes such as cell divi-
sion and elongation (Huang et al. 2022). When
N is supplied, it enhances protein synthesis,
thus fostering increased cell division and elon-
gation in onion plant stems and leaves, ulti-
mately resulting in taller plants (Elouattassi
et al. 2023). Additionally, N stands out for its
remarkable ability to stimulate robust plant
growth, serves as an indispensable component
in all plant tissues, and plays a pivotal role in
vital cellular structures (Elouattassi et al. 2023).
As highlighted by Pankievicz et al. (2019), N
fulfils a crucial function that makes it an essen-
tial nutrient for plant survival and development.
The present study findings align with those of
Khan et al. (2007), who observed that an ele-
vated N supply consistently led to improved
growth traits in onion plants. Similarly, Table 2
demonstrates that the application of CaCN2 had

a significant impact on onion plant leaf number.
The results showed that when 90 kg�ha�1

CaCN2 was applied, the number of leaves per
plant increased by approximately 9.6%, as op-
posed to the number of leaves in the control
treatment (6.16). Each plant had an average of
8.72 leaves at a CaCN2 level of 400 kg�ha�1.
However, when the N supply was increased to
600 kg�ha�1, the number of leaves per plant de-
creased to 8.36 per plant. This decrease may be
explained by N saturation, whereby an abun-
dance of N prevents effective utilization and
negatively impacts many aspects of plant
growth, including the development of leaves
(Liang et al. 2020). This occurrence can be
explained by the presence of a saturation point
or diminishing returns concerning the influence
of N on leaf growth. When a specific threshold
is exceeded, supplying additional N may not
lead to further improvements in leaf develop-
ment (Al-Moshileh 2002).

During this study, it became evident that
surpassing the 400 kg�ha�1 (79.2 kg�ha�1 N)
CaCN2 threshold did not result in additional
benefits for onion plant growth. The decline
in leaf count beyond this threshold is caused
by the plant’s inability to efficiently use the
excess N, as observed by Nasreen et al.
(2007). The surplus N disrupts the balance of
essential nutrients like potassium and magne-
sium, which are vital for proper leaf develop-
ment, as highlighted by the study by Xu et al.
(2020). The reduction in the quantity of
leaves is a result of this nutrient imbalance.
Nasreen et al. (2007) found that applying
120 kg�ha�1 CaCN2 significantly boosted the
leaf count; however, further increments in the
N supply resulted in a decrease in the number
of leaves per plant. These findings align with
the outcomes of these study. However, the
disparity in N levels, with their study finding
120 kg�ha�1 in contrast to our finding of
79.2 kg�ha�1 N, can be attributed to the choice
of N source in both investigations. In our cur-
rent study, we used CaCN2, a widely recog-
nized slow-release fertilizer with a proven
history of minimal N leaching. This contrasts
with the study conducted by Nasreen et al.
(2007), in which urea, an N source known for

its ease of leaching, as reported by Simelane
et al. (2023), was used.

Leaf length and diameter. In short-day on-
ions, CaCN2 greatly extended the leaf length
without changing the leaf diameter (Table 2).
Interestingly, neither the year of cultivation
nor its interaction with CaCN2 had any discern-
ible influence on both leaf length and diameter.
Furthermore, it is important to highlight that the
longest leaf did not correspond to the highest N
application level. Surprisingly, plants fertilized
with 400 kg�ha�1 of CaCN2 displayed the lon-
gest leaves (48.28 cm). In contrast, the shortest
leaves were observed with the 0 kg�ha�1

CaCN2 treatment (42.47 cm). It is worth report-
ing that there were no notable variations in leaf
length among the treatments comprising
120 kg�ha�1, 200 kg�ha�1, and 600 kg�ha�1

CaCN2. The significant increase in leaf length
in short-day onions could be attributed to the
role of N as a vital component in chlorophyll,
which is the pigment essential for photosyn-
thesis (Fathi 2022). Furthermore, N promotes
overall plant growth, enhances leaf develop-
ment, and allows for the production of larger
and healthier leaves (Bekele et al. 2018a; Fathi
2022). An adequate N supply ensures efficient
photosynthesis, which leads to increased leaf
length and, consequently, the overall growth
of short-day onions (Bekele et al. 2018a).
Nasreen et al. (2007) made similar observa-
tions and noted that applying 120 kg�ha�1 N
significantly increased onion leaf length. How-
ever, they found no further improvements in leaf
growth beyond this level. In contrast, Jilani
(2004) and Khan et al. (2007) discovered that
applying 200 kg�ha�1 significantly boosted on-
ion leaf length. These diverse outcomes under-
score the complexity of the relationship between
the N level and leaf growth of onions, which are
influenced by factors such as cultivar, environ-
mental conditions, and nutrient interactions.

Neck thickness. The data in Table 2 dem-
onstrate a clear impact of CaCN2 as a source
of N fertilizer on neck thickness develop-
ment. Nevertheless, the interplay between the
cultivation year and N level did not result in
a significant impact on neck thickness. Nota-
bly, the controlled treatment showed the least
neck thickness (1.290 cm), whereas the appli-
cation of 600 kg�ha�1 CaCN2 (1.349 cm)
produced the highest neck thickness, closely
followed by that produced by 400 kg�ha�1

CaCN2 (1.343 cm). According to Yousaf
et al. (2021), N is a crucial element for plant
growth. The increased N application in this
study seemed to encourage thicker necks of
plants. This might be explained by the capac-
ity of N to promote vegetative growth, which
could result in more cell division and expan-
sion (Sowers 1994). These findings are aligned
with those of Jilani et al. (2004), who similarly
noted that increased N applications resulted in
an increased occurrence of onion bulbs with
thick necks. However, it is worth noting that
these results diverge from the conclusions
drawn by Brewester (1987) and Abdissa et al.
(2011), who contested these claims. CaCN2,
which is characterized by its low leaching ten-
dencies, ensures a sustained availability of N
throughout the entire growing season. This
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extended nutrient availability plays a pivotal
role in fostering robust vegetative growth, ulti-
mately contributing to the occurrence of onion
bulbs with thick necks. The controlled release
of N from CaCN2 stands in contrast to that of
other fertilizers, promoting a more prolonged
and balanced nutrient supply, which positively
impacts onion development and bulb formation
(Simelane et al. 2023).

Bulb diameter and length. The use of
CaCN2 as an N source significantly enlarged
the diameter of the onion bulb; however, it had
no notable impact on bulb length (Table 3). Fur-
thermore, the year of cultivation × CaCN2 did
not yield any significant changes in either bulb
diameter or length. CaCN2 resulted in a consis-
tent increase in bulb diameter across all ap-
plication levels compared with the control
(6.2 cm). Among these, the plants treated
with 400 kg�ha�1 (79.2 kg�ha�1 N) CaCN2

displayed the most substantial increase, with
a diameter of 7.25 cm. The 600 kg�ha�1

(118.8 kg�ha�1 N) CaCN2 treatment followed
closely, with a diameter of 7.24 cm, whereas
the 0 kg�ha�1 CaCN2 treatment exhibited the
smallest bulb diameter. Once again, there were
no noticeable differences between the treat-
ments comprising 90 kg�ha�1, 120 kg�ha�1,
and 200 kg�ha�1 CaCN2. Additionally, in-
creasing CaCN2 beyond 400 kg�ha�1 did not
lead to a further increase in bulb diameter.
Furthermore, there were no appreciable varia-
tions between the 400 and 600 kg�ha�1

CaCN2 treatments. The crucial role that N
plays in the growth and development of
plants, particularly bulbous crops like onions,
may help to explain this (Nasreen et al.
2007). An adequate supply of N is instrumen-
tal in stimulating vegetative growth encom-
passing the crucial enlargement of bulb size.
This nutrient, which is mobile within plants,
possesses the ability to readily migrate to ac-
tively growing tissues (Anwar et al. 2001). In
the initial phases of bulb formation, N has a
critical role in the accumulation of dry matter
within the bulb, thereby contributing signifi-
cantly to its diameter. However, it is impor-
tant to note that although N is unquestionably
essential, there exists an optimal range for its
application that maximizes bulb growth (Al-
Moshileh 2002). Beyond this threshold, the
incremental addition of N may not yield addi-
tional benefits and can even become counter-
productive, which is a phenomenon well-

known as the saturation point in the N re-
sponse (Nasreen et al. 2007).

Mean bulb weight. Table 3 highlights a sub-
stantial influence of N fertilizer application on
the average weight of onion bulbs. Initially, in
comparison with the control (119.23 g), the
application of 90 kg�ha�1 CaCN2 resulted in
an increase of �22.76 g. Because additional
N was applied, a significant enhancement in
bulb weight was observed, with the 400 kg�ha�1

treatment yielding the highest weight (142.65 g).
Remarkably, there was no further increase
in bulb weight beyond the application of
400 kg�ha�1 CaCN2. Various factors contrib-
ute to the observed increase in average bulb
weight associated with the application of
CaCN2. These factors encompass the increased
height of the plants, the production of more
leaves with greater length, and the extended
physiological maturity induced by fertilization
(Geisseler et al. 2022). These factors likely cul-
minated in higher assimilate production and
greater allocation of resources to bulb develop-
ment, ultimately resulting in the production of
heavier bulbs (Bekele et al. 2018b). The nuanced
understanding of these influencing factors pro-
vides valuable insights into optimizing fertilizer
application for enhanced onion bulb weight.

Dry bulb yield. CaCN2 greatly increased
the yield of dry onion bulbs (Table 3). Apply-
ing CaCN2 at 90 kg�ha�1 specifically increased
the yield over the control by approximately
1.05 t�ha�1. Moreover, the CaCN2 application
was accompanied by an increase in the dry
bulb yield. The control treatment yielded
5.36 t�ha�1, which was the lowest yield. Inter-
estingly, dry bulb yields from the 90 kg�ha�1

to the 600 kg�ha�1 treatments did not differ sig-
nificantly. Furthermore, N, which is a key com-
ponent in CaCN2, plays a pivotal role in
promoting vigorous vegetative growth. This
growth, in turn, leads to increased production
of assimilates that are efficiently allocated to
bulb development. Previous studies (Adamc-
zyk et al. 2010; Bhattacharjee et al. 2013;
Geisseler et al. 2022) have highlighted the posi-
tive correlation between N and vegetative
growth. Optimal N application within a specific
range is crucial for healthy vegetative growth
and effective bulb development (Bibi et al.
2016). However, exceeding this optimal range
can pose challenges for the plant in terms of us-
ing the excess N for bulb formation, potentially
leading to reduced yields (Nasreen et al. 2007).

These insights underscore the delicate balance
required in N application for maximizing onion
bulb yield.

Total fresh bulb yield. CaCN2 fertilization
greatly increased the total fresh bulb yield
(Table 4). Plots treated with 400 kg�ha�1

(79.2 kg�ha�1 N) CaCN2 produced the high-
est bulb yield (40.98 t�ha�1); plots treated
with no N (control) produced the lowest yield
(19.93 kg�ha�1). The increased metabolic
rate that N application to the plants enables
could be responsible for the increase in total
bulb yield. This heightened metabolic activity
leads to enhanced carbohydrate synthesis, re-
sulting in increased bulb weight and, conse-
quently, a higher total yield (Guesh 2015).
The present findings indicate that when a par-
ticular threshold is exceeded, additional in-
crements in the N supply do not lead to
further enhancements in onion fresh bulb
yield. In the context of this study, it became clear
that beyond the threshold of 79.2 kg�ha�1 N,
there were no observable additional benefits for
onion fresh bulb yield. The current study results
are consistent with findings of Nasreen et al.
(2007), who showed that applying 120 kg�ha�1

significantly boosted total bulb yield. However,
further increases in N fertilization led to a de-
crease in the bulb yield. Additionally, similar
findings were reported by Al-Moshileh (2002),
who indicated that the utilization of 200 kg�ha�1

resulted in the highest onion crop production.
However, exceeding this N threshold of 200
kg�ha�1 was considered economically impracti-
cal for achieving higher crop yields. Research
performed in northeast Ethiopia by Abdissa et al.
(2011) showed that fertilizing onion plants with
69 kg�ha�1 N was sufficient to produce
37.87 t�ha�1 of onions. These results chal-
lenge the conventional belief that higher N
fertilization rates invariably lead to sub-
stantial improvements in both onion bulb
yield and quality, which is a notion upheld
by several studies (Biesiada and Kolota
2009; Shaheen et al. 2010).

Marketable fresh bulb yield and unmarket-
able bulb yield. Without affecting the yield of
unmarketable bulbs, CaCN2 greatly increased
the yield of marketable fresh onion bulbs (Table 4).
Marketable fresh bulb yield and unmarket-
able bulb yield were not significantly impacted
by the year of cultivation or its interaction with
CaCN2. In stark contrast to other treatments,
400 kg�ha�1 CaCN2, which is equivalent to
79.2 kg�ha�1 N, resulted in the highest market-
able yield per plot (34.18 t�ha�1), followed by
118.8 kg�ha�1 N (600 kg), which produced
32.34 t�ha�1 (Table 4). Conversely, the market-
able yield of the control plots was the lowest
at 14.90 t�ha�1. These results underscore that
increasing CaCN2 application levels beyond
79.2 kg�ha�1 N (400 kg�ha�1) escalates produc-
tion expenses without a corresponding increase
in the yield of marketable fresh bulbs. Jilani
et al. (2004) observed comparable results and
noted that 120 kg�ha�1 N produced the highest
onion marketable yield per plot (6.04 kg), which
was considerably different from that of other
treatments. When 160 kg�ha�1 N was applied,
it produced 5.71 kg/plot, whereas the control

Table 3. Effects of different levels of calcium cyanamide (CaCN2) as a source of nitrogen (N) on
bulb diameter, bulb length, average bulb weight, and dry bulb yield of short-day onion.

CaCN2 (kg�ha�1)
Bulb diam

(cm)
Bulb length

(cm) Mean bulb wt (g)
Dry bulb yield

(t�ha�1)

0 6.2 c 5.40 119.23 c 5.36 b
90 7.19 b 5.41 141.98 b 6.41 a
120 7.18 b 5.41 142.36 ab 6.43 a
200 7.16 b 5.43 142.50 a 6.44 a
400 7.25 a 5.44 142.65 a 6.45 a
600 7.24 a 5.42 142.61 a 6.48 a
LSD 0.05 0.018 NS 0.4329 0.0916
Year × N NS NS NS NS

Values in a column that are followed by the same letter are not significantly different.
P # 0.05.
LSD 5 least significant difference; NS 5 not significant.
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treatment produced the least amount of yield
(1.38 kg/plot).

Total dry biomass. Table 4 shows that the
total dry biomass of onions was significantly
affected by CaCN2. Importantly, the total dry
biomass was not significantly impacted by the
year of cultivation or its interaction with N.
Beyond the application level of 400 kg�ha�1

(79.2 kg�ha�1 N), these traits displayed a ten-
dency to increase with increasing N; however,
when that threshold was surpassed, they be-
gan to decrease. This increase in total dry bio-
mass could be attributed to the expansion of
the photosynthetic area stimulated by the N
applied (Fathi 2022). This expansion, in turn,
facilitated greater assimilated production and
improved partitioning of resources toward
bulb development (Fathi 2022; Moradi et al.
2021). The reduction in overall dry biomass
below 79.2 kg�ha�1 N may be explained by
the presence of a critical threshold. Once this
threshold is surpassed, additional N supply
does not result in further improvements in to-
tal dry biomass, as noted by Hafez and Geries
(2018) and Al-Moshileh (2002).

Bulb sprouts percentage. During storage,
onions go through a physiological transfor-
mation known as sprouting. The application
of CaCN2 significantly influenced the per-
centage of bulb sprouts (P < 0.001). After
2 months of storage, the plots with the high-
est CaCN2 application rate (600 kg�ha�1) re-
sulted in the highest incidence of sprouting
(7.68%), whereas the plots with the lowest in-
cidence (3.68%) were those with 0 kg�ha�1

CaCN2 (control). There were no notable
distinctions observed between N levels
of 120 kg�ha�1 (23.76 kg�ha�1 N) and
200 kg�ha�1 (39.6 kg�ha�1 N). Excessive ap-
plication of CaCN2 can disturb the plant’s nu-
trient equilibrium, which, in turn, interferes
with the synthesis of hormones responsible for
both bulb development and dormancy regula-
tion (Anas et al. 2020; Bekele et al. 2018a).
Consequently, this disruption may cause bulbs
to prematurely emerge from dormancy and ini-
tiate sprouting (Anas et al. 2020). This finding
aligns with those of Dankhar and Singh (1991),
Sørensen and Grevsen (2001), and Sabale and
Kalebere (2004), who noted that higher levels
of sprouting were linked to an increased N sup-
ply. However, a number of other studies, such
as those conducted by Suojala et al. (1998),

Tekalign et al. (2012), and Bekele et al.
(2018b), were unable to demonstrate a clear
connection between the levels of N applied and
sprouting. These contradictory results imply
that a variety of factors, including the availabil-
ity of N, interact to affect the tendency for
sprouting. However, compared with bulbs
from plants with less or no N deficiency, Maier
et al. (1990) noted that bulbs from plants se-
verely lacking N exhibited significantly earlier
storage-induced sprouting.

Bulb storage rot percentage. Table 5 shows
a significant impact (P < 0.05) on the per-
centage of rotting bulbs caused by the appli-
cation of N. Plots with 0 kg�ha�1 CaCN2

exhibited the lowest percentage of bulb rot,
whereas those with 600 kg�ha�1 had the high-
est percentage, reaching 5%. This stark con-
trast suggests a significant impact of N level
on rot incidence. The elevated rot percentage
in the plots with 600 kg�ha�1 (118.8 kg�ha�1 N)
CaCN2 can be attributed to the excessive
N application. This surplus N led to an accu-
mulation of moisture within the onion bulbs,
consequently diminishing their dry matter
content (Etana et al. 2019; Kashi and Frodi
1998). This moisture buildup created an envi-
ronment conducive to rot development, con-
tributing to the observed higher percentage
(Geisseler et al. 2022). Conversely, the ab-
sence of N in the 0 kg�ha�1 plots prevented
such moisture accumulation, resulting in a
lower incidence of bulb rot. This finding
underscores the critical role of N manage-
ment in preserving onion quality and mini-
mizing rot-related losses. Bulbs with higher
moisture content are more prone to rot be-
cause moisture creates an environment con-
ducive to fungal and bacterial growth (Khan
et al. 2002). According to the findings of
Etana et al. (2019), onion bulbs that were cul-
tivated without N treatment exhibited the
lowest rotting rate (2.38%). Conversely, bulbs
produced with a higher amount of N dis-
played the highest percentage of rotting (5%).
Dhankar and Singh (1991) reported similar re-
sults, indicating that elevating the N applica-
tion level from 50 to 150 kg�ha�1 resulted in
notable increases in onion storage rot through-
out 4 to 5 months under normal environmen-
tal conditions.

The influence of CaCN2 as an N source
on the weight loss of onion bulbs during

storage showed varying patterns over time
(Table 6). Initially, during the first 3 weeks
postharvest, CaCN2 fertilization displayed no
significant effect. However, starting from the
fourth week, N fertilization began to play a
crucial role, leading to increased weight loss.
Notably, the group that received the high-
est CaCN2 amount of 400 to 600 kg�ha�1

(79.2–118.8 kg�ha�1 N) experienced the most
significant weight loss, whereas the control
group (0 kg�ha�1) exhibited the least. Al-
though no notable distinctions were observed
between the groups receiving 0, 90, and
120 kg�ha�1 and those receiving 200, 400,
and 600 kg�ha�1 during weeks 4, 5, and 6, a
shift in the trend became apparent during the
seventh and eighth weeks. Increased N appli-
cation led to a significant increase in weight
loss. The group without N application showed
the lowest weight loss, followed by the groups
that received 90 and 120 kg�ha�1; the highest
weight loss occurred in the groups that re-
ceived 400 and 600 kg�ha�1. This suggested
that avoiding too much N application contrib-
uted to better weight preservation. The reason
for this phenomenon could involve factors
such as moisture regulation, microbial activ-
ity, or changes in onion physiology during ex-
tended storage (Muluneh et al. 2019).

The substantial weight loss observed from
the fourth to the eighth weeks can be attributed
to the larger bulb size resulting from higher N
application. Higher N levels tend to yield larger
bulbs. However, these larger bulbs also have a
higher respiration rate, leading to more signifi-
cant weight loss. Top respiration in plants is a
crucial process whereby stored energy is con-
verted to usable forms, releasing carbon dioxide
and water (Chope et al. 2012).

Larger bulbs, with their higher metabolic
activity, undergo increased respiration. Con-
sequently, during later weeks of storage,
these larger bulbs respire at a faster rate,
causing a higher weight loss. The increased
respiratory activity accelerates the breakdown
of stored carbohydrates and other organic
compounds within the onion, causing it to
lose weight more rapidly compared with that
of smaller bulbs. This result is consistent
with that of Muluneh et al. (2019), who

Table 4. Impact of varying nitrogen (N) levels on total fresh bulb yield, marketable bulb yield, un-
marketable bulb yield, and total dry biomass.

N (kg�ha�1)

Total fresh
bulb yield
(t�ha�1)

Marketable
fresh bulb yield

(t�ha�1)
Unmarketable

bulb yield (t�ha�1)

Total dry
biomass
(t�ha�1)

0 19.93 f 14.90 f 5.03 6.08 b
90 32.37 e 26.30 e 6.07 7.49 a
120 35.51 d 27.87 d 7.64 7.44 a
200 36.41 c 29.83 c 6.58 7.48 a
400 40.98 a 34.18 a 6.8 7.52 a
600 39.80 b 32.35 b 7.45 7.52 a
LSD 0.05 0.3736 0.4166 0.358 0.0466
Year × CaCN2 NS NS NS NS

Values in a column that are followed by the same letter are not significantly different.
P # 0.05.
CaCN2 5 calcium cyanamide; LSD 5 least significant difference; NS 5 not significant.

Table 5. Influence of different levels of calcium
cyanamide (CaCN2) on storage rot and stor-
age sprout losses.

CaCN2

(kg�ha�1)

Storage
rot loss
(%)

Storage
sprout
loss (%)

0 1.75 f 3.68 e
90 2.00 e 5.82 d
120 2.50 d 6.30 c
200 2.67 c 6.50 c
400 3.81 b 7.33 b
600 5.00 a 7.68 a
LSD 0.05 0.1210 0.2459
Year × CaCN2 NS NS

Values in a column that are followed by the
same letter are not significantly different.
P # 0.05.
LSD 5 least significant difference; NS 5 not
significant.
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discovered that over a 3-month storage dura-
tion at room temperature, the percentages of
bulb rot, bulb sprouting, and weight loss esca-
lated because of excessive N fertilizer applica-
tion. The highest N level caused the largest
cumulative weight loss over the course of
8 weeks of storage according to Tekalign et al.
(2012), who conducted a study in northeast
Ethiopia to evaluate the impact of various N fer-
tilizer levels on onion quality and storability. In
contrast, the control treatment (0 kg�ha�1

CaCN2) likely produced smaller bulbs because
of the absence of N fertilizer. These smaller
bulbs, with a lower respiration rate, experienced
reduced breakdown of stored compounds, lead-
ing to lower cumulative weight loss during the
storage period. Therefore, the differences in ob-
served weight loss can be linked to bulb size,
which is influenced by N fertilization levels.
Larger bulbs resulting from higher fertilizer lev-
els had a higher respiration rate, leading to sig-
nificant weight loss during later storage weeks.
In contrast, smaller bulbs from the control treat-
ment exhibited slower respiration and retained
their weight more effectively. Similar findings
were also observed by Jilani (2004). In contrast,
Ullah et al. (2008) found that the addition of N
improved the storability of onion bulbs. They
noted that after 180 d of storage, the control
treatments exhibited the highest percentage of
rotten bulbs (63.75%), whereas crops culti-
vated with 45 kg�ha�1 N experienced the
lowest loss (37.04%).

Conclusion

The optimal agricultural practices for grow-
ing onions differ greatly depending on the par-
ticular type of onion, production objectives,
and surrounding conditions. As a result, there
is no single, globally accepted agronomic strat-
egy that covers variables like fertilizer type and
level and can be administered consistently
across all areas. The results of this study high-
light the significant influence that N treatment
has on a number of onion cultivation-related
factors. There were notable differences be-
tween the various treatments in terms of bulb
storage capacity, yield metrics, and growth pat-
terns. In particular, this study showed that in-
creasing N fertilization from 0 to 400 kg�ha�1

CaCN2 (0 to 79.2 kg�ha�1 N) significantly
increased onion plant growth, leaf count, and
yield overall. The study revealed an interesting

plateau effect related to the N supply. Beyond
400 kg�ha�1 and up to 600 kg�ha�1, increasing
the N treatment did not result in a discernible
improvement in marketable yield. However,
an intriguing trend emerged: excessive N was
associated with adverse outcomes, particularly
beyond 400 kg�ha�1 CaCN2. Higher N levels
were associated with a significant increase in
bulb rot, sprouting percentage, and weight loss,
highlighting the significance of a balanced fertil-
ization strategy in onion production. This re-
search emphasizes the nuanced relationship
between N application and onion cultivation
outcomes. Optimal onion development and
yield enhancement were achieved through a
targeted CaCN2 fertilization range of 200 to 400
kg�ha�1. However, exceeding 400 kg�ha�1 in N
fertilization may lead to undesirable consequen-
ces, including increased risks of bulb rot and
weight loss. To ensure the highest level of onion
production efficiency and quality, it is cru-
cial to customize fertilizer techniques ac-
cording to specific conditions. This approach
takes into consideration the intricate balance
between stimulating growth and mitigating po-
tential drawbacks. Finding this optimal level is
essential for promoting robust onion growth
while minimizing adverse effects.
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