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Abstract: The onion is one of the most widespread bulb vegetables worldwide. Onion cultivation is
common in Sicily, as is the use of local genotypes. Cultivation practices are of particular interest in
optimizing yield, quality, and profits. The aim of this study was to assess the agronomic response of
a Sicilian landrace (Bianca Calda di Comiso, coded L1) and a commercial variety (Bianca di Maggio,
coded V1) to different planting dates and N fertilization rates. An economic appraisal was also
performed. The two genotypes were assessed using an experimental split-split-plot design with
four levels of nitrogen rates (0, 80, 160, and 220 kg N ha~1) and two different planting dates (8 October
2005 to 9 October 2006 for the early planting date, and 27 December 2005 to 30 December 2006 for
the traditional planting date). The marketable yield and production parameters were significantly
influenced by the nitrogen dose: higher doses led to a higher total yield, with yield peaks above
60 tha—! and the marketable yield ranging from 23% to 54%. Simultaneously, decreases in the
firmness (from 7% to 19%) and scale content (from 1% to 3%) were also reported. The L1 landrace
showed a higher production than the V1 variety. The crop year did not significantly affect the
results, and the traditional planting date appeared to be the most suitable choice in obtaining the
best agronomic response. Economic analysis showed that the L1 landrace, with high-N application
treatments, produced greater net benefits and marginal rates of return. Thus, the L1 landrace exposed
to the highest dosages of nitrogen (160 or 220 kg ha=!) and transplanted during the traditional
planting period is the best choice from agronomic and economic points of view.

Keywords: Allium cepa L.; nitrogen dose; planting date; local genotype; cultivar; cost-benefit analysis

1. Introduction

Plant genetic variability directly affects the yield and quality of vegetables [1]. In this
respect, local populations, generated through the selection processes operated by farmers
over the years (mass selection), have led to the biodiversity preservation of vegetable
crops [1-3]. Because of its geographical position, Sicily is considered a center of origin and
differentiation of many fruiting and green leafy vegetables grown in open fields and/or
protected environments [4,5]. Raimondo et al. [6] found 3252 taxa in Sicily, over an area
of 26,000 km?. Research into the recovery and preservation of landraces is imperative to
avoid their genetic erosion and, simultaneously, to valorize them within genetic breeding
programs [4].

Although Sicily is not the area of origin of the onion, a number of landraces, widespread
in Sicily, have been cultivated and maintained by farmers over time. As is usual for landraces,
these genotypes are capable of achieving high production rates with low cultivation inputs.

The onion (Allium cepa L.) is a bulb vegetable belonging to the Amaryllidaceae family [7].
It is one of the most widely grown vegetables in the world, with a production level of
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over 100 million metric tons in a total land area of 5 million hectares. China and India
are the biggest producers of onions worldwide, and 65% of the production comes from
Asia. In Europe, onion farming covers a little over 330,000 ha, with a production level of
over 10 million metric tons [8]. In 2018, data on onion consumption from the Food and
Agriculture Organization of the United Nations (the FAO) showed a per capita annual
consumption of onions, at a worldwide level, of 11.76 kg; however, consumption in Italy is
considerably lower, at 5.75 kg per annum [8].

The high worldwide level of onion farming is due to its pervasive culinary use and
to its nutritional value [9]. Greater awareness of functional foods and nutraceuticals
is encouraging consumers to search for foods such as the onion which contain natural
substances with antioxidant, antibacterial, and antitumor properties, and which have a
beneficial effect on the cardiocirculatory and immune systems [10].

Onion morphological, productive, and qualitative features are directly affected by
genotype, the environment, agronomic practices, and post-harvest storage methods [11-13].

The application and management of agronomic inputs are imperative actions in
improving production and profit for any crop. In this respect, nitrogen fertilization is one
of the main practices for modulating plant growth and development, yield, and quality.
In particular, the onion is characterized by a high nitrogen and potassium uptake during
its growing cycle, which is directly related to the genotypes used and to pedoclimatic soil
conditions [14-17]. Hence, the application of fertilizers is a crucial practice for increasing
both yield and yield components, and for ensuring that the visual and proximal qualities
expected by consumers are maintained. The availability of plant nitrogen greatly affects the
marketable yield of onions. Indeed, some authors [18,19] reported that the marketable value
of onions is related to morphological characteristics, such as the leaf area, the diameter,
and the average bulb weight, which are linked to the absorption of nitrogen during the
vegetative stage and the bulbing stage. Buckland et al. [20] and Przygocka-Cyna et al. [16]
stated that the onion is sensitive to nutrient deficiency, due to its shallow root system;
consequently, it is fundamental that an adequate dosage and an exact application time
be established to maximize the bulb yield and quality. On the other hand, an excessive
nitrogen supply causes a loss of fertilizer units, due to runoff and gasification, and, thus,
contamination of groundwater [20-22].

Planting dates and nitrogen fertilization dosages are simple, effective, and practical
agronomic practices for onion production. However, since the plant response to planting
dates and nitrogen fertilization is affected by genotype and cultivation conditions, specific
research is required to evaluate methods and doses.

Agronomic practices, including planting dates, fertilization management, and geno-
types, might have an influence on onion growth, yield, and proximal quality. Moreover,
there could be an optimal combination of these factors that synergistically enhances the
production and quality of the onion bulb. Starting with the above considerations, the
aim of this work was to appraise the interactive effect of genotype, planting date, and
nitrogen fertilization dosage on the agronomic and economic traits of onions grown in a
representative Sicilian production area.

2. Materials and Methods
2.1. Experimental Station, Experimental Design, and Treatments

The trials were carried out at the experimental station Don Pietro, located in a typical
area of the Iblea plain (Ragusa) (utm-wgs84 3 N: 4092588 E: 467721, altitude 240 m).

A two-year trial (2005/2006 and 2006/2007) was carried out to appraise the plant per-
formances of 2 onion genotypes (Bianca di Maggio (V1) and Bianca Calda di Comiso (L1)),
4 different doses of nitrogen (0, 80, 160, and 220 kg ha!) applied in the form of ammonium
nitrate, and 2 different planting dates, namely, early (8 October 2005 and 9 October 2006)
and traditional (27 December 2005 and 30 December 2006). A split-split-plot experimental
design was adopted (year x genotype x planting date x N dose) with plots of 1.6 x 6.0 m.
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The V1 genotype is a commercial accession (patented by Isi Sementi) and characterized
by a medium-early maturity cycle. It has a flat, medium-large bulb with white flesh. The
L1 genotype, however, is a Sicilian onion landrace, also with a medium-early maturity
cycle but with a medium-large, round bulb and white flesh. The soil analysis was carried
out at the laboratory of the Department of Agricultural, Food and Forestry Sciences; the
soil was classified as medium texture (14.8% sand, 37% clay, 48.2% loam) with a pH of 8.0,
electrical conductivity of 0.32 dS m~!, organic matter content of 27.6 g kg~!, N content of
1.7 gkg !, Pof 3mg kg !, and K of 235 mg kg ! (USDA classification: Typic Calcixerolls
fine, mixed, thermic).

Data on average maximum and minimum temperature (°C) and rainfall (mm) were
obtained from a meteorological station of the Agro-Meteorological Information Service of
the Sicilian government [23], situated a few kilometers from the experimental field. The
station was equipped with an MTX datalogger (model WST1800), an MTX temperature
sensor (model TAM platinum PT100 thermo-resistance with anti-radiation screen), and an
MTX rainfall sensor (model PPR with a tipping bucket rain gauge).

2.2. Agronomic Management

Sowing was carried out with a pneumatic seeder on 8 October 2005 for the early
planting date (PD 1) and 27 December 2005 for the traditional planting date (PD 2), with
a density layout of 40 plants m~2 (25 cm interrow and 10 cm on-row spacing). In 2006,
sowing was carried using the same layout on 9 October (early planting) and 30 December
(traditional planting).

In mid-September of the first year and during the first 10 days of October of the second
year, regarding early planting, fertilizer application was carried out at the same time as
tillage. Sixty-six kg ha~! of P,O5 and forty-eight kg ha~! of KO were applied together
with fifty-five kg ha~! of nitrogen for those tests involving nitrogen fertilizer; for treatments
without nitrogen fertilization, only 66 kg ha~! of P,O5 and 48 kg ha~! of K,O were applied.
These latter applications were carried out mid-December for the traditional planting date
both in the first and the second year. Furthermore, the dose of 80 kg ha~! of nitrogen was
supplied via one fertilization, the dose of 160 kg ha~! via two fertilizations, and the dose of
220 kg ha~! via three fertilizations.

In both years, the previous crop was durum wheat.

Irrigation management consisted in the replacement of evapotranspiration, considering
actual rainfall levels in both years over the entire biological cycle; the irrigation was carried
out using a hose reel sprinkler. The monthly average trend of the daily potential evapotran-
spiration during the two years of cultivation is reported in Figure S1. Plants were not affected
by any disease and pest attacks. Thus, no chemical plant protections were applied.

2.3. Onion Production Traits

At 250 days after transplanting for the early planting date and 180 days after trans-
planting for the traditional planting date, plants were harvested (at the commercial maturity
stage). Immediately after harvest, the number of bulbs, yield of bulbs, and average bulb
weight were recorded. The dry weight percentage was also calculated. Furthermore, the
length of the growth cycle was measured. Yield was divided into marketable yield (diame-
ter > 40 mm and no defects) and unmarketable yield (diameter < 40 mm, decayed or split
bulbs). The scale content, bulb firmness, and number of fleshy leaves were also observed.
The bulbs were cut perpendicular to the main axis to enable the number of scales to be
counted; the average was calculated from the total number obtained. The firmness of the
bulb was measured at 3 points along the equatorial axis using an electronic penetrometer
(penetrometer Tr® mod. 53205, Forli, Italy; provided by an 8 mm cylindrical plunger).
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2.4. Nitrogen Agronomic Efficiency (NAE)

NAE was determined for each treatment using the following formula [24]:

TY — TY,
N

where TY is the total yield for each treatment, TY) is the control yield (unfertilized), and N
is the different levels of nitrogen application.

2.5. Economic Analysis

Cost-benefit analysis was conducted according to the methodology reported by CYM-
MIT [25] to find out the most advantageous combination of factors in economic terms for
each test treatment.

As the test plot was small and more precision and care were given to harvesting
compared to normal harvesting conditions, the marketable yield used to calculate the gross
return was reduced by 10%, thereby obtaining an adjusted yield. In order to calculate
the obtainable gross benefit for each test treatment, average monthly prices at the source
(farm gate), referring to 2021, were obtained from Ismea Mercati [26] for white onions,
equal to 0.40 EUR kg~!. Adjusted marketable yields were multiplied by the average price
per kilo to obtain the obtainable gross benefit from the field. Variable costs were then
subtracted from these results to obtain the cost-benefit analysis results. Variable costs
included nitrogen fertilizer costs and costs sustained from its application. The nitrogen
fertilization was carried out manually. Other costs (tillage, planting, weeding, harvesting)
did not differ between treatments and accessions and, therefore, were not considered as
variable costs. Furthermore, other costs considered fixed and constant for all treatments
were not taken into consideration either. The cost per kilogram to purchase ammonium
nitrate was calculated as EUR 0.30 [27], and the hourly cost for labor for fertilizer application
as EUR 10 [28].

The marginal rate of return (MRR) was also calculated for the treatments. Methods
entailed the ranking of treatments in order from the lowest to the highest cost to determine
the most advantageous treatment for farmers. Only undominated treatments were taken
into consideration, that is, those treatments in which the net benefit was greater than
the next lowest cost treatment, distinguishing between the two cultivation years and the
two accessions. Dominated treatments were excluded from the MRR analysis (or rather
those treatments for which the net benefit obtained was lower than the next lowest cost
treatment), together with treatments with no fertilizer application [25].

2.6. Statistical Analysis

Statistical analysis was carried out using MINITAB 20 for Windows. Data were com-
pared by applying analysis of variance (ANOVA). Tukey’s test was used for comparisons of
means. Before proceeding with the statistical analysis, percentages were normalized using
angular transformation. Economic analysis and MRR analysis were carried out through
data analysis using Excel, Office 365.

3. Results
3.1. Rainfall and Air Temperature Trends at the Experimental Site

Rainfall and air temperature trends at the test site are shown in Supplementary
Figures S2 and S3. Over the two cultivation years, annual rainfall levels typical for the test
site were found to be 501 mm for the agricultural year 2005/2006, and 462 mm for the agri-
cultural year 2006/2007, with considerable differences in the distribution over the course of
the year. Rainfall in the first year (2005/2006) was concentrated in the autumn and winter
months (October to February), with peaks during the first 10-day period of October and
the first 10-day period of December. During those same months in the second agricultural
year, rainfall was lower, with very little rainfall during the months of January and February.
Further differences were found in the spring months; during the first year, from the end of
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February to harvest, rainfall was very low (26 mm for the entire period), whereas the same
period in the agricultural year 2006/2007 received over 40% (190 mm) of the rainfall for the
entire year, peaking during the last 10-day period of February. Temperature trends were
consistent with those of the experimental site, as show in Figures S2 and S3. During the
second year (2006/2007), maximum and minimum temperatures of January, February, and
March were higher than the previous year (2005-2006).

3.2. Yield and Yield-Related Traits

Analysis of variance showed that the cultivation year did not significantly affect
production parameters and yield but caused significant differences (p < 0.05) in the number
of scales and bulb firmness (Table S1).

ANOVA showed a significant effect of the accession factor for average bulb weight,
total yield, marketable yield, unmarketable yield, double bulbs, waste bulbs, number of
scales, and firmness (Table S1).

For dry matter, number of bulbs per unit area, total yield, marketable yield, days from
sowing to harvest, number of scales, and firmness, ANOVA revealed a significant effect of
the planting date (Table S1).

Furthermore, nitrogen significantly influenced dry matter, average bulb weight, num-
ber of bulbs per unit area, total yield, marketable yield, unmarketable yield, number of
scales, and firmness (Table S1).

Regardless of the accession, planting date, and nitrogen dose, onion plants showed a
higher number of scales and firmness in the second year (Table 1), whereas ANOVA and
means seperation did not show a significant influence of the year for the other observed
traits (Table 1).

Regardless of the year, planting date, and nitrogen dose, the accession did not signifi-
cantly affect dry matter, number of bulbs per unit area, and days from sowing to harvest.
Contrariwise, the L1 accession showed a higher average bulb weight than the V1 accession
(Table 1).

The data on total yield, marketable yield, and unmarketable yield follow the trend
established for average bulb weight (Table 1).

The V1 accession displayed a higher number of double bulbs than the L1 accession
(Table 1). The findings on waste bulbs, number of scales, and firmness sustain the trend
described for double bulbs (Table 1).

Regardless of the year, accession, and nitrogen dose, PD 2 increased dry matter, number
of bulbs per unit area, total yield, marketable yield, and number of scales compared with
PD 1 (Table 1), whereas PD 1 significantly improved days from sowing to harvest and
firmnesss compared with PD 2.

Irrespective of the year, accession, and planting date, the N 0 level showed the highest
dry matter percentage, while N 160 and N 220 showed the lowest. However, bulbs from
plots treated with N 80 did not show any difference from bulbs from N 0 plots or from
those from N 160 and N 220 plots (Table 1).

Bulbs fertilized with 160 kg N ha~! revealed the highest average bulb weight, whereas
those from plots fertilized with 80 kg N ha~! showed the lowest average bulb weight.
Bulbs fertilized with 80, 160, or 220 kg N ha~! had the highest number of bulbs per unit
area. Non-fertilized bulbs showed the lowest number of bulbs per unit area (Table 1).

Bulbs from plots fertilized with 160 or 220 kg N ha~! revealed the highest total yield,
followed by those fertigated with 80 kg N ha~!. The lowest total yield was observed in
non-fertilized plots (Table 1).

The outcomes on marketable yield and unmarketable yield follow the trend described
for total yield. For double bulbs, waste bulbs, and days from sowing to harvest, ANOVA
did not show a significant effect on the nitrogen level (Table S1).

Statistical analysis highlighted that non-fertilized bulbs or bulbs fertigated with a
dosage of 80 kg N ha~! had the highest number of scales. The lowest number of scales was
observed in bulbs grown with 220 kg N ha~! (Table 1).
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Table 1. Production parameters for onions in response to year (Y), accession (A), planting date (PD), and nitrogen dose (N).

Number of Days from
Dry Matter Average Bulbs per Total Yield Marlfetable Unme.xrketable Double Waste Bulbs Sowing to Number of Firmness
Treatment Bulb Weight . - Yield Yield Bulbs _ Scales =
% Unit A tha—1 tha—1 H t k 2
%] [ke] e S [tha 1] [tha 1] [tha 1] [tha™l arves [Bub-1 k&M
ulbs m~ ays
Year (Y)

2005/2006 7.172 0.182 29912 51.254 32.394 16.002 2214 0.652 21472 8.05P 852b

2006,/2007 7.282 0.202 30.08 2 52,504 34.70 2 15.652 1454 0.69 2 2102 8.362 8.862
Accession

(A)

L1 7.07 2 0232 29.99 2 62.082 40462 21.322 0.00P 030" 2142 8.15P 7.76 P

V1 7.382 0.15P 30.002 4167° 26.63 P 10.34b 3.672 1.042 2102 8262 9.622
Planting
Date (PD)

PD1 6.93P 0.192 26.10b 45.16" 26.21b 16.77 2 1.69 2 0492 2462 8.18P 8.802

PD?2 7522 0.182 33.892 58.59 2 40.872 14.892 1.982 0.852 177b 8232 8.58 b

Nitrogen (N)

[kgha=']

0 7.77 2 0.17b 25.16 b 35.45°¢ 25.80 ¢ 8.17°¢ 0.882 0.612 2122 8.292 9512

80 7.48 ab 0.18" 30.87 2 48.99 P 31.98b 14.70 b 1572 0.742 2124 8.282 8.87P

160 6.83b 0212 30.77 2 61.142 36.49 ab 20.872 3.132 0.662 2124 8.19P 8.44°¢

220 6.82b 0.19 @b 33.192 61.922 39912 19.57 2 1.76 2 0.672 2122 8.05¢ 7.944d

Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test; n.s. = not significant. L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial
Variety (Bianca di Maggio).
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Non-fertilized bulbs showed the highest firmness values followed by those fertigated
with a mild nitrogen dose (80 kg ha™!), whereas the lowest firmness was measured in bulbs
fertilized with the highest dose of nitrogen (Table 1).

ANOVA for the number of fleshy leaves and firmness showed a significant effect of
the interaction year x accession (Table S1); the highest number of scales was observed
in the 2006/2007 x V1 combination, followed by the 2006/2007 x L1 combination. The
lowest number of scales was recorded in the L1 and V1 accessions cultivated during the
first year (Figure 1A). The highest bulb firmness was measured in the V1 accession from the
second year of cultivation (2006/2007), followed by V1 bulbs from the first year (2005/2006),
which also showed higher firmness values than the L1 accession from the second year of
cultivation. The lowest bulb firmness was recorded in the L1 accession grown during the
first year (Figure 1B).

Number of scales (bulb™)
o

10 T

Significance
YA **

c

L1

2005/2006

Vi1

L1

2006/2007

A%

Firmness (kg cm?)

Significance
YxA:**

d

L1

2005/2006

A%

L1

2006/2007

A%

Figure 1. Influence of the interaction Y X A on the number of scales (A) and bulb firmness (B). Means
with the same letter are not significantly different at p < 0.05 according to Tukey’s test. Bars represent
the standard error. ** = significant at p < 0.01; Y = Year; A = Accession; L1 = Landrace (Bianca Calda
di Comiso); V1 = Commercial Variety (Bianca di Maggio).

For the number of scales, ANOVA showed a significant effect of the interaction
between year and nitrogen dose (Table S1). The highest number of scales for bulbs was
collected from plots fertilized with 0, 80, and 160 kg N ha~! during the second year of
cultivation, whereas the lowest number of scales was observed in bulbs from the first year
of cultivation and fertilized with the highest nitrogen dose (Figure 2).

12

Significance
YxN:**

=
o
!

b be od d a g

Number of scales (bulb!)
L (o) @

[}

NO N8 NI160 N220| NO N80 N160 N220

2005/2006 2006/2007

Figure 2. Influence of the interaction Y x N on the number of scales. Means with the same letter are
not significantly different at p < 0.05 according to Tukey’s test. Bars represent the standard error.
** = significant at p < 0.01; Y = Year; N = Nitrogen.

ANOVA showed a significant effect of the interaction A x N for the total yield,
marketable yield, unmarketable yield, and firmness (Table S1). The highest total yield was
recorded in the L1 accession fertilized with the highest N doses (160 or 220 kg ha~!). The
lowest total yield was observed in the non-nitrogen-fertilized V1 accession (Table 2). The
data on the marketable yield support the trend established for the total yield (Table 2). The
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L1 accession fertilized with 80, 160, or 220 kg N ha~! had the highest unmarketable yield,
whereas the V1 x N 0 combination showed the lowest unmarketable yield (Table 2). The
non-nitrogen-fertilized V1 accession had the highest firmness, followed by the V1 x N 80
combination. Bulbs belonging to the L1 accession and fertilized with the highest nitrogen
dose showed the lowest firmness (Table 2).

Table 2. Influence of the interaction A x N on the total yield, marketable yield, unmarketable yield,
and firmness.

Total Yield Marketable Yield  Unmarketable Yield Firmness

Treatment [t ha—1] [t ha-1] [t ha—1] [kg cm—2]
NO 41.41de 29.87 be 11.29 be 8.63°¢
L1 N 80 58.62 P 36.89 be 21.452 7.90 f
N 160 75.78 2 47392 27992 7.488
N 220 72532 47.70 2 24562 7.03h
NO 2950 21.734d 5.05¢ 10.39 2
Vi N 80 39.36 ¢ 27.08 <d 7.95 be 9.83b
N 160 46.50 <d 25.59 «d 13.76 b 941°¢
N 220 51.31¢ 32.12 be 14.59 b 8.86 4

Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test.
L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio); N = Nitrogen.

ANOVA for the dry matter percentage, average bulb weight, number of bulbs per
unit area, number of scales, and firmness displayed a significant effect of the interaction
between accession and planting date (Table S1). The highest bulb dry matter percentage
was recorded in plants belonging to the V1 x PD 2 combination. The lowest dry matter
percentage was observed in onion bulbs from PD 1 (Table 3). The highest average bulb
weight was recorded in the L1 accession from the early planting period, followed by the
L1 accession from the traditional planting period (PD 2); the combination V1 x PD 2
had the lowest average bulb weight (Table 3). The L1 accession planted in the traditional
period displayed the highest number of bulbs per unit area, while the L1 accession planted
early showed the lowest values (Table 3). The L1 x PD 2, V1 x PD 1, and V1 x PD 2
combinations displayed the highest number of scales, whereas the L1 x PD 1 combination
had the lowest (Table 3). Bulbs belonging to the V1 accession planted in the early period
had the highest firmness followed by those planted in the traditional period (Table 3).

Table 3. Influence of the interaction A x PD on the dry matter percentage, average bulb weight,
number of bulbs per unit area, number of scales, and firmness.

Number of

Dry Average Bulb . Number of .
Treatment Matter Weight Bulb;I::; Unit Scales Firmness
[%] kgl [bulbs m—2] [bulb—1] [kg cm—2]
L1 PD1 7.00P 0252 28.83 ¢ 8.10P 7.90 ¢
PD?2 7.143b 0.20P 36.14 2 8.192 7.624
- PD1 6.86 P 0.13¢ 28.36 bc 8.262 9712
PD2 7.902 0174 31.64 3P 8274 9.53b

Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test.
L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio); PD 1 = Early Plant-
ing Date; PD 2 = Traditional Planting Date.

ANOVA for the total yield, marketable yield, unmarketable yield, and firmness showed
a significant influence of the interaction N x PD (Table S1). Bulbs planted during PD 2 and
fertilized with the highest nitrogen dose showed the highest total yield, whereas bulbs planted
during the early planting period and non-fertilized with nitrogen showed the lowest total
yield (Table 4). The PD 2 x N 220 combination had the highest marketable yield, followed
by the PD 2 x N 160 combination; the lowest marketable yield was recorded from plots
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planted during the early period and non-fertilized with nitrogen (Table 4). The PD 1 x N 160,
PD1 x N 220, and PD 2 x N 160 combinations showed the highest unmarketable yield,
whereas bulbs non-fertilized with nitrogen revealed the lowest values (Table 4). Bulbs from
plots planted early and non-fertilized with nitrogen had the highest firmness, followed by
those planted in plots non-fertilized with nitrogen and planted early. The lowest firmness
values were recorded in bulbs from the PD 2 x N 220 combination (Table 4).

Table 4. Influence of the interaction PD x N on the total yield, marketable yield, unmarketable yield,
and firmness.

Total Yield Marketable Yield Unmarketable Yield Firmness

Treatment [t ha-1] [tha-1] [tha—1] [kg cm—2]

N0 31.32¢ 21.56°¢ 8.07 ¢ 9.632

PD1 N 80 43.98 <d 2430 de 17.61 2 9.04°¢
N 160 54.79 b 32.33¢d 19.76 2 8.56 ©

N 220 50.57 <b 26.67 de 21.642 7.998

N0 39.59d 30.044 8.27°¢ 9.39b

PD 2 N 80 54.00 P 39.66 bc 11.79 be 8.70d
N 160 67.50 2 40.65P 21.992 833 f

N 220 73.27 2 53.152 17.51 b 7.89h

Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test. PD 1 = Early
Planting Date; PD 2 = Traditional Planting Date; N 0 = No-Nitrogen Fertilization; N 80 = fertilization with
80 kg N ha~!; N 160 = fertilization with 160 kg N ha~1; N 220 = fertilization with 220 kg N ha~!.

For firmness, ANOVA showed a significant effect of the interaction Y x A x N
(Table S1). The highest bulb firmness values were collected in the V1 accession from
non-nitrogen-fertilized plots, cultivated in the second year, followed by those grown
during the first year. The lowest firmness was recorded in the L1 accession supplied with
220 kg N ha~!, cultivated during the first year (Figure 3).

Significance b d E ¢
104 5 YxAXN:** g ‘}
k 1
8 + m

Firmness (kg cm?)
(=2}
L

NO N80 N160N220 NO N80 N160N 220l NO N80 N160N 220 NO N80 N 160N 220

L1 Vi L1 Vi

2005/2006 2006/2007

Figure 3. Influence of the interaction Y x A X N on bulb firmness. Means with the same letter
are not significantly different at p < 0.05 according to Tukey’s test. Bars represent the standard
** = significant at p < 0.01; Y = Year; A = Accession; N = nitrogen; L1 = Landrace (Bianca
Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio); N 0 = No-Nitrogen Fertilization;
N 80 = fertilization with 80 kg N ha—1; N 160 = fertilization with 160 kg N ha—1; N 220 = fertilization
with 220 kg N ha 1.

error.

As regards the number of scales, statistical analysis displayed a significant effect of the
interaction Y X N x PD (Table S1). The highest number of scales per bulb was exhibited in
onions grown during the second cultivation year, in the traditional planting period, and
with a mild nitrogen supply (80 kg ha~'); the lowest number of scales was recorded in bulbs
from plots fertilized with 220 kg N ha~! planted during the early period and cultivated in
the first year, or in bulbs from plots fertilized with 160 or 220 kg N ha~! planted during the
traditional period and cultivated during the first year (Figure 4).
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Significance
10 £ YXNxPD:**

i}s + ei% Eﬁ% f% % _% % !a-:-i d;_flg
IR N -
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3 N :: N N :: =
z 2N gg §§ =
o Lit N N N N s |

NO N80 N160N220 NO N80 N160N 220l NO N80 N160N220) NO N80 N 160 N 220|

PD1 PD2 PD1 PD2

2005/2006 2006/2007

Figure 4. Influence of the interaction Y X N x PD on the number of scales. Means with the same
letter are not significantly different at p < 0.05 according to Tukey’s test. Bars represent the stan-
dard error. ** = significant at p < 0.01; Y = Year; N = Nitrogen; PD = Planting Date; N 0 = No-
Nitrogen Fertilization; N 80 = fertilization with 80 kg N ha—1; N 160 = fertilization with 160 kg N ha—1;
N 220 = fertilization with 220 kg N ha~!; PD 1 = Early Planting Date; PD 2 = Traditional Planting Date.

For the dry matter percentage and total yield, ANOVA showed a significant influ-
ence of the interaction A X N x PD (Table S1). The highest dry matter percentage was
recorded in non-fertilized plots, PD 2, and the V1 accession. The lowest values were ob-
served in the combinations L1 x PD 1 x N 160, L1 x PD 1 x N 220, V1 x PD 1 x N 80,
V1 x PD1 x N 160, and V1 x PD 2 x N 220 (Figure 5A). The highest total yield values
were linked with the L1 accession planted during the traditional period and fertilized with
160 or 220 kg N ha~!, whereas the lowest total yield was shown by the V1 accession planted
in the early period and non-fertilized with nitrogen (Figure 5B).

Significance
AxNxPD:*

o

o

g
m
o
a

s 1 abc '},

1 !'E

o

=

=

Dry matter (%)
o

AR~

NO N80 N160N220] NO N80 N160N 220l NO N80 N160N 220 NO N80 N 160 N 220

PD1 PD2

B
w é é
ASO— b §
SR TR N
= 50t EI} 3 g aef % § fgh ©fg % %
P hoo N : 8 8 . 8 8
Zod 8 N § Y Y o & 8 Y N
E3°--assa§§ §§1 a*a§'§ §§
T8 8§ ‘RN YN
0 4+i0 i \s § % Y i % % ) §
o b i P NS & i oN N §_§‘_
NO N80 N160N220] NO N80 N160N220f NO N 80 N 160N 220

NO N80 N 160N 220

PD1 PD2 PD1 PD2

L1 Vi

Figure 5. Influence of the interaction A X N x PD on dry matter (A) and total yield (B). Means with
the same letter are not significantly different at p < 0.05 according to Tukey’s test. Bars represent the
standard error. ** = significant at p < 0.01; * = significant at p < 0.05; A = Accession; N = nitrogen;
PD = Planting Date; L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Mag-
gio); N 0 = No-Nitrogen Fertilization; N 80 = fertilization with 80 kg N ha—1; N 160 = fertilization with
160 kg N ha~1; N 220 = fertilization with 220 kg N ha—1;PD1= Early Planting Date; PD 2 = Traditional
Planting Date.
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3.3. NAE

Analysis of variance showed that the cultivation year did not significantly affect the
nitrogen agronomic efficiency (NAE) (Table S1). Statistical analysis revealed a significant
effect of accession; the L1 accession displayed a higher NAE than the V1 accession (Table 5).

Table 5. Nitrogen agronomy efficiency (NAE) in response to year (Y), accession (A), planting
date (PD), and N dose (N).

Treatment NAE
Year (Y)
2005/2006 113.472
2006/2007 111544
Accession (A)
L1 142.84 2
V1 82.19 b
Planting Date (PD)
PD 1 98.11°b
PD2 126.92 2
Nitrogen (N)
NO 0¢
N 80 169.212
N 160 160.56 @
N 220 120.28 P

Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test.
L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio).

ANOVA revealed a significant effect of the planting date (Table S1). The highest NAE
was observed in onions planted in the traditional period (PD 2) (Table 5).

Furthermore, N significantly influenced the NAE (Table S1); for the plots non-fertilized
with N, the NAE was 0. Bulbs from plots fertilized with 80 or 160 kg N ha~! revealed the
highest NAE, followed by those fertilized with 220 kg N ha~! (Table 5).

ANOVA showed a significant effect of the interactions A x Nand Y x N x PD for the
NAE; the other interaction did not significantly affect the NAE (Table S1).

For the interaction A x N, the highest NAE was observed in the L1 accession fertilized
with 80 or 160 kg N ha~!; the lowest values were observed in the combinations L1 x N 220,
V1 x N 80, V1 x N 160, and V1 x N 220 (Figure 6).

Significance H
AxN:** «1—
200 +

NAE (kg kg

NoO N 80 NoO N80 N 160 N 220

L1 Vi

Figure 6. Influence of the interaction A x N on the NAE (nitrogen agronomic efficiency). Means with
the same letter are not significantly different at p < 0.05 according to Tukey’s test. Bars represent the
standard error. ** = significant at p < 0.01; A = Accession; N = nitrogen; L1 = Landrace (Bianca Calda
di Comiso); V1 = Commercial Variety (Bianca di Maggio).
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For the interaction Y X N x PD, excluding onions cultivated without N fertilization,
the lowest values for the NAE were observed, in both years, in onions planted early and
fertilized with 220 kg N ha~! (Figure 7).

Significance
YxNxPD:**
200 + 5 a
. a a a " i a
P50 + TI' { ¢ '}n = é
o o = I'L = =
& RS \ = =2 = B
4 o [ = =
=100 1 NN ;§ SR = =
= i N | = =
b N N % N 5 5 & = =
W [T =T s =
55 . NN § § = = = = =
50 A N S5—5—=2 ==
[ §( (S = E B
c N & c & c a5 =8 c = B
0 ] H L = 5 = =
NO N80 N160N220| NO N80 N160N220| NO N80 N160N220f NO N80 N 160 N 220
PD1 PD2 PD1 PD2
2005/2006 2006/2007

Figure 7. Influence of the interaction Y x N x PD on the NAE (nitrogen agronomic efficiency).
Means followed by the same letter are not significantly different at p < 0.05 according to Tukey’s test.
Bars represent the standard error. ** = significant at p < 0.01; Y = Year; N = nitrogen; PD = Planting
Date; N 0 = No-Nitrogen Fertilization; N 80 = fertilization with 80 kg N ha—1; N 160 = fertiliza-
tion with 160 kg N ha—1; N 220 = fertilization with 220 kg N ha l; PD1 = Early Planting Date;
PD 2 = Traditional Planting Date.

3.4. Cost—Benefit Analysis

Cost-benefit analysis, expressed as an average of the two agricultural years, showed
that the highest net benefit of EUR 21,746 was obtained by applying a N dose of 220 kg ha™!
for the L1 accession. The lowest net benefit of EUR 6139 was obtained for the V1 accession
with a nitrogen application of 80 kg ha~! (Table 6).

Table 6. Cost-benefit analysis of the two onion accessions expressed as an average of the two
agricultural years.

Planting N Marketable  Adjusted Gross Field Total Variable Net
Accession Date kg ha—1] Yield Yield Benefits Costs Benefits Dominance
[tha—1] [tha—1] [EUR ha—1] [EUR] [EUR]
L1 1 0 25.13 22.62 9048 0 9048
L1 1 80 30.97 27.88 11,151 209 10,942
L1 1 160 43.25 38.93 15,572 418 15,154
L1 1 220 33.32 29.99 11,996 604 11,391 D
L1 2 0 34.60 31.14 12,457 0 12,457 D
L1 2 80 42.80 38.52 15,408 209 15,199
L1 2 160 51.52 46.37 18,547 418 18,130
L1 2 220 62.09 55.88 22,351 604 21,747
Vi 1 0 17.98 16.18 6472 0 6472
A% 1 80 17.63 15.87 6348 209 6139 D
Vi 1 160 21.40 19.26 7703 418 7286
Vi 1 220 20.02 18.02 7209 604 6604 D
Vi 2 0 25.48 22.93 9171 0 9171
Vi 2 80 36.52 32.87 13,149 209 12,940
Vi 2 160 29.78 26.80 10,720 418 10,302 D
A\l 2 220 44.21 39.79 15,915 604 15,311

L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio).

After carrying out dominance analysis, we found that 5 of the 16 treatments dominated.
Dominant treatments were excluded from the marginal analysis and from the marginal rate
of return (MRR) calculations, as were zero-N applications.
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In addition to the calculation of the net benefit, it was also necessary to compare additional
or marginal costs with additional or marginal benefits. Marginal analysis has the aim of
showing how the net benefit generated from an investment varies as the investment increases.

The results of the marginal analysis are shown in Table 7. As dominant treatments
were excluded from the analysis, we were able to note that, for both accessions and during
both years, marginal rates of return were obtained which were above the minimum rate of
100%, considered as favorable in financial terms.

Table 7. Marginal rate of return (MRR) analysis of the two accessions expressed as an average of the
two agricultural years.

. Planting N Ad].usted Total Variable Net. MRR
Accession Date [kg ha-1] Yield Costs [EUR] Benefits [%]
[tha—1] [EUR]
L1 1 80 27.88 209 10,942 907
L1 1 160 38.93 418 15,154 2016
L1 2 80 38.52 209 15,199 1313
L1 2 160 46.37 418 18,130 1403
L1 2 220 55.88 604 21,747 1938
Vi1 1 160 19.26 418 7286 195
V1 2 80 32.87 209 12,940 1804
V1 2 220 39.79 604 15,311 599

L1 = Landrace (Bianca Calda di Comiso); V1 = Commercial Variety (Bianca di Maggio).

The highest marginal rate of return of 2016% was obtained for the L1 onions planted
on the early planting date with a N dose of 160 kg ha~!. A slightly lower rate of 1938% was
found, once again, for the L1 onions planted on the traditional planting date with a N dose
of 220 kg ha~!.

4. Discussion

In this study, the variability of production and quality parameters was assessed over
two cultivation years for two genotypes of onion subjected to four levels of nitrogen
fertilization and planted on two different dates. Furthermore, economic analysis was
carried out to determine the most profitable combination of factors for farmers.

Nitrogen fertilization is one of the agronomic techniques that most influences the
yields and the quality of agricultural productions; it is important to supply the correct
quantities of nitrogen in relation to each type of crop to satisfy nutritional needs and
maximize production [29-31]. In species that need high amounts of nitrogen such as onions,
it is important to maximize the nutrient use efficiency to obtain higher yields and improve
crop quality and, at the same time, to avoid nitrogen dispersion in the soil and risks for the
ecosystem and human health [31-33].

An increase in the total yield per unit area, and consequently the marketable yield
per hectare, is correlated with an increase in the size and average weight of bulbs and the
number of bulbs per unit area [18]. Differences in these parameters were found as a result
of both the accessions and nitrogen levels applied. The size and average bulb weight are
greatly influenced by nitrogen fertilizer and by genotype choice and are quality parameters
taken into consideration by consumers [12,34]. During the two years of cultivation and tak-
ing both accessions into consideration, average yields ranged from values below 30 t ha™!
to above 80 t ha~! (Tables 1-3). This variability in yield and production parameters is
linked both to the increasing levels of nitrogen applied, to morphological differences, and
to genetic variability between the two accessions, which influences the response to different
fertilizer levels. In agreement with Kazimierczak et al. [35] and Gererufael et al. [36], for
both accessions, yields increased continuously as higher levels of nitrogen were applied.

The highest total yields and marketable yields were found for the “Bianca Calda di
Comiso” onion, a local genotype in which greater nitrogen agronomic efficiency compared
to the “Bianca di Maggio” onion was also found. Kazimierczak et al. [35] in Poland obtained
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yield peaks of over 70 t ha~! by applying high doses of nitrogen. With greater fertilization
levels, Ncayiyana et al. [37] in South Africa and Boyhan et al. [38] in America obtained
yields of approximately 50 t ha—!. In Ethiopia, Gererufael et al. [36], by increasing the
amount of nitrogen fertilizer and organic matter, obtained yields near to 40 t ha—!. The
availability of nitrogen in the soil influences aerial organs, chlorophyll biosynthesis, leaf
number, and leaf area [18,39,40]. The increase in the weight of the bulbs, and consequently
in the total yields per unit area, is linked to the greater biomass produced in response to
the increasing doses of nitrogen [17,36,39].

The greater yields and the differences in the results obtained in this study compared
to other authors could be due to the better adaptability of the “Bianca Calda di Comiso”
onion to its typical cultivation environment, and to the greater use efficiency of the nitrogen
fertilizer. The optimal nitrogen application rate must be established locally, as it depends
on the quantity available in the soil, but also on the total yield and the efficiency of use of
the fertilizer, parameters directly related to the genetic heritage and the adaptability of the
cultivar [39].

Nitrogen is one of the main components of plant tissue, and a good level of nitrogen
availability in the soil stimulates root growth and development, and plant growth [41].
The chlorophyll content and the photosynthetic rate are directly related to the mineral
content and nitrogen fertilization of vegetables [31,42,43]. The onion is very greedy for
nitrogen, and careful management of fertilizer is needed due to the shallow nature of the
root system [20] and the risk of nitrogen accumulation both in the soil and the produce [44].

The variability in the biometric and production parameters found in various onion
cultivars and accessions which have been the subject of research in various parts of the world
is linked to differences in the genetic heritage and environmental factors [45,46]. As noted
by a number of authors [47-49], the adaptability of cultivars and the different pedoclimatic
conditions found at the test sites and in the many regions in the world where onion farming
is particularly widespread have significantly affected production and quality results.

Harvesting mature produce was carried out in June in all cases. The early planting
date, compared to the more traditional date, led to an earlier harvest of 15 days for “Bianca
di Maggio” and 7 days for “Bianca Calda di Comiso”. The length of the onion’s growth
cycle in this study was not influenced by nitrogen application; the results of this work are
not in agreement with Gererufael et al. [36] and Tekeste et al. [50], who found an increase in
the growth cycle by applying greater doses of nitrogen. This is likely to be due to agronomic
management, which included a break in irrigation in the study treatments towards the end
of the biological cycle.

Regarding dry matter, the significant differences found were mainly due to the planting
date and the nitrogen dose applied. The results of this study agree with those obtained by
Ncayiyana et al. [37], who found a decrease in the dry matter percent with increases in the
N dosage in their study. In contrast, Gererufael et al. [36] found an increase in the dry matter
content as the N dose increased. Furthermore, Ncayiyana et al. [37], Mogren et al. [13],
and Lee et al. [48] found significant differences in the percentage of dry matter in various
cultivars of onion.

Mallor Giménez et al. [47] and Larsen et al. [51] reported that bulb firmness is notably
influenced by genotypical differences, as well as by nitrogen fertilization. In the “Bianca di
Maggio”, firmness values were consistently higher than in the “Bianca Calda di Comiso”;
furthermore, in agreement with Charron et al. [52]—for both accessions—a decrease in bulb
firmness was found as nitrogen levels were increased. Randle [53] found similar results
during the cultivation of onion using hydroponics, when increasing the nitrogen content in
the nutrient solution. The bulb firmness is related to the dry matter content [54]. Increasing
doses of nitrogen have been shown to cause a decrease in the percentage of dry matter; the
absorption of calcium, a fundamental element in the cellular structure, can be limited by
nitrogen fertilization and, consequently, can decrease the firmness of bulbs [52].

Furthermore, the number of fleshy scales was also highly affected by genotypical
differences [11,54]. Differences were found between the two accessions, according to the
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results from Bal et al. [55], Petropoulos et al. [11], and Lee et al. [48]. The results from this
study agree with those of Sinkovi¢ et al. [56], who found that the average number of fleshy
scales was higher for plants not subjected to nitrogen fertilization.

Data analysis showed that the “Bianca Calda di Comiso” landrace, compared to the
“Bianca di Maggio” accession, provided greater nitrogen agronomic efficiency (NAE)
(Table 5), a property which is also linked to the better yield results obtained by the
local genotype. Comparing the results of the data analysis concerning the N dosage,
higher NAE values were recorded for N doses of 80 kg ha~!, slightly lower values were
recorded for N doses of 160 kg ha~!, and far lower values were recorded for the highest
N dose of 220 kg ha~!. Diaz-Pérez et al. [57] and Bavec et al. [58] in onion, Sandoval-
Contreras et al. [59] in rice, and Galindo et al. [60] in maize and wheat also found a decrease
in NAE values as the N doses increased. The low efficiency of nitrogen use in onions
is linked to the reduced development of the root system, and the choice of the optimal
application rates must be established in relation to the cultivation area [39]. The better NAE
of the local ecotype found in this study once again demonstrates its better ability to adapt
and to use crop inputs compared to commercial cultivars.

Regarding the economic analysis (Tables 6 and 7), the greatest net benefit was found with
high-N application treatments, which led to higher marketable yields. This demonstrates that
an increase in cultivation inputs, more specifically nitrogen fertilizer applications, ensures
greater yields and, therefore, returns for farmers. Economic analysis also showed that the
“Bianca Calda di Comiso” onion persistently produced greater net benefits and marginal
rates of return due to the distinctly higher marketable yields compared to the “Bianca di
Maggio”. In agreement with various authors [27,36,61,62] who carried out economic analysis
on onions, the greatest net benefits and marginal rates of return were constantly found with
medium- and high-N application coupled with other types of fertilizer.

5. Conclusions

The onion is a widely grown species in the Mediterranean area, and local genotypes
are often grown which have adapted perfectly to their cultivation area. In recent years,
consumers have been increasingly looking for high-quality produce with information on
the origin of the produce. The results of this work show how important it is for farmers
to choose genotypes suited to the area of cultivation and to adopt the correct agronomic
strategy to maximize quality and profits. Fertilizing the “Bianca Calda di Comiso” with
high levels of nitrogen (160 or 220 kg ha~?!) allows farmers to obtain a marked increase in
yields and profits.

The “Bianca di Maggio” onion is less suited to high levels of fertilizer as yields were
found to be lower, even without the application of nitrogen fertilizer, compared to the
“Bianca Calda di Comiso”. It is not necessary to exceed 80 kg ha~! of N to improve yields
and obtain good returns for the “Bianca di Maggio”. The optimization of nitrogen doses
and the choice of the traditional planting date were found to be a noteworthy strategy to
adopt for increasing yields and profits.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10.3
390/horticulturae8050454 /s1. Table S1: Significance of ANOVA analysis. Figure S1: Monthly average
trend of the daily potential evapotranspiration during the two years of cultivation. Figure S2: Rainfall
and air temperature trends during the first year, 2005/2006, at the test site. The dashed lines show the
average rainfall and temperature trends in the period between 2002 and 2020. Figure S3: Rainfall and
air temperature trends during the second year, 2006/2007, at the test site. The dashed lines show the
average rainfall and temperature trends in the period between 2002 and 2020.
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