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Abstract: To evaluate the performance of dwarf castor hybrids (‘C1012’, ‘C857’, ‘C856’), compared
to a local selected genotype, in four subsequent sowing dates (SW1, SW2, SW3, SW4), a trial was
conducted at the experimental farm of the University of Catania (Sicily, Italy). The length of the
growing season decreased with the increase of the sowing date in the average genotypes from 160 to
94 days, respectively, for the first and the last sowing date. According to the RED—Renewable Energy
Directive, the genotype ‘C856’ was the earliest (112 days), resulting in suitability as a catch crop for
biomass production. The results showed that early spring sowings negatively impact dwarf hybrid
production (1.2 and 1.5 Mg ha−1 in SW1 and SW2, in the average of the three hybrids), which reached
the highest yield in the third sowing date (2.0 Mg ha−1), preferring warmer temperatures for the
germination of seeds. On the contrary, the ‘Local’ genotype reached the highest yield (1.6 Mg ha−1)
in the first sowing date and linearly decreased in the subsequent ones. Nonetheless, the third sowing
date positively influenced the oil content and the oil yield in all dwarf genotypes except the ‘Local’
genotype, which showed the highest oil yield in the first sowing date.

Keywords: phenology; seed germination; oil yield

1. Introduction

Castor bean (Ricinus communis L.) is an oil seed crop belonging to the Euphorbiaceae
family, originating from Asia or Africa [1]. The latter seems the most likely centre of origin
because of the ample genetic diversity [2]. Nowadays, the main area of cultivation is
India, which ranked 1st as the main exporter, followed by China, Brazil, and the African
continent [3–5].

In the past decades, an increasing interest has grown in the market towards the use of
this crop, especially for the high seed oil content (35–65%), which has wide applications
within the industrial and pharmaceutical sectors [6]. Indeed, castor oil has a unique compo-
sition, having up to 90% of ricinoleic acid, 3–6% linoleic, 2–4% oleic, and 1–5% saturated
fatty acids [7]. Through oil extraction and, consequently, purification and transesterification
process, it is possible to obtain biofuels, such as biodiesel, which is non-toxic, aromatic-less
with high miscibility, it has a lower cetane number (CN; 43.7) than diesel (CN; 51) [8,9],
has a great biodegradability and it is renewable [10]. Moreover, biodiesel reduces SO2
emissions because of the high viscosity present, which avoids the addition of sulphur
compounds, and it burns cleaner than other fuels due to its higher oxygen content [11].

These advantageous characteristics perfectly meet the requirements that must be
satisfied within the global challenges of limiting the use of fossil fuels, as required by the
law (UE) 2021/1119 [9,12]. They also represent the goal settled in the European Green Deal,
which encourages the use of biofuels in Europe; the increase of national biofuels production,
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then reducing importations; the stabilisation of fossil fuel prices; the reduction of GHG
emissions by at least 55% by 2030, and the possibility of having biofuels as a supplementary
income for the primary sector [13].

Moreover, castor cultivation enhances the use of marginal lands, allowing not only
a re-evaluation of these degraded soils but also avoiding the competition with valuable
lands used for agricultural purposes [14], coping with the goals settled in the Agenda 2030
(ONU, 2015) [12,15]. According to Directive 2018/2001/UE (RED—Renewable Energy
Directive) [16,17], it is also necessary to verify if the crop is suitable to be cultivated as a
catch crop between the two main crops in crop rotation.

Hence, to fulfil these goals, it is important to improve the production of castor and its
agronomic traits. Therefore, in today’s panorama, castor seems to be an interesting oil crop
to use due to its rusticity and capacity to adapt to different pedo-climatic conditions. Being
a warm-season crop, it behaves as a perennial species in tropical regions and sub-tropical
regions and as an annual crop in the Mediterranean basin. However, frosts and cool winters
can lead to the death of the plant, giving a reason for the selection of dwarf hybrids that are
cultivated as annual crops and have higher yield potential, uniformity, and precocity in
comparison with other castor genotypes.

Different studies confirm that to obtain high germination percentage, proper ripening,
and consequently a high level of oil, castor must be cultivated in a warm environment, and
the sowing has to be carried out during the spring when the general temperatures range
from 25 ◦C to 30 ◦C [18,19].

In this regard, the aim of the present study is the identification of the best period of
sowing; to avoid low temperatures, try to take advantage of the water stored in the soil
during the rainy period, exploiting warm temperatures to ensure germination and seedling
establishment and extending the growing season. Therefore, annual dwarf hybrids of
castor were compared on four different sowing dates from April to July in a Mediterranean
environment.

2. Materials and Methods
2.1. Field Trial Description

The field experiment was conducted at the experimental farm of the University of
Catania, Italy (10 m a.s.l., Catania (37◦24′31′′ N; 15◦3′33′′ E) in a typical xerofluvent soil,
over the period April-November 2021. The characteristics of the soil are as follows: clay
32.3%, silt 11.8%, sand 55.9%, organic matter 1.4%, pH7.6, total N 0.2%, available P2O5
46.1 mg/kg, and exchangeable K2O 293.3 mg/kg.

Two experimental factors were studied, genotype and sowing date. The sowing dates
were four: 1 April 2021 (SW1); 30 April 2021 (SW2); 1 June 2021 (SW3); 8 July 2021 (SW4).

Four different genotypes were evaluated: three dwarf hybrids (C1012, C857, C856) and
a local selected population (named local genotype). The local genotype of castor used as a
control was mass-selected for good adaptation to the South Mediterranean environment
from a wild Tunisian population at the Department of Agriculture, Food and Environment
(Di3A) of the University of Catania. The other genotypes analysed are dwarf hybrids
provided by Kaiima Company (Campinas—SP, Brasil). Dwarf hybrids are characterised by
an early ripening cycle and are more suitable for mechanised harvesting due to the height
reached by their stem. A split-plot design with three replicates was applied, assigning the
sowing date to the main plot and the genotype to the subplot.

The soil was previously ploughed to carry out proper sowing, which has been done
manually. A total amount of 120 kg/ha of nitrogen was applied using, before sowing,
60 kg/ha of ammonium sulphate, and at the flowering stage, the same amount was applied
in the form of ammonium nitrate, while 80 kg/ha of simple superphosphate (18%) was
supplied at sowing.

The plant density was 3 plants m−2, and the rows were 1 m apart with an interval
within the row of 0.33 cm. In each hole, a single seed was sown with a sowing depth of
3–4 cm.
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Irrigation water was supplied employing a drip irrigation system. The irrigation
volume was determined as the maximum amount of available soil water content in a depth
of 0.4 m soil, in which the root system is mostly developed.

The irrigation volume was calculated according to:

V = 0.6 × (FC-WP) × φ × D × 103

in which V = water amount (mm); 0.66 = readily available water not limiting for evapo-
transpiration; FC = soil water content at field capacity (27% of dry soil weight); WP = soil
water content at wilting point (11% of dry soil weight); φ = bulk density (1.1 g cm−3); and
D = rooting depth (0.6 m).

To schedule irrigation, the sum of daily maximum crop evapotranspiration (ETm) had
to match the mentioned volume (V). Rainfall events were subtracted from the calculation.
The daily ETm was estimated according to:

ETm = E0 × Kp × Kc

where ETm corresponds to the maximum daily evapotranspiration (mm); E0 is the evap-
oration of class-A pan (mm); Kp is the pan coefficient, equal to 0.80 in the semi-arid
environment [20]. The crop coefficients (Kc) were determined by previous observations:
0.4 from the emergence phase till the 4-leaf stage; 0.7 from the 4-leaf stage till the flowering;
1.2 from the beginning of flowering to complete capsule development of the first raceme
and 0.55 from the first raceme to complete capsule ripening. Along the growing season,
each sowing date received 2820, 2112, 1816, and 1615 m3 of water for SW1, SW2, SW3, and
SW4, respectively.

Considering the subsequent ripening of primary and secondary racemes and the
different sowing dates adopted, two different harvests were carried out manually for all
sowing dates. The first harvest was carried out on 10 October 2021 collecting primary and
secondary racemes already ripened. The lately ripened secondary racemes were harvested
on 20 November 2021. At harvest, racemes were collected and weighted in each plot.
After harvest, in each raceme, the capsules were separated from the peduncle, and then
the capsules were mechanically treated to separate the seeds from the husk. After the
separation, the seeds were weighted to determine the yield.

A sample of raceme from five plants was collected for each plot to measure the length
of the raceme, the number of capsules per raceme, the weight of the seed per raceme, and
the weight of the empty capsule per raceme. Thus, the collected capsules were manually
separated from the husks to obtain clean seeds. The seeds were separated, weighed and
ground for laboratory analysis.

2.2. Measurements and Determinations

During the growing season, air temperature and rainfall were measured through a
weather station connected to a data logger (Delta-T Devices Ltd., WS-GP1 Compact Weather
Station, Cambridge, UK). The evapotranspiration (ET0) was measured by means of a Class
A evaporation pan. Both equipment were located 150 m apart from the experimental field.

Dates of phenological phases for each genotype were measured twice a week during
the growing period. The scoring has been performed as described by Gervasio et al.,
(2016) [21] Hence, the phases recorded during the trial were emergence = E; main inflores-
cence appearance = F1; main flowering on the raceme = A1; beginning of fruit set on the
main raceme = G1/1; conclusion of the main raceme fruit set = G1/2; maturation of the
main raceme considered at the browning of all the present capsules = M.

The ‘germination rate’ was calculated according to the following formula:

Germination rate (%) =
GN
SN
× 100
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where GN = total number of plantlets emerged; SN = total number of seeds used in the
experiment [22].

The ‘Germination rate’ was related to the mean temperature of the period sowing
(S)-emergence (E) calculated as follows [23]:

Mean temperature Sowing− Emergence =
n

∑
i
(Tmi/n)

where i = 1; Tmi = mean temperature at day i; n = number of days from Sowing to Emer-
gence. The relation was described by a linear regression calculated using SIGMAPLOT®11.0
software; Systat Software Inc., San Jose, CA, USA.

2.3. Oil Extraction and Determination

The seeds of the primary and secondary racemes were analysed separately to evaluate
if the order of racemes influenced the oil yield. GM200 blade mill (Retsch, GmbH, Haan,
Germany) was employed to crush seed into a paste (cake). According to AOAC (Association
of Official Analytical Chemists) [24], oil extractions were performed as follows. The solvent
extractor SER 148/6 (produced by Velp Scientifica Srl, Usmate Velate (MB), Italy) was used,
and an evolution of the Randall method, as reported by Lovkis et al. (2018) [25] was utilised
to obtain the oil. The method involves the use of 3–10 g of ground seeds and the use of a
hot extraction solvent, such as n-hexane, allowing a reduction of times compared to the
classical technique. The extractor foresees a three-stage process: immersion, washing, and
recovery of the solvent used.

In the current work, the preparation of the samples involved the filling of the crucibles
(porous cellulose fibre thimble) with 3 g of the ground seed samples, immersed in 70 mL
of boiling solvent (boiling temperature of 130 ◦C) and placed into a Soxhlet extractor. An
immersion and washing phase of 60 min each followed to obtain the oil. After the first
two stages, most of the solvent used is recovered in the recovery step. At the end of the
procedure, the extraction vessels were placed in an oven at 105◦ for 30′ to ensure the
evaporation of any solvent residues. The vessels were cooled in a desiccator and weighed
to calculate the total fat percentage.

The oil content of castor seed was calculated by the following formula, as described
by Danlami et al. (2015) [26].

Oil content (%) = (
Weight o f the extracted oil

weight o f total sample
)× 100

The oil yield was calculated by multiplying the oil content (%) obtained by the seed
yield (kg/ha).

2.4. Statistical Analysis

Data were statistically analysed using a factorial two-way ANOVA. The data were
processed using CoStat version 6.003 (CoHort Software), considering the genotype and
sowing dates as fixed factors. When “F” ratios were significant, the means of main factors
were separated by Tukey’s test (p < 0.05), while significant interaction in two-way ANOVA
was indicated by the LSD test (p < 0.05).

3. Results
3.1. Climatic Conditions

During the entire growing season from April to November, the average temperatures
were 26.8 ◦C for the maximum temperature and 16 ◦C for the minimum temperature and
21.3 ◦C for the mean temperature (Figure 1).
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Figure 1. Daily maximum and minimum air temperature, ten-day rainfall, and reference
evapotranspiration—ET0) through the growing season at the experimental site (37◦24′31′′ N; 15◦

3′33′′ E.; 10 m a.s.l.).

Apart from some rain in April, no rain occurred until the beginning of autumn, in
which abundant rainfall was registered from September to November, with an average of
29.9 mm per ten-day period. The evapotranspiration (ET0) raised from April to a maximum
in the last ten-day period of July with 69.8 mm; precisely 8.9 and 8.8 mm on 10/07 and
03/08, respectively. The dry period (ET0 > R) ranged from the second ten-day period of
April to the second ten-day period of September.

3.2. Phenological Stages

The length of the main phenological stages for primary racemes is shown in Figure 2.
For the average of genotypes, the period “Sowing-E” was 45, 19, 12, and 8 days in SW1,
SW2, SW3, and SW4, respectively. The period “E-M” was higher on the first sowing date,
decreasing in the subsequent ones (160 and 119 days, 103 and 94 days, respectively, for
SW1, SW2, SW3, and SW4).

Moreover, in the average of the genotypes, the ones having the longest period “E-M”
were ‘C857’ and ‘Local’ (127 and 124 days, respectively), followed by ‘C1012’ and ‘C856’
(113 and 112 days, respectively).

The time interval “E-F1”, being the stage that had the main impact on the length of
the growing cycle, in the average of genotypes, decreased from the first to the last sowing
date with 61, 44, 33 and 31 days, respectively, for SW1, SW2, SW3, and SW4. The ‘Local’
genotype showed the highest value for the “E-F1” period with 52 days.

The time interval “F1-G1/1” presented negligible differences concerning the sowing
dates and the genotypes; in the average of the four genotypes, it was between 4 and 6 days.
Similar behaviour for the time interval “G1/1-G1/2” (from 4–8 days) and “G1/2-M” (from
8–14 days).

This last stage, corresponding to the beginning of the browning of the capsules, also
had a strong impact on the growing cycle, depending on the sowing date. Being higher
in the late sowings (SW3 and SW4, 37 and 36 days, respectively) and lower in the early
sowing (SW1 and SW3, 28 and 30 days).
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Figure 2. Length of the growing cycle expressed in DAS (Days after Sowing) of phenological stages
of primary racemes in castor. Sowing-emergence (S-E), emergence-main inflorescence appearance
(E-F1), main inflorescence appearance-main flowering on the raceme (F1/A1), main flowering on
the raceme- beginning of fruit set on the main raceme (A1-G1/1), beginning of fruit set on the
main raceme-conclusion of the main raceme fruit set (G1-1/G1/2), conclusion of the main raceme-
maturation of the main raceme (G1/2-M).

3.3. Germination Rate and Temperature Relation

In Figure 3, the relation between the percentage of seed germination in the soil and
the average temperature of the period “sowing–emergence” is reported for the studied
genotypes. Across the studied sowing dates, a positive correlation between the level of
temperature and germination rate was found, especially in the dwarf genotypes. Neverthe-
less, the ‘Local’ genotype showed a lower influence of temperatures on the germination
rate, being 90% in SW1 and 100% in the following sowings.

In-depth, high values of germination rate were obtained in all genotypes with tem-
peratures higher than 22 ◦C reaching the maximum rate of germination at an average of
26 ◦C.

Below this temperature, only the ‘Local’ genotype maintained a high germination rate,
while for the other genotypes, the germination rate decreased to almost 40% at 14.1 ◦C for
‘C1012’, 14.9 ◦C for ‘C856’, and 18.4 ◦C for ‘C857’.
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Local).

3.4. Total Yield

The ANOVA showed a significant effect of genotype (G) and sowing date (S) on yield,
such as the interaction S x G (p < 0.001). As shown in Figure 4, across the genotypes,
‘SW3’ was statistically the sowing date with the highest value (1825.7 kg/ha), followed
by SW2 (1564.6 kg/ha). The yield significantly decreased in ‘SW1’ and ‘SW4’ (1330.9 and
1194.5 kg/ha, respectively), which were not statistically different.

Across the sowing dates, the yield varied significantly with the genotype (p < 0.001),
being the highest in ‘C856’ with a yield of 1806.9 kg/ha followed by C1012 with 1567 kg/ha.
The less productive genotypes were ‘C857’ and ‘Local’ (1302.8 and 1238.1 kg/ha, respectively).

A clear effect of sowing date on yield can be found in the ‘Local’ genotype, in which
the yield decreased from 1601.1 kg/ha in SW1 to 809.7 kg/ha in SW4, passing through
1467.4 and 1074.1 kg/ha, respectively for ‘SW2’ and ‘SW3’. Regarding the dwarf genotypes,
the highest value was found for ‘C857’ in ‘SW3’, with a yield of 2311.4 kg/ha, followed by
‘C1012’, which had the highest value in ‘SW3’ (1948.2 kg/ha). Both genotypes had a strong
reduction in both ‘SW1’ and ‘SW2’ due to the strong reduction of plants germinated. In the
‘C856’ genotype, we did not find statistically different yields among the sowing dates.
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Figure 4. On the left, the total yield (kg/ha) in relation to genotypes (C1012, C857, C856, and Local)
and sowing dates (SW1, SW2, SW3, and SW4), and the mean separation of the genotypes, with errors
bars indicating the standard errors. On the right, the mean separation per sowing date. Mean values
sharing the same letters are not significantly different at p < 0.05, according to Tukey’s test (HSD).
Value for LSD (p < 0.001) is reported in the case of a significant interaction.

3.5. Yield Incidence of Seed Weight of Primary and Secondary Racemes

The yield previously obtained is the result of primary and secondary racemes har-
vested. As shown in Figure 5, the yield incidence of seed weight of primary and secondary
racemes was statistically significant for both sowing dates (p < 0.001) and genotypes
(p < 0.001), and so was their interaction SxG (p < 0.001).
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Figure 5. On the left, the incidence of seed weight of primary and secondary racemes (%) in relation
to sowing dates. On the right, the incidence of primary and secondary racemes (%) in relation to
genotypes. Bars with different letters indicate statistical differences in the incidence of primary
raceme according to Tukey’s (HSD) test at p < 0.05.

By analysing the sowing dates, the incidence of main raceme was significantly the
lowest in SW1 and increased in the following sowing dates up to SW3, which was not
significantly different from SW4 (55.43 and 51.31%, respectively). This is attributable to
the fact that longer cycles, given by earlier sowings, positively affect the production of
secondary racemes.

As far as the genotypes are concerned, the genotype with the highest incidence of
primary racemes is the ‘Local’ (76.4%), statistically different from the dwarf hybrids, which
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have a lower percentage for primary racemes (38.47, 28.37, 27.59% for C1012, C857, and
C856, respectively).

3.6. Yield per Plant

For the average of genotypes, the sowing dates with higher yield per plant were SW1
(282.7 g) and SW2 (297.8 g), both not significantly different, followed by SW3 (245.0 g)
and SW4 (132.7 g), confirming the strong impact of the sowing date on the yield per plant
(Table 1).

Table 1. Yield per plant (g) in relation to genotypes (C1012, C857, C857, and Local) and sowing dates
(SW1, SW2, SW3, and SW4). Mean values sharing the same letters are not significantly different at
p < 0.001, according to Tukey’s test (HSD).

Genotype SW1 SW2 SW3 SW4 Mean

C1012 304.2 347.5 243.5 152.2 261.8 ± 22.1 b
C857 185.0 350.2 288.9 84.3 227.1 ± 29.8 c
C856 441.4 330.5 328.2 204.5 326.2 ± 25.5 a
Local 200.1 163.1 119.3 90.0 143.1 ± 12.6 d
Mean 282.7 ± 30.4 a 297.8 ± 23.7 a 245.0 ± 23.4 b 132.7 ± 14.6 c

Source of G S GxS
variation *** *** ***

*** indicate significance at p < 0.001.

Even the genotype had a relevant influence on the yield. In fact, across the sowing
date, the genotype that gave better results is ‘C856’ (326.0 g), followed by ‘C1012’ (261.0 g),
‘C857’ (227.0 g), and the ‘Local’, which resulted in the genotype with the lowest yield per
plant with 143.1 g.

The significant S× G interaction (p < 0.001) is to be ascribed mainly to the behaviour of
‘C857’, which gave, on the first sowing date, the lowest yield per plant among the genotypes
at the same sowing date and by far lower than the yield per plant of SW2 and SW3 in the
same genotype.

3.7. Yield Components

The yield components for the primary raceme, such as the length of the raceme, the
seed weight per raceme, the number of capsules per raceme, and the weight of the husks,
were significantly affected by the studied factors (Table 2). The 100-seed weight was the
exception, significantly influenced only by the genotype.

The length for primary racemes was significantly affected by genotype and sowing
date. Across the genotype, SW3 and SW4 were not statistically significantly different (36.6
and 37.3 cm, respectively), contrary to SW1 and SW2, in which the difference was statisti-
cally significant (21.7 and 32.2 cm, respectively). ‘Genotype’ also significantly influenced
the racemes length (G, p < 0.001). Across sowing dates, the longest are ‘C1012’ and ‘C857’
(38.6 and 31.9 cm), and ‘C856’ and the ‘Local’ genotype, the shortest being not significantly
different (28.1 and 29.2 cm, respectively).

The seed weight per raceme was significantly affected by both the studied factors (G; S,
p < 0.001). Across the sowing date, only the ‘Local’ genotype was statistically significantly
different from the others (Local, 27.6 g). As for the sowing date, for the average of the
genotypes, the seed weight per raceme was the highest in SW3 (33.8 g), showing a decrease
in respect to this of 41.0% in SW1, 30.7% in SW2 and 37.2% in SW4.

The statistical analysis of the number of capsules showed a significant effect caused
by the sowing date and by the genotype. The increase in temperature registered in the
SW3 had a greater effect (38.8 number of capsules). The ‘Local’ genotype confirmed great
adaptation, showing a higher number of capsules (32.4).
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Table 2. Length of raceme, the seed weight per raceme, the number of capsules per raceme, the
weight of husks, and the 100-seed weight on primary racemes in relation to genotype and sowing
date. In the mean columns, the average values of the sowing dates (SW1, SW2, SW3, and SW4) and
the average values of the genotypes (C1012, C857, C856, Local). Values with the same letter are not
significantly different at p < 0.05, or (ns) not significant.

Genotype Length of
Raceme (cm)

Seed
Weight/Raceme (g)

N. Capsule/Raceme
(n)

Husk of
Raceme(g)

100-Seed
Weight (g)

SW1

C1012 22.8 19.9 24.3 8.2 31.9
C857 16.5 7.9 14.5 3.3 30.2
C856 20.7 22.4 30.0 12.2 30.1
Local 27.1 28.6 34.3 18.6 37.5

SW2

C1012 33.2 20.4 24.2 7.8 32.8
C857 34.0 21.8 32.0 11.5 29.6
C856 35.5 21.4 23.5 8.6 32.6
Local 26.3 30.2 32.6 12.4 36.5

SW3

C1012 47.2 32.8 35.8 12.4 31.2
C857 39.3 42.5 47.7 14.2 31.4
C856 29.1 34.7 41.3 13.6 28.0
Local 30.9 25.5 30.9 11.2 34.0

SW4

C1012 51.6 26.0 28.6 11.2 35.2
C857 38.0 19.3 23.5 7.2 29.6
C856 27.1 13.1 18.6 5.7 29.3
Local 32.5 26.4 31.5 10.6 33.3

LSD SxG 4.04 5.75 3.55 1.29
*** *** *** *** ns

SW1 21.7 c 19.7 c 25.8 b 10.5 b 32.4 a
SW2 32.2 b 23.4 b 28.1 b 10 b 32.8 a
SW3 36.6 a 33.8 a 38.8 a 12.8 a 31.1 a
SW4 37.3 a 21.2 bc 25.6 b 8.6 c 31.8 a

*** *** *** *** ns

C1012 38.6 a 24.7 b 28.2 b 9.8 b 32.7 ab
C857 31.9 b 22.8 b 29.5 ab 9 b 30.2 b
C856 28.1 c 22.9 b 28.33 b 10 b 29.9 b
Local 29.2 bc 27.6 a 32.4 a 13.2 a 35.3 a

*** *** ** *** ***

** and *** indicate significance at p < 0.01 and 0.001 respectively.

For the average of genotypes, SW3 and SW4 were statistically significantly different
(12.8 and 8.6 g, respectively), whereas SW1 and SW2 did not show any significant difference
(both ≥10 g). Independent of sowing dates, the best value was for the ‘Local’ genotype
(13.2 g), statistically different from the others (‘C1012’, ‘C857’, and ‘C856’, ranging from 9.8
and 10.0 g).

The seed weight ranged between 31.1 and 32.8 g for the average of the sowing dates
and between 29.9 and 35.3 g for the average of the genotypes.

3.8. Oil Content Primary Racemes

The oil content showed a significant difference in relation to sowing dates and geno-
types (Figure 6). Across the genotypes, the oil content for primary racemes exceeded 45.0%,
except for SW1 and SW4, in which the oil content was significantly lower than the others.
The most productive sowing date appears to be SW3, with the highest value of 48.4%, not
significantly different from SW2 (45.4%).
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Figure 6. On the left, the oil content for primary racemes (%) in relation to genotypes (C1012, C857,
C856, and Local) and sowing dates (SW1, SW2, SW3, and SW4) and the mean separation of the
genotypes with errors bars indicating the standard errors. On the right, the mean separation per
sowing date. Mean values sharing the same letters are not significantly different at p < 0.05, according
to Tukey’s test.

Across the sowing dates, the oil content was significantly different, being the highest
in ‘856’ (48.9%) and ‘1012’ (46.0%). Whereas ‘C857’ and the ‘Local’ were the genotypes with
the lowest values (42.9 and 41.8%, respectively).

In-depth, the genotype ‘C856’ is the one that kept values up to 45% in all the sowing
dates, reaching the highest value of 54.5% in SW3. The genotype ‘857’ has shown signifi-
cantly lower values with respect to SW3 (48.2%), having a decrease of 20.1% in SW1 and
15.4% in SW4.

The local genotype has shown the significantly lowest values in SW2 (40.0%) and SW4
(39.3%).

3.9. Oil Content Secondary Racemes

According to ANOVA, the oil content of secondary racemes showed a significant
difference in relation to sowing dates but did not show any difference in relation to the
genotypes, and their interaction was not significant (Figure 7).
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Figure 7. On the left, the oil content for secondary racemes (%) in relation to genotypes (C1012,
C857, C856, and Local) and sowing dates (SW1, SW2, SW3, and SW4) and the mean separation of
the genotypes with errors bars indicating the standard errors. On the right, the mean separation per
sowing date. Mean values sharing the same letters are not significantly different at p < 0.05, according
to Tukey’s test.
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Across the genotypes, the highest percentage of oil content was found in SW1 (47.6%),
followed by SW2 (45.7%) and SW3 (43.8%), while the lowest oil percentage was obtained in
SW4 (41.0%). The highest value in SW1 is mainly due to the ‘Local’ genotype, which had
the best result for the oil content (55.1%). Moreover, even if the ‘Local’ genotype for the
secondary racemes kept the values up to 44%, the SW1 to SW4 had a slight decrease in the
oil content (44.9, 44.5, and 44.1% in SW2, SW3, and SW4, respectively).

SW4, on average, is the sowing with the statistically lowest values. This is strongly
affected by ‘C857’ and ‘C856’, which had values lower than 39.0%.

3.10. Oil Yield

The oil yield was significantly affected by the different seed yields obtained in the field
experiment. As shown in Figure 8, across genotypes, the sowing dates were statistically
different from each other, with SW3 being the sowing with the highest value (840.4 kg/ha).
SW2 is the second sowing with the highest value (708.0 kg/ha), while SW1 and SW4 had
the lowest (612.4 and 491.0 kg/ha, respectively).
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Figure 8. On the left, the total oil yield (kg/ha) for primary racemes in relation to genotypes (C1012,
C857, C856, and Local) and sowing dates (SW1, SW2, SW3, and SW4) and the mean separation of
the genotypes with errors bars indicating the standard errors. On the right, the mean separation per
sowing date. Mean values sharing the same letters are not significantly different at p < 0.05, according
to Tukey’s test.

Across the sowing dates, ‘C856’ is, on average, the genotype with the best results
(814.4 kg/ha), followed by ‘C1012’ with 719.1 kg/ha. A reduction of 29.4% and 33.2% was
recorded for the genotypes ‘C857’ and the ‘Local’, respectively.

The best combination of Sowing date and Genotype were obtained for ‘SW3 x C857’,
which had a value of 1073.1 kg/ha, followed by ‘SW3 × C856’ and ‘SW3’ × ‘C1012’ (932.6
and 874.8 kg/ha, respectively). Whereas the best combination of Sowing date × Genotype
for the ‘Local’ was obtained in SW1 with 767.1 kg/ha. These results confirm that the dwarf
hybrids prefer late sowings, while the ‘Local’ prefers earlier sowings.

4. Discussion

The area of cultivation of castor seems to be one of the main aspects to influence the
length of the growing season. Different studies confirm that in semi-arid and arid regions,
the higher the length of the growing cycle (up to 180 days), the higher the yield [27,28].
Our findings confirmed this, at least for the ‘Local’ genotype, where the rate of germi-
nation was high. Although, it has also been reported that 100 days may be sufficient in
humid climates [29]. As can be expected, the time of sowing strongly affects the length
of the growing cycle of the castor. The low temperatures recorded in the first two sowing
dates induced a delay in the plant emergence and main inflorescence appearance and
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consequently extended the crop cycle of the plant. These results highlight, on one side,
the advantage of early sowing for a long growing cycle and, on the other side, the great
advantage of the possibility of shorter production cycles with late sowings to use the castor
crop as a valid candidate as a catch crop, as requested in the Directive 2018/2001/UE
(RED—Renewable Energy Directive) [17] of the European Commission for considering a
subsidising production.

Our results confirmed other studies in the Mediterranean area. Indeed, Calcagno et al.
(2023) [30] found that, in castor sown late in April, the ripening was reached in just 145 days
in a local variety, in line with our ‘Local’ genotype, which took between 156 and 135 days
for the E-M cycle in spring sowings. Whereas, Patanè et al. (2019) [31] found that 99 days
are sufficient with sowings in May, matching the time that occurred in the late sowings of
our ‘Local’ genotype, which needed 111 and 94 days (SW3 and SW4, respectively).

As far as dwarf hybrids are concerned, Alexopoulou et al. (2015) [32] reported a
growing cycle perfectly in line with ours. In fact, in Greece, genotypes ‘C856’ and ‘C857’
sown in May, needed 159 days (from sowing to harvest), whilst the same genotypes, in our
research, took 165 days for the same period (30/04), corresponding to the 2nd sowing date.

In the present work, low temperatures of the soil have negatively affected the emer-
gence of dwarf seeds. Linear regression was used to describe the relation between the
average temperature during the ‘Sowing-emergence’ and the rate of seed germination. Low
levels of germination were recorded with temperatures below 22 ◦C. Specifically, the dwarf
genotypes ‘C1012’ and ‘C856’ achieved 44% of germination at around 14 ◦C, while the
genotype ‘C857’ achieved 44% of germination at an average temperature of 18 ◦C. By post-
poning the sowing date, the increase in temperature positively influenced germination, and
levels of 88% were recorded at a temperature higher than 21.5 ◦C in the dwarf genotypes.

The germination potential of oilseed crops linearly increases with temperatures in-
crease, even if excessive thermal rises fail crop germination [33]. Moreover, the delay in
germination is also strongly associated with the fatty acid composition of the seed [34].
Unsaturated fatty acids keep the fluidity of the membrane, even at low temperatures [35].
Considering that castor is made of 90% of ricinoleic acid, a high level of susceptibility to
temperature is found to influence germination, even if ricinoleic acid has a freezing point
below most other fatty acids [34]; thus, further studies are requested.

On the contrary, the ‘Local’ genotype was the most tolerant to the lowering of temper-
ature, achieving 88% of germination at temperature <14 ◦C and reaching the maximum
level of germination, in the following sowings, even at 17.9 ◦C. In this context, the ‘Local’
genotype, developed in the semi-desert area of Tunisia, probably was more acquainted
with the low night temperatures of desert areas. Windauer et al. (2012) [36], by studying
Jatropha curcas L., a crop belonging to the same family of castor, found and confirmed
that increased temperatures shortened the germination time requested for germination,
reaching 82% of germination at 25 ◦C in 8 days, comparable to our results (for the dwarf
and ‘Local’ genotypes).

By evaluating the main factors studied, it emerged that the sowing date and genotype
both played a major role in the attainment of the total yield. The three dwarf hybrids
examined in this study (‘C1012’, ‘C857’ and ‘C856’) showed a strong reduction of yield
due to a reduction in the number of plants caused by the low germination rate in the
first two sowing dates. In the 3rd sowing, the hybrids supplied considerably higher rates
of total yield compared to the ‘Local’ genotype (more than 50% lower than the hybrids).
Dwarf hybrids were also studied by Alexopoulou et al. (2015) [32], which obtained a yield
production of 1.9 Mg ha−1 for genotype ‘C856’, when sown late in May in 2012, whilst the
sowing of April 2014 attained 3.1 Mg ha−1. This confirmed our result for ‘C856’, sown
on the 1st of June (1.9 Mg ha−1), while our sowing on the 1st and 30th of April yielded
an average of 1.8 Mg ha−1 because of the low seed germination rate, which reduced the
number of plants per square meter. Moreover, Alexopoulou et al. (2015) [32] with the
genotype ‘C857’ attained a yield of 2.5 Mg ha−1 when sown late in May 2014, similar to
our ‘C857’, which achieved 2.3 Mg ha−1 in the sowing on the 1st of June (3rd sowing date).
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Whilst Zanetti et al. (2017) [37] found a seed yield of almost 2 Mg ha−1 for ‘C856’ when
sown on the 25th of April and 14th of May in Aliartos and Bologna, similar to our results
on the same dates.

The rate of germination was also found to influence the yield per plant. The dwarf
hybrids had considerably higher yield per plant than the ‘Local’ genotype, particularly in
the 3rd and 4th sowing dates. It is probable that the low germination rate did not allow
the dwarf genotypes to enhance their potential productivity, which could have been much
more elevated. On the contrary, the ‘Local’ genotype behaves better in the earlier sowing
dates.

Earliest sowing (SW1 and SW2) promoted the development of secondary racemes
by the extension of the growing cycle. In contrast, the shortest cycle and probably higher
temperatures encountered in the latest sowings induced a slight delay in the development
of secondary racemes in SW3 and SW4, although a strong influence was also given by
the genotype factor. Overall, the ‘Local’ genotype had a major yield contribution by the
production of primary racemes. Whereas the dwarf genotypes had a major secondary
racemes production, attributable to the higher contribution of racemes per plant on the
dwarf genotypes, as further reported by Alexopoulou et al. (2015) [32], who, by comparing
three annual field trials, found that a longer growing period gave almost double the number
of raceme (4.5 racemes per plant vs 8 racemes per plant, in 2012 and 2014, respectively).

Severino and Auld (2013) [38] by reporting that the response of yield components
is dependent on several factors, focused on the difficulties of using this information to
improve yield, pointing out how the selection has to focus on all the parameters, that only
combined can positively influence the production.

Furthermore, our findings highlighted how the various yield components were in-
fluenced by both sowing date and genotype in different ways, the number of plants per
square meter being the main factor. The data showed that, for the results of the seed weight
per raceme, the number of capsules, and the husks, higher values were obtained in the
‘Local’ genotype than in the dwarf hybrids. However, this seems to have slightly influenced
the final yields.

The importance given to castor is strongly related to the oil produced from its seeds [14].
The oil content reached the maximum rate of 54% in primary racemes and ranged from
38.5 in ‘C857’ (SW1) to 54.5% in ‘C856’ (SW3). The oil content variation in primary and
secondary racemes varied according to both sowing date and genotype. Higher results
were reported for secondary racemes, which reached a range from 38.0 ‘C856’ (SW4) to
55.1% (SW1) in the ‘Local’ castor. Thus, negligible differences were found among the dwarf
genotypes, and only our ‘Local’ genotype showed a major influence depending on the order
of the raceme. Zanetti et al. (2017) [37], by evaluating dwarf hybrids in Italy and Greece,
found differences due to the environment of cultivation. Particularly, ‘C856’ cultivated
in Italy reached an oil content (%) value lower than in Greece (around 50% against 55%,
respectively). These results confirmed what was found for our ‘C856’, which averaged,
independently of the sowing date, about 50%. Nevertheless, our results are perfectly in line
with those reported in the literature for the oil content, ranging from 49.0–53.0% in dwarf
hybrids [39] from 30.4 to 50.6% (in ‘Local’ genotype) [30], from 40.1 and 57.4% [40], and
from 24.2 to 50.0% in dwarf and normal castor [41].

Finally, the oil yield measured in the ‘Local’ genotype was lower compared to those of
the dwarf genotypes (542.6 kg/ha vs 702.6 kg/ha) mainly due to the total yield obtained
in the dwarf genotypes more than to the oil content (%). Anastasi et al. (2014) [42] found
that oil yield in local castor was dependent on the genotype by reporting 420 kg/ha of oil
yield in the Sicilian area of Ragusa for a ‘Local’ variety against 710 kg/ha of a ‘Brazilian’
genotype.

5. Conclusions

Castor can be a suitable crop to produce oil when established in the Mediterranean
basin, pointing out that dwarf hybrids prefer warmer temperatures, and the ‘Local’ geno-
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type could be a valid candidate for early sowings. Briefly, castor is a promising low-
maintenance oil crop suitable for marginal land and to satisfy industrial and chemical
requests. This study aimed to highlight the potential of using castor, on the one hand, the
advantage of early sowing for a long growing cycle, and on the other, the possibility of
shorter production cycles with late sowings to use the castor crop as a valid candidate
as a catch crop, as requested in the Directive 2018/2001/UE (RED—Renewable Energy
Directive) of the European Commission for considering a subsidising production. In this
last case, the dwarf genotypes can play an important role considering their short growing
season and high yield potential.

Overall, the present study highlighted the ‘Local’ castor as the best genotype for
performing early sowing in Spring, whereas the dwarf hybrids prefer warmer temperatures
given by performing late sowings.
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