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Abstract: Castor (Ricinus communis L.) is a plant belonging to the Euphorbiaceae family
originated from Asia or Africa and well adapted to the Mediterranean environment. As an
oilseed crop with a high oil content (35–65%), it is nowadays used for biofuels production,
with a large potential for applications in chemical and pharmaceutical sectors as well.
As for other oilseed crops, the interest towards this crop has grown exponentially in
the past decades because of the necessity of limiting fossil fuels, obtaining clean energy,
and use of a renewable energy source as required by RED (Renewable Energy Directive)
within the European Union. Moreover, castor has a great adaptability in different soil and
climate conditions, and it is known as a low-key maintenance crop. These characteristics,
together with the necessity of increasing renewable energy sources, with the possibility of
re-evaluating marginal lands, make castor the ideal plant to be exploited in the years to
come. This review aims at giving useful information regarding its cultivation and soil and
climate requirements, providing an overview on its spread on the market.

Keywords: castor management; renewable energy crop; marginal land; biofuels crop

1. Introduction
The production and consumption of renewable energies are experiencing consistent

growth, driven by policies adopted in numerous countries. These policies aim to enhance
energy autonomy, contribute to the reduction of carbon dioxide emissions, and support
agricultural initiatives [1]. It is expected that the global energy demand will increase by
approximately 50% in 2050. In alignment with the Kyoto Protocol, the Agenda 2030, and
the Conference of the Parties, the European Union has introduced a series of directives
aimed at counteracting greenhouse gas emissions into the atmosphere (GHG). The objective
is to achieve a reduction in these emissions of 80–95% by 2050 [2].

Trying to cope with the exponential increase in oil and coal consumption around 2050,
renewable energies fit perfectly into this scenario as the only possibility to guarantee energy
sources continuously and constantly over time. Although the transition to renewable
energy may present challenges, it is clear that the demand for “clean energy” is essential
for the future. Scientific research and technological innovation will, therefore, be essential
for the realization of these ambitious goals.

Biofuels, including biodiesel and bioethanol, produced from oil-bearing and starchy
plants, have the potential to fully satisfy these needs [3]. Their production would also
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exploit those marginal lands where no-food crops could be easily introduced, thereby
preserving essential farmland for food production purposes.

Since the economic boom, a great interest in the vegetable oil sector began to grow.
Palm oil has experienced a great expansion from 2008 to 2017, as the most requested
vegetable oil in the market, with countries such as Indonesia and Malaysia as the main
players in production and export [4]. The exponential growth of palm oil, given its extreme
versatility of application in both food and industry sectors, has been roughly stopped
because of its social and environmental negative impact [5]. The European Union has,
therefore, promoted a sustainable biofuel industry, through the adoption of the Directive
2018/2001/UE (RED-Renewable Energy Directive) [6], which established the requirements
for the sustainable and environmentally friendly production of biofuels by setting out
different criteria [7]. This policy, by declaring palm oil as a high-risk product, has en-
couraged research towards sunflower, soybean, and rapeseed, proving them the main
future alternative crops. In addition, the growing unavailability of arable land due to con-
stant climate change should also be taken into consideration. The utilization of marginal
lands, characterized by fragile and disadvantaged soils in arid and semi-arid regions,
presents a viable alternative. This approach has the potential to minimize competition for
agricultural use while simultaneously mitigating greenhouse gas emissions and limiting
biodiversity loss [8].

Castor (Ricinus communis L.) becomes the protagonist of this new reality, being a warm
oilseed crop, adapted to different environments and with a wide range of applications [9].
Thus, the aim of this review is to focus on the available knowledge of castor, highlighting
the inclusion and adaptability of castor in the semi-arid regions in order to improve its
cultivation and productivity in the Mediterranean area.

2. Establishing Castor as an Advantageous Oil Crop in Europe:
Economic Overview
2.1. Oil World Scenario

The annual production of lubricants is around 30 and 40 million tons [10]. Lubricants,
which are 95% oil-based, have wide industrial applications such as reducing friction and
heat, protecting against corrosion, transmitting energy, and other activities [11]. However,
they have uncontested environmental consequences and about 50–70% of production is
poured into the environment [12].

Last decades faced a substantial increase in biofuel production, considered the main
source of energy that can be produced even in geographical areas with limited resources [13].
Thus, the scientific community is projected to develop new products with higher biodegrad-
ability and lower toxicity.

Bio-based sources have significantly grown since 2002 [14]. The vegetable market for
industrial oil was valued at USD 29.220.6 million in 2020, and it is expected to increase by
4.13% around 2021–2026 [15]. In this picture, Italy holds a significant position in Europe,
ranking third, after Germany and France, in terms of energy consumption from RES
(21.9 Mtep) and total energy consumption (107.6 Mtep). According to the Italian Energy
Services Operator (GSE), the share of energy consumption in Italy from renewable energy
sources is 20.4%, exceeding the target set for 2020 [16].

The current increase in the vegetable oil market plays a relevant role in Europe and the
past twenty years have seen the introduction of several crops with wide energy potentiality [17].

After the adoption of the U.S. Renewable Fuel Standard in 2005, which established
requirements for a minimum volume of renewable fuels that must be transported and
sold in the US, a significant increase in the use of first-generation biofuels occurred. Their
market introduction offered both economic opportunities and an environmentally friendly
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approach. However, the increased use of crops such as sugarcane and corn as sources of
first-generation biofuels, adversely influenced the global food system [18], shifting the
interest towards crops for second-generation biofuels, more suitable for marginal land [13].

This new scenario contributed to a renewed interest in castor.

2.1.1. Castor Insights

Castor (Ricinus communis L.) is an oilseed crop that offers a wide range of industrial
applications. Its oil content is 35–65% [19], which is really high when compared with that of
other oilseed crops such as soybean, sunflower, rapeseed, and palm (Table 1) [20]. The oil
content range of variation in castor depends on the genetic difference among cultivars [21].
The oil contains 85–90% ricinoleic acid (RA, 12-hydroxyl-cis-9-octadecenoic acid), an oleic
acid derivate used in many industrial applications as a source of unique fatty acid. The RA
content makes castor the only natural crop with such a high concentration [22].

Table 1. Oil content of major oilseed crops.

Crop Oil Content (%)

Castor bean 35–65
Palm 30–60

Rapeseed 30–50
Sunflower 25–48
Soybean 15–22

The increasing use of castor has led to a significant rise in the market volume, which is
expected to reach USD 1.54 billion by 2026. In 2018, castor oil was ranked 751st among the
most-traded products, with a total trade of $1,72 M. In the same year, the top exporting
countries were Mexico ($1.54 M), Egypt ($83.5 K), the Philippines ($46.3 K), Kenya ($18.5 K),
and Ukraine ($17.9 K). While the most importers were the United States ($1.57 m), Croatia
($62.5 K), Uganda ($17.5 K), and Kyrgyzstan ($9.86 K), ranking castor 10th as the most
imported product [23].

Nowadays, China, USA, and Europe are the key players in the current market, with
China being the main importer with an import value of 41%. India is ranked 1st as the
main exporter with a value of export of 87% equal to $1.1 B, followed by some European
countries such as the Netherlands (4%), France (2.96%), and Germany (2.14%) [24].

Castor is emerging as a promising crop for cultivation in Mediterranean regions due
to its strong economic potential compared to other oilseed crops (i.e., sunflower, rapeseed,
and soybean). Castor seed yield ranges between 1.8 and 4.75 t ha−1, with an oil content
ranging from 35% to 65% [25,26]. Production costs for castor are moderate, estimated to
be between €500 and €800 ha−1. However, the market price for castor oil is significantly
higher than that of edible oils, reaching 1200–2000 € ton−1 [27].

In contrast, sunflower and rapeseed oil yield is 0.9 to 1.7 t ha−1, and this oil is sold at
lower prices, ranging from €800 to €1000 t−1 [28,29]. Soybean seed yields are even lower.

2.1.2. Castor Challenges Towards the Market

Despite several industrial applications of its oil, the cultivation of castor in Europe
is still limited [30]. The presence of toxins like ricin, ricinine, and some allergens makes
castor not widely used and exploited [31]. Ricin is a powerful toxic protein synthesized in
the endosperm of the seed, which can lead to death, even in small quantities [32]. Ricin is
considered one of the most poisonous substances existing [33]. Ricin content ranges from
1% to 5% of the defatted seed cake by weight, corresponding to approximately 1–2 mg
of ricin per seed, depending on cultivar and environmental conditions. Nevertheless, the
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oil of castor can also be used for human purposes because ricin is insoluble in the oil
and the residuals are discarded by the refining process [34]. Even though studies have
proved that high temperatures can denature this protein, the concern is still widely spread,
emphasized by numerous cases of poisoning by voluntary or involuntary ingestion of
ricin [32]. Another toxic protein in castor oil is RCA (Ricinus communis agglutinin), which
causes the coagulation of red blood cells [35].

Castor oil diffusion in the market is limited also by its high hygroscopicity, which
causes high water retention and leads to algae growth, filtration, and corrosion prob-
lems [22]. Moreover, difficulties during extraction and injection caused by its high viscosity
and higher compressibility [36] lead to incomplete combustion, atomization, deposition
of carbon on the injector, cocking, higher engine deposits, and engine problems during
winter seasons [37].

Another impacting factor is related to the enormous handy work required during
seed harvest [9]. Castor seed ripening is not simultaneous, thus limiting the mechanical
harvesting, mainly carried out manually. Manual harvest increases costs for production
and relative by-products [38]. Nonsimultaneity in seed ripening also causes problems of
seed loss for shattering [39].

3. Origin and Distribution of the Palmus Christi
The history of castor is ancient. The first literary appearances are in the Book of Jonah

(Jonah 4: 6–7) [40]. The Talmudists make it back up to the “oil of kik”, which is the same
“kikajon” described by Jonah.

However, it seems castor roots are even more ancient. Egyptians were used to keep a
“Medical Papyri”, also known as “The Papyrus Ebers”, in which all the recipes and medical
uses were collected by sages and philosophers [41].

Numerous sources indicate that castor oil was used as medicine during the early
medieval period. Reports suggest that Albert the Great, Bishop of Regensburg, cultivated
castor in the mid-thirteenth century, but its cultivation declined afterward. It remained
popular as an ornamental plant until the 18th century in Europe, where it was also grown
for medicinal purposes [41].

The etymology of the name ‘Ricinus communis’ is noteworthy. The term ‘Ricinus’
derives from the Latin name “tick”, because the seeds have a resemblance to the tick bodies,
meanwhile communis is the Latin word for “common”. This nomenclature was introduced
by Linnaeus. Prior to the 18th century, Ricinus was commonly referred as “Christ Palm” or
“Palma Christi” because the leaves give resemblance to the Hand of Christ [42].

The term castor can be misleading as it is associated with Castor Canadensis, the
North American beaver. Additionally, castor is also the name of one of the two bright stars
of the Gemini constellation—Castor and Pollux also known as ‘Gemini twins’ [42].

As well as for the name, the center of origin was not easily identified. In fact, the iden-
tification of the center of origin takes two distinct and separate factions. Some researchers
are of the opinion that it is indigenous to Africa [42]. Other researchers claim that it is native
to India [43]. One of the reasons why identifying castor origins is so difficult is because
castor has four centers of diversity, based on morphological variation: (a) Ethiopian-East
African; (b) North-West and South-West Asia and Arabian Peninsula; (c) Subcontinent of
India; and (d) China. Anyway, Ethiopian-East Africa is considered the most probable site
of origin because of the higher diversity present in it [44]. Moreover, given that the genetic
material distributed in Eastern Africa has an arboreal phenotype, with a single elongated
trunk, a dehiscence capsule, and small seeds, it is suggested that this represents the wild
relative of the domesticated castor bean [45]. Once established, it spreads quickly, which is
why it is considered an invasive crop in several countries [9].
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Nowadays, castor easily grows in the African continent (221,130 ha), through the
Atlantic coast to the Red Sea, Tunisia to South Africa. It is also cultivated in the tropical
and subtropical regions of America (162,203 ha) and Asia (1,151,200 ha) and in most
of Europe [46].

Germplasm studies reveal low levels of genetic variation and a lack of geographically
structured genetic populations in castor. Therefore, seeking to broaden knowledge on
the genetic diversity of castor, the study of the genetic alterations that occurred during
domestication is essential. Xu [47], through a genome assembly study at the de novo
chromosome level of the progenitor of castor, by sequencing and analyzing 505 accessions
worldwide, confirmed that the accessions found in East Africa are the wild progenitors of
castor and domestication dates back to 3200 years ago. In addition, a notable climatic event
that occurred about 7000 years ago in Turkana could be the cause of the genetic bottleneck
that led to significant genetic differences between populations in Kenya and Ethiopia.

Other researchers suggested that a large amount of genetic variation is present in the
genome of castor, contradicting what has been said so far about low genetic diversity [48].
Further studies on wild germplasm are required in the future.

4. Biological and Genetic Features
Despite the common name (castor bean), castor (Ricinus communis) L. does not belong

to the Fabaceae family, but it belongs to the Euphorbiaceae family. It is a non-edible oilseed
plant. Castor (2n = 2x = 20) is generally a cross-pollinated diploid plant but actually,
it has a mixed pollination system that favors also self-pollination by geitonogamy [49].
Cross-pollination occurs for anemophilia or entomophilia [50]. The cross-pollination rate
is 50–80%, which depends on genotype and environmental conditions. In some dwarf
cultivars, it may exceed 90%.

Castor is a monoecious plant; however, it may have both pistillate and staminate
flowers interspersed in the rachis, thus favoring self-pollination [42].

The genus Ricinus includes approximately 91 species, which are easily intercrossable
and produce fertile intermediates. Despite researchers evidence of its variability, this last
is not so high, but it is mostly due to wild and semi-wild castor plants, widespread in
the world [51].

4.1. Botanical Features

Castor is an annual herb or a perennial shrub, 1–7 m high, depending on climate
and soil. Swetman [52] described the plant as perennial in semi-tropical environments,
but in temperate ones, frosts and low temperatures may cause plant death, therefore it is
preferable to grow castor as an annual crop [53].

Leaves are petiolate, stipulate and alternate, except in the first node, which has two
opposite leaves. The color is normally green and varies from light to dark depending on
the level of anthocyanin pigmentation [53].

Root system is a well-developed taproot that can reach considerable depth, up to 5 m
underground, with lateral roots.

Kole and Rabinowicz [42] described the stem as erect, cylindrical, and branched, often
fragile, glabrous, and glaucous. The main stem ends with an inflorescence. Once the main
inflorescence is settled, from the first node below, the sympodial succession of ramifications
begins, and each branch ends with a secondary raceme that can originate other racemes.
Plant height ranges from 60 cm (dwarf varieties) to 5 m.

The inflorescence is an erect monoecious raceme, 10–40 cm long, depending on the
cultivar. Female flowers have petals with a deciduous calyx of 3–5 sepals. Male flowers
consist of numerous branched stamens, with a small yellow anther (Figure 1A). Flowering



Agronomy 2025, 15, 1402 6 of 22

occurs early, after 40–70 days after sowing [54]. African spontaneous castor blooms later
(140 days from sowing) [55]. After pollination, the dry stamens fall off and leave the
pistillate flowers on, which become a spiny or spine-less capsule [56] (Figure 1B). Fruit
set up and ripening lasts approximately 45 days, but further 25 days are required for full
ripening (Figure 1C). The fruit is a spiny capsule, equipped with a white, orange, red, or
brown caruncle, depending on the variety, which can contain three ovoid seeds. The size
of the seeds varies from 7 to 25 mm in length and from 5 to 15 mm wide. Seeds contain
40–60% oil, 20% substances like albuminoids, cellulose, rubber, resins, and salts, as well
as a glycoprotein, ricin, and an alkaloid, ricinin, which is highly toxic. Seeds may have a
dormancy of a few months or even several years [56]. Severino [31] evidenced the crucial
role of the seed coat in the germination process. Its mechanical resistance significantly
influences germination speed; a thicker seed coat can delay germination, while a thinner
one facilitates it.

 
B C A 

Figure 1. Developmental stages of castor capsule: (A) Beginning of the flowering (female flowers
and yellow stamens are visible; (B) Spiny fruits appearance; (C) Fully ripened capsules.

Capsules ripening on raceme proceeds gradually, starting from the bottom to the top.
When ripen, capsules become darker and open (dehiscence) or fall, especially in the wild
types [42]. The seeds size varies from 7 to 25 mm in length and 5 to 15 mm in width.

4.2. Phenology

Gervasio [57] recognized 4 main development stages and 15 sub-intermediate stages
(Figure 2). Stage 1 corresponds to the initial slow growth and includes three sub-stages
following sowing: Emergence (Ve), approximately 15 days after the formation of the cotyle-
dons; Seedlings (Vm) with the formation of two complete leaves, after about 38 days from
sowing; Differentiation (Vo), approximately 85 days after sowing, which represents the end
of the first phase of growth [58] (Figure 3). Stage 2 of exponential growth includes five sub-
stages: Inflorescence appearing (F1) and Anthesis (A1) on the main raceme; Inflorescence
appearing (F2) on secondary racemes; Fruit set (G1) on the main raceme; Anthesis (A2)
on secondary racemes. Stage 3 includes six sub-stages: Inflorescence appearing (F3) on
tertiary racemes; Fruit set (G2) on secondary racemes; Anthesis (A3) on tertiary racemes;
Ripening (M1) on the main raceme; Fruit set (G3), on tertiary racemes; Ripening (M2) on
secondary racemes. Stage 4 includes only Maturation on tertiary racemes (M3).
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Figure 2. Phenological stages of growth in castor [57]. The developmental cycle is divided into
four main stages: Stage I (Initial Growth), Stage II (Growth), Stage III (Productive or Intermediate),
and Stage IV (Maturation). The asterisk (*) indicates phenological events specifically occurring on the
main (primary) raceme.

Figure 3. Castor at the Differentiation stage (V0) at the experimental farm of the University of Catania
(Sicily, Italy, 10 m a.s.l., 37◦24′31′′ N; 15◦3′33′′ E) on a typical Xerofluvent soil during spring.

5. Castor Crop Requirements
5.1. Thermal Requirements

Although castor grows within a wide range of environments, it is a warm-season
crop mostly cultivated in tropical and subtropical regions as a perennial plant, and in
temperate regions as an annual [9,42]. Castor can be cultivated at altitudes ranging from
1500 to 2500 m, but to avoid frost damage, its cultivation area is restricted to 500 m [55]. The
optimum for seed germination is 25 ◦C [49]. At this temperature, seeds take 2–4 days for ger-
mination. Germination time is extended to 7–14 days at soil temperatures of 16–17◦ C [43].
The optimum for growth is between 20 and 26 ◦C, and that for flowering is between 24 and
26 ◦C. Temperatures < 15 ◦C significantly reduce pollen vitality, and temperatures > 40 ◦C
can cause flower desiccation [59].

5.2. Light Requirements

Castor is described as a long-day plant; however, it well adapts with less yield to
different photoperiods [42]. As a C3 photosynthetic plant, castor well grows under the
warm Mediterranean climate, where high temperatures and relative humidity allow the
crop to reach high photosynthetic rates. However, low relative humidity in Mediterranean
regions may cause decreases in photosynthetic rates [60].



Agronomy 2025, 15, 1402 8 of 22

5.3. Soil Requirements

Castor grows in different types of soils, for this reason, it is considered an ideal
plant to be introduced in marginal land [61]. However, it benefits from fairly deep, well-
drained, and fertile soils with acidic conditions (pH 5.0–6.5), and little tolerates clayey,
poor drainage, and marshy soils [42]. Extremely fertile soils are undesirable as they favor
vegetative growth depressing seed growth [62].

5.4. Water Requirements

Water availability is a key environmental factor affecting plant growth and yield, with
its role varying across developmental stages. Since castor produces racemes sequentially,
water must be prioritized during critical phases (phenological stages G1, G2, G3) to sup-
port seed formation and overall productivity [63]. Castor growing season in tropics and
subtropics occurs during the rainy season (ideal rainfall 750–1000 mm); however, overall
satisfactory yields may be obtained even with 375–500 mm water [64]. When grown an-
nually, at least 100 mm of water is needed during the growth, with seed germination and
flowering as the main critical stages [65]. Nevertheless, in marginal areas, castor can adapt
to long periods of drought [66].

5.5. Nutrients Requirements

For optimal seed yields ranging between 1.8 and 2.0 t/ha, castor plants uptake approx-
imately 60–80 kg/ha of nitrogen (N), 10–32 kg/ha of potassium oxide (K2O), 10–18 kg/ha
of phosphorus pentoxide (P2O5), 5–13 kg/ha of calcium oxide (CaO), and 6–10 kg/ha of
magnesium oxide (MgO) from the soil [67]. Nutritional demands peak during the capsule
formation stage, underscoring the importance of timely nutrient availability [42].

Nitrogen is a critical component of chlorophyll and amino acids, directly influencing
photosynthetic efficiency and overall plant vigor. Phosphorus is vital for root development,
enhancing the plant’s capacity to absorb water and nutrients. Its application along planting
rows is recommended to optimize root growth. Potassium is essential for flower and fruit
development; deficiencies can significantly compromise yield [68].

6. Breeding and Variety Development
During the last decades, castor breeding programs focused on the selection of new

cultivars with reduced plant height and stem size adapted to mechanical harvesting, higher
yields, and lack of capsule shattering.

6.1. Dwarf Varieties

One of the main concerns for mechanical harvest in castor is the extreme plant
height [27]. Manual harvest is the current alternative, which, however, involves high
production costs.

Seeds must be harvested quickly after ripening, to avoid drop and losses. However,
the plant habitus (presence of lateral branches and consequent non-simultaneousness in
seed ripening) [69] makes it necessary to select for genotypes with desired traits (e.g., low
height, contemporaneity in seed ripening) and adapt to mechanical harvest [9].

Baldanzi [70] compared 69 normal with 22 dwarf genotypes of castor. Dwarf types
had reduced height (approximately 65 cm) and smaller branches, both useful traits for
mechanical harvest.

In a second study, dwarf lines of castor were selected for high grain yield and high oil
content. Some of them provided up to 1.4 t/ha yield seeds, thus having both morphological
and productive desirable traits [71].
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Dwarf hybrids of castor provided by Kaiima Company (Campinas–SP, Brazil) were
evaluated in north Italy (Bologna, 44◦33′ N, 11◦23′ E) and in central Greece (Aliertos
38◦22′ N, 23◦6′ E). The results from this study evidenced the high adaptability of these
types to Mediterranean environmental conditions, providing high seed yield (2 t/ha) and
oil content (54%) [72]. These results were confirmed by Cafaro et al. [26] who reported up
to 2.3 t/ha seed yields for the same hybrids of castor.

As an alternative to dwarf types, the adoption of plant growth regulators (PGR) has
been proposed to reduce plant growth. PGR act on the hormone concentration, specifically
inhibiting gibberellin and auxin transport [73]. Oswalt et al. [74], studying the effects of the
application of two growth retardants: Stance® (Bayer CropScience, Research Triangle Park,
NC, USA) and Pix® (BASF Corporation, Research Triangle Park, NC, USA), reported how
the effectiveness of PGRs on castor may largely vary with castor type.

6.2. Breeding Improvement

A deep knowledge of the available germplasm is a starting point for undertaking
successful breeding programs. Auld [75] and Bertozzo [76] used mass selection to obtain
high-quality and heritable traits, such as those introduced in the “NES” line, having a
higher frequency of pistils.

In a further study, a local genotype of castor was selected from a wild Tunisian
population through mass selection, for adaptation to the Mediterranean environment. This
genotype was also assessed for the best sowing date (from April to July). Early spring
sowing in April resulted in the highest seed yield (2 t/ha) [26].

Through crossing, a new genetic variability has been exploited. Cultivars like Dawn,
Hale, Bakers 296, Cimmaron, Campinas, and Lynn were obtained and used in new breed-
ing programs [51].

Service et al. [77], through intercrossing obtained an open-pollinated population of
castor (TTU-LRC), selected for reduced levels of ricin and R. communis agglutinin, and for
the dwarf internode trait.

From selection within the available germplasm of castor, a natural mutant of castor
(OLE-1) was developed, having low levels of ricinoleic acid (approx. times lower than wild
cultivars). Besides low ricinoleic acid, the mutant had high oleic acid (approx. 19 times
higher than common varieties) [78]. High levels of oleic acid result in high oxidative
stability, with positive implications in the industrial sector [79].

550Gy r-rays gamma irradiation was used on seeds to induce mutations in a particular
pistillate line of castor, DPC-9, susceptible to leafhopper. Wilt-resistant pistillate lines
were generated [80].

Currently, most of the studies are focusing on molecular adaptation mechanisms.
Indeed, protoplasts are studied to understand the overall functions of genes and proteins.
Bai et al. [81] used cultivar Tongbi 5 for protoplast isolation for studying gene expression.
Xu et al. [82] studied plant-specific GRAS (GAI, RGA, SCR) gene families through a genome-
wide study, to identify genes related to root tip tissue and root development.

Plant development is also controlled by transcriptional factors that involve epigenetic
mechanisms of regulation [9]. DNA methylation, histone modifications, gene expressions,
and cellular and physiological traits are frequently changed by epigenetics. Through
a complex analysis of the transcriptome sequencing, Han et al. [83] provided an over-
all knowledge of seed-specific genes and the molecular basis for seed development, in
particular, DMV’S (DNA methylation valleys) are highly conserved and associated with
evolutionary processes of seed and leaves formation in many crops.

Several castor varieties shown their suitability for cultivation in the Mediterranean
environment, which often require early maturation and tolerance to cooler temperatures.
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The ‘Hale’ variety, which was developed in the United States, is recognized for its significant
production of seeds and oil [35]. Additionally, this variety demonstrated strong adaptability
to shorter growing seasons. The ‘DCH-177’ and ‘Vijaya’ varieties, originating from India,
exhibit early maturation and demonstrate resilience to drought conditions, making them
suitable for Mediterranean-type climates [84]. Brazilian varieties such as ‘BRS Nordestina’
and ‘E24’ are distinguished by their ability to endure variable temperatures and arid
conditions [85]. Dwarf hybrid genotypes like ‘C1012’, ‘C1019’, and ‘C1020’ have been tested
in Mediterranean climates showing positive results at high temperatures, which make them
suitable for late sowing [26].

6.3. Castor Response to Abiotic Stresses

Plants act mechanisms of tolerance to survive and escape from hostile environments
and to keep on with growth [86].

Among abiotic stresses, drought is one of the most significant constraints on crop
productivity. Although sensitive to drought during its early developmental stages, includ-
ing germination, and seedling emergence [57,82], castor is reported as a drought-tolerant
plant [31]. At the cellular level, castor exhibits both morphological and biochemical adapta-
tion to low soil water availability, such as maintaining turgor pressure, increasing cell wall
elasticity, reducing cell size, preserving the photosynthetic apparatus, and closing stom-
ata [87]. Castor plants have been demonstrated to be able to fully recover photosynthetic
activity within 24 h after rewatering [88]. One of the key physiological traits conferring
drought tolerance in castor is osmotic adjustment (OA), which enables cells to retain water
and maintain function under stress. Genotypes with high OA (HOA) accumulate greater
levels of proline, total soluble sugars (TSS), free amino acids (FAA), and potassium com-
pared to low OA (LOA) genotypes, and consistently achieve higher seed yields under
water deficit [88]. The selection of drought-tolerant genotype is also an important aspect of
the scientific panorama of improving crop resilience to water scarcity. Salt (NaCl) stress
impairs water uptake by increasing osmotic activity, which delays germination and nega-
tively affects seedling establishment, growth, and final yield [89,90]. While castor has been
described as moderately salt-tolerant in some studies [86,91], most research has focused
on agronomic traits like seed yield and oil content rather than early growth responses [92].
Salt stress limits water absorption by lowering soil water potential, particularly around the
root zone, thereby inducing osmotic stress and water deficit [93]. Plants generally tolerate
osmotic stress through reduced cell expansion in roots and leaves and lower stomatal
conductance to save water [94]. Salt stress also exerts ionic effects. The accumulation
of Na+ under high salinity delays and reduces seed germination by interfering with K+

uptake, causing ionic imbalance and disrupting key cellular functions. In a study where
seed germination performance under different salt concentrations of imbibition solution
was assessed in castor, low levels of salinity (−0.3, −0.6 MPa) slightly delayed germination,
with final rates comparable to those of non-stressed seeds. However, at higher levels
of salinity (ψ down to −0.9 MPa), germination was significantly delayed and reduced,
indicating a high sensitivity of the species to salinity, at least during germination [86]. At
−1.2 MPa, germination was completely inhibited. These findings were consistent with
those of Han [95] who reported a 65% reduction in castor seed germination at 150 mM
NaHCO3, underscoring the crop limited tolerance to osmotic stress.

Castor has a wide range of physiological, metabolic, and molecular responses to tem-
perature stress. Low temperatures inhibit germination, which does not occur at 8 ◦C [96].
Conversely, high temperatures (>35 ◦C) stimulate shoots and cotyledon growth while
decreasing root biomass, leading to a shift in resource allocation toward the aerial parts of
the plant [97]. Some genotypes, such as MPA11, exhibit improved root growth under heat
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stress, indicating genetic variability in heat tolerance. Heat stress triggers the mobilization
of starch reserves in cotyledons, leading to increased levels of sugars like glucose and
fructose to meet the plant energy demands [98]. Additionally, amino acids such as methio-
nine and tryptophan accumulate in response to heat, indicating a shift toward nitrogen
metabolism to regulate growth. Furthermore, heat stress stimulates the production of
osmoprotectants and antioxidants, such as galactinol and tocopherols, which help mitigate
oxidative damage caused by elevated temperatures [98]. Additionally, stress response
genes are upregulated against oxidative stress [99].

7. Agronomic Management in the Mediterranean Environment
7.1. Sowing

Sowing time in castor strictly depends on its thermal requirements. Castor seeds
require a minimum soil temperature of approximately 15 ◦C for germination [100]. As
a result, spring sowings (March–April) are generally recommended to fulfill thermal
requirements for germination. In spring sowings, castor seeds can take 6 days only to
emerge. Sowings from June to September are also feasible; however, they result in lower
seed yields. Winter sowings (e.g., in November) can be adopted in some areas (Southern
Russia, Central U.S., China); however, they may extend the growing season up 240 days,
significantly delaying seedling emergence [100].

It has been reported that dwarf hybrids perform better with late spring sowings (May
and June), whereas local genotypes adapted to Mediterranean conditions prefer early
spring sowings [26].

Sowing is typically performed manually or using seeding machines [9]. For annual
cultivation, plant spacing is generally 100 cm between rows and 30–50 cm within rows,
targeting a plant density of 20,000–30,000 plants/ha, with a seed rate of 8–18 kg/ha. In
perennial castor, spacing increases to 1.5–2.5 m within rows and 2–3 m between rows, with
a seed rate of 1.1–2.7 kg/ha. Seeding depth ranges from 5 to 9 cm.

7.2. Irrigation

Although castor is drought-tolerant, water stress reduces yield. The crop consumes
about 400 L of water per kg of dry matter. While 500 mm of rainfall may suffice for dwarf
varieties, optimal yields require 600–700 mm, though production can occur with as little as
375–500 mm annually [101].

Irrigation timing significantly affects the crop cycle. Full irrigation from flowering to
main raceme maturation extended the cycle to ~87.4 days, while irrigation only until flowering
shortened it to ~84.3 days, and sowing-only irrigation reduced it to ~78.3 days [101]. Water
stress during raceme development can impact both raceme formation and growth duration.

Water volume is closely linked to yield. Calcagno [102] found that yield increased by
50% when irrigation volume rose from 1700 to 3200 m3/ha, primarily due to more racemes
per plant. Water stress during seed filling reduces seed number and weight, lowering
overall yield. Full irrigation resulted in yields of 2600.33 kg/ha, while water stress yielded
1839.75 kg/ha [103].

Efficient water use (WUE) is critical for growth. Soil properties, such as clay content
and organic matter, affect water retention. Castor has higher water needs early in devel-
opment, with water demand decreasing at physiological maturity. Root system efficiency,
seen in cultivars like EBDA MPA 11 and BRES, also improves water uptake [104].
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7.3. Fertilization

Under rainfed conditions, the recommended doses of fertilizers are 40 kg/ha of N,
40 kg/ha P2O5, and 20 kg/ha of K2O. Under irrigation, are 60 kg/ha of N, 30 kg/ha P2O5,
and 30 kg/ha of K2O [105].

The use of binary and ternary compound fertilizers has been found to be more effec-
tive and cost-efficient compared to simple mineral fertilizers [68]. Castor meal (CM) as an
organic fertilizer is also utilized to improve soil fertility [106]. CM contains approximately
4.2–7.5% N and 0.7–1.0% K, with a C/N ratio of about 12:1, which facilitates rapid miner-
alization and nutrient release. Optimal application rates for CM have been identified as
100–150 kg per 0.1 ha, balancing crop productivity [106].

7.4. Weed Management

Castor exhibits slow vegetative growth during its early development stages, making
it highly vulnerable to weed competition, which can significantly reduce both yield and
the efficiency of mechanical harvesting. According to Costa [107], yield losses due to
weed may reach up to 86% during the first year of cultivation, when grown as perennial.
However, once the crop is fully established (2nd year), it becomes more competitive and can
suppress weed growth effectively. The level of weed competition is influenced by several
factors, including weed species, density, and distribution. However, crop agronomic
management (e.g., cultivar, fertilization, plant spacing) may greatly affect the level of weed
completion. Studies have identified a critical period for weed control (critical period for
preventing interference-CPPI), which in castor spans from 9 to 41 days after emergence
(DAE), depending on sowing time [108].

Weeding in castor is commonly made through mechanical and chemical methods,
although agronomic practices such as soil preparation, crop rotation, intercropping, and
optimized plant spacing can also contribute to weed control. The use of dwarf genotypes
can help weed control through higher planting densities and narrower spacing. Chemical
weed control in castor is limited due to the lack of highly selective compounds. Therefore,
mechanical control remains the most widely used approach, although it is economically
feasible only for small-scale cultivation.

7.5. Pests and Diseases

Climate change and intensive agriculture have increased pest and disease pressures in
crop production. Castor tolerates different pests (approximately 107 insect species) and
diseases (approximately 150 among fungi and bacteria).

Most pests originate from the Eastern Hemisphere and damage the crop throughout
its life cycle [109]. They are typically classified by habitat, plant part attacked, and nature of
damage [110]. Soil-dwelling pests such as Holotrichia consanguinea (Coleoptera), commonly
known as the sugarcane white grub, and Odontotermes obesus (Blattodea), a subterranean
termite, are prevalent in sandy soils and damage roots, impairing seedling emergence [110].
Sap-sucking pests include the rose jassid (Empoasca flavescens, Rhynchota), which injects
toxins during feeding, leading to leaf curling and abscission, and the whitefly (Trialeu-
rodes ricini, Hemiptera), which causes stunted growth by extracting leaf sap. Defoliators
such as semilooper (Achaea janata, Lepidoptera) are common from July to November, caus-
ing severe defoliation [109]. The castor shoot borer (Dichocrosis punctiferalis, Lepidoptera)
is particularly damaging in rainfed areas from flowering to maturity stages. Other pests
include the serpentine leaf miner (Liriomyza trifolii, Diptera), which causes leaf drop by
tunneling through leaf tissue, and the tobacco caterpillar (Spodoptera litura, Lepidoptera),
which skeletonizes leaves [110].
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Castor is a crop relatively tolerant to diseases. However, high humidity, moderate
temperatures (~25 ◦C), and frequent rainfall may favor gray mold, caused by Botryotinia ricini
or Amphobotrys ricini, which may lead to capsule collapse [111]. Vascular wilt, caused by
Fusarium oxysporum f. sp. ricini, is particularly severe under water stress during flowering,
potentially reducing yield by up to 85% [111]. Charcoal rot, caused by Macrophomina phaseolina,
thrives in hot, dry conditions and causes stem and root rot, as well as seedling blight [112,113].

Plant protection in castor cultivation involves the use of regulated chemical agents, with
active substances specifically designed to target particular pest complexes. Insecticides such
as imidacloprid, thiamethoxam, emamectin benzoate, and spinosad are commonly employed
to manage sucking and defoliating pests [114]. Fungicides like mancozeb, carbendazim, and
metalaxyl are utilized to control key pathogens [115]. The effectiveness of these agents is
maximized when they are integrated within Integrated Pest Management (IPM) [109].

7.6. Harvest

The crop is harvested when all capsules are totally dried and leaves start to fall
(stages M1 and M2) [57]. All racemes maturation is not simultaneous, therefore a single
harvest is not practicable, increasing the production costs of oil and sub-products [38].
Non-simultaneousness of racemes also makes mechanical harvesting difficult. Therefore,
manual harvest is still commonly adopted. A delayed harvest can lead to seed losses by
shattering [39]. A combined sunflower harvester with headers has been proposed for the
mechanical harvest of castor [38]. Another approach involves the use of a vibrating system,
to collect only the capsules [112].

8. The Wide Potentiality of Castor
Mutlu and Meier [106] stated that “Castor oil is considered as one of the most promis-

ing renewable raw materials for the chemical and polymer industries because of its manifold
uses and to different series of well-established industrial procedures that yield a variety of
different renewable platform chemicals”.

Mubofu [111] testified how the increase in production of castor witnessed in the past
centuries, is due to its very wide range of applications and the possibility of using it in
various sectors.

Already in the past, castor was strongly used mainly for its oil, which was considered
a strong laxative. Nowadays, the oil has a wide range of applications ranging from
agricultural uses to the pharmaceutical industry, but also textile, paper, rubber, cosmetics,
paints, inks, additives, and especially lubricants and the production of biofuels [114].

8.1. Potential Feedstock
8.1.1. Castor Oil

Like other vegetable oils, castor oil is composed of triglycerides of various fatty acids
and about 10% glycerin. The fatty acids present are approximately 80–90% ricinoleic,
3–6% linoleic, 2–4% oleic, and 1–5% saturated fatty acids [9]. The high content of ricinoleic
acid involves a great versatility of uses of the oil. This monounsaturated, hydroxylated fatty
acid has unique chemical reactivity and functional versatility. Due to the high presence
of ricinoleic acid, the oil results particularly viscous as well as poisonous due to the
presence of ricin and ricinin. Toxicity is a positive factor in the competition of use of the oil
itself, between food and industrial uses. The oil also has good stability and shelf life. Its
hydroxyl group contributes to oxidative stability, making it suitable for long-term storage.
Although castor oil has considerable toxicity, its fields of uses are broader than most other
vegetable oils [31]. The oil is used for many industrial chemical products due to its unique
composition structure. Applications include lubricants, coatings, plastics, and cosmetics.
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The production of castor oil generates two important by-products, the extraction cake and
the residues of the capsules and racemes. For every ton of oil, 1.31 t of residues and 1.13 t of
deoiled cake are produced. The extraction cake is the most important by-product, rich in N
and P, which finds its main use as a fertilizer. The N content of castor cake (7.54%) is similar
to cotton cake (8.21%) [106]. The oil extraction cake can also be used, after detoxification,
as a protein supplement in the diet of some ruminants. Detoxification processes typically
involve heat treatment or chemical methods to deactivate ricin.

The oil can be extracted through three methods: (a) mechanical pressing, (b) solvent
extraction, and (c) a combination of mechanical pressing and solvent extraction. Prior to
the extraction process, the seeds must be cleaned using shaking sieves and air blowing to
eliminate contaminants such as sand, stones, wood, plant residues, and metals. After that,
the seeds are dried to facilitate the splitting of the hull, which can subsequently be removed
either manually or by utilizing a dehuller [22].

Mechanical pressing involves the introduction of cleaned and dehulled castor seeds
into a screw press, which exerts high pressure to extract oil from the seed tissues. This
method is noted for its simplicity and environmentally friendly attributes; however, it is
not viable when scaled up for large-scale production [115].

Solvent extraction method is a process that involves treating raw materials with
hexane or petroleum ether to extract oil. This method separates oil from a mixture known
as ‘miscella’, which consists of oil and solvent, through distillation. Residual solvent in the
solid by-product, or cake, is then recovered via evaporation and condensation, allowing for
reuse in future extractions. A key aspect of this method is the high solubility of oils and
fats in hexane or petroleum ether, which has a boiling point of 67 ◦C. After extraction, a
rotary evaporator is utilized to gently evaporate solvents from the samples [116]. However,
this method requires significant energy and investment; additionally, the most commonly
used solvent, hexane, is hazardous and can cause health issues with prolonged exposure.

The combined method of mechanical pressing and solvent extraction is usually the
most efficient for producing oil at industrial scale, balancing environmental sustainabil-
ity and high efficiency, making it the best option when both oil yield and resource use
are important [117].

8.1.2. Biofuels

In the forthcoming years, biodiesel derived from vegetable oils will become an alterna-
tive to petroleum-based diesel fuels. The current global context necessitates production
methods with reduced environmental impact and viable substitutes for conventional fossil
fuels [118]. Utilizing natural and renewable raw materials mitigates the environmental
footprint of fossil fuels by decreasing greenhouse gas emissions, hydrocarbons, and atmo-
spheric particulates [119]. Biodiesel is non-toxic, lacks aromatic compounds, and, when
produced from castor oil, exhibits a cetane number (CN) of 43.7, which is lower than that of
conventional diesel (CN 51) [120]. Additionally, castor biodiesel possesses high miscibility,
low iodine content, and a low freezing point of −14 ◦C [121]. Its elevated oxygen con-
tent (>10%) enhances the combustion process, facilitating cleaner burning. Moreover, the
absence of sulfur in castor biodiesel prevents the formation of sulfur oxides, compounds
known for their detrimental environmental effects [122].

However, certain physicochemical properties of pure castor biodiesel do not align
with European standards. Albuquerque [123] reported that the specific gravity of castor
biodiesel is approximately 0.920, exceeding the European specification range of 0.860–0.900.
Furthermore, its kinematic viscosity at 40 ◦C is about 13.5 mm2/s, exceeding the acceptable
range of 3.5–5.5 mm2/s [123]. To address these discrepancies, blending castor biodiesel
with other vegetable oils has been explored. For instance, incorporating up to 60% by



Agronomy 2025, 15, 1402 15 of 22

volume of soybean oil into castor biodiesel results in a blend that meets the European
specific gravity requirements. Conversely, blends with a 60% volume of cottonseed or
canola oils still exceed the specified limits. Regarding viscosity, blending castor biodiesel
with 20% by weight (200 g/kg) of cottonseed or soybean biodiesel brings the kinematic
viscosity within the acceptable European range [123].

The production of castor biodiesel involves extracting oil from castor seeds, employing
mechanical pressing, solvent extraction, or a combination of both methods. While vegetable
oil-derived fuels can be utilized without refining, their high viscosity necessitates further
processing. Viscosity influences the fuel’s mixing capabilities [124], spray quality [125], and
the formation of new reactants [126]. To reduce viscosity, several techniques are employed,
including microemulsification [127], thermal cracking, blending with diesel [128], and,
most commonly, transesterification. This process, also known as alcoholysis, involves a
chemical reaction between an ester and an alcohol in the presence of a catalyst, yielding
esters and glycerol. The catalyst accelerates the reaction, thereby reducing processing time,
although it may increase overall production cost [129].

8.1.3. Organic Fertilizer

Although castor is primarily cultivated for oil production, the resulting by-products
are extensively utilized across various sectors of the industrial chain. The two main by-
products generated during oil extraction are husks and meal. Specifically, the capsule
husks constitute the outer residual layer that encloses the fruit, while the meal is the solid
residue obtained following oil extraction [106]. Due to its high nitrogen content, castor
meal has been evaluated by several researchers as a potential substitute in animal feed
formulations [130]. However, beyond its application in livestock nutrition, there is growing
industrial interest in the utilization of castor meal as an organic fertilizer, attributed to its
broad applicability and agronomic benefits.

From a sustainability perspective, the valorization of castor by-products aligns with
efforts to mitigate environmental impacts within the agricultural sector. Their use can
contribute to enhanced soil fertility, increased crop yields, and improved nutrient cycling,
thereby supporting more sustainable agricultural practices.

8.1.4. Medicinal and Pharmaceuticals

Minor uses of castor are associated with medicinal and pharmaceutical products and
activities. The antibacterial activity of leaf extracts of castor has been proven against bacteria
such as Escherichia coli, Staphylococcus aureus, K. pneumoneae, and Streptococcus progens [131,132].

The various applications within the medicinal and pharmaceuticals field range also
from anti-inflammatory activity [133], central analgesic activity [134], anticancer [135], and
antifertility activities [136].

8.1.5. Phytoremediation

The demographic expansion followed by the Industrial Revolution has increased the
heavy metal pollution within the environment through the direct discharge of pollutants
into water and soil [137]. The use of pesticides, commercial fertilizers, industrial and, in
general, all kinds of human practices are strictly responsible for the high amount of polluted
land, over 75% of the worldwide land surface [138].

In this contest, phytoremediation represents a valid alternative for restoring these
degraded and contaminated lands. The use of oil crops in the phytoremediation process is
outrageously beneficial because of the double possibility of decontaminating the soil by
using crops that are not fated for the food industry and that can still be productive [121].

Recently studies have proved the consistent validity of castor as a crop able to extract
heavy metals and tolerate their high concentration [132]. The ability to grow in wasteland
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soil, its perennial attitude, and its tolerance to salinity, drought, and heavy metals keeping
its oil yield make castor more suitable for the process more than other crops [139].

9. Final Remarks and Future Perspective
Renewable energy production is expected to grow exponentially by 2050, leading

to increased interest in the vegetable oil sector, with sunflower, soybean, and rapeseed
emerging as major alternative crops. Indeed, the need to identify second-generation biofuel
crops adapted to marginal lands, as alternative to first-generation biofuels which nega-
tively impact the global food system, renewed the attention towards castor. Meanwhile,
the European Union has introduced Directive 2018/2001/EU (RED—Renewable Energy
Directive) which outlines strict sustainability criteria for biofuel production. UE policy en-
courages non-food, low-impact oil crops, making castor a particularly attractive alternative
to unstainable palm oil.

Castor is a promising renewable resource known for its high oil yield and unique
physicochemical properties. These characteristics make castor highly desirable for a wide
range of non-food industrial applications, including bio-lubricants, coatings, bioplastics,
and medicinal products. Its adaptability strengthens its value chain and increases its
economic potential in a future circular bioeconomy.

This review explored the origin and global distribution of castor, emphasizing its do-
mestication and adaptability. The Mediterranean climate supports castor cultivation, with
autumn sowing favored by mild winters and seasonal rainfall, avoiding summer drought.
However, in colder areas, spring sowing is an alternative but may need irrigation. Castor
presents strategic opportunities in the Mediterranean basin in light of increasing climate
variability, water scarcity, and land degradation. Integrating castor into European cropping
systems could open new industrial opportunities, support degraded land development,
and contribute to energy diversification, aligning with EU sustainability requirements (e.g.,
reducing greenhouse gas emissions through renewable energy production).

Advancements in breeding (e.g., development of high-yielding and stress-tolerant
varieties) and improvement of agronomic and harvesting technologies are essential to
enhance castor agronomic potential. Moreover, research on castor mechanical harvesting is
crucial to enhance labor efficiency, reduce production costs, and facilitate crop expansion at
commercial scales.

To fully realize castor role in a diversified and sustainable energy future, ongoing
research, technological innovation, and supportive policies are essential.
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