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ABSTRACT
Expansion of non-traditional oilseed crops is expected to have great possibilities at
worldwide level, while in other countries is already considerably increasing. These crops
do not compete for lands with those destined to food production.
It was necessary to identify the requirements, limits and bio-meteorological tolerance
and conditions for each of species, taking into account the climatological characteristics
of native areas and the regions of successful cultivation around the world.
Afterwards, the resulting bio-climatological indicators had to be extrapolated to the
Argentine lands. It was mandatory to consider growth aspects such as development and
death chances by excess or deficiency.
In parallel, an agro-climatological inventory was performed based on: information of
available climatological statistics, agro-climatological derived values and estimated
indexes. With all the information gathered, the data was evaluated. As from the available
database, geographical limits were mapped for the different variables that define aptitude
classes: optimal zone, suitable, marginal and non-suitable.
Among the species investigated by our working group, this the review includes:
Perennial species: Jatropha curcas; Ricinus communis; Moringa oleifera; Pongamia
pinnata and Cynara cardunculus and Annual species: Sesamus indicum; Guitzotia
abyssinica; Sinapis alba; Thlaspi arvense and Crambe abyssinica); identifying their
agro-climatological aptitude for their cultivation in Argentina.
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INTRODUCTION
Being a source of renewable energy, biofuel production as from plant derived oils or
biomass has great opportunities provided it indirectly converts solar energy into fuel energy
derived from vegetable oils through photosynthesis. However, it may be impaired by the
negative effects of climatological changes in agro-ecosystems that depend on normal weather
cycles and rainfall.
Vegetable oils and biomass exploitation for biofuel production is limited owing to the
competition of biomass as food/feed or fodder resource and its economic conditions. The best
chance for biofuel relies on non-edible crops, either as sole block plantations or as companion
crops with food crops in agricultural crop-systems.
Crops destined to biodiesel and bioethanol production to replace conventional fuels,
currently deliver greenhouse gas reductions of around 55%, while future technologies are
expected to offer even greater carbon savings. Blends, with conventional fossil fuels, of up to
5% can be used without engine modification or significant changes to the supply chain.
Existing technologies for biofuel production are well established in many parts of the world
using esterification of oil crops or fermentation.
Renewable plant materials may contribute to reduce greenhouse gases in many ways.
Provided they substitute fossil-based materials. The use of physical, chemical and
biochemical processes convert renewable materials into a wide range of products for
industrial manufacture including polymers, lubricants, solvents, surfactants and speciality
chemicals as well as healthcare products.
Due to the energy crisis of 2008 consequence of the increase of the crude oil barrel price
(almost reaching US$ 150), ethanol and biodiesel production increased in the United States of
America (first corn producer in the word) and thus increasing this cereal‘s price which
affected mainly Latin America, where corn is part of the basic alimentary diet of great part of
its population.
Besides, the strong pressure to extract water for intense watering of energetic crops may
affect the availability of this resource, especially in semiarid o arid regions. Growing trends
indicate that it is quite likely that energy and food markets be more firmly related in the
future, with energy price fluctuations resulting in concomitant changes in food prices.
For the above, it is important that international strategies regarding bioenergy may not
only be focused on energy generation opportunities, but also on the exhaustive appraisal of its
effects on food safety and social and environmental benefits, food prices increase,
deforestation and competition for the use of water and land.
The basic premise for energetic crop production should be oriented towards the use of
low productivity lands so as not to compete with the food market. Water is a scarce resource
and, therefore, its use in agriculture should be destined to the most productive usage: food.
For that reason, it was considered what Mc Laughlin [41] defined as the series of
characteristics that energy crops must have in order to be commercially successful in arid and
semiarid environments. They must have low water requirements; tolerate extreme
environmental conditions; produce some commodity compound (such as resins, sub-products
with properties for industrial use, etc.) with higher price than food products and not to be
cultivated in areas with higher water availabilities. Furthermore, in order to maintain the
ecosystem sustainability, energy crops should: a) produce high amounts of biodiesel at low
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cost; b) generate local employment and c) have a positive energy balance: i.e. net energy
contained in biofuels must be higher than energy used by crops and in the transformation
process.
The election of the suitable oil species for cultivation in semiarid climates and marginal
lands is extremely important, bearing in mind the socioeconomic vulnerability of these
regions farmers.

CURRENT SITUATION IN ARGENTINA
Nowadays, gas and petroleum are the most important energy sources in the Argentine
Energy System. Due its institutional organization (open market), current dependence on
hydrocarbons seems to be a result of the strategies of private agents [36].
Argentine Law N° 26.190 sets forth 8% participation of renewable energy for 2015. The
National Law of Biofuels N° 26.093 established the obligatory proportion of 5% of
bioethanol and biodiesel in petrol and diesel respectively, as from the 1st of January of 2010.
This percentage was raised to 7% by mid 2010 (Resolution 554/10) while local authorities are
planning to raise it to 10% in 2011.
Argentina is the 4th biodiesel producer country, after Germany, France and Brazil. In
2010, Argentina‘s production reached 1,900.000 tons, a 51% above 2009, with a total product
value of 1,900 million dollars. According to estimations, by the end of 2011 Argentine
biodiesel demand will surpass the 3 millions tons, a situation that may foster new investments
in order to increase the offer.
Beyond the discussion of the ethics of burning raw materials that could be destined to
human feed, it is well known that the growth of human population will increase the energy
and food demand.
To face this paradigm, a challenge is presented to the world: how to produce biofuels in
quantities enough to satisfy the whole world and each internal country demands without
sacrificing raw materials destined to human feeding while assuring the sustainability of the
productive system. It should be necessary to increase the cultivated area with oil and
alcoholigen crops. But… Which crops?
Argentina is going through the so called ―soybean-ization‖, a phenomenon that has being
taking place since 2002 to date, which has been increasing the cultivated area with soybean
(Glycine max). This is the raw material for biodiesel.
More than the 85 % of the Argentine soybean production comes from direct sowing. The
highest part of soybean production is used to elaborate flour, oil and biodiesel. Oil and
biodiesel elaboration sites are generally located at less than 187 miles from the seed
production area.
Transformation to biodiesel is mostly carried out in Argentina, and the final product is
exported. In 2009, biodiesel exports to the European Union reached up to 1,15 Mt.
The introduction of the biofuels to the national energy structure constituted a fundamental
decision because of their environmental (reduction of carbon emission) and economical
effects; the potentiality of the agricultural area to offer a part of its production as energy
source; the generation of employment alternatives and diversification for agricultural
companies, (both in the Humid Pampa and in the so called ―regional‖ economies).
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The challenge in Argentina consists in developing materials that may be used as biofuels
in areas which are currently outside the traditional cultivation areas. In this way, several
hundreds of thousands of acres of agricultural lands, which are nowadays abandoned, could
enter into production. It would foster rural development and would let rural people obtain
income from those lands as a consequence of their own productive work, apart from the
assistance they might get from the government.
The target of this work was to define the agro-climatological aptitude of the Argentine
semiarid and arid zones to produce biodiesel from non traditional oilseed crops.

The Agro-Climatic Zoning
In order to start working on this chapter, we evaluated the expansion of non-traditional
oilseed crops which are expected to have great possibilities at worldwide level, while in other
countries they are already considerably increasing. These crops do not compete for lands with
those destined to food production.
It was necessary to identify the requirements, limits and bio-meteorological tolerance and
conditions for each of specie, taking into account the climatological characteristics of native
areas and the regions of successful cultivation around the world.
Afterwards, the resulting bio-climatological indicators had to be extrapolated to the
Argentine lands. It was mandatory to consider growth aspects such as development and death
chances by excess or deficiency. The agro-climatic zoning permits to identify areas with
different potential yields, as per to their environmental conditions. Every plant is sensible to
weather conditions. They need a minimum as well as a maximum offer from the climate in
order to satisfy its physiological needs, beyond such limits they are negatively affected. The
range between these two values represents the energetic level that plants need for their
physiological complex to work efficiently. This range is called ―ideal temperature‖ [49].
In order to define the agro-climatic fitness of each culture en Argentina, we worked with
the weather data corresponding to the period 1961-2000 of all meteorological stations.
In parallel, an agro-climatological inventory was performed based on: information of
available climatological statistics, agro-climatological derived values and estimated indexes.
With all the information gathered, the data was evaluated. As from the available database,
geographical limits were mapped for the different variables that define aptitude classes:
optimal zone, suitable, marginal and non-suitable. In order to construe the classified areas
with different grades of agro-climatic fitness, we included as Figure 1 Argentina‘s political
map, with the toponymy of the provinces.

SELECTED SPECIES
1. Jatropha curcas
This plant has received trivial names like Pinhao manso (Brazil), tempate (Mexico),
Physic nut (English), curi-i- vai (Paraguay), piñón de leche o piñón botija (Cuba), fagiola de
la India (Italy), purgueira (Portugal), etc [37].
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Figure 1. Argentina‘s political map.

Although original from Central America and Mexico, this bush would have arrived to
Africa with the Portuguese galleons that traded slaves to Brazil. This bush was only used as
live fence provided its poisonous fruits kept away the cattle. According to [37], its spreading
area in South America includes Bolivia, Brazil, Columbia, Ecuador, Galapagos, Paraguay,
Peru and Venezuela and finally arriving in Argentina, where it was found in many provinces.
Physic nut is most likely to grow in dryer regions, but its productivity and ecosystem
function delivery will be limited. As an example, production in plantation sites with 900-1200
mm rainfall is up to twice as high (5 t dry seed/ha) as in semi-arid regions (2-3 t dry seed/ha)
[2]; [33].
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With its life average of 30-50 years and having adapted to sub-humid and semiarid
condition, the physic nut appears as an alternative culture for these regions, fostering local
development through biodiesel production [26].
In Argentina, there is a strong pressure from national and foreign investment groups to
impel huge enterprises related to Jatropha curcas. New plant nurseries in different provinces
offer their services, without any previous research about a possible failure due to the agroclimatic frost regime.
Although Argentina is extended towards the Tropic of Capricorn (23º27´S), it lacks from
tropical climates and, therefore, the exploitation of tropical species like this one should be
very careful in order to avoid damage by frost.
In order to define the Argentine agroclimatic aptitude, bearing in mind the tolerance limit
to low temperatures, the specie was considered the isotherm corresponding to the winter
minimum temperature expected, with a probability of 20% (once every 5 years) for young
plants, standing out the isotherm of –4ºC (24.8ºF) [14].
Through the agroclimatic zoning, areas could be classified with homogeneous
characteristics responding to bioclimatic requirements for crops, resulting in optimum,
suitable, marginal and not-suitable zones.
This figure shows ―optimum‖ aptitude for the north western region of Corrientes and
eastern regions of the provinces of Chaco and Formosa. Misiones and part of the provinces of
Jujuy, Salta, Formosa, Corrientes, Entre Ríos, Chaco and Santa Fe appear with ―suitable‖
aptitude; while some areas in Jujuy, Salta, Formosa, Chaco, Santa Fe, Corrientes and Entre
Ríos can be defined as ―suitable with constraints‖ provided they exceed the intensity of frosts
(-4°C).
At the south of the latter, there is "marginal" area with shorter frost periods and winter
frosts beyong -4° C, comprising the S of Salta, Tucumán, Chaco, Santiago del Estero, part of
Santa Fe and Entre Ríos. The eastern region of the provinces of La Rioja and Catamarca are
in the ―marginal area‖ with frost and watering.

2. Pongamia pinnata
Pongamia pinnata is a medium-sized, nitrogen-fixing tree original from India, Myanmar,
Malaysia and Indonesia, which is known by several names including: Pongamia, Panigrahi,
Indian beech, Honge, algarrobo aceitero and Karanja. It probably ranges from Tropical Dry
to Moist through Subtropical Dry to Moist Forest Life Zones [9].
Karanja grows on most soil types: from stony to sandy or clay, including Vertisols. It is
very tolerant to salinity. It can be found along water courses with its roots in fresh or salty
waters. It is also cultivated in canal banks, roadside avenues, and along bunds. Well-drained
soils with assured moisture offer a better yield for its cultivation.
Karanja is a hardy tree that takes water from 10 m depths without competing with other
crops. Although Karanja is most resistant to frosts than physic nut [19] it suffers when
exposed to severe frost. It has rich leathery evergreen foliage. Poor seed yield, long gestation
period (4–7 years), and alternate bearing limits its promotion. It is an excellent coppicer that
can also produce root suckers readily, and can withstand pollarding.
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Figure 2. Agroclimatic aptitude for the cultivation of Jatropha curcas (physic nut).

It takes atmospheric carbons while growing and through its roots (fostered by bacterian
nodulation that fixes atmospheric nitrogen). The amount of carbons taken depends on the age
of the plants [45].
Its oil has a huge volume of triglycerides and its unpleasant taste and smell are due to
bitter furan flavones like ―pongamol‖ and ―karanjin‖. This oil is not fit for human
consumption; it is thick, with an orange yellowish colour, bitter and not drying. It is suitable
for biodiesel [3]; [54] and with insecticide properties [43].
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Figure 3. Agroclimatic aptitude for the cultivation of Pongamia pinnata (karanja).

This tree has not been introduced in Argentina but the harvesting period would extend
from June to October. Australia has all the technology for mechanized harvest, at an average
of 2 trees per minute [20].
Due to its adaptation to flooding and salty soils and its resistance to droughts, we
recommend it for all marginal lands in Latin America, erosionated soils or with risk of
becoming deserted due to a bad management; as it would improve the soil fertility at the same
time that produces raw material for biodiesel and qualifies for carbon credit [19].
Figure 3 provides a panoramic view of the expansion potentials of this specie: ―optimum
and suitable areas‖ are found in the NE and N of the country. Besides, there are three other
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regions, to the south of the latter: one at the northern area of Buenos Aires and the southern
area of Entre Ríos; and the other two at the Buenos Aires coastal region.
These areas, due to its proximity to the river or sea respectively, have milder
temperatures that may provide protection against frost. The ―marginal region‖ is defined as
such due to frost and a minimum absolute temperature beyond -5°C (23ºF), with a recurrence
period each 30 years.

3. Moringa oleifera
Moringa oleifera is an evergreen tree original of South Himalaya, from Pakistan NE until
Bengala‘s NW, in India [46]; [52]; [56].
Ranging from Subtropical Dry to Moist through Tropical Very Dry to Moist Forest Life
Zones, moringa is reported to tolerate annual temperature of 18.7 to 28.5°C (65.6 to 83.3ºF)
and an annual precipitation of 480 to 4030 mm [9].
It is a perennial tree of very quick growth, with short life -it may live up to 20 years but
not more. In India, they have annual crops with mechanized cultivation [32].
The moringa can be used as raw material to produce biodiesel from seeds and bioethanol
from their leaves. Argentina had isolated specimen in the provinces of Misiones, Chaco and
Catamarca and, since 2003, in Anta Muerta, Department of Oran in the province of Salta. It is
the only exotic tree specie that was declared of national interest by the Nation‘s Chamber of
Representatives in 2002 [16].
Yield per hectare is 3000 kg of seeds, equivalent to 900 kg of oil per hectare, comparable
to soybean which also yields 3000 kg of seeds/hectare but only 20% oil. The seed has 31-47%
oil content, with high level of oleic acid. The oil may be used for human consumption, soap
and cosmetics manufacturing, lubricant for clocks and biodiesel production among other uses
[44].
Its soft leaves and flowers may be eaten; raw or cooked, provided they are rich in
proteins, minerals, beta carotene, rivoflavine and vitamin C [48]. However, the tree is mainly
valued by its tender and eatable sheaths that taste like asparagus. In India, they are exported
fresh, refrigerated and canned to Hindu communities [21]. Moringa forestation is part of
many social inclusion projects at international level.
Figure 4 shows ―optimum areas‖ at N Corrientes, E Chaco and E Formosa. ―Suitable
regions‖ comprise almost the whole territory of Formosa, the eastern region of Salta, and NW
Chaco. ―Suitable areas with frost constraints‖ are distributed in the NE of Santiago del Estero,
N and center of Chaco and Misiones. ―Suitable areas with winter temperature constraints‖
(lower than 18°C = 64.4ºF) can be found at the NE of Santa Fe, the whole province of
Corrientes; S of Misiones; NE, N and NW of Entre Ríos, E of Jujuy and eastern-center of
Salta. The ―marginal area‖, with frost and watering problems, surrounds the latter towards the
south and west. Non-suitable areas for its cultivation were left uncolored [18].
Its implantation may help to recover erosionated soils that have been deforested for
agricultural purposes, as an alimentary source to fight malnutrition in Argentina. It shall also
help to improve the quality of cattle in the northern region and as raw material for biodiesel
and bioethanol production; although the cultivation areas should be carefully chosen provided
this tree is affected by frost [17].
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Figure 4. Agroclimatic aptitude for the cultivation of Moringa oleifera (moringa).

4. Ricinus communis
Ricinus communis is known by several names including: ricino, castor, tártago,
higuerilla, mamoneira, mamona, palma christi, higuereta, castor bean, castor-oil plant.
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Castor oil plant‘s seed is an oleaginous that have been used since remote times with
industrial and medicinal reasons, is being used as raw in many countries of the world to
produce biodiesel [29].
This plant is original from Africa but it can be found in both wild and cultivated states in
all tropical and subtropical countries around the world. In wild conditions this plant is well
adapted to arid conditions and it resists long periods of drought, even in the fruit ripening
state. However, it produces lighter seeds with lower oil content [5].
Ranging from Cool Temperate Moist to Wet through Tropical Desert to Wet Forest Life
Zones, castor bean is reported to tolerate annual temperature of 7.0 to 27.8°C (44.6 to 82ºF)
and annual precipitation of 200 to 4290 mm [9].
Even though it is cultivated as an annual plant, in tropical and subtropical regions it
behaves as a perennial plant. In areas with severe frost or very dry seasons, it is managed as
an annual culture, in order to avoid the death of the whole plantation.
In our country, it grows spontaneously as weed. Even in the province of Buenos Aires, it
could be seen along water streams, also at the shores of the very contaminated rivers and
streams of the Matanza-Riachuelo basin.
Its oil constitutes the only commercial source of hydroxylated fat acids, as it has about
85% of ricinoleic acid. Castor oil already has its international market as it has more than 700
uses. Therefore, specialists say that the market for this oil is unlimited. Its usage includes
medicine and cosmetic use, petroleum substitution in plastic and lubricants, production of
fiber optics, bulletproof glass and bone prostheses. It might also be used as antifreeze for
aircraft and space rocket combustibles and lubricants.
There are dehiscent and indehiscent genotypes. In case of dehiscent varieties, it turns
necessary a higher number of partial crops and the harvest takes place when the bunch has not
reached total ripening, with the oil percentage being lower than the one achieved in total
ripening [11].
Yields depend on the soil humidity. Thus, with proper watering it yields 900 -1000 kg/ha
whilst with a lower watering it yields 300-400 kg/ha [29].
Temperatures higher than 40°C (104ºF) produce an abortion of flowers, sexual reversion
of feminine flowers to masculine and yield reduction with the consequent loss in oil
production. Temperatures lower than 10°C (50ºF) produce lower quantity of seeds due to the
loss of pollen spreading [10].
The castor plant is a tree that survives and can grow in marginal lands. Since it is adapted
to live under humid, sub-humid and semi-arid conditions, it appears to be an alternative
cultivation for those regions.
In Argentina, castor oil production was historically marginal and by 1989 it was not
produced locally any more and Argentina started importing it. The Argentine domestic
market for castor oil is 340 tons per year.
There have been castor bean cultivation trials in Misiones, Formosa, Chaco and Salta,
which are already producing castor oil [24]. The return of this culture to Argentina would
allow in a first stage to substitute imports and even become exporters provided the
agroclimatic conditions are promissory of successful crops.
Figure 5 shows the region suitable for cultivation under rainfed conditions. Even though
this is an agroclimatic research, it would be necessary to analyze the requirements of the
different cultivation in the international market, mainly in the Iberian Peninsula where they
have certain germplasms that are resistant to frost, thus enabling to implement cultivations at

134

Falasca Silvia Liliana and Ulberich Ana

higher latitudes. Besides, it would be useful to evaluate the oil yields of the genotypes
available in our country. Its cultivation will not present adaptation problems provided there
are many castor bean bushes growing spontaneously up to 40° Southern Latitude [29]

Figure 5. Agroclimatic aptitude for the cultivation of Ricinus communis (castor bean).

5. Cynara cardunculus
Cynara cardunculus, belongs to the family of the Compositae. It is known with common
names as: penca, cardon penquero, Castilla thistle, cardoon.
It was accidentally introduced in Argentine by mid of the XVIII century, possibly with
wheat seeds, for its cultivation in the Pampas. It was mistakenly sown with good wheat seeds
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and then spread by the effect of wind. It grows by the end of summer and beginning of
autumn, it flourishes by late spring and early summer and it produces seeds during almost the
whole year.
It is considered a weed that grows in the roads, in both cultivated and non cultivated
lands. In our country it is considered National Plague and it is mentioned as such by the
Vegetal Health Law N° 5.770 [25].
Lignocellulosic materials are currently used for heating and electricity generation [31]
and they offer an excellent potential for future bioethanol production.
Biomass production of cardoon cultivated lands mostly depends on water availability in
spring and during the active growth stage. Trials are being made in Argentina expecting to
achieve 17 tons of harvestable biomass by hectare, with an average range of rains of 400-450
mm. With a medium humidity of 15% it would represent 14,5 tons DM.
Its fruits, with high oil content (25%), protein (20%) and fiber may be used for animal
feed, oil production or both at the same time. The oil is also fit for human consumption and it
may also be used in cosmetics, pharmaceutical products and biodiesel production [12]; [31].
Being a perennial plant, soil erosion is reduced as -year after year- the plant process is
integrally developed and it is repeated by an indeterminate number of years, which normally
ranges between 6 and 8. Another advantage that presents is the low demand of fertilizers and
watering, thus resulting in low implantation cost. However, it should be analyzed the impact
on the agricultural economy and if its implantation is feasible from the economic point of
view.
Figure 6 shows the potential productive areas in rainfed condition.

6. Sesamus indicum
Sesame seeds (Sesamum indicum) are one of the world‘s most important and oldest
oilseed crops known to men, with more than 4000 years of cultivation in Asiria and Babylon.
Its great adaptation aptitude, it can be cultivated in tropical, subtropical and mild regions.
At worldwide level it draws its importance from the fact that it is a food crop, a raw
material for industry, feed for livestock, as well as a leading export crop. Sesame yield is
highly variable depending upon the growing environment, cultural practices and cultivars.
Sesame, also known as sesamum, gingelly, sesamo, ajonjoli, benissed, sim-sim and till is
an important annual oilseed crop. It has been cultivated for centuries, particularly in Asia and
Africa, for it is high content in edible oil and protein.
Most of sesame seeds are used for extraction and production of oil. The oil has a mild
smell and pleasant taste and as such, it is a natural salad oil requiring little or no
winterization. It is a cooking oil in the form of shortening and margarine, as a soap fat in
pharmaceuticals and as a synergist for insecticides.
Dry biotypes grow in regions with medium annual rains ranging between 200 to 400 mm
and well drained soils. Excessive humidity damages the culture in any of its development
stages. The optimum temperature range for growth, flourishing and ripening is 26 to 30°C
(78.8 to 86ºF). In regions with warm and strong winds, the plant produces smaller seeds and
with lower oil content. For that reason, sesame is cultivated in colder summer regions and
mild regions during the coolest months. It is not resistant to frost [13].
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Figure 6. Agroclimatic aptitude for the cultivation of Cynara cardunculus (cardoon).

Seeds have 50-60% of mild taste oil. The oil produced from the first cold pressing is
among the most expensive oils for human consumption in the world due to its low cholesterol
content and high poly-unsaturated fat acids content: it has almost 47% of oleic acid and 39%
of linoleic acid [7]. It has a light yellow color, it is not drying and it can resist high
temperatures. The oil has a high stability due to the presence of three natural antioxidants:
‗sesamolin‘, ‗sesamin‘ and ‗sesamol‘ [13]. It is used in salads, elaboration of margarines and
pastry.
The oil from the second hot pressing –after being extracted- has a lower quality than cold
pressing oil. This oil is used in the production of soaps, paints, cosmetics, inks,
pharmaceutical industry, pesticide manufacturing [55] and it may be used in biodiesel
production [6].
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Figure 7. Agroclimatic aptitude for the cultivation of Sesamum indicum (sesame).

Worldwide average productivity ranges 390 kg/ha. Brazil has 20,000 planted hectares
and produces 13,000 tons with a yield of 650 kg/ha [4]. However, under optimum conditions
yields may reach 1,500 kg/ha. Regretfully, we do not have statistical data in Argentina
provided production is made upon contracts, with purchase commitments from food
companies, both for domestic consumption or for export to Japan.
It is sowed from October to January according to the latitude. For sowing season
definition, it is recommended to take into account the vegetative cycle of the culture and
regional rains, planning harvest to coincide with the beginning of the dry season.
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The ―optimum area‖ shown in Figure 7 comprises part of 4 provinces: Formosa, Chaco, E
of Salta and NE of Santiago del Estero. ―Very suitable region‖ comprises a little area of the
province of Salta, part of Catamarca, La Rioja, Santiago del Estero, Córdoba, San Luis,
Mendoza, La Pampa, center and south of Santa Fe, Entre Ríos, San Juan and Buenos Aires.
―Suitable areas‖ can be found in part of Mendoza, San Luis, La Pampa, Buenos Aires,
Catamarca, Salta and Jujuy. ―Suitable regions with humidity constraints‖ comprise part of
San Juan, La Rioja, Mendoza, La Pampa, San Luis and S of Buenos Aires. The latter may
improve its condition by implementing complementary watering.
Without complementary watering and depending on hydric conditions in the area defined
as ―suitable with hydric limitations‖, producers may sell oil for human consumption or for
industrial use, or for both of them.

7. Guitzotia abyssinica
Guizotia abyssinica (known as niger, ramtil, ramtilla, inga seed, and blackseed)
represents the greatest source for eatable oil in Ethiopia, various African and Asian countries
[35].
Ranging from Warm Temperate Dry to Moist through Tropical Very Dry to Moist Forest
Life Zones, niger is reported to tolerate annual precipitation of 660 to 1790 mm and annual
temperature of 13.6 to 27.5°C ( 56.5 to 81.5ºF )[9].
It is an annual herbaceous specie with spring growth, original from eastern Africa. The
oil is fit for soap, paint, lighting, lubricants production and as fragrance holder in parfums
[40]. The seed contains 17-20% protein [1], 34-40% carbohydrates, 13.5% fiber and it is an
important source of thiamine, riboflavin and niacin [40]. Ethiop origin seeds have about 40%
oil, with the following composition of fat acids: 75-80% of linoleic acid, 7-8% palmitic and
estearic acid, and 5-8% of oleic acid [34]. Indian biotypes present 25% oleic acid and 55%
linoleic acid [47]. The Ethiop seed is better than the Indian for usage in paints, due to its
higher content of linoleic acid and the biodiesel obtained through transesterification process
has excellent quality. Provided it is a plant with 2 very differentiated biotypes (Ethiop and
Indian) as far as their bioclimatic needs are concerned [30], it is necessary to find a medium
situation to define its hydric and thermal limits.
The areas defined in Figure 8 as suitable and very suitable from the agroclimatic point of
view, show a great coincidence with the lands currently destined to soybean cultivation. Even
though both cultures have spring-summer cycles, niger may be included in the rotation
scheme of soybean. It would be useful to analyze the profitability aspects of this culture.
In case of an abrupt fall in international soybean oil demand, consequence of
environment protection measures that the US and the EU are willing to impose, niger might
replace it in some regions in Argentina [22].

8. Sinapis alba
Sinapis alba (White mustard, kedlock, charlock, mostaza blanca) is a herbaceous specie
of the Brassicaceae family, native of the Mediterranean region and the Crimea.
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Figure 8. Agroclimatic aptitude for the cultivation of Guizotia abyssinica (niger).

A quick-growing long-day annual which prefers temperate climates with some humidity.
Can withstand high temperatures, but very hot days during flowering and ripening may
reduce seed setting and lower quality of seed [9].
It is recognized by its large peak fruits and shaggy lower part, as well as for its mustard
smell when squeezed.
The seed has more than 35% of semi-drying oil. From the seeds, a non eatable oil can be
obtained if it is not rectified and refined, generally used as lubricant for industrial purposes, as
combustible for lightning and also fit for biodiesel.
The white mustard is a winter-spring cycle plant that may be cultivated in short cycles,
commonly in rotation with other grain cereals, thus enabling the early release of the batch
with the possibility of second-crop cultures.
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It is traditionally sowed in the south eastern region of the province of Buenos Aires, with
an estimated surface of 400 hectares and yields of 500-600 kg/ha. National production is not
enough to satisfy the domestic consumption due to the low yields obtained, and this fact does
not encourage increasing production surfaces. This process should be accompanied by the
incorporation of technology to achieve yields ranging 1000 kg/ha, as in the main producing
countries like Canada, Czech Republic and Hungary. Imported grains are mostly from
Germany. Mustard is exported to border countries [28].

Figure 9. Agroclimatic aptitude for the cultivation of Sinapis alba (white mustard).
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Original from Eurasia, in Argentina this plant appears as weed in summer cultivation
fields. This means that its introduction as extensive cultivation in areas where it is not
cultivated nowadays will not present adaptation problems.
White mustard, the same as Ethiopian mustard (Brassica carinata) [27] presents a low oil
content (30%), which may need to be substantially increased to >40% in order to be
competitive with other biodiesel sources. As white mustard is not easily crossed with B.
napus and there is a little genetic variation, the selection process is quite easy.
Figure 9 shows the ―optimum cultivation area‖ which is the south eastern region of the
province of Buenos Aires. The ―suitable region‖ goes beyond the Pampas, including part of
the provinces of Río Negro, La Pampa, San Luis and Mendoza. It also comprises the
Patagonian valleys of Neuquén, Río Negro, Chubut and Santa Cruz. In the north of the
country, it can be found in Salta, Jujuy, Tucumán and Catamarca. In case of incorporation of
watering, there are huge semi-arid areas classified as "suitable" or "very suitable with
watering" that may be incorporated to production.

9. Thlaspi arvense
Thlaspi arvense is known by several names including: Pennycress, Bastardcress,
Fanweed, Stinkweed, Frenchweed, Carraspique (hispanish), Zurrón boliviano.
Pennycress is an annual species (Crucifer). Worldwide it is possible to find it between 80º
LN up to 45º LS [39].
Pennycress is a popular food plant in various parts of the world and is often cultivated in
Europe. T. arvense is adapted to a wide range of environmental conditions in temperate
climates [15]. It may be considered a new culture, although it was known as an old weed
since the Bronze Age. It does not represent a big problem for summer crops provided this
weed finishes its cycle by late spring and it does not compete with corn or soybean.
In Argentina, it is weed of alfalfa (Medicago sativa) and it may cause disorders in cattle.
It is a huge problem as weed in grain fields because of its unpleasant smell and taste,
damaging not only the crops but also milk and its derivates as it transmits its smell and taste.
Flour or food becomes unusable in case of presence of these seeds.
Their multiple uses make an attractive cultivation of it, fundamentally because their seeds
contain 20-38% of oil. The high tenor of linoleic acid of the oil indicates that it´s suitable to
obtain biodiesel [8].
It is a source of industrial oil because of its range of fatty acids: 16 to 24 carbon chain
atoms [15]. When compared to rape (Brassica napus), this oil has a higher percentage of
erucic acid and an even higher percentage of linoleic acid. Its viscosity is almost the same as
rape‘s, although –at high temperatures- it might be slightly higher. Because of this fact and
the similar composition of both oils, this plant might substitute rape oil as lubricant, in paints
and varnish and in other products based on drying oils.
As shown in Figure 10, pennycress may grow under three humidity conditions: humid,
sub-humid and semi-arid to arid regimes. However, owing to economic reasons, its
cultivation is not recommended in humid or sub-humid climates.
On the other hand, there is a vast semi-arid and arid region where it could be cultivated
without competing for land with traditional oleaginous crops. Consequently, it could be
incorporated to marginal lands in the NE of the province of Santa Cruz and part of the
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provinces of Río Negro, Chubut, Neuquén, Mendoza, San Juan, La Rioja, Catamarca, Salta
and Jujuy.

Figure 10. Agroclimatic aptitude for the cultivation of Thlaspi arvense (pennycress).

Obviously, it would be necessary to perform yield trials but the rusticity of this weed, the
possibility to employ machinery used for other crops, its good profitability and the chance to
obtain an industrial-quality oil are factors that may foster its expansion. However, it would be
advisable to appraise the environmetal impact of sowing great extensions of land, as the
winds coming from the west may spread the seeds towards areas of traditional agriculture.
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This cruciferous presents another advantage: its cultivation would not compete in land
with rape as it would be sown in marginal lands at the W and S of the current rape cultivation
area.

10. Crambe abyssinica
Only a little part of its history as crop is known. Its cultivation probably started in the
URSS [42]. There is evidence of experimental research work in Russia, Sweden and Poland
after the 2nd world war [51].
Crambe can grow in sites with rainfall in the range of 350 to 1,200 mm and an annual
average temperature in the range of 5.7 to 16.2ºC ( 42.3 to 61.2ºF) [38].
The crambe can be cultivated as a spring or winter specie, depending on the thermal
regime of the region where it is going to be planted. It can grow as spring crop (like rape
Canola of spring, Brassica napus) in Europe or as winter crop (like rape of winter, B. napus)
in Mediterranean climates [50].
As crambe is a new crop, there is only few yield data available. But because of the
specific demand of its oil, many European countries are actually making experimental trials to
learn about it. Austria reported yield values from 0.97 to 3.33 t/ha with an oil content of 23%–
38% [57].
Crambe is a non food oil seed crop. The oil is high in erucic acid and low in
polyunsaturated fatty acids. The oil is converted to erucamide which has applications in
industry as a slip agent in plastics.
It looks like a promissory crop for Argentina because of its great tolerance to draught and
frost, its very short cycle as it blooms at 35 days and it can be harvested at 90 days, and
because of its uniform maturity which let a mechanized harvesting.
Lately, Brazilian farmers producing soybean have showed great interest on crambe
because of its low cultivation costs, mechanized harvesting and because it can be sowed as
winter crop in March or April after soybean.
Its oil can be distinguished from other ones because of its high content of erucic acid (5060%, C22:1), a fatty acid of long chain which has special industrial uses. In U.S.A., the
crambe has been cultivated to replace the importation of rape of high erucic content from
Poland and Canada [23].
Agroclimatic aptitude for the spring crambe, is presented in Figure 11, where three
sectors can be observed in the ―very suitable area‖: 1) Northwest Argentina (NOA) subregion includes great part of the Salta, Jujuy, Tucuman and Catamarca provinces, 2)
Patagonic sub-region includes south of Neuquen, west of Rio Negro and northwest of Chubut
and 3) Pampean plains sub-region, exceeding the limit of the pampean prairie, includes
almost all the San Luis, Entre Rios and Cordoba provinces, centre east of Mendoza and south
of Santiago del Estero, centre and south of Santa Fe, the half eastern part of La Pampa,
Buenos Aires and a little sector of Rio Negro.
The remaining parts of the Chaco plains and Mesopotamia result ―suitable with
constrains‖ because of their high summer temperatures. A little area appears as ―marginal‖
because of the irrigation needs or the excessive summer temperatures. To be able to develop
with 350 mm of annual precipitation is considered one of the goodness of the crop.
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Figure 11. Agroclimatic aptitude for the cultivation of spring Crambe.

In this figure, the zones of the country for possible localization of the spring crambe in
the semiarid Argentinean region in unirrigated conditions (part of La Pampa, San Luis, La
Rioja, Catamarca, Mendoza, etc.) are presented.
In Figure 12, which shows the agroclimatic aptitude for the winter crambe, it can be
observed a different situation, as the mayor part of the national territory has been classified as
not suitable. This is mainly due to the intensity of frost in winter.
Probability of damage or crop destruction of once every five years (P: 20%) because of
temperatures lower than the level of –6ºC (21.2ºF) has been included. The ―very suitable
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zone‖ is located in the south and southeast of Buenos Aires province. The ―suitable zone with
thermical constraints‖ because of very high temperatures in spring include almost all the
northern and eastern part of Argentina, besides a strip of land located in centre west of the
country. The ―suitable under irrigation and marginal sectors‖ are located in part of the
Mendoza, San Juan, La Rioja and Catamarca provinces.

Figure 12. Agroclimatic aptitude for the cultivation of winter Crambe.

The attached map shows aptitude for the cultivation of spring crambe under Argentine
conditions in the major part of the national territory.
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Contrarily, the diffusion of winter crambe is limited by the incidence of winter frost in
sites with intesities higher than –6ºC. However the crambe could be included into a rotation
with soybean in the western and northern regions of Argentina [23].

CONCLUSION
A selection of non traditional oilseed crops was made as potential target crops by using
information from previous studies of this working team.
The maps provided may be a useful guidance to those seeking to develop energy crops.
They show the best areas for the different crops, as well as non-suitable or suitable with
constraints areas. They may be helpful for farmers willing to plant energy crops, users trying
to locate suitable areas and governmental offices interested in fostering promotion measures.
It is important to remark and bear in mind that the maps are only indicative and should
not be regarded as definitive with respect to individual applications. They provide the basis
for future works, at a higher cartographic scale, which will provide detailed regional guidance
for the planting of energy crops. There is clear guidance on their use and it is important that
this is referred to when looking at the maps.
Of all the annual cultures analyzed, cardoon, pennycrees and spring crambe are those
with higher potential for cultivation in the semi-arid to arid regions in Argentina.
However, as far as cardoon is concerned, it should be appraised the environmental
impact of its sowing at great extensions provided the western winds may spread the seeds to
traditional agricultural regions. It should be remarked that the cardoon being a wild weed,
capable of adaptation to almost the whole country, it would require a special handling in order
to avoid the increment in the use of herbices in bordering areas devoted to traditional
agriculture. This is also valid for pennycress.
Use of physic nut, moringa and karanja should be avoided in frost-prone regions. These
plants immediately sheds its leaves after mild frost events, leading to very low seed
production, while more severe frost is lethal for these species.
Moringa should only be sown in the N of the country due to the high incidence of frost
and its culture may not be convenient as biofuel producer provided the suitable and optimum
areas are under humid climate conditions, unless it could be used for social or environmental
purposes as: erosionated soils recovery, cattle feed, etc.
It would be convenient to try Karanja at the Delta and Samborombón Bay regions with
plenty of saline, alkaline soils, with drainage problems, etc, (Natracuol typical, Hapludol
natric and Hapludol thapto argic) which are not suitable for traditional crops. Both at the
Paraná Delta and the Buenos Aires Low Plains, forestation with this species would be a long
term sustainable exploitation that may generate sustained income for a very long period of
time as the karanja lives as long as 80-100 years.
It would be useful to analyze the requirements of castor bean cultivation in the
international market, mainly in the Iberian Peninsula where they have frost-resistant
germplasms (-8° C) and perform in-situ yield trials, provided they are using Brazilian
varieties. Besides, it would be necessary to evaluate the oil yields of the genotypes currently
available in our country. The return of the cultivation at great scale in Argentina would enable
in a first stage the substitution of oil imports.
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Niger could be integrated to the soybean rotation scheme. It would be useful to analyze
the profitability aspects of this culture. In case of an abrupt fall in international soybean oil
demand, consequence of environment protection measures that the US and the EU are willing
to impose, niger might replace it in some regions in Argentina.
Sesame cannot currently compete as biodiesel producer due to its low yield in seeds,
when compared to other oleaginous varieties.
White mustard presents a low oil volume (30%) which should need to be raised
substantially to > 40% in order to be competitive with other biodiesel sources.
Economic and profitability features would obviously play a leading role in motivation to
farmers, as in this research we only considered the agro-climatic variables.
Such crops may generate new business opportunities in Argentine rural areas, thus
providing additional diversity and innovation and a more sustainable food chain. Non
traditional oilseed crops may offer new markets and food marketshare for agriculture. In this
respect non traditional oilseed does not differ so much from food crops, although their
potential additional environmental benefits they can help to deliver a more sustainable
farming sector contributing to society‘s wider needs.
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