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Sub-Saharan Africa (SSA) is a geographical region consisting of 49 countries, out of which, 39 countries have experiences
with the cultivation of Jatropha curcas L. Since the year 2000 Jatropha production escalated in the region and peaked in
around 2007/2008. The major drivers of this trend were claims made about Jatropha including its ability to grow on
marginal lands, high seed and oil yields, and drought tolerant, amongst other attributes. However, the reality has shown that
these attributes have not been realised. The objective of the present paper is to analyse the performance of Jatropha as a
biofuel feedstock in SSA based on agronomic, economic, social and environmental factors involved in its production.
Evidences in SSA show that the major challenge with Jatropha cultivation has been low seed yields, ranging between 0.1 and
2 t/ha. This in turn has led to oil yields which are not sufficiently viable for use in production of biofuels such as biodiesel.
There have also been reported challenges with production on wastelands, low use of inputs, unimproved planting materials and
vulnerability to pests and diseases. These have negatively affected the performance of Jatropha causing the original claims
made about this energy crop not materialised in the SSA.
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1. Introduction

Sub-Saharan Africa (SSA) is a geographical region covering parts of the
African continent located south of the Sahara. The region consists of 49
countries, out of which, 39 countries have experiences with the cultivation of
Jatropha curcas L. Native to Central America, yet growing widely in Africa,
Jatropha has traditionally been used for many purposes in the SSA. It has
been grown as a fence to prevent animals from entering reserved areas, to
control erosion or to reclaim land, for soap making, as a bio-fertilizer and for
medicinal and pesticidal applications. However, the emergence of biofuels in
recent times as alternatives to fossil fuels and as sources of sustainable
energy, has led to a search for suitable energy crops. It is within this premise
that Jatropha emerged as a suitable energy crop for the SSA.

Prior to the year 2000, Jatropha was rarely considered a feedstock for
biofuels in the SSA. The interest in Jatropha in the SSA escalated in the mid-
2000s and peaked around 2007/2008. Literature abounds with numerous
claims originally made about Jatropha as a miraculous energy crop. These
claims include high seed yields, drought tolerant, low nutrients, water and
management requirements, and that the plant is well adapted to grow on
marginal lands (Sale and Dewes, 2009 ; Achten et al., 2010). Suffice it to say
that the acclaimed attributes of Jatropha were well elucidated as the crop
entered cropping systems in the SSA (Openshaw, 2000; Brittaine and
Lutaladio, 2010).

It is a fact that up until the rise in popularity of Jatropha in 2000, there
were few trials and little experience in the SSA in growing Jatropha as a
commercial crop (\VVon Maltitz et al., 2014). This rapidly changed as by 2007,
the Global Exchange for Social Investment (GEXSI) estimated that 119,000
ha of Jatropha had been planted in 97 projects in the SSA (Renner et al.,
2008). Most of the planted areas where in Madagascar, Zambia, Tanzania and
Mozambique. GEXSI’s projections at that time were that more than 2.2
million hectares of Jatropha would have been planted in the SSA by 2015.
The driver of this trajectory was that Jatropha would drive the liquid biofuels
industry in the SSA, particularly through processing of Jatropha oil into
biodiesel.

The reality, however, has shown that the scenario projected for 2015 has
not been the case. Notwithstanding the claims made about Jatropha and the
subsequent rise in its cultivation in the SSA, the interest in Jatropha has
subsided in the last few years. Reasons for the decline can be discerned from
the experiences with Jatropha cultivation accrued in the last 14 years in the
SSA. In order to do this, this paper describes the claims made about Jatropha
under agronomic, environmental, economic and social factors. Moreover, it
further provides an analysis of the performance of Jatropha under these
multiple factors. The objective of the present work is to contribute to the
development of Jatropha as a feedstock for biofuels using lessons learnt from
its cultivation in the SSA.

+High seed yields resulting in high oil yields
*Grows on marginal or degraded land
AGRONOMIC o N

*Grows in arid conditions (drought tolerant)

+Resistant to pests and diseases

+Climate change mitigation

ENVIRONMENTAL

*Reclaims degraded or marginal lands

+High value crop
+High potential to create jobs
*Low management requirements

*Promotes rural development
*Promotes pro-women development
+Does not threaten food security

Fig.1. Claims made about Jatropha.
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2. Description of claims made about Jatropha

Several claims were made about Jatropha as a suitable energy crop. It is
useful to describe these claims in order to provide a comparator scenario
for evaluation of Jatropha as an energy crop. The claims made about
Jatropha can be placed into four categories including agronomic,
economic, social and environmental factors. Figure 1 provides an outline
of the claims that were made about Jatropha in the early 2000s.

The impact of the claims shown in Figure 1 was a massive planting
programme where thousands of farmers were encouraged to plant
Jatropha in many countries in the SSA. Tanzania alone had more than
10,000 smallholder farmers who established Jatropha plantations (\Wahl et
al., 2009). The acclaimed agronomic and economic merits of Jatropha
were the major drivers for its cultivation as an energy crop in the SSA.

3. Biofuel feedstock potential of Jatropha

One acclaimed merit of Jatropha with direct relevance to its use as a
feedstock for biofuels is the high seed yield potential which is correlated
to high oil yield. Oil is the precursor for liquid biofuels such as biodiesel.
The two main factors in any commercial crop production systems are
yields and economic viability. In fact, the biggest selling point of Jatropha
in the SSA was the unproven claim of high oil yields resulting from high
seed yields (Pohl, 2010). Benchmark figures for seed yield indicated that
with optimum annual rainfall of 900 to 1,200 mm, yields could be up to 5
t/ha (Maes et al., 2009). Other ranges of seed yield available in literature
include 0.4 — 12 t/ha (Openshaw, 2000) and 0.1 — 8 t/ha (Heller, 1996).

It is worth noting that the reported yields of Jatropha were
accompanied by little or no information on variables under which the
yields were obtained. Such variables include genetic provenance, age of
plantations, propagation method used, canopy management regime,
rainfall, tree densities, soil types and soil fertility management (Brittaine
and Lutaladio, 2010). These are critical information needed for proper
evaluation of the reported data.

4. Desirable characteristics of Jatropha as an energy crop

The main thrust in this paper is production of liquid biofuels such as
raw oil or biodiesel from Jatropha. As such, it is prudent to provide a set
of desirable characteristics that would make Jatropha a good energy crop
for the two liquid biofuels. Such characteristics form a framework for
proper characterisation of Jatropha as an energy crop. This framework
under conditions existing in the SSA is shown in Figure 2.

EASE OF SEEDYIELD SEEDOIL

HARDINESS
PROPAGATION CONTENT

* Must be easy to
propagate

+ Drought tolerant
+ High seed yield ! + High oil content

A

5 + Pesttolerant
* Longevity of i

plantations + Disease tolerant

Fig.2. Framework for characterization of Jatropha as an energy crop in the SSA.

Agro-ecological zones (AEZ) in the SSA are varied. Climate
adaptation is an important factor which should be taken into account when
characterising crops for suitability to be grown in different areas. The
dominant AEZ in the SSA are warm arid and semi-arid tropics. Diseases
and pests are also problematic in the SSA and thus, the hardiness
parameter in the framework shown in Figure 2 is important in this region.
The other parameters relate to agronomic issues.
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5. Factorial evaluation of the performance of Jatropha

In this section, the evaluation of the performance of Jatropha in the SSA is
performed based on the four categories given in Figure 1 and the four factors
given in Figure 2.

5.1. Ease of propagation

Ease of propagation is a parameter that falls under agronomic factors.
There are generally three methods used in establishment of Jatropha
plantations. These are vegetative propagation, direct seeding and
transplantation of seedlings from nurseries. This provides options to farmers
in establishment of plantations. Information available from GEXSI's report
shows that propagation practices varied across projects in the SSA (Renner et
al., 2008). Eighty-five percent of the projects in the SSA reviewed by GEXSI
were established from transplanted seedlings (Renner et al., 2008). This is not
surprising as evidences from Zimbabwe showed that Jatropha established
through pre-cultivated seedlings outperformed non-rooted cuttings and direct
seeded plants in terms of survival (Jimu et al., 2009).

It would appear that Jatropha has been fairly easy to propagate and that the
problem in the SSA has been the survival of the plants in the early post-
establishment phase. In fact, there have been observations of poor early
survival of plants in some plantations in the SSA. Experiences in
Mozambique have shown that Jatropha required a lot of care in the first year
or so of growth. Farmers in Mozambique had to provide 5 - 7 I/d water in
order to ensure early survival of the plants (JA and UNAC, 2009). This makes
reliance on unpredictable rainfall in the SSA problematic during the early
growth phase of Jatropha. In terms of longevity, once well established
Jatropha trees can survive up to 50 years. Thus, they have a long production
span which leads to substantial lifetime production.

5.2. Seed and oil yields

Although seed yield is an important agronomic parameter, it is also the
most economic trait for commercial production of Jatropha. It is worth noting
that very little empirical data have been collected about actual seed yield of
Jatropha in the SSA (Jingura, 2012). Seed yields that have been reported in
the SSA are shown in Table 1.

Table 1.
Selected information on seed yields obtained in some Jatropha projects in the SSA.

Country Seed yield References

0.1 kg seeds/tree liyama et al., 2013

Kenya 0.86 tha GTZ. 2009

Tanzania 1.6 t/ha Brittaine and Lutaladio, 2010
Mozambique > 1 kgltree JA and UNAC, 2009

Mali 0.63 t/ha FACT, 2006

The data in Table 1 serve as a reference point of actual seed yields
emanating from the SSA region. Analysed against expectation, the data in
Table 1 show that Jatropha has not performed well in this region. The seed
yields are far from the projected yields discussed in the Section 3. However,
the figures in Table 1 are consistent with estimates of 0 — 2.2 t/ha given for
marginal lands (Ouwens, 2007). These low seed yields translate into low oil
yields as well. The conversion ratio of seed to oil is about 3:1 for high
efficiency systems (Pohl, 2010). Using this ratio (33% oil), oil yields from
data given in Table | range from 0.2 to 0.5 t/ha. This is very low when
compared to quantities obtained at seed yields of 5 to 7 t/ha which would be
1.65 to 2.31 t/ha.

Therefore, low seed yield has been the major unmet expectation from
Jatropha in the SSA. According to Achten et al (2008), expectations that
Jatropha would yield up to 12 t/ha were based on illegitimate extrapolations.
This has mainly been from single mature trees. However, most of the data on
seed yield in the SSA are from young plantations. Ages of plantation and seed
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yield are positively correlated. The seed yield dynamics of Jatropha in the
SSA can be ascribed to various factors which are shown in Table 2.

Table 2.
Reasons for low seed yields of Jatropha in the SSA.

Parameter Description

Use of wild type germplasm

Quality of planting material Absence of certified planting material

Arid and semi-arid conditions in SSA
Marginal soils
Prevalence of pests and diseases

Environment

Little use of fertilizers
Lack of irrigation
Absence of production packages

Agronomic practices

The experiences in the SSA have shown that even though Jatropha can
grow on marginal lands under arid conditions, the yields are much lower
than when it is grown under good conditions (Maes et al., 2009; Trabucco,
2010). The data shown in Table 1 buttress this point. Kant and Wu (2011)
provided a good explanation for this observation. They argued that the
reproductive efficiency of Jatropha is dependent upon soil fertility,
available moisture and temperature and these factors affect the production
of seeds (Kant and Wu, 2011). The performance of Jatropha under any
given conditions is largely an epigenetic response to the varied
environment it encounters (Kant and Wu, 2011). Thus, the performance of
Jatropha in the SSA is consistent with the production environment in the
region with characteristics shown in Table 2.

In terms of the characterisation framework in Figure 2, Jatropha has
not done well in terms of seed yield and this has affected the quantities of
oil obtained from Jatropha plantations. However, it is reasonable to
acknowledge that the low seed yields may be consistent with a crop still
under domestication. However, seed yield is a trait that can be improved
through breeding programmes and by crop management practices. This
underpins the next phase of development of Jatropha as an energy crop.

5.3. Hardiness

One of the claimed attributes of Jatropha is the reported tolerance to
pests and diseases. This would be an enormous advantage in the SSA.
However, experiences in this region have shown that Jatropha is
susceptible to various pests and diseases. Observations in countries like
Zimbabwe, Kenya and Tanzania provide evidence of the vulnerability of
Jatropha to pests and diseases. Diseases such as collar and root rot and
pests such as golden flea beetle and stem borer have been reported to
cause extensive damage in Jatropha plantations (FACT, 2006 ; Wahl et
al., 2009).

The deleterious effects of pests and diseases in crop production are well
known. Thus, an appropriate integrated pest and disease management
regime for Jatropha is required to support its cultivation. As such, disease
and pest tolerance cannot be excluded from breeding programmes of
Jatropha.

5.4. Economic viability

The preponderance of poverty in the SSA is a major development
concern. One of the major drivers of Jatropha in the region was the claim
for pro-poor development leading to poverty alleviation. Jatropha was
marketed as a high value crop from which large profits could be obtained
(Von Maltitz et al., 2014). Without providing a detailed economic
analysis, it is important to indicate how Jatropha has fared as a
commercial crop.

Studies in Tanzania (Wahl et al., 2009) and Kenya (GTZ, 2009)
showed that Jatropha cultivation was not a viable enterprise for the
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farmers. This is not surprising when related to seed yields given in Table 1.
Seeds are the major saleable product from Jatropha plantations. In Tanzania, a
research study showed that the net present value of a five year investment in
Jatropha plantation was negative with a loss of US$65 per ha on lands with
yields of 2 t/ha (Wahl et al., 2009). In Zimbabwe, and as early as 1992, a
Jatropha project which was initiated by Plant Oil Producers Association was
abandoned after it was realized that the profit margins were not as big as
originally expected (Henning, 2003).
Reasons that can be given for the poor viability of Jatropha farming
include the following:
(@) High requirement for labour
(b) High opportunity cost when grown on fertile land
(c) Low producer prices
(d) Low seed yields
The combination of these issues is a definite amalgamated factor that has
caused challenges with Jatropha as a biofuel feedstock.

5.5. Social and environmental impact

High potential to create jobs is one of the claims made about Jatropha as
shown in Figure 1 under the economic factors. This is a pro-poor
development strategy and would tally well with reduction of unemployment
levels in the SSA. It is not surprising that as the value chain of biofuel
production from Jatropha has not flourished, neither has the employment
opportunities.

Ability to grow on marginal lands meant that Jatropha could be grown on
wastelands, thereby limiting competition with food crops for arable lands.
However, evidences in the SSA show that few plantations in the region were
established on wastelands. The reality is that most of them were established
on arable lands (Gasparatos et al., 2012). In such cases, Jatropha competes
with food crops for production inputs. This would be at variance with the
original claim of no impact on food security and labour.

One of the 12 principles of the Roundtable on Sustainable Biofuels is that
biofuel production shall avoid negative impacts on biodiversity, ecosystems,
and other conservation value areas (Ismail and Rossi, 2010). Jatropha has
been used in rehabilitation of degraded soils, erosion control and soil
improvement. Jatropha in hedge rows reduces wind erosion. The plant
improves infiltration when planted in lines to form contour bunds. Thus,
Jatropha has some benefits to conservation issues. However, the cumulative
impact of Jatropha on the environment in the SSA remains to be seen in the
long run.

6. Conclusions

The performance of Jatropha based on the multiple factors presented in this
paper has been varied. Its value as an energy crop depends on the several
factors highlighted in this paper. There has been no major challenge with the
establishment issues, albeit concerns about survival of trees. The major issue
in the SSA has been the low seed yields which have resulted in low oil yields.
The production of liquid biofuels from Jatropha requires substantial amounts
of oil for viability purposes. This is an issue that needs attention. It would also
appear that the other claims made about Jatropha with regard to social and
economic benefits have not been fully realised. In addition, although there
have been indications of environmental benefits, long term impacts still need
to be substantiated

References

Achten, W.M.J., Verchot, L., Franken, Y.J., Mathijs, E., Singh, V.P., Aerts,
R., Muys, B., 2008. Jatropha biodiesel production and use. Biomass
Bioenergy. 32(12), 1063-1084.

Brittaine, R., Lutaladio, N., 2010. Jatropha: A smallholder bioenergy crop:
The potential for pro-poor pevelopment. Food and Agriculture
Organization of the United Nations (FAQ), Rome, Italy.

FACT Foundation, 2006. Handbook on Jatropha curcas. First Draft. FACT
Foundation, Eindhoven. Auvailable at http://www.jatropha-
alliance.org/fileadmin/documents/knowledgepool/Rijssenbeek_Jatropha_H
andbook.pdf (accessed on 10 August 2015).

Gasparatos, A., Lee, L.Y., von Maltitz, G.P., Mathai, M.V., Puppim de
Oliveira, J.A., Willis, K.J., 2012. Biofuels in Africa: Impacts on Ecosystem

257

Services, Biodiversity and Human Well-Being; United Nations
University Institute of Advanced Studies: Tokyo, Japan.

German Technical Cooperation (GTZ), 2009. Jatropha reality check, a
field assessment of the agronomic and economic viability of Jatropha
and other oilseed crops in Kenya, Endelevu Energy, World
Agroforestry Centre, Kenya Forestry Research Institute.

Renner, A., Zelt, T., Gerteiser, S., 2008. Global market study on
Jatropha. Final Report Prepared for the World Wildlife Fund for Nature
(WWEF), GEXSI, London.

Heller, J., 1996. Physic nut. Jatropha curcas L. Promoting the
conservation and use of underutilised and neglected crops. 1.
Gatersleben, Institute of Plant Genetics and Crop and Plant Research.

Henning, R.K., 2003. Jatropha curcas L. in Africa: Assessment of the
impact of the dissemination of ‘the Jatropha System’ on the ecology of
the rural area and the social and economic situation of the rural
population (target group) in selected countries in Africa. Available at
http://www.underutilized-
species.org/Documents/PUBLICATIONS/jatropha_curcas_africa.pdf
(accessed on 10 August 2015).

liyama, M., Newman, D., Munster, C., Nyabenge, M., Sileshi, G.W.,
Moraa V., Onchieku, J., Mowo, J.G., Jamnadass, R., 2013.
Productivity of Jatropha curcas under smallholder farm conditions in
Kenya. Agrofor. Syst. 87, 729-746.

Ismail, M., Rossi, A., 2010. A compilation of bioenergy sustainability
initiatives. Food and Agriculture Organization of the UN (FAO),
Rome, Italy.

Jimu, L., Nyakudya, I.W., Katsvanga, C.A.T., 2009. Establishment and
Early Field Performance of Jatropha curcas L at Bindura University
Farm, Zimbabwe. J. Sust. Dev. Afr. 10(4), 445-469.

Jingura, R.M., 2012. Socio-economy, agro-ecological zones, agronomic
practices and farming system of Jatropha curcas L. in sub-Saharan
Africa, in: Carels, N., Sujatha, M., Bahadar, B. (Eds.), Jatropha,
Challenges for a New Energy Crop: Volume 1: Farming, Economics
and Biofuel, New York: Springer Science + Business Media, pp. 311-
331

Justica Ambiental (JA) and Unido Nacional de Camponeses (UNAC),
2009. Jatropha! A socio-economic pitfall for Mozambique. Available
at http://www.viacampesina.net/downloads/PDF/Report-Jatropha-JA-
and-UNAC.pdf (accessed on 10 August 2015).

Kant, P., Wu, S., 2011. The extraordinary collapse of Jatropha as a global
biofuel. Environ. Sci. Technol. 45, 7114-7115.

Maes, W.H., Trabucco, A., Achten, W.M.J., Muys, B., 2009. Climatic
growing conditions of Jatropha curcas L. Biomass Bioenergy. 9(33),
1481-1485.

Openshaw, K., 2000. A review of Jatropha curcas: An oil plant of
unfulfilled promise. Biomass Bioenergy. 19, 1-15.

Ouwens, D.K., Francis, G., Franken, Y.J., Rijssenbeek, W., Riedacker, A.,
Foidl, N., Jongschaap, R., Bindraban, P., 2007. Position Paper on
Jatropha curcas: State of the Art, Small and Large Scale Project
Development, Wageningen, FACT Foundation.

Pohl, C., 2010. Jatropha: Money doesn’t Grow on Trees Ten Reasons
Why Jatropha is Neither a Profitable nor Sustainable Investment;
Friends of the earth: Amsterdam, The Netherlands. Available at:
http://www.foeeurope.org/sites/default/files/publications/jatropha_FoE
Ireport_Jan2011.pdf (accessed on 10 August 2015).

Sale, N.A.C., Dewes, H., 2009. Opportunities and challenges for the
international trade of Jatropha curcas derived biofuel from developing
countries. Afr. J. Biotechnol. 8(4), 515-523.

Trabucco, A., Achten, W.M.J., Bowe, C., Aerts, R., van Orshoven, J.,
Norgrove, L., Muys, B., 2010. Global mapping of Jatropha curcas
yield based on response of fitness to present and future climate. GCB
Bioenergy. 2, 139-151.

Von Maltitz, G., Gasparatos, A., Fabricius, C., 2014. The Rise, Fall and
Potential Resilience Benefits of Jatropha in Southern Africa.
Sustainability. 6, 3615-3643.

Wahl, N., Jamnadass, R., Baur, H., Munster, C., liyama, M., 2009.
Economic viability of Jatropha curcas L. Plantations in Northern
Tanzania — Assessing farmers prospects via cost-benefit analysis,
World Agroforestry Centre, Nairabi.

Please cite this article as: Jingura R.M., Kamusoko R. A multi-factor evaluation of Jatropha as a feedstock for biofuels: the case of sub-Saharan Africa.

Biofuel Research Journal 7 (2015) 254-257. DOI: 10.18331/BRJ2015.2.3.3




