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Abstract
Objective: To characterize different provenances of Jatropha curcas L., introduced and collected, through morphoa-
gronomic indicators, in order to select those with the best performance.
Materials and Methods: The study was conducted during one year (2019) in areas of the Pastures and Forages Re-
search Station Indio Hatuey. The work was done with plant material from Paraguay, Ecuador and eastern Cuba. The 
different Jatropha curcas L. provenances were propagated by seeds. The indicators height, number of branches, stem 
diameter, quantity of racemes and their length, quantity and length of inflorescences, quantity of fruits and their sizes, 
were measured, among other variables. The data were processed through the principal component (PCA), cluster and 
correlation analyses.
Results: Of the variability, 96,8 % was explained through four components. The fruit quantity, length and width, 
quantity of seeds and their sizes, as well as quantity of inflorescences and stem diameter were the indicators with 
which 55,6 % of the variability was explained in the first two components. Five groups were formed. The second was 
the one with the best performance in six of the evaluated indicators.
Conclusions: There is variability for the evaluated morphoagronomic traits. The provenance Ecuador 2 was the one 
with the best performance in six of the evaluated indicators. It was followed by Paraguay 2 in four indicators, for 
which both were selected and turned out to be promising for their study in future breeding programs.
Keywords: germplasm, indicators, selection

Introduction
Jatropha curcas L. is a perennial, deciduous, 

succulent stem shrub, belonging to the family 
Euphorbiaceae (Tsuchimoto, 2017). It grows under 
varied climate conditions, although it develops 
better in the tropics, where the mean temperatures 
vary between 20 and 28 ºC (Laviola et al., 2017). 
In the world a large diversity of uses has been 
described for the different parts of this plant. It has 
recently gained importance, because its oil, which 
is extracted from the seeds, has great possibilities 
to be utilized as raw material in the elaboration of 
biodiesel (Borah et al., 2018). However, in spite 
of the different potential uses of this crop, the 
establishment of commercial J. curcas plantations 
in several countries has been limited by problems 
related to the high yield variability among plants 
and the attack of potentially pest insects and 
diseases, among others (Laviola et al., 2017). This 
proves the little knowledge there is about this plant, 
which is still in a domestication process. Thus, it 
is required to select individuals with outstanding 

characteristics to integrate them in breeding 
programs. Anggraeni et al. (2018) state that the 
agronomic characterization of different agricultural 
crops allows to know the constitution and functioning 
of plant components. In order to incorporate J. curcas 
to commercial productive systems, it is necessary to 
have genetic materials with high yields of fruits, seeds 
and oil, so that the agroindustrial demand for biodiesel 
production can be supplied. That is why the identification 
of genetic variability in the germplasm banks of Jatropha 
and reproductive populations is an important step that 
provides information about the future of the breeding 
programs of the species, and helps identify collections 
with high genetic variability that can be researched 
for future studies (Kumar and Das, 2018). Due to the 
above-exposed facts, the objective of the research was 
to characterize the introduced and collected J. curcas 
provenances through morphoagronomic indicators, in 
order to select the ones with the best performance.
Materials and Methods

Study area. The study was conducted during 
one year (2019), in areas of the Pastures and Forages 
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Research Station Indio Hatuey, located at 22º 48’ and 
7’’ North latitude and 79º 32’ and 2’’ West longitude, 
at an altitude of 19,9 m.a.s.l. in the Perico municipality, 
Matanzas province, Cuba (ACC, 1989). The 
experiment was carried out on a fl at-topography soil, 
with slope from 0,5 to 1,0 %, classifi ed by Hernández-
Jiménez et al. (2015) as lixiviated Ferralitic Red, of 
fast desiccation, clayey and deep on limestone.

Climate characteristics. The monthly records 
that indicate the performance of the most important 
climate variables were obtained from the meteo-
rological station, located in areas of the institution 
(fi g. 1). It could be observed that the highest mean 
temperature (27,1 ºC) was recorded in July; while 
the lowest one occurred in January. The highest 
rainfall occurred in May (368,1).

Plant material. The work was done with in-
troduced plant material, identifi ed with a key (ta-
ble 1) and with two provenances of eastern Cuba 
(Guantánamo). The material was propagated by 
seed.

Experimental design. The experiment was 
established according to a complete randomized 
experimental design. Each plant was considered a 
replica. After being sown in nursery, at a distance 
of 3 m between rows x 2 m between plants, they 
were transplanted to the fi eld. The only manage-
ment practice was periodic weed control, which 
was done manually.

Evaluated morphological variables. Data were 
taken from the plants using the descriptors indi-
cated by Avendaño and Zamarripa (2012) and the 
Jatropha spp Network, (SAGARPA-SNICS, 2014). 
The number of fruits (NF) per plant was counted 
and the fruit length (FL), width (FW) and thickness 
(FT) were measured (Laviola and Macedo, 2009), 
as well as the quantity of seeds per fruit. The latter 
were sampled with weekly frequency.

Floral morphological variables. Five infl ores-
cences were sampled per plant of each provenance. 
The variable infl orescence length was measured, from 
the initial base of the branch with the infl orescence 

 Table 1. Utilized plant material.

Rows Key
 I Paraguay 1
II Paraguay 2
III IMIAS-2
III Ecuador 1
IV IMIAS-1
IV Ecuador 2
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to the union of the branchlet, for which a graduat-
ed ruler was used. The number of branchlets with 
fl owers present in each infl orescence was also re-
corded.

The variable plant height (PH) was measured, 
from the basis of the stem to the apex of the central 
stem, with a metric tape, at 30 and 60 days. The 
stem diameter or thickness (SD) was determined 
with a caliper, 10 cm over the mean soil level. The 
total number of branches was also recorded in each 
of the sampled plants (Hernández-Verdugo et al., 
2012; Sosa-Segura et al., 2012).

Pests and diseases. The percentage of diseases 
in each one of the evaluated trees (infestation pro-
duced by fungi and/or viruses in the whole plant) 
and the percentage of damage caused by phytopha-
gous insects were also estimated. For such purpose, 
a six-value scale, proposed by CNSV (2005) was 
used. A scale of four degrees was also used: 0 (im-
mune), 1 (resistant), 2 (tolerant) and 3 (susceptible). 
To each one of these four degrees, the following le-
sion ranges correspond:

 Degree Range of lesions, %
0 0 to 1 (immune)
1 2 to 10 (resistant)
2 11 to 20 (tolerant)
3 > 20 (susceptible)

Statistical analysis. For the data processing, 
descriptive statistics was used for the variables 
number and length of infl orescences and of fl ower 
racemes that produce fruits. A principal component 
analysis (PCA) was also carried out, in which those 

components that showed eigenvalues greater than 1 
and sum or preponderance factor higher than 0,70 
(Morrison, 1967) were taken as analysis criteri-
on. Cluster analysis was applied for the grouping 
and selection of provenances, using the Euclidean 
distance as a similarity index, based on the PCA 
results (Torres et al., 2008). The stadigraphs mean 
and standard deviation were determined for the 
analyzed variables. In addition, correlation analysis 
was used to fi nd the interrelation among the varia-
bles. All the above-mentioned analyses were per-
formed using the statistical program SPSS®, version 
22.0 for Microsoft® Windows®.
Results and Discussion

Figure 2 shows the performance of the infl o-
rescence number and length in the J. curcas plants. 
Regarding length, there were no signifi cant differ-
ences, but they did exist for the indicator number of 
infl orescences.

The provenances of higher number of infl ores-
cences were Paraguay 1 and IMIAS-1 (between 
which there were no signifi cant differences). IMI-
AS-2 and Ecuador 2 (between which there were no 
differences) were the ones with the lowest number 
of infl orescences. Hernández (2012) in her study of 
fl oral biology of non-toxic Jatropha accessions re-
ported similar results, as well as Divakara (2017) in 
the evaluation of the variability and divergence of a 
J. curcas germplasm under ex situ conditions.

Table 2 shows the results of the principal com-
ponent analysis. The accumulated variance in the 
fi rst four components was 96,82 %. The indicators 
that best explained the variance in the fi rst component 
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(34,24 %) were diameter, quantity of fruit inflores-
cences and their length (negatively), just like seed length 
and thickness. The second component extracted a var-
iance of 21,35 %, explained by fruit width (negatively), 
thickness and seed width. The formation of the third 
component was influenced by height, number of branch-
es, branchlet length (negatively) and quantity, which 
explained 20,86 % of the variance. In the fourth compo-
nent, 20,38 % of the variance was extracted, which was 
manifested by the quantity of racemes (negatively) and 
their length, as well as by inflorescence length.

Although the variance value of the first compo-
nent (34,24) was low, this analysis is valid, because 
each one of the selected components had eigenvalue 
higher than 1. According to the criteria expressed 
by Kaiser (1960), this assumes considering a fac-
tor that improves the variance provided at the be-
ginning for each variable alone. In addition, this 
proves the complexity of the correlations among 
indicators; that is, there was high variation among 
the plant traits, which was also related to high mor-
phological diversity, because each one of them may 
have a different proper determinant in productivity 
(Peixoto et al., 2017).

When considering the importance of the re-
lation of the indicators that made up the first two 
components, it can be stated that J. curcas is a plant 
of low water requirement which, under conditions 
of extreme drought, loses its leaves as mechanism 
to preserve humidity in its tissues. This might be a 
factor that induces sprouting in some of its species, 
because it reduces water loss by the plant, which 
would lead to branch rehydration and production 
of new leaves (Wencomo-Cárdenas et al., 2021). 
Afterwards, with the emergence of leaves by a 
translocation process, higher drainage occurs. This 
increases growth and provides leafiness and the 
emergence of inflorescences. Later flowering sea-
son follows, one of the main phenological stages, 
related to oil production in this crop, because the 
number of female flowers and their adequate pol-
lination determine how many fruits and seeds will 
be developed.

Mulato-Sepúlveda (2018) states that the flow-
ering periods coincide with the phases of higher 
vegetative growth. This result is extremely tran-
scendental from the point of view of crop science. 
During the growth/flowering period, plant man-

              Table 2. PCA results and relation among the evaluated indicators.

Indicator
Principal components

PC1 PC2 PC3 PC4

Height, m 0,42 0,02 0,89 -0,15
Number of branches 0,29 0,28 0,86 0,32
Stem diameter, mm 0,96 0,13 0,14 -0,19
Quantity of racemes -0,27 -0,30 0,39 -0,82
Raceme length, mm 0,06 0,28 -0,03 0,92
Branchlet length, mm -0,07 -0,25 -0,85 0,45
Quantity of inflorescences 0,91 0,31 -0,22 0,08
Inflorescence length, mm 0,04 -0,06 -0,04 0,97
Quantity of fruits 0,94 -0,09 0,09 0,28
Fruit length, mm -0,73 -0,59 -0,12 -0,20
Fruit width, mm -0,40 -0,90 -0,01 0,04
Fruit thickness, mm -0,03 0,94 0,09 0,10
Quantity of seeds -0,51 -0,28 0,75 -0,22

Seed length, mm 0,86 0,08 0,48 0,07
Seed width, mm 0,26 0,83 0,14 0,47
Seed thickness, mm 0,86 0,40 0,18 0,21
Eigenvalue 5,48 3,42 3,34 3,26
Variance, % 34,24 21,35 20,86 20,38
Cumulative, % 34,24 55,59 76,44 96,82
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agement is important to favor high growth rate, be-
cause the number of inflorescences like the number 
of female flowers is, in fact, one of the main factors 
that determine yield. Meanwhile, the determina-
tion of the number of inflorescences per plant and 
the number of female flowers depends on envi-
ronmental and genetic factors. The flowering and 
determination of the flower type are influenced 
by the occurrence of low temperatures and high 
rainfall, and up to two flowering peaks per year. 
the above-cited authors also confirm a high num-
ber of female flowers in J. curcas, and refer that 
higher branching and adequate pollination are 
the main factors that benefit seed production and 
oil yield.

Mulato-Sepúlveda (2018) conducted studies 
that proved that cross-pollination flowers have a 
significantly high fruit production. The flowers 
exposed to single and multiple visits by bees, pro-
duce significantly more fruits than the ones that 
were not visited, which indicates that bees are ef-
ficacious pollinators. Likewise, Mulato-Sepúlveda 
(2018) reports that after flowering plants begin the 
fructification stage. The number of fruits per plant 
depends, ultimately, on the number of inflorescenc-
es and female flowers, factors that determine their 
productivity, because the plants with higher num-
ber of flowers tend to have higher yield.

Mulato-Sepúlveda (2018) indicates that oil 
quality and quantity in the J. curcas seeds depend 

Table 3. Distribution of the individuals, mean and standard deviation, according to the cluster analysis.

Indicator
Group I Group II Group III Group IV Group V

X SD X SD X SD X SD X SD

Height, m 150,83 2,70 138,62 - 125,71 - 120,48 - 136,13 -

Number of branches 7,21 0,11 7,00 - 5,50 - 4,28 - 7,58 -

Stem diameter, mm 45,35 4,80 47,33 - 41,75 - 37,54 - 37,08 -

Quantity of racemes 20,00 0,00 12,00 - 12,00 - 20,00 - 15,00 -

Raceme length, mm 0,70 0,00 0,72 - 0,72 - 0,70 - 0,72 -

Branchlet length, mm 0,70 0,00 0,72 - 0,75 - 0,73 - 0,72 -

Quantity of inflorescen-
ces

6,50 2,12 9,00 - 7,00 - 5,00 - 5,00 -

Inflorescence length, mm 0,70 0,00 0,72 - 0,75 - 0,69 - 0,75 -

Quantity of fruits 38,0 19,79 44,00 - 44,00 - 3,00 - 20,00 -

Fruit length, mm 3,54 0,02 3,50 - 3,55 - 3,57 - 3,54 -

Fruit width, mm 4,00 0,02 3,36 - 4,22 - 4,05 - 3,99 -

Fruit thickness, mm 1,09 0,01 1,14 - 1,07 - 1,10 - 1,13 -

Quantity of seeds 52,50 3,53 30,00 - 35,00 - 45,00 - 55,00 -

Seed length, mm 18,48 0,16 18,53 - 18,04 - 17,27 - 17,78 -

Seed width, mm 11,17 0,01 11,86 - 11,15 - 10,99 - 11,55 -

Seed thickness, mm 8,88 0,09 9,30 - 8,80 - 8,35 - 8,63 -

Groups Quantity Provenances

I 2 Paraguay 1, Ecuador 1

II 1 Ecuador 2

III 1 Paraguay 2

IV 1 IMIAS-2

V 1 IMIAS-1
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on several factors (genetic, physical, physiological, 
ecological conditions, moisture content, crop fer-
tility and management). According to this author, 
inherent attributes that determine their germina-
tion potential and growth characteristics can be de-
fined. During seed development, the environmental 
conditions can influence the biosynthesis and ac-
cumulation of the mixture of fatty acids present 
in triacyglycerids (TAG) that form the oil storage 
within them.

The cluster analysis based on the PCA results 
allowed the formation of five groups. The prove-
nances belonging to each one of them are shown 
in table 3, just like the mean and standard devia-
tion of each one of the formed groups. The high-
est values for the case of stem diameter, quantity 
of inflorescences and fruits, fruit thickness, seed 
length, width and thickness, were found in group 
II, which was made up by provenance Ecuador 2. 
It was followed by Paraguay 2, which makes up 
group III, and which has significant values regard-
ing branchlet and inflorescence length, fruit quan-
tity and width.

Group II included the provenance that gathered 
the largest amount of evaluated indicators with 
the highest values. It was introduced in the coun-
try from a place where the climate conditions are 
different from those of the evaluation zone. This 
could indicate that in the populations of this spe-
cies genotypes can be found whose development 
occurs rapidly; while others are a little slower. For 
such reason, independently from the differences 
that were observed among the indicators, the evi-
dent variability in the J. curcas population must be 
pointed out.

Genetic diversity in plant species is a gift for 
mankind, because it constitutes the basis for selec-
tion and later breeding. In this study, the grouping 
pattern revealed that geographic diversity must not 
necessarily be related to genetic diversity. This type 
of diversity could be due to differential adoption, 
selection criteria, selection pressure and the envi-
ronment. The above-explained facts indicate that 
genetic diversity produces higher variety than the 
geographic one. The trees that were originated in 
a region were distributed in different groups, sug-
gesting that trees with the same geographic origin 
could have experienced changes by different traits 
under selection (Divakara, 2017).

Similar results were reported for this species by 
Wencomo-Cárdenas et al. (2020) in non-toxic acces-
sions from Mexico, who found high and moderate 

variability respectively, regarding the performance 
of the evaluated indicators.

Gwafila et al. (2019), in studies of morphoag-
ronomic and molecular characterization of a J. cur-
cas germplasm in Bostwana, also found significant 
differences among the accessions, for the qualita-
tive as well as for quantitative indicators. Likewise, 
Chakrabarty et al. (2022) in studies conducted on 
45 genotypes in Bangladesh, found significant ge-
netic variation for the 17 evaluated morphoagro-
nomic indicators.

Table 4 shows the results of the correlation 
analysis among the indicators of the plants and en-
vironmental factors due to the importance that is 
ascribed to the interrelations among the latter and 
the morphological and productive characteristics of 
plants.

Strong correlations were found between height 
and number of branches (0,832), branchlet length 
(0,865) and seed length (0,795), stem diameter and 
quantity of inflorescences (0,879), fruit quantity 
(0,858) and length (-0,769 negatively), seed length 
(0,886) and thickness (0,847) and temperature 
(-0,917 negatively), raceme quantity and length 
(-0,893 negatively) and inflorescence length (-0,773 
negatively). There was also correlation between the 
quantity of seeds (0,717), raceme length and inflo-
rescence length (0,804), quantity of inflorescences 
and fruit quantity (0,851) and length (-0,871 nega-
tively), as well as among the seed quantity (-0,704 
negatively), seed thickness (0,855) and temperature 
(-0,845 negatively).

Likewise, correlation was recorded between 
the fruit quantity and length (-0,737 negatively) and 
seed length (0,846), just like between seed thick-
ness (0,814) and temperature (-0,894 negatively), 
fruit length and width (0,775), seed length (-0,711 
negatively), width (-0,775 negatively) and thickness 
(-0,877 negatively). There was also correlation be-
tween fruit width and thickness (-0,783 negatively), 
seed width (-0,842 negatively) and seed thickness 
(-0,723 negatively), as well as between fruit thick-
ness and seed width (0,823), humidity (0,844) and 
rainfall (0,806), and between seed length, thickness 
(0,890) and temperature (-0,751 negatively).

Equally, moderate correlations were observed 
between height and stem diameter (0,554) and seed 
thickness (0,517); between number of branches and 
branchlet length (-0,664 negatively), fruit length 
(-0,554 negatively) and seed length (0,696), as 
well as between seed width (0,576) and thickness 
(0,570). Moderate correlations were also recorded 
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between quantity of racemes (-0,597 negatively) 
and seed width (-0,651 negatively), raceme length 
and seed width (0,686), quantity of inflorescences 
and fruit width (-0,612 negatively) and seed length 
(0,693). Likewise, there were moderate correlations 
between fruit length and thickness (-0,646 neg-
atively), temperature (0,578) and relative humid-
ity (-0,537 negatively), seed width and thickness 
(0,687) and rainfall (0,561) and between seed thick-
ness and temperature (-0,684 negatively).

Correlation establishes the degree of associa-
tion between plant traits and their attributes, so that 
these components can form additional criteria for 
selection in the breeding program. The correlated 
quantitative traits are of high interest in a breeding 
program, because the improvement of one trait can 
cause correlated simultaneous changes in others.

The presence of significant correlations was 
noted between some of the evaluated indicators 
with the climate variables (table 4), aspect that indi-
cates according to references by Cárdenas-Travieso 
et al. (2018) how the latter can influence the growth 
and development and reproduction of J. curcas 
plants. In this regard, it was observed that the quan-
tity of inflorescences per plant was positively cor-
related with temperature. This might indicate that 
flowering in J. curcas is related to the occurrence 
of low temperatures. As nights are cooler than days, 
the decrease of the night temperature can be one of 
the factors that trigger flowering. Likewise, there 
is a strong correlation between fruit thickness and 
humidity, which reached higher values in the period 
from October to May, considered as rainy. In this 
season, fruit thickness increases, and according to 
Membreño-Taleno et al. (2022) the growth and re-
productive potential of plants are favored.

Associated with temperature, rainfall seems to 
have a main influence on flowering, because there 
was a positive correlation between rainfall and 
quantity of inflorescences per plant. Thus, flowering 
seems to depend on the increase of both. Taking 
into consideration that inflorescences are produced 
in the terminal buds of young branches, the positive 
correlation can show that rainfall increases after a 
long period of dry conditions. Plants begin to grow 
immediately and the sprout of new branches occurs 
constantly. With that the number of branches of the 
plants increases as their growth is resumed with 
rainfall. In addition, it is important to verify how 
plants perform in terms of height, flowering season, 
number of inflorescences per plant and quantity of 
female flowers. According to Mulato-Sepúlveda 

(2018), these characteristics are essential in the 
analysis of yield, because the plants that are bigger 
and show higher growth rate, can produce higher 
quantity of inflorescences and fruits than smaller 
plants.

Positive correlation was also found between the 
quantity of fruits and seed length. The variation in 
seed size plays an important role in the germination 
and seedling establishment processes. Valverde and 
Ávila (2022) state that large seeds tend to increase 
their viability, germination and emergence rate; 
likewise, they survive adverse conditions better 
than small seeds. On the contrary, the latter have 
the advantage of being able to form a seed bank and 
evade predation more successfully. Meanwhile, the 
plants that produce variable seed sizes, in general, 
show good permanence in their environment.

These results are similar to those found by 
Araiza-Lizarde et al. (2016), who stated that the 
highest temperatures did not favor the growth of J. 
curcas individuals, unlike rainfall and relative hu-
midity. They are also similar to the ones reported 
by Cardoso et al. (2018) in studies of genetic evalu-
ation and selection of plants of this species.
Conclusions

High variability was observed for the morpho-
agronomic traits. In turn, the provenance Ecuador 2 
was the one with the best performance in six of the 
evaluated indicators, followed by Paraguay 2 (four 
indicators). Thus, both were selected and are prom-
ising for their inclusion in future studies related to 
breeding programs.
Acknowledgements

The authors thank the Projects GEF UNDP 
“Clean energy technologies for the rural areas in 
Cuba (Clean Energy-Cuba)” (Bioenergía) and “Tech-
nological alternatives for the production of J. curcas 
seed and coproducts, in the development of agroen-
ergetic farms”, funded by the Science and Innovation 
Financial Fund (FONCI, for its initials in Spanish), 
for facilitating the development of the study.
Conflict of interests

The authors declare that there is no conflict of 
interests among them.
Authors’ contribution
•	 Rosa de la Caridad Ibañez-Cossío. Carried out 

the data taking and processing, the manuscript 
writing and corrections.

•	 Hilda Beatriz Wencomo-Cárdenas. Participated 
in the genesis of the idea, in the advisory of the 



  9Pastos y Forrajes, Vol. 45, 2022
Performance of variability in provenances of J. curcas 

research, developed the experiment design and 
setting up, data processing and interpretation.

•	 Dariel Morales-Querol. Participated in the gen-
esis of the idea, data collection, interpretation, 
analysis of results, as well as in the manuscript 
preparation and revision.

•	 Julia Cecilia Cáceres-Amores. Participated in 
the sample taking and data collection.

Bibliographic references
ACC. Nuevo Atlas Nacional de Cuba. La Habana: Ins-

tituto de Geografía, Instituto Cubano de Geode-
sia y Cartografía, 1989.

Anggraeni, T. D. A.; Satyawan, D.; Kang, Y. J.; Ha, J.; 
Kim, M. Y.; Chitikineni, A. et al. Genetic diver-
sity of Jatropha curcas collections from differ-
ent islands in Indonesia. Plant Genet. Resour. 16 
(4):334-342, 2018. DOI: https://doi.org/10.1017/
S1479262117000387.

Araiza-Lizarde, Nidia; Alcaraz-Meléndez, Lilia; An-
gulo-Escalante, M. Á.; Reynoso-Granados, T.; 
Cruz-Hernández, P.; Ortega-Nieblas, Magdalena 
et al. Caracterización y distribución de germo-
plasma silvestre de Jatropha curcas L. (Euphor-
biaceae) en el noroeste de México. Polibotánica. 
42:137-152, 2016. DOI: https://doi.org/10.18387/
polibotanica.42.7.

Avendaño, C. H. & Zamarripa, A. Manual gráfico 
para la descripción varietal de Jatropha (Jatro-
pha curcas L.). Chiapas, México: Instituto Na-
cional de Investigaciones Forestales, Agrícolas y 
Pecuarias. Campo Experimental Rosario Izapa, 
Tuxla Chico. https://www.gob.mx/cms/uploads/
attachment/file/434468/MG_Jatropha-OK.pdf, 
2012.

Borah, Nilakshi; Mapelli, S.; Pecchia, Paola; Mudoi, 
Kalpataru D.; Chaliha, Bithika; Gogoi, A. et al. 
Variability of growth and oil characteristics of 
Jatropha curcas L. in North-east India. Biofuels. 
12 (3):327-337, 2018. DOI: https://doi.org/10.1080
/17597269.2018.1472979.

Cárdenas-Travieso, Regla M.; Lamz-Piedra, A. & Or-
tiz-Pérez, R. Comportamiento morfoagronómi-
co de genotipos promisorios de garbanzo (Cicer 
arietinum L.). Cultivos Tropicales. 39 (2):89-95. 
http://scielo.sld.cu/scielo.php?script=sci_arttex-
t&pid=S0258-59362018000200012&lng=en&tl-
ng=es, 2018.

Cardoso, Poliane M. R.; Dias, L. A. dos S.; Resende, 
M. D. V. de; Freitas, R. G. de; Corrêa, Thais R.; 
Muniz, Dandara R. et al. Genetic evaluation and 
selection in Jatropha curcas L. Crop Breed. Appl. 
Biotechnol. 18 (2):192-199, 2018. DOI: http://dx.
doi.org/10.1590/1984-70332018v18n2a27.

Chakrabarty, S.; Aminul Islam, A. K. M.; Sultana, 
Nasrin & Chakraborty, P. Genetic diversity of 

Jatropha curcas L. genotypes: a potential biofu-
el crop in Bangladesh. Biofuels. 13 (2):161-169, 
2022. DOI: 10.1080/17597269.2019.1655213.

CNSV. Resumen ampliado de metodologías de seña-
lización y pronóstico. Villa Clara, Cuba: Labo-
ratorio Provincial de Sanidad Vegetal, Centro 
Nacional de Sanidad Vegetal, 2005.

Divakara, B. N. Assessing variability and divergence 
of Jatropha curcas Linn. Germplasm. under 
ex-situ conditions. Forest Res. 6:201, 2017. DOI: 
https://doi.org/10.4172/2168-9776.1000201.

Gwafila, C.; Batlang, U. & Ngwako, S. Morphologi-
cal and molecular characterization of Jatropha 
curcas L. germplasm in Botswana. Afr. J. Bio-
technol. 18 (28):726-734, 2019. DOI: https://doi.
org/10.5897/AJB2019.16845.

Hernández, Yudith. Biología floral de Jatropha cur-
cas L. Tesis para optar por el título de Licen-
ciada en Biología. Hidalgo, México: Instituto 
Tecnológico de Huejutla, Dirección General de 
Educación Superior Tecnológica, Secretaría de 
Educación Pública, 2012.

Hernández-Jiménez, A.; Pérez-Jiménez, J. M.; 
Bosch-Infante, D. & Castro-Speck, N. Clasifi-
cación de los suelos de Cuba 2015. Mayabeque, 
Cuba: Instituto Nacional de Ciencias Agrícolas, 
Instituto de Suelos, Ediciones INCA, 2015.

Hernández-Verdugo, S.; Porras, Flor; Pacheco-Olvera, 
A.; López-España, R. G.; Villarreal-Romero, M.; 
Parra-Terraza, S. et al. Caracterización y varia-
ción ecogeográfica de poblaciones de chile (Cap-
sicum annuum var. glabriusculum) silvestre del 
noroeste de México. Polibotánica. 33:175-191. 
http://www.scielo.org.mx/scielo.php?script=s-
ci_arttext&pid=S1405-27682012000100011&ln-
g=es, 2012.

Kaiser, H. F. The application of electronic com-
puters to factor analysis. Educ. Psychol. 
Meas. 20 (1):141-151, 1960. DOI: https://doi.
org/10.1177/001316446002000116.

Kumar, R. & Das, N. Survey and selection of Jatro-
pha curcas L. germplasm: Assessment of genet-
ic variability and divergence studies on the seed 
traits and oil content. Ind. Crops Prod. 118:125-
130, 2018. DOI: https://doi.org/10.1016/j.ind-
crop.2018.03.032.

Laviola, B. G. & Macedo, J. Red Jatropha Latinoamérica y 
Caribe. I Reunión de la Red Jatropha LAC. Brasilia: 
EMBRAPA. https://docplayer.es/80584540-Red-ja-
tropha-latinoamerica-y-caribe.html, 2009.

Laviola, B. G.; Rodrigues, Erina V.; Teodoro, P. E.; 
Peixoto, L. de A. & Bhering, L. L. Biometric 
and biotechnology strategies in Jatropha genetic 
breeding for biodiesel production. Renew. Sust. 
Energ. Rev. 76:894-904, 2017. DOI: https://doi.
org/10.1016/j.rser.2017.03.116.



    10 Pastos y Forrajes, Vol. 45, 2022
Rosa de la Caridad Ibañez-Cossío

Membreño-Taleno, Massiell del C. & Lezama-Gaitán, 
Verania del C. Evaluación fenológica del agua-
cate (Persea americana Mill) de la variedad Be-
nik y Corn Island en la Finca el Plantel, Masaya, 
2020. Tesis para optar al grado de Ingeniero 
Agrónomo. Managua: Facultad de Agronomía, 
Universidad Nacional Agraria, 2022.

Morrison, D. Multivariate statistical methods. New 
York: McGraw-Hill Book Company. https://
www2.stat.duke.edu/courses/Spring10/sta345/
morrison/Mori1990a.pdf, 1967.

Mulato-Sepúlveda, Johanna C. Evaluación de la varia-
ción morfométrica de frutos de Mauritia flexuosa 
L.f Arecaceae en tres poblaciones silvestres de 
la Orinoquía colombiana. Tesis presentada para 
obtener el título de Bióloga. Bogotá: Facultad de 
Ciencias Básicas-Biología, Universidad de La Sa-
lle. https://ciencia.lasalle.edu.co/cgi/viewcontent.
cgi?article=1038&context=biologia, 2018.

Peixoto, L. de A.; Laviola, B. G.; Alves, A. A.; Ro-
sado, Tatiana B. & Bhering, L. L. Breeding 
Jatropha curcas by genomic selection: A pilot 
assessment of the accuracy of predictive models. 
PlosOne. 12 (3):e0173368, 2017. DOI: https://doi.
org/10.1371/journal.pone.0173368.

SAGARPA-SNICS. Guía técnica para la descrip-
ción varietal de jatropha (Jatropha curcas L.). 
México: Secretaría de Agricultura, Ganade-
ría, Desarrollo Rural, Pesca y Alimentación; 
Servicio Nacional de Inspección y Certi-
ficación de Semillas. https://docplayer.es/
storage/66/56339344/1655322452/CTutO1cso-
DKLUFRRsIe7xA/56339344.pdf, 2014.

Sosa-Segura, Maria P.; Angulo-Escalante, M. A.; Val-
dez-Torres, J. B.; Heredia, J. B.; Osuna-Enciso, 
T.; Allende-Molar, R. et al. Phenology, produc-
tivity, and chemical characterization of Jatropha 
curcas L. as tool for selecting non-toxic elite ger-
mplasm. Afr. J. Biotechnol. 11 (93):15988-15993, 
2012. DOI: https://doi.org/10.5897/AJB12.2556.

Torres, Verena; Ramos, N.; Lizazo, D.; Monteagu-
do, F. & Noda, Aida. Modelo estadístico para la 
medición del impacto de la innovación o trans-
ferencia tecnológica en la rama agropecuaria. 
Rev. cubana Cienc. agríc. 42 (2):133-139. https://
www.redalyc.org/articulo.oa?id=193015494003, 
2008.

Tsuchimoto, S., Ed. The Jatropha genome. Compen-
dium of Plant Genome. Kalyani, India: Springer 
Cham, 2017. DOI: https://doi.org/10.1007/978-3-
319-49653-5.

Wencomo-Cárdenas, Hilda B.; Pérez-Vázquez, A.; 
García-Pérez, E. & Valdés-Rodríguez, Ofe-
lia A. Caracterización morfoagronómica de 
accesiones no tóxicas de Jatropha curcas 
L. Pastos y Forrajes. 43 (3):244-253. http://
scielo.sld.cu/scielo.php?scr ipt=sci_ar t tex-
t&pid=S0864-03942020000300244&lng=es&t-
lng=es, 2020.

Wencomo-Cárdenas, Hilda B.; Pérez-Vázquez, A.; Gar-
cía-Pérez, E. & Valdés-Rodríguez, Ofelia A. Evalua-
ción fenológica de accesiones no tóxicas de Jatropha 
curcas L. en la región de Veracruz. Pastos y Forrajes. 
44:e12. http://scielo.sld.cu/scilo.php?script=sci_art-
text&pid=S0864-03942021000100012&lng=es&tl-
ng=es, 2021.


