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Abstract
Objective: To characterize the morphoagronomic variability of 12 non-toxic Jatropha curcas L. accessions, in the 
experimental field of the College of Postgraduate Studies-Veracruz Campus, in the central region of Veracruz state, 
Mexico.
Materials and Methods: Six accessions propagated by seeds and six by stakes, established eight years earlier, were 
taken. The indicators height, number of branches, stem diameter, quantity and length of racemes, quantity and length 
of inflorescences, quantity of fruits and seeds and their sizes, were measured. The data were processed through 
principal component analysis, cluster and correlation analysis. Of the variability, 91,65 % was explained through five 
components.
Results: The quantity, length and width of the fruits, quantity of seeds and their sizes; as well as height, number of 
branches and racemes and diameter, were the most variable indicators with which 54,17 % of the variability was ex-
plained in the first two components. Three groups were formed. Group II was the one with the best performance in 
10 of the 15 evaluated indicators. The accessions I-32 and I-65 showed the best performance. The existence of strong 
and positive correlations between quantity of fruit and seed quantity and length; and moderate between minimum 
temperature and height, was observed.
Conclusions: High variability was observed with regards to the studied traits; while the degree of affectation by 
diseases was from moderate to low. The accessions I-32 and I-65 showed the best performance in 10 of the evaluated 
indicators.
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Introduction
Jatropha curcas L., known as physic nut, is an 

oil seed plant that originated in tropical America 
(Tsuchimoto, 2017), which belongs to the family 
Euphorbiaceae, with approximately 188 species, of 
wide distribution in Central America, the Caribbean, 
South America, Asia and Africa. According to 
Laviola et al. (2017), it is most likely that it was 
distributed from the Caribbean by Portuguese sailors 
to countries of Africa through Cape Verde and 
Guinea Bissau, as well as nations of Southeast Asia, 
like Indonesia, Malaysia and Philippines.

At present, J. curcas is cultivated for biofuel 
production (Borah et al., 2018) in central and southeast 
India. Also in Asia, Africa and America studies are 
conducted about its potentialities for that purpose 
(Savaliya et al., 2015).

J. curcas is considered a multipurpose plant 
(Zavala, 2016), due to the variety of uses it has. 
Its plant cover is utilized, in most of India, to protect 
crops from the damage caused by the animals,  

because cattle and sheep do not consume it. In this 
sense, the aqueous extract of the oil from its seeds 
contains biodegradable toxins, which can be applied 
as natural insecticide on diverse crops (Laviola et 
al., 2017).

The edible use of J. curcas has been documented 
only in Mexico (Pecina-Quintero et al., 2014), in 
the Quintana Roo and Veracruz states. In the latter, 
particularly in Totonacapan, it is traditionally used 
as food (Valdés-Rodríguez et al., 2013). In this re-
gion, its seeds are used as appetizers, salsas, tamales 
and in traditional dishes (Martínez-Herrera et al., 
2012). These materials are considered non-toxic, as 
they lack phorbol esters. For the case of the territo-
ries to the South of the state, its use is very limited,  
because most plants are toxic (Sukla et al., 2015).

In recent years, great attention has been paid 
to the physiological, agronomic, agroecological and 
productive characteristics of J. curcas (Niestche et 
al., 2015). This characterization considers quantita-
tive and qualitative descriptors (Martín and Montes, 
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2015). Some works on several populations of this 
species have reported low level of genetic variability 
(Santos et al., 2016).

From the above-stated facts, the objective of this 
study was to characterize the morphoagronomic 
variability of non-toxic J. curcas accessions, 
propagated by seeds and by stakes and cuttings, 
established eight years earlier in the experimental 
fi eld of the College of Postgraduate Studies-Veracruz 
Campus, in the central region of Veracruz state, 
Mexico.
Materials and Methods

Study area. The research was conducted in 
the germplasm bank of non-toxic J. curcas L., 
located in the experimental fi eld of the College 
of Postgraduate Studies-Veracruz Campus, in the 
central region of the Veracruz state, Mexico. This 
facility is located on km 88,5 of the Federal Xalapa-
Veracruz highway, Tepetates Colony, Manlio Fabio 
Altamirano municipality, Veracruz, Paso de Ovejas 
road. Its geographical location is 19° 11’ 8.62’’ N and 
96° 20’ 31.26’’ W, at an altitude of 24 m. the climate 
is of the type Aw (w) (i) g, which corresponds to 
subhumid rainfall climate in summer. Mean annual 
rainfall and temperature are 1 239,5 mm and 25 ºC, 
respectively, with less than 5 % rainfall in winter 
and temperature fl uctuation from 5 to 7 ºC (García, 
1988).

Climate characteristics. The temperature data 
(maximum, medium and minimum), and rainfall 

were obtained from the Meteorological Station of 
the College of Postgraduate Studies-Veracruz Campus, 
from January to September, 2019.

Figure 1 shows the performance of tempera-
tures (maximum, medium and minimum); besides 
rainfall during the evaluation period (January to 
September). The maximum temperature was 35,6 ºC, 
and the minimum, 20,3 ºC.

Vegetative material. Work was done on a 
plantation of 49 accessions (23 sown by seeds and 
26 by stakes), eight years old, planted according 
to complete randomized design, collected in the 
Veracruz state. From them, six plants propagated 
by seeds and six by stakes, were selected, with 
three repetitions. For the selection the results from 
research works conducted by García (2015), in 
which morphological and productive characteristics 
of these accessions were evaluated, and the 
studies conducted by Zavala (2016), who did a 
morphogenetic characterization in their centers of 
origin, were taken into consideration. Table 1 shows 
the evaluated accessions.

Experimental design. The experiment was 
established according to complete randomized block 
design. Each plant to be sampled was considered a 
replica. The plants were sown in June, 2011, at a 
distance of 3 m between rows x 2 m between plants. 
The only management practice was the periodical 
control of weeds.
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Evaluated morphological variables. Data were 
taken of the plants propagated by seeds and by stakes, 
using the descriptors indicated by Campuzano 
(2009), Laviola et al. (2009) and by the Network of 
Jatropha spp. (SAGARPA and SNICS, 2014). The 
variable plant height (PH) was measured from the 
stem base to the apex, with a ruler graduated in cm. 
The stem diameter or thickness (SD) was determined 
with a caliper (mm), at 10 cm over the mean soil 
level. The total number of branches was obtained by 
counting the ones of each of the sampled plants. The 
above-mentioned measurements were carried out in 
July and September, after the rains.

The number of seeds and their length (mm), quantity 
of inflorescences and their length (mm) and number 
of racemes (NRac) and of fruits (NF) per plant, were 
also quantified. The last ones were weekly sampled. 
The fruit length (FL), width (FW), and thickness (FT) 
according to the methodology described by Laviola and 
Macedo (2009). In addition, the number of seeds per 
fruit was counted. The seeds were manually extracted 
from the fruits and once they were dried a sample was 
randomly taken (50). With a caliper the length, width 
and thickness (mm) was measured.

Pests and diseases. The percentage of diseases 
in each one of the evaluated trees (infestation 
produced by fungi, viruses or both, in the whole 
plant) and the percentage of damage caused by 
potentially pest insects, were estimated. A four-
degree scale was used:

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

Statistical analysis. The data were processed 
through a principal component analysis (PCA) 
(Morrison, 1967). The principal components that 
showed proper values higher than 1, and sum or 
preponderance factor higher than 0,70, were tak-
en as analysis criterion (Morrison, 1967). Cluster 
analysis was applied for the grouping and selection of 
the accessions, using as similarity index the Euclidian 
distance, from the results obtained in the PCA (Torres 
et al., 2006). The statigraphs mean and standard devi-
ation were determined for the analyzed variables. In 
addition, linear correlation analysis was used to know 
the interrelation among the variables. All the analyses 
were made through the statistical program SPSS® ver-
sion 22,0 for Microsoft® Windows®.
Results and Discussion

Table 2 shows the results of the principal 
component analysis. An accumulated variance of 
91,65 % was detected in the first five components. 
The variables that best explained variance in the 
first component (34,20 %) were fruit quantity, 
length and width, besides the quantity of seeds and 
their dimensions. The second component extracted 
a variance of 19,96 %, explained by height, number 
of branches and diameter (the last two ones 
negatively).

The formation of the third component was 
influenced by branchlet length, inflorescence 
quantity and length, which explained 18,91 % of 
the variance. For the fourth component, 10,68 % of 
the variance was extracted, supported by raceme 
length (negatively); while the fifth component 
was explained by the number of branchlets, and 
extracted 7,87 % of the variance.

Table 1. Location of the accessionsof of the Veracruz state, Mexico. 
Accessions Locality Municipality Latitude N Latitude W Height, m.a.s.l. Propagation
I-13 Paplanta Paplanta 20° 27’ 28.9’’ 97° 19’ 16.2’’ 173 stakes
I-18 Insurgentes socialistas Paplanta 20° 11’ 25.5’’ 97° 15’ 53.4’’ 119 seeds
I-26B Cementeres Nautla 20° 10’ 38.9’’ 96° 53’ 37.0’’ 9 seeds

I-32 Tuzamapán Coatepec 19° 24’ 00.7’’ 96° 52’ 05.9’’ 892
stakes
seeds

I-34 Alvarado Papaloapán 18° 47’ 26.1’’ 95° 45’ 31.7’’ 22
stakes
seeds

I-64 Tepetates Sotavento 19° 11’ 39.7’’ 96° 20’ 38.0’’ 16 seeds
I-65 Tepetates Sotavento 18° 11’ 41.1’’ 96° 20’ 37.2’’ 16 stakes
I-78 Paso del correo Totonaca 20° 21’ 24.0’’ 97° 14’ 30.0’’ 39 stakes

I-80 Buenos Aires Nautla 19° 56’ 09.0’’ 95° 50’ 00.0’’ 321
stakes
seeds

Source: Zavala (2016)
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The variance value of the first component 
(34,20) was low, which proves the complexity of the 
correlations among variables; that is, there is high 
variation among the traits of plants, which is also 
related to a large morphological diversity, because 
each one of them might have their own determinant, 
different in productivity. Nevertheless, this analysis 
is valid, because each of the selected components 
had a proper value, higher than 1. According to the 
criteria expressed by Kaiser (1960), this implies 
considering a factor that improves the variance pro-
vided at the beginning for each variable. Similar 
results, regarding the variance value, were reported 
by Yengle-Ruíz (2012) in studies conducted to ob-
tain synthetic indexes of environmental quality, as 
well as Olivares (2014) in the social-environmental 
diagnosis of a case study, and López-Roldán and 
Fachelli (2015), in works of methodology of quanti-
tative social research.

The variables fruit and seed thickness were not 
included in any of the five components, because the 
value of the sum or preponderance factor (0,622 and 
0,604, respectively) was lower than 0,70. Thus, they 

could be obviated, when other evaluations are con-
ducted under similar circumstances to the ones in 
this research.

For the variability corresponding to each indica-
tor to be better related to each axis, in correspondence 
with this type of analysis, the proper value should be 
one or higher than one (Philippeau, 1986). This 
could be proven in this work, in which the variability 
was well distributed, because such indicator was 
higher in all cases.

In this regard, the report by Machado (2011) 
should be considered, who refers that generally 
fruit and other woody plants have a high degree 
of variability. This is due to the fact that they are 
purely heterozygous and allogamous (of crossed 
pollination), situation that leads to the genetic 
segregation in the offspring, as occurs in J. curcas.

The above-explained facts could indicate 
that, independently from the edaphoclimatic 
conditions, populations and, particularly, the J. 
curcas accessions (non-toxic), could express marked 
variations among individuals for some indicators 
and could be grouped depending on those variables, 

Table 2. Results of the PCA and relation among indicators.

Indicator
Principal components

CP1 CP2 CP3 CP4 CP5

Height, m -0,089  0,708 -0,189  0,628 -0,027
Number of branches -0,134 -0,938  0,077 -0,111  0,175
Stem diameter, mm -0,152 -0,821  0,121  0,401 -0,138
Number of branchlets  0,059 -0,107 -0,193  0,090  0,926
Length of branchlets, mm  0,089 -0,036  0,902 -0,193 -0,145
Quantity of inflorescences  0,419 -0,221  0,739 -0,236  0,017
Length of inflorescences, mm -0,012 -0,081  0,932 -0,027 -0,126
Number of racemes  0,058  0,905 -0,031  0,139  0,009
Raceme length, m  0,291 -0,030  0,302 -0,762 -0,169
Quantity of fruits  0,959  0,114  0,077 -0,122  0,041
Fruit length, mm  0,961 -0,074  0,111 -0,179  0,031
Fruit width, mm  0,952 -0,083  0,120 -0,188  0,047
Fruit thickness, mm  0,622  0,497 -0,178  0,128  0,533
Quantity of seeds  0,933  0,152  0,015 -0,010 -0,078
Seed length, mm  0,798  0,327  0,358  0,246  0,230
Seed width, mm  0,784  0,213 -0,499  0,156  0,109
Seed thickness, mm  0,480  0,054 -0,599  0,604  0,080
Proper value 5,81 3,39 3,21 1,81 1,33
Variance, % 34,20 19,96 18,91 10,68 7,87
Cumulative % 34,20 54,17 73,08 83,77 91,65
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which can represent  c a positive element in the 
evaluation and characterization work. This could 
have been influenced by the interspecific and 
intraspecific variability of the studied sample, 
because it was made up by several accessions 
collected from different environments and planted 
differently (by seed or by stake). They also vary 
in a marked way from the morphological point 
of view, and according to the climate conditions 
under which the evaluation is conducted. This is 
the case of the differences that exist with regards 
to the conditions under which the studies of floral 
biology, quantification and measurement of floral 
components and their relation to climate, were 
developed, carried out by García (2015). This author 
identified the morphological descriptors related 
to production in J. curcas accessions, collected in 
different regions of Veracruz state, and propagated 
by seeds and stakes.

The value reached by the accumulated variance 
and the proper value of the components, allowed 
almost all the indicators to be included in the cluster 
analysis, and thus determine the differentiation or 
similarity among the accessions. The variables fruit 

and seed thickness were excepted, because they did 
not contribute to the expression of variability of the 
components.

The cluster analysis based on the results of the 
PCA allowed the formation of three groups. The 
accessions belonging to each one of them are shown 
in table 3, just like the mean and standard deviation 
of each group.

The highest values for the quantity and length 
of the branchlets and inflorescences, raceme length, 
fruit number and width as well as seed quantity and 
sizes, were found in group III. The last one was 
formed by the accessions I-32 E, I-65 E (plants 
sown by stakes). It was followed by group II (I-32, 
I-34, I-18, I-80, I-13E, I-80E and I-78E), regarding 
the number of branches, stem diameter, quantity 
of branchlets and fruit length. Regarding the 
height and quantity of racemes, the highest values 
corresponded to I, represented by the accessions 
I-26B, I-64, I-34E.

As can be observed, groups I and II include 
accessions of plants propagated by seeds and 
stakes. This could indicate that in the populations 
of this species genotypes can be found, whose 

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

Indicator
Group I Group II Group III

X SD X SD X SD
Height, m     3,3   0,20     2,8    0,18    2,4    0,58
Number of branches     9,3   1,20    12,0    0,48   11,5    1,50
Stem diameter, mm 123,2   6,17 256,7    8,70 187,2  33,25
Quantity of seeds     7,3   1,33     8,0    0,61    8,0    2,00
Branchlet length, mm     0,7   0,00     0,7    0,02    0,7   0,03
Quantity of inflorescences    6,0   1,00     7,3    0,71    9,5   0,50
Inflorescence length, mm    0,7   0,01    0,7    0,01    0,7   0,05
Quantity of branches   18,3   1,66   11,1  02,02  12,0   5,00
Raceme length, mm    0,7   0,03     0,8    0,02     0,8   0,01
Quantit of fruits  36,7   9,26   23,1    6,91 158,0 20,00
Fruit length, mm   2,4   0,08     2,5    0,28    11,4   0,96
Fruit width, mm   1,6   0,20    1,7    0,11     7,3   0,59
Quantity of seeds 62,0 18,90  48,9 23,66 212,0 38,00
Seed length, mm   1,7   0,05    1,7    0,05     2,2   0,45
Seed width, mm   1,1   0,02    1,0    0,02     1,1   0,02
Group Quantity Accessions
I 3 I-26B, I-64, I-34E
II 7 I-32, I-34, I-18, I-80, I-13E, I-80E, I-78E
III 2 I-32E, I-65E

 
E: sown by stakes
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development occurs rapidly; while others are a 
little slower, without considering that they were 
sown or propagated directly by seed, a method that 
presupposes a better establishment of the plant. For 
such reason, independently from the differences 
that were observed among the indicators, the evident 
variability existing in the J. curcas population 
should be pointed out.

Similar results were recorded for this species by 
Saadaoui et al. (2015), in Tunisia, when evaluating 
five qualitative traits (leaf surface area, leaf length 
and width, petiole length and number of nodes, which 
showed high morphological variability (p < 0,05) in 
the eight studied accessions. Saikia et al. (2015) found 
moderate variation in plant height, stem diameter, 
number of branches per plant and seed weight.

Gwafila et al. (2019), in studies of morphoagronomic 
and molecular characterization of a germplasm 
of J. curcas, in Botswana, also found significant 
differences among the accessions, for the qualitative 
and quantitative indicators. Chakrabarty et al. (2019), 
in studies conducted in 45 genotypes, in Bangladesh, 
found significant genetic variation for the 17 evaluated 
morphoagronomic indicators.

Table 4 shows the results of the correlation 
among indicators of the evaluated plants and the 
environmental factors, due to the importance 
ascribed to the interrelations between the latter and 
the morphological and productive characteristics of 
the plants.

There were strong correlations between height 
and number of branches (-0,778 negatively); and 
between the latter and the quantity of racemes 
(-0,857). There were also correlations between 
branchlet and inflorescence length (0,839), between 
the quantity of fruits with their length (0,962) and 
their width (0,966); as well as between seed quantity 
(0,856) and length (0,805).

Likewise, high correlations were found between 
fruit length and width (0,966), seed quantity (0,850) 
and length (0,751). The correlations between fruit 
width with seed quantity (0,822) and length (0,745), 
and between fruit thickness and length (0,749) and 
width (0,726), were high. This performance was 
repeated between seed quantity with their length 
(0,784) and width (0,787), and between the last one 
with their thickness (0,817).

Moderate correlations were observed between 
height and minimum temperature (0,552); between 
the latter and number of branches (-0,501), stem 
diameter (-610), branchlet length (-0,522) and in-
florescence length (-0,536). They were also found 

between fruit thickness (0,672) and seed width 
(0,584) and thickness (0,612); between mean tempera-
ture and number of branchlets (0,625), seed width 
(0,762) and thickness (0,624); and between rainfall 
and inflorescence length (-0,553) and width (0,523).

These results are similar to the ones found by 
Araiza-Lizarde et al. (2016), who stated that the 
higher temperatures did not favor the growth of  
J. curcas individuals, unlike rainfall and relative 
humidity.

Morphological characteristics of the fruits 
and seeds. The report by Hidalgo and Grández 
(2013), regarding the fruit of this species, could be 
corroborated. It is a drupaceous and ovoid capsule. 
After pollination a trilocular ellipsoidal fruit is 
formed. At the beginning it is green and fleshy, but 
when it matures it changes its color to yellow, until 
turning coffee brown, dark or black in color.

A large quantity of fruits was harvested only 
from two of the selected J. curcas (non-toxic) 
accessions, which belong to the plants propagated 
by stakes or cuttings (I-32 and I-65). They also 
stood out regarding the indicators seed quantity 
per fruits, length, width and volume, just like I-32, 
propagated by seeds.

This performance, regarding fruit production, 
could be associated to characteristics of physiological, 
genetic order or of plant response to environmental 
conditions, which were not the ideal ones (figure 1) 
for good crop development; although this species 
is capable of developing under limiting conditions 
(Pérez-Vázquez et al., 2013). Another factor that 
could have influenced was the lack of agronomic 
management (in this eight-year old plantation only 
manual cutting of weeds was carried out), to which 
not all plants respond in the same way.

On the other hand, the presence of lepidopterans, 
thrips, leafhoppers (Empoasca sp.) was observed. 
In addition, infestation caused by fungi, presumably 
from de genera Colletotrichum and Cercospora. A 
symptom of mosaic was also shown, with stiffening 
of the leaves and in the new inflorescences, possibly 
caused by a viral agent.

The degree of affectation caused by diseases 
was from moderate to low (between 15 and 20 %), 
and their incidence was shown in the accessions 
propagated by seeds as well as stakes. Nevertheless, 
the stiffening of leaves was more stressed among 
those propagated by seeds.

Quiroga-Madrigal et al. (2014) referred anthracnose 
symptoms, caused by Colletotrichum gloesporoides 
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Characterization of accessions of Jatropha curcas L:

(Penz) and by Colletotrichum circinans (Berk) on the 
petiole, leaves and fruits, as well as of leaf spot by Cer-
cospora sp. Sacc, for J. curcas plantations, in southern 
Mexico.
Conclusions

High variability could be observed with regards 
to the studied traits; while the degree of affectation 
by diseases was moderate to low. In turn, the 
accessions I-32 and I-65 were the ones with better 
performance in 10 of the evaluated indicators.
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