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Abstract
Jatropha curcas L. (Euphorbiaceae) is a species grown in tropicalcountries and used for
biodiesel production. Morphophysiological traits were analyzed to assess the genetic
diversity in nine genotypes of J. curcas under deficit water. Seeds of plants from different
populations, collected in diferente brazilian regions, were grown under two water regimes
(100% and 50% tank capacity). Multivariate analysis was used to characterize genetic
diversity. The UPGMA dendrogram built from the genetic distance group indicated the
segregation of genotypes into five groups for growth traits and six groups for physiological
traits. Then, an principal components analysis was carried out, to evaluate the pattern of
character variations and then segregate the characteristics that could distinguish parental
genotypes for use in plant breeding. Results showed 65.50% and 56.02% for the two first
principal components of growth and physiological traits, respectively. Total root area was the
most determining trait for genetic dissimilarity (18.9%) and group formation, followed by
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plant height (17.9%) and number of leaves (17.6%). On the other hand, stomatal conductance
(gs) (24.9%) and guaiacol peroxidase (GPX) (20.9%) were the most determining
physiological traits. The analysis of morphophysiological traits indicated CNPAE-298 and
299 as the most distant genotypes among the plant groups. Under water-limited conditions,
total root area, plant height, gs and GPX were the most efficient traits to explain genetic
dissimilarity among the genotypes, and for this reason they should be referred as a priority for
further studies on genotypes selection in this species.
Keywords: biodiesel, cluster analysis, multivariate, physic nut, principal component analysis
1. Introduction
The increase in greenhouse gases concentration in the Earth's atmosphere, notably carbon
dioxide (CO2), has stimulated the search for renewable fuels, such as biodiesel, in order to
reduce fossil fuels consumption. The search for an alternative energy to fossil fuels requires
the assessment of renewable and low impact sources on natural environment (Matos et al.,
2012). Recently, special attention has been given to the use of biofuel, which causes less
environmental problems. Dias et al. (2009) highlight that this new source of energy can be
explored by most countries around the world, especially by those from the intertropical range,
with Brazil offering the greatest opportunities in this sector. However, the crops used for
biofuels production are predominantly food crops (Pimentel and Burgess, 2014), which can
have a major negative impact because it promotes food shortages, especially in developing
countries. Therefore, it is convenient that species of non-food oleaginous plants should be
chosen primarily as a raw material for biofuels production. Among these species, Jatropha
curcas L. has great potential for biodiesel production, due to its seeds with oil content in
30-35% (Basha et al., 2009), in addition to being a species that grows in areas of low rainfall
(Maes et al., 2009) and does not compete with food crops (Pompelli et al., 2011).
To become viable, J. curcas cultivation still depends on improvements in technological
resources, so that high yields can be obtained in different regions of Brazil (Freitas et al.,
2011; Laviola et al., 2012). Its physiological traits, together with its economic potential, can
make this species an alternative plant for the production of biofuels in arid and semi-arid
regions (Pompelli et al., 2011). In addition, J. curcas has a succulent stem, which acts as a
water reserve, which allows to compensate for fluctuations in leaf water content (Maes et al.
2009; Kai and Ming, 2011), providing better drought tolerance. Despite this species is
assumed to be drought tolerant, recent reports have shown negative effects of water deficit on
several morphophysiological traits (Santana et al., 2015; Oliveira et al., 2016; Silva et al.,
2016; Santana et al., 2017; Silva et al., 2019).
The potential of J. curcas for biodiesel production has not yet been fully explored, mainly
due to its variable and unpredictable yield, which limits its cultivation on a large scale. This
limitation can be mitigated by genetic improvement, but for this it is necessary to characterize
the existing germplasm, in order to make breeding programs more efficient (Mastan et al.,
2012; King et al., 2015).
Genetic variability is fundamental to evolution, without it there could be no selection or
adaptation of species to environmental changes (Flood et al., 2011). However, research
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related to the responses of genotypes from different climatic and geographical regions to
water deficiency are still considered incipient, requiring better genotypes characterization
(Laviola et al., 2014).
Knowledge about the genetic diversity of J. curcas at different levels (molecular,
morphological, physiological and productive) is essential, since the characterization of
germplasm is a basic requirement for the selection of genotypes for extensive planting (Basha
and Sujatha, 2007). In addition, commercial plantations require genotypes resulting from the
combination of several desirable traits, such as high productivity and traits related to the
plant's physiology, mainly tolerance to environmental stresses (Sunil et al., 2013). Studies on
growth, yield and quality of J. curcas have shown significant genetic differences among
genotypes collected in different climatic zones (Rao et al., 2008; Das et al., 2010; Gairola et
al., 2011; Srivastava et al., 2011 ; Wani et al., 2012; Singh et al., 2013; Tripathi et al., 2013;
Kumar and Singh, 2014). In adittion, assessments on genetic diversity in genotypes of J.
curcas have been carried out using morphological markers (Montes Osorio et al., 2014;
Pazeto et al., 2015). Nevertheless, significant differences were found in seed traits, growth
parameters, female / male ratio, and seed production (Rao et al., 2008).
Therefore, knowledge about genetic variability is imperative for the success of breeding
programs, thus allowing an efficient selection of different genotypes to produce hybrids and
similar genotypes (Pecina-Quintero et al., 2014). Despite this, information in the literature on
the characterization of germplasm of J. curcas, assessments of different genotypes from
various locations, and development of varieties with better agronomic performance is still
scarce (King et al., 2009).
Given the great potential of J. curcas for biodiesel production, the characterization of its
germplasm is essential both for its domestication and for obtaining high quality genotypes,
aiming at its future use in breeding programs. In this context, the present study aimed to
evaluate the genetic diversity in Brazilian genotypes of J. curcas using morphophysiological
traits, and multivariate and principal component analyzes, in order to allow a more divergent
and superior genotypes selection.
2. Materials and Methods
2.1 Plant Material and Growth Conditions
The experiment was carried out in a greenhouse, at the State University of Santa Cruz (UESC),
in Ilhéus, BA, Brazil (14°47' 00" S, 39°02' 00" W). Photosynthetically active radiation (PAR)
was monitored using quantum sensors S-LIA-M003 (Onset, USA), whereas temperature and
relative humidity were monitored using combined sensors S-THB-M002 (Onset, USA). These
variables were measured and stored permanently by Hobo Micro Station Data Logger H21-002
data collectors (Onset, USA).
J. curcas seeds obtained from the germplasm bank of Embrapa Agroenergia - Distrito Federal
were germinated in pots (five per pot), containing 12 dm³of dystrophic yellow latosol of sandy
sand textural class. After 20 days of germination, thinning was carried out, leaving only one
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plant per pot, thus starting the treatment of water deficiency, which was maintained for 42
days.
A completely randomized design with a 2x9 factorial scheme was used, whose treatments
consisted of two water regimes and nine genotypes, with four replications. The water regimes
were: (1) irrigation necessary to maintain soil moisture close to tank capacity (control
treatment), whose matric potential ranged from -33.1 to -15.2 kPa, and (2) irrigation just
enough for maintain soil moisture at 50% of tank capacity, whose matric potential ranged from
-207.0 to -89.9 kPa. Soil moisture was determined using the gravimetric method (Casaroli &
Jong van Lier, 2008), whereas matric potential estimation was based on water retention curve.
The J. curcas genotypes, in turn, were CNPAE-121, 126, 148, 168, 222, 215, 226, 298 and 299,
from different regions of Brazil (Table 1).
Table 1. Geographical origin of the J. curcas genotypes used in the experiment
Genotypes

Geographical origin

Latitute (S)

Longitude (W)

Altitude (m)

CNPAE-121

Bom Jardim-RJ

22°9'

42°25'

616

CNPAE-124

Maranhão-MA

2°31'

44°18'

17

CNAPE-148

Candeias-BA

12º40'

38º33'

97

CNPAE-168

Minas Gerais-MG

18°0'

44°0'

700

CNPAE-222

Paraná-PR

31° 43′

60°31'

60

CNPAE-215

São Francisco do Glória-MG

20°46'

42°17'

606

CNPAE-226

Água de Santa Bárbara-SP

22°52'

49°14'

550

CNPAE-298

Sidrolândia-MS

20°55'

54°58'

483

CNPAE-299

Rio Grande do Sul-RS

32º02'

52º05'

950

2.2 Growth-related Traits Measurements
At 42 days after the beginning of the imposition of water regimes, the following characteristics
were measured: plant height (cm), stem diameter (mm), number of leaves, leaf area (cm2), root
volume (cm2), root lenght (cm), root total area (cm2) and root surface area (cm2). The leaf area
was obtained by measuring the length (L) of the midrib and the maximum width (W), whose
data were used in the equation AF = (L x W) 0.966 proposed by Pompelli et al. (2012).
Regarding the roots, the volume (cm3), length (cm), total area (cm2) and surface area (cm2)
were obtained using the commercial software WinRHIZO (V5.0, Regent Instruments, Quebec,
Canada).
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2.3 Physiological Measurements
Five leaf discs (5 mm in diameter) of fully expanded leaves from the plant crown were
collected, and a psychrometer (Chamber C-52, Wescor) connected to a microvoltmeter
(Psy-PRO, Wescor, Logan, USA) was used to measure osmotic potential (Ψs). The Ψs values
were corrected based on the method proposed by Wilson et al. (1979), and the osmotic
adjustment (OA) was evaluated by comparing Ψs between control treatment and water deficit.
Water use efficiency was measured based on biomass production / water consume
(transpiration) ratio.
Net photosynthesis rate (PN) and stomatal conductance (gs) were measured based on gas
exchange of fully expanded and mature leaves from plant canopy, from 8h30 am to 11h30 am,
under artificial saturating light of 1000 μmol photons m-2 s-1 and atmospheric CO2
concentration of ± 390 μmol mol-1, using a portable photosynthesis measurement system
Li-6400 XT (LI-COR Biosciences Inc., Nebraska, USA).
Proline content was determined on leaf dry mass based on Bates et al. (1973), and the results
were expressed in μmol g-1dry mass.
Guaiacol peroxidase activity (GPX, EC 1.11.1.7) was determined according to Pirovani et al.
(2008). Superoxide dismutase activity (SOD, EC 1.15.1.1), in turn, was based on its ability to
inhibit the photochemical nitro blue tetrazolium (NBT) reduction. Its activity was based on the
amount of extract required to cause 50% inhibition of the NBT reduction rate (Beauchamp and
Fridovich, 1971), and the results were expressed in UA kg-1 dry mass. Catalase activity (CAT,
EC 1.11.1.6) was determined by using Madhusudhan et al. (2003) protocol, in which the
enzymatic activity is defined by the amount of enzyme required to catalyze H2O2
decomposition.
2.4 Statistical Analysis
Data were submitted to a 5% significance test, by factorial ANOVA and when indicated,
average comparisons were carried out by means of the Scott-Knott test at the same level of
significance. The analyses were carried out with the aid of the SISVAR program (Ferreira,
2011).
After data collection, principal components were grouped and analyzed using
morphophysiological parameters obtained by the difference (Δ) between control treatment and
water deficit. To measure dissimilarity, mean Euclidean distance was calculated. To form the
groupings, the UPGMA method (Unweighted Pair Group Method) was used, based on the
arithmetic mean (Sneath and Sokal, 1973). The relative contribution rates for dissimilarity
were calculated by the method of Singh (1981), while the cutoff point was based on the
Euclidean distance. The generation of graphics was performed with Statistic statistical
software version 10.0 (StatSoft, Tulsa, OK, USA).
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3. Results
3.1 Growth-Related Traits
There was no significant difference among genotypes for growth-related traits, except for
stem diameter, root length, total root area and root volume (Table 2). As for water regimes,
the water deficit negatively affected the leaf area (LA), whose values were about 61, 60, 64,
60 and 53% lower than in the control, for CNPAE-126, 148, 215, 226 and 299 genotypes,
respectively. Plant height (H) under water deficit was on average 74% lower than in the
control. Stem diameter (SD) under water deficit was smaller for all genotypes, except for
CNPAE-299. Leaf number, in turn, did not differ among genotypes, except for CNPAE-215,
which was negatively affected by water deficit (Table 2).
Regarding root length (RL), no difference was found among genotypes; however, observing
the water regimes, RL was lower in all genotypes under water deficit, except for CNPAE-222.
Comparing root total area (RTA) among genotypes in control, this was smaller in
CNPAE-121, 126 and 298 than in the others; however, only CNPAE-299 was negatively
affected by the water deficit. There was no difference among genotypes in relation to root
surface area (RSA) in control, but CNPAE-126, 148 and 226 were negatively affected by
water deficit. Comparing root volume (RV) among genotypes in control, this was higher in
CNPAE-121 and 126 than in the others; as to the effect of water regimes, RV was negatively
affected by water deficit in all genotypes (Table 2).
Table 2. Leaf area (LA), plant height (H), stem diameter (SD), number of leaves (NL), root
length (RL), root total area (RTA), root surface area (RSA) and root volume (RV) of young
plants of J. curcas grown under full irrigation (control) and water deficit (WD) for 42 days
Genotypes
CNPAE-121
CNPAE-126
CNPAE-148
CNPAE-168
CNPAE-215
CNPAE-222
CNPAE-226
CNPAE-298
CNPAE-299

Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD

LA (cm²)
2620.5±242.1Aa
1719.7±186.0Aa
2799.6±344.1Aa
1712.5±203.3Ab
2922.3±537.4Aa
1740.1±251.1Ab
2860.7±151.2Aa
2066.5±223.2Aa
2767.5±352.4Aa
1768.6±157.7Ab
3655.8±602.7Aa
1962.2±108.2Aa
2240.3±182.4Aa
1330.4±168.6Ab
2217.5±75.3Aa
1913.0±243.2Aa
3010.5±646.6Aa
1603.5±127.9Ab

H (cm)
52.0±2.4Aa
39.0±4.0Ab
48.5±2.1Aa
33.2±3.6Ab
52.5±5.6Aa
37.7±4.7Ab
51.0±2.6Aa
39.0±3.5Ab
47.2±2.8Aa
37.5±2.6Ab
58.5±1.5Aa
42.5±1.3Ab
52.1±3.7Aa
30.7±4.4Ab
50.2±1.3Aa
36.6±2.5Ab
48.7±2.5Aa
38.5±2.6Ab

SD (cm)
2.4±0.06Aa
2.1±0.11Ab
2.5±0.08Aa
1.9±0.11Ab
2.3±0.12Aa
2.0±0.11Bb
2.5±0.04Aa
2.1±0.02Ab
2.4±0.12Aa
2.0±0.10Ab
2.5±0.12Aa
2.0±0.06Ab
2.3±0.13Aa
1.9±0.12Bb
2.3±0.04Aa
1.8±0.06Bb
2.3±0.11Aa
2.1±0.13Aa

NL
18.7±1.0Aa
17.2±0.6Aa
19.0±0.7Aa
14.5±0.8Aa
21.2±4.0Aa
15.7±1.2Aa
18.5±0.8Aa
15.5±0.6Aa
21.0±3.3Aa
15.2±0.6Ab
28.5±5.8Aa
18.2±1.9Aa
18.0±1.0Aa
14.5±0.6Aa
17.7±0.4Aa
16.2±1.7Aa
21.5±3.2Aa
15.2±0.2Aa

RL (cm)
52.2±2.6Aa
50.3±5.4Ab
57.7±1.2Aa
47.2±1.8Ab
99.1±14.2Aa
57.7±7.1Ab
87.4±16.9Aa
64.5±8.1Ab
77.3±6.9Aa
59.8±14.8Ab
80.9±2.5Aa
65.4±6.1Aa
100.8±20.7Aa
59.9±8.4Ab
77.9±8.0Aa
55.7±1.1Ab
116.6±13.3Aa
58.7±14.0Ab

RTA (cm²)
6.3±0.3Ba
6.4±0.1Aa
5.9±0.4Ba
6.1±0.3Aa
9.1±1.2Aa
6.8±0.9Aa
8.3±1.1Aa
7.2±0.9Ba
7.6±0.1Aa
6.2±0.9Ba
8.1±0.3Aa
7.4±0.7Ba
9.7±1.3Aa
7.3±0.7Aa
8.2±0.6Ba
7.0±0.4Aa
11.9±1.3Aa
6.3±1.2Ab

RSA (cm²)
8.2±0.1Aa
7.8±0.9Aa
9.8±0.6Aa
7.6±0.1Ab
10.8±0.4Aa
8.4±0.1Ab
10.4±0.7Aa
8.9±0.1Aa
10.1±0.7Aa
9.2±1.0Aa
9.9±0.6Aa
8.8±0.2Aa
10.1±0.6Aa
8.0±0.3Ab
9.4±0.3Aa
7.9±0.5Aa
9.7±0.1Aa
9.1±0.5Aa

RV (cm³)
50±3.1Aa
32±4.8Ab
57±3.0Aa
20±2.7Ab
42±5.8Ba
16±2.9Ab
40±2.7Ba
24±7.4Ab
33±2.5Ba
18±2.5Ab
44±5.0Ba
16±2.4Ab
37±2.4Ba
11±6.4Ab
37±2.0Ba
18±3.3Ab
36±6.2Ba
19±3.3Ab

Values are mean (± standard error) of four replicates. Lower case indicate significant
difference between treatments within each genotype by the F-test (p < 0.05) and capital
letters indicate significant difference among genotypes within each treatment by the
Scott-Knott test (p < 0.05).
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3.2 Physiological Traits
There was significant difference among genotypes for almost all physiological traits, except
for water use efficiency (WUE) (Table 3). Regarding the effects of water regimes, an increase
in proline content induced by water deficit was observed in genotypes CNPAE-121, 222 and
226. Leaf osmotic potential had a decrease in all genotypes. Net photosynthesis (PN) was
lower in CNPAE-121, 126, 222 and 299, but it was not affected in 146, 168, 215, 228 and 298.
Stomatal conductance (gs) was lower in CNPAE-121, 126, 148, 215 and 299, but it was not
affected in 168, 222, 226 and 298. WUE had no changes in almost all genotypes, but it was
higher under water deficit in CNPAE-226 and 298.
Antioxidative enzymatic activity under water deficit showed different performances,
depending on the genotype and the enzyme (Table 3). Guaiacol peroxidase (GPX) activity
was higher in CNPAE-121, 148, 168, 226 and 299 genotypes, but remained unchanged at 126,
215, 222 and 298. Superoxide dismutase (SOD) activity, in turn, was higher in CNPAE-121,
222, 226 and 299, but remained unchanged in 126, 148, 168, 215 and 298. Finally, catalase
(CAT) activity was higher in CNPAE-126, 215, 222, 226, 298 and 299, but remained
unchanged at 121, 148 and 168. CNPAE-226 and 299 were the only genotypes whose
antioxidant activity of the three enzymes increased under water deficit.
Table 3 Leaf proline content (PRO), leaf osmotic potential (Ψs), net photosynthesis (PN),
stomatal conductance (gs), guaiacol peroxidase (GPX), superoxide dismutase (SOD), catalase
(CAT) and water use efficiency (WUE) of young plants of J. curcas grown under full
irrigation (control) and water deficit (WD) for 42 days
Genotypes

CNPAE-121
CNPAE-126
CNPAE-148
CNPAE-168
CNPAE-215
CNPAE-222
CNPAE-226
CNPAE-298
CNPAE-299

Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD
Control
WD

PRO
(μmol g
DW-1)

Ψs
(-MPa)

PN
(μmol CO2
m-2 s-1)

gs
(mol H2O
m-2 s-1)

GPX
(mmol h-1 kg-1
DW)

SOD
(UA kg-1
DW)

0.17±0.01Ab
0.31±0.04Aa
0.1±0.02Ba
0.14±0.02Ba
0.18±0.03Aa
0.26±0.04Aa
0.11±0.01Ba
0.19±0.03Ba
0.06±0.03Ba
0.18±0.03Ba
0.14±0.02Bb
0.22±0.03Ba
0.23±0.01Ab
0.35±0.03Aa
0.13±0.01Ba
0.17±0.02Ba
0.09±0.02Ba
0.12±0.01Ba

0.80±0.11Bb
1.86±0.09Ba
1.10±0.06Bb
1.97±0.09Ba
1.15±0.07Bb
1.87±0.08Ba
1.22±0.09Bb
1.73±0.08Ba
1.52±0.09Ab
2.05±0.07Aa
1.38±0.08Ab
2.10±0.05Aa
1.40±0.09Bb
1.70±0.08Ba
1.24±0.09Bb
1.69±0.08Ba
1.10±0.07Bb
1.72±0.07Ba

15.9±0.08Aa
8.2±0.73Bb
18.3±0.98Aa
7.2±0.32Cb
18.1±0.10Aa
17.0±0.39Aa
16.9±0.01Aa
15.2±0.12Aa
16.6±0.51Ba
6.7±1.74Aa
11.8±0.63Aa
10.4±0.34Cb
11.3±1.23Ba
8.9±1.84Ba
10.6±0.47Ba
4.6±0.43Ca
19.1±0.64Aa
7.2±0.82Cb

0.24±0.04Ba
0.08±0.01Cb
0.36±0.04Aa
0.06±0.01Cb
0.43±0.02Aa
0.34±0.01Ab
0.24±0.01Ba
0.22±0.01Ba
0.22±0.02Ba
0.05±0.02Cb
0.16±0.01Ca
0.13±0.04Ca
0.10±0.03Ca
0.08±0.02Ca
0.09±0.02Ca
0.03±0.01Ca
0.37±0.06Aa
0.04±0.01Cb

0.01±0.002Db
0.03±0.008Da
0.10±0.001Aa
0.10±0.002Aa
0.06±0.006Cb
0.10±0.001Aa
0.06±0.001Cb
0.07±0.001Ca
0.07±0.001Ca
0.07±0.002Ca
0.06±0.001Ba
0.06±0.002Ca
0.01±0.001Db
0.09±0.003Ba
0.01±0.001Da
0.003±0.001Fa
0.01±0.002Da
0.01±0.006Ea

0.21±0.006Ab
0.34±0.017Ba
0.17±0.006Ba
0.18±0.012Ba
0.19±0.013Aa
0.20±0.003Ca
0.18±0.006Aa
0.21±0.006Ca
0.17±0.004Ba
0.17±0.010Da
0.16±0.007Bb
0.20±0.008Ca
0.15±0.01Bb
0.21±0.006Ca
0.16±0.006Ba
0.16±0.007Da
0.16±0.004Bb
0.46±0.036Aa

CAT
(μmol H2O2
kg-1 DW
min-1)
0.07±0.002Aa
0.07±0.004Ba
0.05±0.003Bb
0.07±0.003Ba
0.07±0.001Aa
0.07±0.001Ba
0.05±0.004Ba
0.06±0.006Ba
0.04±0.002Cb
0.07±0.003Ba
0.04±0.002Cb
0.07±0.006Ba
0.03±0.001Cb
0.07±0.004Ba
0.06±0.001Bb
0.09±0.003Aa
0.06±0.003Bb
0.09±0.005Aa

WUE
(kg m-3)

8.1±0.4Aa
7.7±0.9Aa
8.5±0.8Aa
9.7±1.5Aa
8.4±1.7Aa
11.6±3.2Aa
7.3±0.1Aa
7.4±1.1Aa
7.5±0.4Aa
7.1±0.2Aa
8.3±1.4Aa
7.5±0.4Aa
9.2±1.5Ab
12.8±2.5Aa
8.2±0.3Ab
14.9±3.5Aa
9.2±1.2Aa
8.2±0.3Aa

Values are mean (± standard error) of four replicates. Lower case indicate differences
between treatments within each genotype by the F-test (p < 0.05) and capital letters indicate
significant differences among genotypes within each treatment by the Scott-Knott test (p <
0.05).
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3.3 Multivariate Analysis and Principal Components
The analysis of grouping and graphic dispersion based on concomitant observation of
growth-related and physiological traits indicated divergences among the nine genotypes.
The dendrogram produced from this analysis resulted in the following groups of genotypes:
Group I, formed by CNPAE-121 and 168; Group II, by CNPAE-298; Group III, by
CNPAE-126, 148, 226 and 215; Group IV, by CNPAE-222; and Group V, by CNPAE-299
(Figure 1).

Figure 1. Dendrogram produced from grouping analysis and graphic dispersion referring to
growth-related traits in nine genotypes of J. curcas subjected to soil water deficit for 42 days,
based on the Euclidean distance between control and water deficit treatments
The most determinant trait for genetic dissimilarity and groups formation was the root total
area (18.9%), followed by plant height (17.9%) and number of leaves (17.6%). On the other
hand, leaf area (5.0%), root length (5.6%) and stem diameter (6.9%) were less influential for
genetic dissimilarity (Table 4).
Table 4. Relative contribution (S.j) of growth-related traits on genetic dissimilarity (Singh,
1981) in nine genotypes of J. curcas
Growth-related traits

S.j

Relative contribution (%)

Leaf area

6.3

3.9

Plant height

33.9

21.1

Stem diameter

6.34

3.9

Number of leaf

31.3

19.5

Root lenght

5.42

3.3

Root total area

33.9

21.4

Root surface area

13.1

8.1

Root volume

30.2

18.8
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The two principal components of genetic dissimilarity, that is, the two most influential
growth-related traits, accounted for 65.54% of the total variation – 37.65% for the first
component and 27.89% for the second (Figure 2).

Figure 2. Principal components analysis of genetic dissimilarity in nine genotypes of J.
curcas submitted to soil water deficit for 42 days, based on growth-related traits
The analysis of the dendrogram (Figure 3) allows the identification of the following groups
for cluster analysis, based on physiological characteristics: Group I, formed by the
CNPAE-121 genotype; Group II, formed by CNPAE-126 and 222; Group III, formed by
CNPAE-148, 168 and 215; Group IV, formed by CNPAE-226; Group V, formed by
CNPAE-298; and Group VI, formed by CNPAE-299.

Figure 3. Euclidean dendrogram for nine genotypes accessions of J. curcas submitted to soil
water deficit for 42 days, based on growth-related traits
535

http://jas.macrothink.org

Journal of Agricultural Studies
ISSN 2166-0379
2020, Vol. 8, No. 3

The relative contribution of physiological traits was also analyzed, to identify the most
influential traits for the groups formation. It was found that gs contributed 24.9%, followed
by GPX with 20.9%. Among the physiological variables, CAT was the one that least
contributed to the groups formation (0.7%), followed by WUE (7.4%) (Table 5).
Table 5. Relative contribution (S.j) of physiological traits on genetic dissimilarity (Singh,
1981) in nine genotypes of J. curcas
Physiological traits

S.j

Relative contribution (%)

Proline content

23

15.6

Osmotic adjustment

25.9

17.5

Net photosynthesis

15.1

10.2

Stomatal conductance

37

24.9

Guaiacol peroxidase activity

31

20.9

Superoxide dismutase activity

3.84

2.6

Catalase activity

1.11

0.7

Water use efficiency

10.9

7.4

The two principal physiological components of genetic dissimilarity accounted for 56.02% of
the total variation – 34.50 for the first component and 21.52% for the second (Figure 4).

Figure 4. Principal components analysis of genetic dissimilarity in nine genotypes of J.
curcas submitted to soil water deficit for 42 days, based on physiological traits
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4. Discussion
This study is an assesment on behaviour of nine genotypes of J. curcas under water deficit,
based on changes in growth-related and physiological traits. Physiological responses can be
influenced by various internal and external stimuli, which induce morphological and
biochemical adjustments, to ensure sustainable plant development (Kumar et al., 2014).
Our results showed that all genotypes had both morphological and physiological traits
negatively affected by water deficit (Tables 3 and 4), similarly to results reported by several
other researchers (Santana et al., 2015; Oliveira et al., 2016; Silva et al., 2016, 2019; Yin et
al., 2016; Santana et al., 2017). Our results indicated growth inhibition and stomatal
restriction to PN under water deficit. Thus, mechanisms should be developed to improve J.
curcas tolerance to water restrictions, such as changes in plant height, stomatal closure and
increased WUE (Yin et al., 2016).
Environmental stresses cause metabolic changes in plants, producing reactive oxygen species
(ROS), which result in oxidative cell damage (Shu et al., 2012; Ren et al., 2018). To protect
against oxidative damage, plant cells produce antioxidant enzymes, such as superoxide
dismutase (SOD), peroxidases (POD) and catalase (CAT). The increase in antioxidant
enzymes activity can be considered as an important strategy of cellular defense against
oxidative stress (Liang and Wang, 2013; Ju et al., 2017; Ren et al., 2018).
SOD activity increased significantly in genotypes under water deficit (Table 5), and was
greater in the CNPAE-299 genotype (Table 3). SOD is assumed as the first line of defense
against the toxic effects of high levels of ROS. The activity of GPX and CAT, in turn, also
increased under water deficit and was greater in the genotypes CNPAE-148, 298 and 299,
respectively, in which they formed two distinct groups, in terms of contribution to the genetic
diversity of J. curcas. Due to the toxic effect of hydrogen peroxide (H2O2), GPX and CAT
also play an important role in the antioxidant defense system of plants, as they help convert
H2O2 into H2O and O2. Increased activity of antioxidant enzymes under water deficit was also
found by Silva et al. (2016), who also assessed the same genotypes of J. curcas used in the
present study.
For cluster analysis, sample units are grouped into groups, based on some classification
criteria in order to obtain low homogeneity and high heterogeneity (Prado et al., 2017). The
analysis of genetic distance and clustering are important tools to assess the relative
contribution of different characteristics to total diversity, quantify the degree of divergence
among populations or accessions and select divergent or genetically similar parents (Kaushik
et al., 2007). In the present study, it was observed that genotypes from different geographical
origins were grouped (Figure1). These results are consistent with those obtained by Kaushik
et al. (2007) and indicate that geographic diversity does not necessarily represent genetic
diversity among accessions collected. For, although some genotypes belong to the same
geographical region, they could have undergone changes for different characteristics in their
selection.
Results suggest a broad genetic basis, since the values of genetic distance ranged from 0.2 to
0.22, for growth-related traits (Figure 1), and from 0.4 to 1.6, for physiological traits (Figure
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2). Wide genetic variability in morphological characteristics, was also reported by Wani et al.
(2012). This high diversity represents an important resource for future crossings in breeding
programs. As described by Rocha et al. (2012), morpho-agronomic characterizations have
shown significant genetic variability for J. curcas, in contrast to the low diversity that is
obtained when molecular markers are used (Rosado et al., 2010). Similar results have also
been reported for some Brazilian (Santos et al., 2010), Mesoamerican (Medina et al., 2011)
and Indian (Tatikonda et al., 2009) populations.
Due to genotype variability, the dendrogram did not show clusters by geographic origin,
which can be attributed to the fact that each group is composed by different genotypes.
Similar results were obtained in studies of Indian accesses for J. curcas (Kaushik et al., 2007;
Jun-Ling et al., 2010; Tripathi et al., 2015). Ricci et al. (2012) studied plants of J. curcas
collected from different geographical origins (Brazil, Cape Verde, Cuba, Mozambique and
Senegal) and identified the formation of two groups, one of them composed of plants from
Brazil, Mozambique and Senegal, and another, by plants from Cuba and Cape Verde. These
authors concluded that geographic diversity does not necessarily correspond to genetic
diversity. According to Ferrão et al. (2002), studies on genetic diversity are important for
plant breeding, because they provide parameters to identify parents that enable the emergence
of superior genetic materials for crossing and knowledge about genetic bases of the assessed
population.
Principal components analysis is a classic method of reducing dimensionality, which
transforms a set of original variables into a smaller set of uncorrelated variables. This method
is linear because the new components are a linear combination of the original data (Abdi and
Williams, 2010). They are applied to determine the most important traits and attributes in
each dimension (Hair et al., 2010).
In the present study, the relative contributions of the two principal components of
growth-related and physiological traits were 65.54 and 56.02%, respectively (Figure 2 and 4).
According to Rencher (2002), at least 70% of total variance must be accounted for by the first
and second principal components. However, studies report that the analysis of principal
components has been shown to be effective for the assessment of genetic diversity, even
when this limit is not reached. The results showed that root total area, plant height and
number of leaves were the growth-related traits most influential for genetic diversity (Table
4). On the other hand, studies by Laviola et al. (2011) on genotypes of J. curcas showed that
stem diameter and plant height contributed 12 and 11%, respectively, to genetic diversity.
Knowing the variability of morphological characteristics is essential to reach genetic gains in
breeding programs, particularly for the selection of elite genotypes (Basu et al., 2017).
CNPAE-126 and 148 were the most similar genotypes, among the growth-related traits, based
on the shortest distance among the genotypes (Figure 3). For the groups formation, gs and
GPX were the most influential physiological traits (Table 5). The CNPAE-121, 226, 298 and
299 genotypes were the most divergent, based on physiological traits. Therefore, these
genotypes can be used for bi-parental crossing, since this contrast can potentiate the obtaining
of highly segregating populations and a possible obtaining of transgression genotypes for
various traits (Belete et al., 2011).
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Studies have reported that the crossing of populations from clusters that exhibit maximum
distance among the groups and a high mean value for agronomic traits could generate more
divergent plants (Kaushik et al., 2007; Srivastava et al., 2011; Shabanimofrad et al., 2013).
Furthermore, Shen et al. (2010) studying 38 genotypes from different regions of China and
Indonesia, also observed that they are mixed among the groups of the dendrogram generated
by UPGMA method, which is the same method used in this research.
One of the approaches to the genetic improvement of J. curcas in this study was the
verification of growth-related and physiological traits, in order to improve some agronomic
characteristics, such as tolerance to adverse conditions, especially to water deficit. Identifying
descriptors with little or no influence from the environment is essential to diverge and protect
future populations of J. curcas, since quantitative descriptors, such as morphophysiological
traits, are greatly influenced by genotype x environment interactions. Therefore, the study of
multivariate analyzes must be essential to identify and assess descriptors for plant breeding,
where the genetic divergence between genotypes is considered and traits could be analyzed as
a group.
5. Conclusions
The variability that was revealed in the present research can be informative from the point of
view of management and conservation in genotypes of J. curcas. The morphophysiological
traits showed that CNPAE-298 and 299 are the most distant genotypes among the plant
groups. Root area, plant height, gs and GPX were the most determining traits for dissimilarity
among genotypes of J. curcas under water deficit, and they should be prioritized when the
choice of genotypes, in further studies on this species.
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