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Abstract

The objective of the present work was to evaluate the effect of plant growth regulators (PGR) on the vegetative
development and productivity of Jatropha curcas plants. A field experiment was conducted at the Goias State
University, Brazil, using two-year-old J. curcas plants planted with spacing of 3 x 2 m, using foliar applications
of two PGR—trinexapac-ethyl and prohexadione-Ca. A randomized block design was used with four treatments
(trinexapac-ethyl at 1 ml plant'—T1; prohexadione-Ca at 2 mg plant'—T2; trinexapac-ethyl at 1 ml plant” plus
prohexadione-Ca at 2 mg plant'—T3; and Control—T4), five replications, and plots consisting of two plants.
Two applications of a 300 ml plant™ solution with the treatments were performed with a 30-day interval after the
leaf emergence period (late September and October 2017). The trinexapac-ethyl and prohexadione-Ca plant
growth regulators increased the grain yield of Jatropha curcas plants by increasing their vegetative growth, and
number of inflorescences, and female and hermaphrodite flowers, but had no effect on the uniformity of fruit
maturation. The treatment in which both plant growth regulators were used presented the best results, generating
more vigorous and productive plants.
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1. Introduction

Greenhouse gas emissions resulted from human actions affect negatively natural resources and increase the need
for renewable energy sources that reduce environmental impacts (Schrag, 2018). Biofuel markets have sought to
produce clean and renewable fuels due to the need for reducing the dependence on fossil fuels, focusing on a
sustainable development (Gaurav, Sivasankari, Kiran, Ninawe, & Selvin, 2017).

The researches that have been developed and the political actions created by the National Program for the
Production and Use of Biodiesel (PNPB) in Brazil have promoted the production of biofuels to increasingly
replace petroleum diesel through the gradually mixing of it with biodiesel (Nogueira & Capaz, 2017). This
program (PNPB) increased biodiesel production to more than 4 million m™ in 2017, surpassing all previous years
(ANP, 2018).

The main raw materials used to produce biodiesel in Brazil are soybean (68.60%), bovine fat (12.81%), and
cotton (2.13%); other oil materials represent 11.60% and other raw materials 4.85% of this production (ANP,
2018). Therefore, diversifying the raw materials for biodiesel production is needed; it can be accomplished by
the introduction of promising species such as Jatropha curcas L. (Moniruzzaman, Yaakob, Shahinuzzaman,
Khatun, & Islam, 2017).

J. curcas (Euphorbiaceae) has multiple applications, from biodiesel production to cosmetics industries
(Moniruzzaman et al., 2017). J. curcas is also used to produce biopesticides and drugs, since its latex has
antimicrobial, anti-cancerous, and anti-inflammatory properties (Raulf, 2014; Matos, Ciappina, Rocha, &
Almeida, 2018). However, this species has drawn worldwide attention as an alternative source of sustainable
energy, mainly due to the high oil content of its seeds. It reaches productive climax after four years in the field,
producing 4 to 5 kg of seeds per year when grown under suitable conditions, and has a production period of 30 to
50 years (Banapurmath, Tewari, & Hosmath, 2008). However, this species is in process of domestication and
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lacks scientific evaluations that ensure high yields (Montes & Melchinger, 2016). In addition, the low yield and
lack of fruit maturity uniformity limit the competitiveness of this crop species (Lama, Klemola, Saloniemi,
Niemela, & Vuorisalo, 2018).

The harvest of J. curcas fruits can last four to six months. Emergence of new inflorescences is commonly found
in the first months of fruit harvesting; thus, the same plant has mature fruits, open flowers, and emergence of
inflorescences. Therefore, fruit harvesting is laborious and expensive, significantly reducing profitability, making
this crop practically impossible in certain regions (Heinrich, 2018).

The different flower emergence times of J. curcas plants may be due to the competition for assimilates between
vegetative and reproductive organs, and indicate the need of management practices to control vegetative growth
(Grosh et al., 2010). Thus, researches describing aspects of fruit maturation and practices that promote
uniformization of harvest and increase profitability by lowering labor costs are necessary.

The low numbers of branches and female flowers limit yield of J. curcas plants, thus, increasing these numbers
is advantageous for commercial crops of this species (Oliveira et al., 2012). The use of plant growth regulators
(PGR) is an important practice that changes the proportion of female and male flowers and reduces competition
for assimilates between vegetative and reproductive components (Pan & Xu, 2011).

PGR are widely used in several crops to stimulate productive response and control plant growth. Several PGR
have been tested in J. curcas for floral development and grain production (Gouveia et al., 2012; Seesangboon et
al., 2018; Hui, Wang, Chen, Zayed, & Wu, 2018), however, the use of techniques aiming at obtaining uniformity
of fruit maturity by the use of regulators is absent in the literature and, in this sense, the present study becomes
unprecedented when prioritizing the synchronization of fruit maturation of J. curcas. In this context, the
objective of the present work was to evaluate the effect of PGR on the vegetative development and productivity
of J. curcas plants.

2. Material and Methods

The study was developed in the experimental area of the Goias State University, in Ipameri, state of Goias,
Brazil (17°43'19" S, 48°09'35" W, and altitude of 773 m). The region has a tropical humid climate (rainy
summers and dry winters), with well-defined rainy (October to March) and dry (April to September) seasons.
The soil of the experimental area was classified as Red-Yellow Latosol (Oxisol) (Dos Santos et al., 2013).
Liming and fertilization were performed based on soil analysis, following technical recommendations for the
crop (Matos et al., 2014).

A field experiment was conducted using two-year-old J. curcas plants planted with spacing of 3x2, using foliar
applications of two plant growth regulators (PGR) that inhibit gibberellin synthesis trinexapac-ethyl (Moddus®,
Syngenta, Basel, Switzerland) and prohexadione-Ca (Viviful, Iharabras, Sorocaba, Brazil). A randomized block
design was used with four treatments (trinexapac-ethyl at 1 ml plant'—T1; prohexadione-Ca at 2 mg
plant'—T2; trinexapac-ethyl at 1 ml plant” plus prohexadione-Ca at 2 mg plant’'—T3; and Control—T4), five
replications, and plots consisting of two plants.

Two applications of a 300 ml plant” solution with the treatments were performed with a 30-day interval after the
leaf emergence following the plant's deciduous period, from late September to October 2017. The treatments
were applied as uniform as possible by spraying the solution on the leaf area of the plants, reaching the whole
canopy, and avoiding overflow.

Plant height, crown diameter, number of branches, leaf chlorophyll and carotenoid contents, and stomatal density
were evaluated at 15 days after the last application. Number of female and hermaphrodite flowers per plant,
number of inflorescences per plant, and grain yield were evaluated at 60, 90 and 120 days after the last
application.

Plant height was measured from the stem base to apex using a tape ruler. Crown diameter was measured in the
East-West direction of the crown using a tape ruler. Chlorophyll and carotenoid contents were determined in two
0.6 mm diameter disks from fully developed leaves placed into glasses containing dimethyl sulfoxide (DMSO).
The extraction was carried out in a water bath at 65 °C for one hour; aliquots were spectrophotometrically read at
480, 646, and 663 nm; and chlorophyll-a, chlorophyll-b, and carotenoids contents were determined following the
equation proposed by Wellburn (1994).

Samples were taken from the adaxial and abaxial surfaces of middle third of previously dehydrated fully
developed leaves, following recommendations of Oliveira et al. (2016) for stomatal count, which was performed
using an optical microscope equipped with a light chamber. The stomatal density was defined as the number of
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stomata in 1 mm? of both leaf surfaces. The number of inflorescences and number of female and hermaphrodite
flowers were defined by counting, with visual differentiation of them.

Fruits were manually harvested when presenting dark brown skin color; they were peeled, left to dry to reach a
13% moisture, and weighed. Grain production per plant was determined by weighing the total grains obtained
per plant.

Data were subjected to analysis of variance and to Newman-Keuls test for comparison of means. Principal
component analysis was performed using a correlation matrix and the Forward Stepwise model selection
criterion (Sokal & Rolf, 1995). A permutational multivariate analysis of variance was used (Anderson, 2001).
The software R (R Core Team, 2018) was used to perform these analyses.

3. Results and Discussion

The analysis of variance for plant height, number of branches, crown diameter, stomatal density, and grain yield
of J. curcas plants subjected to the different plant growth regulators (PGR) used is shown in Table 1. The J.
curcas plants showed significant differences in growth and yield depending on the treatments. Plants treated with
PGR had higher plant height, number of branches, crown diameter, stomatal density, and yield than control
plants. T2 plants had higher plant height (6%), number of branches (29%), and crown diameter (19%) than
control plants; and T3 plants had higher stomatal density (30%) and yield (29%) than control plants.

Table 1. Summary of variance analysis and mean test of plants of J. curcas submitted to different growth regulators
TrixE (T1), ProCa (T2), TrixE + ProCa (T3) and control (T4)

Mean squares

Variation source DF 5 .
PH (m) NB CD (m) SD (mm”) PROD (kg ha™)

Treatments 3 0.3099%* 492.933%%* 0.198%* 143.12** 126572.07**

Blocks 4 0.0247™ 14.325™ 0.0084™ 12.825™ 5987.07™

Error 12 0.1687 29.725 0.0092 17.325 12411.27

CV % 4.24 7.83 4.05 13.15 9.98

Treatments Means

T1 2.45¢ 68.8b 2.33b 28.4b 1160.8ab

T2 3.06a 78.6a 2.61a 31.0b 1069.2bc

T3 2.79b 75.0ab 2.43b 39.4a 1306.2a

T4 2.88b 56.0c 2.13¢ 27.8b 927.4c

Note. PH = plant height; NB = number of branches; CD = crown diameter; SD = stomatal density; PROD =
productivity. *significant at 5% and at **1% probability; ns = not significant according to the F test. Means
followed by the same lower case letter in the column do not differ at 5% probability according to the
Newman-Keuls test.

PGR affect plant height by inhibiting gibberellin synthesis. According to Looney (2018), PGR generally paralyze
plant growth and modify the partition of photoassimilates by directing the surplus of assimilates to drains.
However, in the present study, the vegetative growth was not paralyzed by the PGR used; the number of
branches and crown diameter of the J. curcas plants increased with the application of PGR, therefore, there was
no inhibition of gibberellin synthesis and consequent reduction of plant size.

Plants treated with trinexapac-ethyl + prohexadione-Ca (T3) presented the highest yields. The increase in
number of branches, crown diameter, and stomatal density probably contributed to the increased yield of T3
plants when compared to the control plants. However, the higher yield of T3 plants in relation to T2 and T1
plants is probably related to their high number of stomata, which results in a greater carboxylation capacity and
assimilate production. According to Caine et al. (2018), a high stomatal density results in a greater capacity of
the plants in absorb atmospheric CO, and, therefore, increases photosynthetic efficiency.

According to the analysis of variance and mean test (Table 2), no significant variation for photosynthetic pigments
(chlorophylls and carotenoids) as a function of PGR treatments was found. However, plants treated with PGR had
higher number of inflorescences, and hermaphrodite and female flowers than control plants, with T3 plants
presenting 26% higher number of inflorescences, 25% higher number of hermaphrodite flowers, and 24% higher
number of female flowers than control plants.
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Table 2. Summary of variance analysis and mean test from plants of J. curcas submitted to different growth
regulators TrixE (T1), ProCa (T2), TrixE + ProCa (T3) and control (T4)

Mean squares

Variation source DF . . -

Chla(gkg’) Chlb(gkg') Car(gkg) NIF NHF NFF
Treatments 3 5.16™ 0.7 0.022™ 335.26%* 129.1%* 1959.2%*
Blocks 4 6.00™ 0.41™ 0.690™ 58.42™ 32.5™ 334.12™
Error 12 6.66 0.55 0.459 21.39 13.2 120.89
CV% 10.20 12.04 10.59 6.87 8.81 6.85
Treatments Means
T1 3.0a 0.9a 0.8a 68.6a 40.6a 165.8a
T2 2.8a 1.0a 0.7a 69.0a 44.0a 171.8a
T3 3.0a 0.8a 0.8a 75.6a 46.0a 173.2a
T4 2.8a 0.8a 0.7a 56.0b 34.4b 131.1b

Note. Chl a = foliar concentrations of chlorophyll @; Chl b = foliar concentrations of chlorophyll » Car = total
carotenoids; NIF = number of inflorescences; NHF = hermaphrodite flowers; NFF = female flowers. *significant
at 5% and at **1% probability; ns = not significant according to the F test. Means followed by the same lower
case letter in the column do not differ at 5% probability according to the Newman-Keuls test.

The grain yield of the J. curcas plants is related to the number of branches and number of inflorescences (Matos et
al., 2014). Thus, the higher the number of branches the higher the number of inflorescences and, consequently, the
higher the number of fruits. According to Oliveira et al. (2016), the reproductive structures of J. curcas are at the
apical end of the branches, and the number of fruits of the plant is directly connected to the number of branches,
however, not all branches have inflorescences. Therefore, despite the positive correlation between number of
branches and fruit production, it is common that some branches produce no fruit.

The application of trinexapac-ethyl + prohexadione-Ca (T3) increased the number of branches and inflorescences;
and the high number of hermaphrodite flowers and female flowers contributed to increase fruit yield. According to
Rao, Korwar, Shanker, and Ramakrishna, (2008) inflorescences have about 100-300 flowers with an average
production of 10 fruits due to the low number of female flowers and hermaphrodite flowers.

The principal component analysis represents 72.1% of the data variation (Figure 1) and significantly formed two
groups; the first composed of control plants without PGR applications, and the second to the right of the axis 1,
represented by all PGR treatments. The number of branches was determinant for the ordering of the groups, and
denoted the effect of the PGR in breaking bud dormancy and increasing the number of branches and inflorescences
and, consequently, grain yield.

The low yield of J. curcas plants reported in some studies (Matos et al., 2012; Govender et al., 2018; Lama et al.,
2018) was not found in the present study. Plants treated with trinexapac-ethyl + prohexadione-Ca (T3) produced,
on average, 1.306 kg per plant, and control plants produced 0.927 kg per plant. According to Behera, Srivastava,
Tripathi, J. P. Singh, and N. Singh (2010), J. curcas plantations are economically profitable when the fruit yields
of plants older than four years are at least 2 kg plant™ year.
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Figure 1. Principal Component Analysis of J. curcas plants under different growth regulators TrixE (Moddus®),
prohexadione-Ca (Viviful), prohexadione-Ca + TrixE and control

The plants used in the present study had two years of age and, therefore, they were at the initial stage of growth.
The results denote the greater vegetative development and increased grain yield of J. curcas plants subjected to
PGR. The use of PGR may become an innovative and routinely practice for J. curcas plantations after further
testing to define the concentration to be used, however, it should be noted that PGR had no effect on fruit ripeness
uniformity of J. curcas.

4. Conclusions

The trinexapac-ethyl and prohexadione-Ca plant growth regulators increased the grain yield of Jatropha curcas
plants by increasing their vegetative growth, and number of inflorescences, and female and hermaphrodite flowers,
but had no effect on the uniformity of fruit maturation. The treatment in which both plant growth regulators were
used presented the best results, generating more vigorous and productive plants.
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