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ABSTRACT

Jatropha curcas L. has been identified for biofuel production but it presents limited commercial yields due
to limited branching and a lack of yield uniformity. The objective of this study was to evaluate the effects
of single application of ethephon or a combination of 6-benzyladenine (BA) with gibberellic acid isomers
A,and A, (GA,,) on branch induction, flowering and fruit production in jatropha plants with and without
leaves. Plants with and without leaves showed differences for growth and reproductive variables. For all
variables except inflorescence set, there were no significant statistical interactions between the presence
of leaves and plant growth regulators concentration. The total number of flowers per inflorescence was
reduced as ethephon concentration was increased. As BA+ GA, ,, concentration increased, seed dry weight
increased. Thus, ethephon and BA + GA, _ applications appeared to affect flowering and seed production
to a greater extent than branching. The inability to discern significant treatment effects for most variables
might have been due to the large variability within plant populations studied and thus resulting in an
insufficient sample size. Therefore, data collected from this study were used for statistical estimations of
sample sizes to provide a reference for future studies.
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INTRODUCTION

Jatropha (Jatropha curcas L.) is a pantropical
species widely distributed in Central and South
America that has been identified for biofuel
production (Francis et al. 2005). The oil extracted
from the seeds produces good quality biodiesel
comparable with fossil diesel and biodiesel from
otheragronomic crops (Fairless 2007). Furthermore,
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the oil has been successfully tested for use as bio
jet fuel, meeting European and American quality
standards (Openshaw 2000).

Jatropha is still undomesticated and not
considered a commercial crop due to the lack of
breeding and genetic improvement, as well as the
lack of specific cultivation practices (Francis et
al. 2005). Most existing plantations were initiated
from seeds derived from wild plants and therefore
yields are variable (Carels 2009, Fairless 2007) and
productivity is non-uniform (Kant and Wu 2011).
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Seed and oil yield in jatropha are affected by
several factors, such as genetics (Das et al. 2010,
Mohapatra and Panda 2010), age of the plant
(Jongschaap et al. 2007), site characteristics such as
rainfall, soil type and fertility (Francis et al. 2005),
and agronomic practices such as plant spacing,
pruning, irrigation, and fertilization (Behera et al.
2010, Gosh et al. 2011). Seed and oil production
are also dependent on female flower production and
seed set (Jongschaap et al. 2007). Therefore, a high
male to female ratio is considered one of the factors
limiting yield in this species (Wu et al. 2011).
Because inflorescences are formed terminally
on the branches, poor branching is considered a
limitation to high yields (Carels 2009, Mohapatra
and Panda 2010). Kureel (2006) reported that the
overall oil yield could be improved by increasing
the total number of fruit-bearing branches per plant.

Plant growth regulators (PGRs) have been used
to modify plant architecture (Hayashi et al. 2001,
Mackay et al. 2007). Exogenous applications of
PGRs have been shown to induce growth responses
resulting in increased growth and yield in a variety
of crops including jatropha, Zea mays L. (corn),
and Gossypium hirsutum L. (cotton) (Abdelgadir
et al. 2010, Biles and Cothren 2001, Shekoofa and
Emam 2008). Ethephon decomposes to ethylene
within plant tissues and it is widely used as a plant
growth regulator in commercial crop production.
Ethephon is also used to reduce stem elongation,
increase lateral branching, and manipulate flower
initiation (Campos et al. 2009, Tamari e al.
1998). A combination of 6-benzyladenine (BA)
with gibberellic acid isomers A and A, (GA,,.)
has been used to increase shoot elongation and
flower production, as well as to release buds from
apical dominance, promoting branch development
(Jacyna and Puchala 2004, Keever and Foster 1990,
Ravetta and Palzkill 1992).

Studies on the use of PGRs to induce branching
and to improve yield in jatropha are limited.
Increased branching in jatropha could increase

An Acad Bras Cienc (2016) 88 (2)

fruit production. The objective of this study was
to evaluate the effects of ethephon or BA + GA,
applications on branch induction, and subsequent
flowering and fruit production in jatropha. The
effects of PGRs on plants that were already actively
growing and plants in a pre-leaf stage at the time of
application were evaluated.

MATERIALS AND METHODS

PLANT MATERIAL AND SITE CHARACTERISTICS

Plants for the experiment were selected from a
jatropha field plot at the University of Florida,
Tropical Research and Educational Center (TREC)
(25°50’N and 80°50°W, 3.8 m above sea level) in
Homestead, FL.

Two-year-old plants were used for this study.
Seeds originating from a jatropha accession from
India were germinated in a greenhouse and planted
in the field at TREC on June 25, 2009. Plants were
spaced 2.4 m (within-row) by 3.7 m (between-rows).
During prolonged dry periods, plants were irrigated
every other day with a microsprinkler system (98
L-h_l) throughout the year. Plants were fertilized
monthly with 100 g (July through December) to
200 g (January through April) of 6N-5P,0,~15K,0
fertilizer (Atlantic FEC — Fertilizer and Chemical
Co., Homestead, FL).

At the initiation of treatments in May 2011,
several plants had set leaves after breaking winter
dormancy (plants with leaves) while others were
at a pre-leaf stage (plants without leaves). A total
of 64 plants were selected for the experiment; 32
with leaves and 32 without leaves. Plants were not
pruned prior to or during the experiment.

PLANT GROWTH REGULATORS

Treatments consisted of foliar applications of
ethephon (Florel”; Monterey Lawn and Garden
Products, Inc., Fresno, California, USA) or
BA + GA,_, (Promalin®; Valent Biosciences™

Corporation, Walnut Creek, California, USA) to
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plants with leaves or without leaves. Ethephon was
applied at concentrations of 0, 500, 1000, or 2000
mgL"'and BA+GA 47 Was applied at concentrations
of 0, 250, 500, or 1000 mgL™". Tween" 20 (Merck,
Germany) 0.1% (v/v) was added to the solutions as
a surfactant. The pH of ethephon and BA + GA _,
solutions were adjusted to 4.5 and 6.0, respectively,
as recommended by the manufacturers. Plants
(stem and canopy) were sprayed to run-off with
600 mL of solution per plant per application using
a hand sprayer. Control plants were sprayed with
600 mL of tap water. Immediately after sunrise on
May 27", 2011, a single application of each PGR
was made.

As per manufacturers’ recommendations,
ethephon and BA + GA
actively growing plants. Plants with leaves were

should be applied to

actively growing at the time of PGR applications,
and had already started to flower and initiate fruit
production. In contrast, plants “without leaves” had
buds but they were at a pre-leaf stage at the time of
PGR applications.

MORPHOLOGICAL MEASUREMENTS

Plants were monitored from May through
November 2011. In November 2011, final plant
size (cm) and number of branches per plant were
recorded. Plant height (cm) was measured as the
distance between soil surface and the tip of the
main stem. Plant canopy area (cm) was measured in
two perpendicular directions (width1l and width?2).
Plant size (cm) was calculated by (height + width1
+ width2)/3, as suggested by Keever (1994). The
number of all branches longer than 3 cm were
recorded (Abdelgadir et al. 2010).

The total number of inflorescences per plant
was recorded monthly. Inflorescence set was
determined as the percentage of inflorescences
with fruit per treatment. Number of flowers per
inflorescence (total, male and female flowers),
male to female flower ratio, number of fruit per
bunch, and percentage of fruit set, were determined

as the mean of 8 inflorescences randomly selected
on each plant; a total of 32 inflorescences per
treatment. Fruit set was determined as the percen-
tage of fruit divided by the number of female
flowers per inflorescence. Fruit set was estimated
one month after the first inflorescence flower
had opened. Total number of fruit per plant was
recorded by harvesting and counting all fruit from
inflorescences, formed after PGR application.
Fruit were manually harvested when they started
to mature. Total number of seeds per plant was
recorded by manually opening all fruits from each
plant and counting the number of seeds. Fruit yield
(g) was recorded as the whole fruit fresh weight of
all fruits harvested per plant. Seed yield (g) was
recorded as the whole seed dry weight of all seeds
harvested per plant, after seeds were oven dried for
48 h at 70 °C. Fruit fresh weight (g), number of
seeds per fruit, seed fresh (g) and dry weight (g),
and seed length (mm), thickness (mm) and width
(mm) were given as the mean of 50 fruit or seeds
randomly selected per plant, a total of 200 fruit or
seeds per treatment. To calculate 100-seed weight
(g), 100 seeds from each plant were randomly
selected and weighed.

EXPERIMENTAL DESIGN AND DATA ANALYSIS

Data for each PGR (ethephon or BA + GA, ) were
analyzed separately. For each PGR, data were
analyzed as a 2 (leaf presence or absence) by 4
(PGR concentration) factorial, with 4 single-plant
replications per treatment combination, laid out in
a completely randomized design. Two-way analysis
of variance was performed to evaluate possible
interactions between leaf presence and PGR
concentrations. Regression analysis was performed
to evaluate linear and quadratic responses of
plant growth and development variables to PGR
concentrations. Plants with and without leaves
were combined for regression analysis for
variables if no interaction between leaf presence
and PGR concentration was detected. Differences
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between plants with leaves and without leaves
were determined with a Student’s T-test. Statistical
analyses were performed using SAS Software
(SAS Institute Inc., Cary, North Carolina, USA).

RESULTS

Within 4 h of ethephon and BA + GA, _, foliar
applications, a light rain (0.80 mm) occurred at
TREC, with a total of 15.8 mm for the day. Both
ethephon and BA + GA, ., might have had their
activity reduced due to rainfall within 6 to 24 h
of application. Therefore plants were monitored
daily to confirm any potential reduced activity of
both PGRs. Plants sprayed with ethephon at 1000
or 2000 mg'L'1 showed leaf, inflorescence, fruit
yellowing, and leaf abscission beginning on the
third day until the seventh day after application.
Leaf burn was also observed for all ethephon
concentrations. Plants sprayed with BA + GA, ,_ at
500 or 1000 mgL"' showed a slight leaf curling and
leaf drop 4 days after application.

Plants with leaves were different from plants
without leaves for several variables including plant
size, number of fruit per plant, number of seeds
per plant, fruit yield, seed yield, number of seeds
per fruit, and inflorescence set (Tables SI and SII —
Supplementary Material). Except for inflorescence
set, there was no interaction between leaf presence
and PGR concentration. Therefore, for all variables
except inflorescence set, data from plants with or
without leaves were pooled for regression analysis,
increasing sample size to 8 plants per treatment.
Data on flowering was not collected for plants
without leaves. We expected to see continuous
flowering for both plants with and without leaves.
However, flowering for plants without leaves was
concentrated within the month of June and after that
very few inflorescences were produced. Therefore,
the numbers of inflorescences collected were not
sufficient for statistical analysis and the data was
not included.

Ethephon or BA + GA, , applications at all
concentrations tested, had no effect on the number
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of branches, inflorescences, fruits and seeds (P >
0.05) (Tables SI and SII). However, for plants treat-
ed with ethephon, there was a linear response to
PGR concentration for the number of flowers and
for the number of male flowers per inflorescence.
As ethephon concentration increased, there was a
reduction in both the numbers of flowers and male
flowers per inflorescence (Fig. 1, Table III). Flower
variables were not affected by BA+ GA,  applica-
tions (Table III). Plants treated with BA + GA, .
showed a linear relationship between concentration
and seed dry weight. As BA+ GA,  concentration
increased, seed dry weight also increased, although
with a low correlation coefficient (R*=0.15) (Table
SII).

DISCUSSION

Ethephon has been reported to promote yellowing
and abscission in different plant parts (Crisosto et al.
1991, Trueman et al. 2002), similar to observations
in this study at 1000 and 2000 mgL". High PGR
concentrations or multiple PGR applications can
result in phytotoxity symptoms such as leaf curling,
leaf cupping, and discoloration (Oates et al. 2004).
Leaf curling and leaf drop that were observed at
500 or 1000 mgL" of BA + GA,, could indicate
phytotoxic effects at these concentrations. The
presence of these symptoms indicates that the light
rain which occurred within 4 h of PGR applications
had no or little effect on the activity of either PGR,
although a dilution effect caused by the rain cannot
be discarded.

The number of male flowers per inflorescence
decreased as ethephon concentration increased.
This could explain why plants treated with
ethephon showed a lower mean male to female
flower ratio compared to plants treated with BA +
GA, . Ethephon may have reduced the formation
of flowers (Kher et al. 1974, Nagao and Sakai 1990)
and/or increased the abortion of young flowers
(Tamari et al. 1998).
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Figure 1 - Number of flowers per inflorescence (a) and number of male flowers per
inflorescence (b) in Jatropha curcas L. plants treated with ethephon (Florel®) at 0, 500,
1000, or 2000 mgL™". Plants were treated in May 2011 (n= 4). Values are means of 8
inflorescences randomly selected for each plant, with a total of 32 inflorescences per
treatment.
TABLE 111
Effects of ethephon (Florel®) and BA + GA 7 (Promalin®) concentrations on flowering variables (mean + SD)
of Jatropha curcas L. plants with leaves.
PGR_1 N flowers per N. female N. male flowers Male to fem.ale .N. fruit per Fruit set (%)
(mg.L") inflorescence flowers flower ratio inflorescence
0 96.70 £ 5.90° 4.47£0.90 92.20 +5.35 21.17+£3.76 3.6+£0.52 81.17 £8.37
= 1500 94.88 +27.79 3.73£2.07 91.18 £26.07 27.35+£9.52 2.3 +0.68 67.10+17.02
-E_ 1000 83.05+19.34 3.43+1.63 80.58 +19.66 30.38 £ 19.31 2.48 £1.32 74.03 +19.04
% 2000 62.15+25.26 3.23+1.68 58.98 £24.21 21.15+9.20 2.33+1.06 74.28 +£6.96
=R (linear) 0.33¢ NS 0.33 NS NS NS
R’ (quadratic) NS NS NS NS NS NS

An Acad Bras Cienc (2016) 88 (2)



994

ANNE P. COSTA et al.

TABLE III (continuation)

ML) inflorescence fiowers N maletlowers 0 0. inflorescence P 5€t (%)

0 10028 £24.22"  3.60+1.70  96.68 +24.87 39.88 £ 37.30 275+ 1.49 72.53 +12.99

5250 7428+21.04  1.50+045  72.83+20.90 53.58 £23.54 1.00 £ 0.43 68.75 + 20.70

5 500 7338+ 1343  2.60+1.56  70.75+12.08 32.53+12.86 1.80+1.17 66.40 +21.07

j: 1000 93.83 +4.18 298+1.04  90.85+3.77 33.00 +9.41 2.18£0.57 75.75 £ 14.89
& | R*(linear) NS* NS NS NS NS NS
R’ (quadratic) NS NS NS NS NS NS

"Mean of 8 inflorescences per plant.

!Coefficient of determination (R?) for linear and quadratic responses to ethephon or BA + GA 4+, concentrations (C) according to
linear regression analysis. All R” values were significant at P < 0.05, unless indicated by “NS”.

The increase in seed dry weight as BA+GA,
concentrations increased could be due to assimilate
mobilization into the seeds caused by cytokinins
and gibberellins (Brenner et al. 1989). Gibberellins
have been shown to be related to early and late seed
development and their concentration is usually cor-
related with seed fresh weight accumulation in dif-
ferent species (Pharis and King 1985). Similarly, BA
is known for its ability to allocate nutrients to sites
of application (Crosby et al. 1981). Increased seed
dry weight due to BA + GA, .. application supports
the hypothesis that gibberellins and cytokinins could
play an important role on improving seed yield.
The lack of a branching response to PGR ap-
plications could be related to factors such as plant
age, PGR concentrations, and the number of PGR
applications. Effects on branching, plant height
and number of inflorescences per plant have been
shown to vary among several herbaceous species
due to single and multiple ethephon applications at
500 or 1000 mgL™" (Hayashi et al. 2001). Keever
and Foster (1990) reported lack of branching res-
ponse for several woody species when treated with
single applications of BA at 125 to 1000 mgL™".
Higher BA concentrations as well as BA + GA
at 2000 to 5000 mgL"' promoted greater numbers
of shoots in most studied species. Single BA
applications to 5-month-old and 1-year-old jatropha
plants have been reported to promote branching
both in greenhouse and field conditions at 2700
mgL"' (Abdelgadir et al. 2009). In the subsequent
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year, Abdelgadir et al. (2010) reported increasing
numbers of flowers per plant, more fruits per bunch
and heavier and bigger fruits for BA applications
at 675, 2025, and 2700 mgL", respectively. It is
likely that the concentrations used in our study
were not sufficiently high to promote branching and
increased fruit production in 2-year-old jatropha
plants, when applied as a single foliar treatment
under South Florida environmental conditions. It
is possible that repeated PGR applications might
have resulted in more branching effects, as reported
by Preece (1990) and Mackay et al. (2007).

The method of PGR application might also have
affected the results of this study. BA applied directly
to forming inflorescences was effective in inducing
development of bisexual flowers, increasing the
number of female flowers per inflorescence, and
increasing seed yield (Pan and Xu 2010). PGR
applied directly to forming inflorescences could
have affected flower formation differently than
PGR foliar application did.

The low response to PGR treatments could also
be related to the genotype effect, i.e., an accession
with plants in both pre-leaf and leaf stage at the
time of PGR applications. Such genotype effect
is probably responsible for the lack of significant
treatment responses of most variables, although
some trends were observed.

Due to the large variance observed within
control plants, which could be greater than treat-
ment effects, we decided to estimate sample sizes
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for specific variables using 16 control plants. Sam-
ple size estimate was calculated in order to access
the projected sample size required to detect a 5 or
10% difference at P = 0.05. The sample size esti-
mate was calculated as

)0
@)

where n is the required sample size, Z_is the value
of the standardized normal variate corresponding
to a, v_is the sampling variance, X is the sample
mean value, and d is the margin of error expressed
as a fraction of the plot mean (Gomez and Gomez
1984).

Adequate sample sizes are important to
increase the probability of detecting statistically
significant differences among treatment means.
However, in horticultural experiments, field plots
usually consist of limited number of plants. Sample
size in this study was limited due to a limited
number of plants in the field. In situations like this,
inherent variability becomes an important factor

to be considered (Batchelor and Reed 1918). As a
consequence of genotypic variability within plants
in this experiment, our results showed that the
predicted sample sizes required for all variables
evaluated, needed to be larger than those used in
this study (Table IV).

As jatropha is a wild plant there is great
variability within individuals. Although variability
within jatropha plants has been reported in several
studies (Mohapatra and Panda 2010, Das etal. 2010,
Rao et al. 2008), there are no reports in literature
about the extent in which sample size is affected
by plant variability. This study consists on the first
attempt to assess sample size in jatropha, based in
plant inherent variability for plant growth, yield
and yield components. Therefore, although sample
sizes in the present study were probably too small
to detect statistically significant differences, data
collected provided useful information for future
studies of PGR application effects on jatropha
growth and development. In plant populations
with very large inherent variability, the number

TABLE IV
Variability and sample size estimates for Jatropha curcas L. accessions from India grown at the Tropical Research and
Education Center (TREC) in Homestead, FL. Sample size estimation used a 5% and 10% detectable difference at P =
0.05. Values are mean, variance and sample size estimates, respectively, for 16 plants sprayed with water (control).

Sample size

Mean Variance
5% 10%

N. branches per plant 75.86 483.13 128.97 32.24 plants per treatment
Plant size (cm) 254.47 902.59 21.42 5.35 plants per treatment
N. inflorescences per plant 43.94 347.53 276.63 69.16 plants per treatment
N. fruit per plant 75.25 2146.47 582.48 145.62 plants per treatment
Fruit fresh yield per plant (g) 961.51 253593.84 421.51 105.38 plants per treatment
N. seeds per plant 206.44 15884.80 572.77 143.19 plants per treatment
Seed dry yield per plant (g) 99.43 3809.91 592.18 148.04 plants per treatment
N. flowers per inflorescence’ 98.70 308.64 48.68 12.17 inflorescences per plant
N. female flowers per inflorescence’ 4.00 1.91 183.33 45.83 inflorescences per plant
N. male flowers per inflorescence’ 94.80 324.11 55.42 13.85 inflorescences per plant
Male to female flower ratio’ 31.80 800.91 1217.04 304.26 inflorescences per plant
Mean fruit fresh weight (g)* 10.87 21.46 279.12 69.78 fruit per plant
Mean seed fresh weight (g)* 0.86 0.13 288.17 72.04 seeds per plant
Mean seed dry weight (g)* 0.44 0.03 302.03 75.51 seeds per plant

"Mean of 8 inflorescences per plant.
*Mean of 50 fruit or seeds per plant.
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of samples required to detect significant treatment
differences are often too great to be practical.
However, the number of samples required can
be greatly reduced if the experiment is repeated
over a number of years, and a yearly component is
added to the statistical design and analysis (Schaf-
fer and Baranowski 1986). Thus, we suggest that
further experiments consider multiple year trials
using a greater number of repetitions for field stud-
ies performed with jatropha plants originated from
seeds. It is possible that a greater number of repeti-
tions per treatment would have found a response to
the ethephon and BA + GA, ,
pha branching, flowering, and fruiting parameters.

treatments on jatro-

CONCLUSIONS

This study represents the first assessment of the
effects of ethephon and BA + GA, ., applications
on branching in jatropha and provides invaluable
information on sample size requirements on which
to base future studies of the effects of foliar PGR
applications on jatropha.

Ethephon and BA + GA, , at the concentra-
tions tested appeared to have a greater effect on
flower and seed production than in branching
stimulation. However, treatment effects may have
been affected by dilution of PGR concentration and
by genotype variability.

Further studies are necessary to clarify the
responses of ethephon and BA+ GA, _ applications
in jatropha. Clonal material should be used to avoid
the potential genetic variability. Single and multiple
foliar applications, as well as higher product
concentrations should also be considered. Product
applications to forming inflorescences under South
Florida conditions should also be included in future
studies.
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RESUMO

Jatropha curcas L. tem sido identificada para a produgéo
de biocombustivel, mas apresenta produgdo comercial
restrita devido a limitada ramificagdo e a auséncia de
uniformidade na producdo. O objetivo deste estudo foi
avaliar os efeitos de uma tnica aplicagdo de etefon ou
da combinag@o de benziladenina (BA) com isdmeros A,
e A_do 4cido giber¢lico (GA ) na indugdo de ramifica-
¢oes, florescimento e frutificagdo, em plantas de jatropha
com e sem folhas. Plantas com e sem folhas mostraram
diferencgas para variaveis de crescimento e reprodutivas.
Nao houve interacdo significativa entre a presenca de
folhas e as concentragdes de regulador de crescimento,
exceto para a variavel vingamento de inflorescéncia.
O numero total de flores por inflorescéncia diminuiu a
medida que a concentragdo de etefon aumentou. O peso
seco da semente aumentou com o aumento da concen-
tragdo de BA + GA, .. Assim, aplicagdes de etefon e
BA + GA, , pareceram ter um efeito mais pronunciado
na producdo de flores e sementes do que na inducgdo de
ramos. A inabilidade de discernir os efeitos significativos
dos tratamentos para a maioria das varidveis pode ter
ocorrido devido a grande variabilidade existente nas
populagdes de plantas estudadas, resultando em um
tamanho da amostra insuficiente. Portanto, os dados
coletados neste estudo foram utilizados para estimativas
estatisticas de tamanhos de amostras para fornecer
referéncias a estudos futuros.

Palavras-chave: BA + GA

4+7
rescimento, frutificacdo, jatropha.

ramificacdo, etefon, flo-
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SUPPLEMENTARY MATERIAL

TABLE SI - Effects of ethephon (Florel®) concentrations on
growth and reproductive variables (mean + SD) of Jatropha
curcas L. plants with leaves and plants without leaves. "Test
of statistical interactions between ethephon concentrations (C)
and leaves (L) for each plant variable according to a two-way
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ANOVA. NS =non-significant, * =P <0.05 and ** =P <0.01.
*Mean comparison between plants with (Yes) and without (No)
leaves at each ethephon concentrations according to a non-
paired T-test (n =4). NS indicates non-significant, * indicates P
<0.05, ** indicates P< 0.01, and *** =P < 0.001. Coefficient
of determination (R”) for linear and quadratic responses to
ethephon concentrations (C) according to linear regression
analysis. Treatments with (Yes) and without (No) leaves were
pooled for regression analyses because there was no significant
interaction (P > 0.05) between ethephon concentrations and
leaves. All R” values were significant at P < 0.05, unless
indicated by “NS”. "Mean of 50 fruit or seeds per plant.

TABLE SII - Effects of BA+GA, (Promalin®) concentrations
on growth and reproductive variables (mean + SD) of Jatropha
curcas L. plants with leaves or without leaves. "Test of
statistical interactions between BA + GA,, concentrations (C)
and leaves (L) for each plant variable according to a two-way
ANOVA. NS =non-significant, * =P < (.05 and **=P < 0.01.
*Mean comparison between plants with (Yes) and without (No)
leaves at each BA + GA, . concentrations according to a non-
paired T-test (n = 4). NS indicates non-significant, * indicates
P <0.05, ** indicates P<0.01, and *** P<0.001. *Coefficient
of determination (R”) for linear and quadratic responses to
BA + GA,_, concentrations (C) according to linear regression
analysis. Treatments with (Yes) and without (No) leaves were
pooled for regression analyses when no significant interaction
(P > 0.05) was found between BA + GA_, concentrations
and leaves. All R? values were significant at P < 0.05, unless
indicated by “NS”. All R® values were significant at P < 0.05,
unless indicated by “NS”. "Mean of 50 fruit or seeds per plant.



