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ABSTRACT. There is a demand for research on yellow passion fruit plants (Passiflora edulis Sims) used for
juice production. Thus, the present study aimed to determine the number of plants per experimental plot
and the number of plots per genotype for different properties of passion fruit. The data used were obtained
from an experiment (Tangari da Serra, Mato Grosso State, Brazil) that assessed 13 fruit properties in eight
genotypes of yellow passion fruit plants, with 10 replicates and 10 plants per plot. For each of the 80
experimental plots, the optimum plot size (Xo) was estimated by the method of maximum curvature of the
coefficient of variation model. The number of replicates for each genotype and the means were estimated
through the use of 10 plants per plot, combined with Xo plants per plot. The optimum plot size for the
assessment of properties in yellow passion fruits independent of genotype is less than five plants, as the
number of replicates is a function of the desired magnitude of accuracy. The number of plants per
experiment is lower when using Xo plants per plot.
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Dimensionamento do nimero de plantas por parcela e do niimero de parcelas por
gendtipo de maracujazeiro-amarelo

RESUMO. Existe demanda de pesquisa para o maracujazeiro-amarelo (Passiflora edulis Sims), usado para a
produgio de sucos. Assim, o objetivo foi dimensionar o ndmero de plantas por parcela experimental e o
nimero de parcelas por gendtipo para diferentes caracteres de frutos de maracujd. Foram usados os dados
de um experimento (Tangari da Serra, Estado do Mato Grosso) de avaliagio de 13 caracteres de frutos em
oito gendtipos de maracujazeiro-amarelo, 10 repeti¢coes e 10 plantas por parcela. Para cada uma das 80
parcelas experimentais, foi estimado o tamanho 6timo de parcela (Xo) por meio do método da curvatura
miéxima do modelo do coeficiente de varia¢io. Foi estimado o ndmero de repeti¢oes, para cada gendtipo e
na média, mediante o uso das 10 plantas por parcela e, também, considerando o uso das Xo plantas por
parcela. O tamanho 6timo da parcela, para avaliar caracteres em frutos de maracuji-amarelo, independe do
gendtipo e é menor do que cinco plantas. Para a maioria dos caracteres é preferivel usar menos de cinco
plantas por parcela, sendo o ntimero de repeticdes uma fungio da magnitude de precisio desejada. O
nimero de plantas por experimento é menor ao se usar Xo plantas por parcela.

Palavras-chave: Passiflora edulis Sims, maracuji-amarelo, planejamento experimental, precisio.

Introduction

The fruits of the yellow passion fruit plant
(Passiflora edulis Sims) are used for juice production
that is intended for both local consumption and
export. However, the cultivation of this plant
demands intense labor and is considered an
agricultural activity that encourages settlement.

With a growing demand for passion fruit, there is
an increasing need for research focused on its
cultivation to optimize production material and
service costs. Research on such factors the genetics

(CROCHEMORE et al., 2003; FERREIRA et al.,

2010; GANGA et al., 2004; GONCALVES et al.,
2007; REIS et al., 2011), plant nutrition and pest
control JUNQUEIRA et al., 2003; PIRES et al.,
2009) are suggested for the improvement of both the
productivity and product quality. In these cases, the
techniques of field trials are important tools for the
reliability qualification of the results. Reliable
research results are obtained when experiments are
planned, executed and analyzed properly.

With regard to the experimental plot size and the
number of replicates required for a given accuracy, the
design of experiments depends on the environment,
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culture and property assessed. There are several
methods to estimate the optimum plot size
(HATHEWAY; WILLIAMS, 1958, KOCH; RIGNEY,
1951; LIN; BINNS, 1984; MEIER; LESSMAN,
1971). A recent method, called the method of
maximum curvature of the coefficient of variation
model, was proposed by Paranaiba et al. (2009). This
method is more practical than several others and can be
applied in trials with fewer basic units of data
collection. Furthermore, the use of the resampling
method for determining the number of replicates for a
given accuracy (STORCK et al., 2012) is valid for any
property, with different probability distributions.

The lack of information of the scale of yellow
passion fruit experiments has led researchers
(DINIZ et al, 2011; FERREIRA et al, 2010;
FREITAS et al, 2011; KRAUSE et al, 2012;
OLIVEIRA et al, 2011; ROSADO et al., 2012;
SILVA et al., 2012) to use variable values, from two
to four replicates and from three to ten plants per
plot, which are not based on a pre-established error
estimation. Therefore, unjustified variation in
determining the plot size is observed, and thus the
experimental accuracy may be inappropriate for the
inferences presented in the reports, even with
significant differences among the treatments.

The present study aimed to measure the number
of plants per plot and the number of plots per
genotype for different properties of yellow passion
fruit plants.

Material and methods
Experimental data

The cultivation of passion fruit plants was
conducted in the experimental field of the
University of Mato Grosso (UNEMAT), located in
the municipality of Tangard da Serra, Mato Grosso
State, Brazil. The site is located on highway MT -
358, km 7, at 320 m elevation, 14°39' latitude and
57°25' longitude. The soil is classified as a clayey,
dystrophic Red Latosol (EMBRAPA, 1999), and the
soil relief is flat to gently rolling. The mean annual
rainfall is 1,800 mm, with a dry season from May to
September, and the region mean temperature is
24.4°C (NIED et al., 2006; VELA, 2006). The
conduction system was a vertical trellising, with a
smooth wire at a height of two meters from the
ground and a pole every six meters in each row. The
spacing was three meters between rows and between
plants in each row. The irrigation in the pits was
performed using drippers.

The experiment consisted of eight passion fruit
plant genotypes in randomized block design, with 10
replicates. The experimental plots consisted of 10
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plants, with spacing of three meters between the
plants and three meters between the rows.

The seeds were sown on May 22, 2010, and the
seedlings were transplanted to the final pits on
August 1, 2010. Fertilization was performed in the
pit with 300 g gypsum, 300 g lime and 150 g
monoammonium phosphate (MAP).

Among the different properties, we evaluated the
number of days to flowering (DFlor), number of
fruits per plant (NF), fruit weight per plant (FW,
kg), mean weight per fruit (MWPF, kg), fruit mean
diameter (FD, mm), fruit mean length (FL, mm),
mean peel thickness (PT, mm), pulp percentage
(PP), pulp color (PC; scale: 1 = yellow bleached,
2 = light yellow, 3 = yellow, 4 = gold, 5 = light
orange and 6 = orange), total soluble solids (TSS,
°Brix), citric acid pH (pH), acidity (CA, gram of
citric acid per 100 mL of juice) and TSS/CA ratio.
Five fruits from each plant were evaluated for the
FL, FD, PT and PP properties. For the FW property,
assessments were performed weekly for 12 months
(from March 2011 to February 2012). The physical
properties were evaluated in the laboratory from
March to May of 2011, and the physico-chemical
properties of PC, SST, pH and CA were also
assessed in the laboratory from February to March
of 2012 by removing a sample of approximately
50 mL of juice, with at least two fruits per sample at
70% maturity.

An analysis of variance was performed for each
of the properties, with sampling in the experimental
plot and a hypothesis test for the variation among
the genotypes and plots. The software SAEG was
used for this analysis (SAEG, 2007).

Determination of the number of plants per plot

For each of the 80 experimental plots (8 genotypes
x 10 replicates) and for each of the 14 properties, using
the results related to the 10 plants, the mean (m) and
variance (s?) among the 10 plants were estimated. The
first-order spatial autocorrelation coefficient (p) was
also estimated using the numbering sequence of the

plants in the plot, as follows: D;=2X; -X and
[3:222 DiDi_l/Zilleiz ’ where, X; is equal to the

value of the property observed in the plant i. The
optimal size of the plots (Xo, number of grouped
plants) was estimated by the method of maximum
curvature of the coefficient of wvariation
model (MCCVM) by the expression
Xo=(10/m)(2(1- p?)s’m|'"* (PARANAIBA et al., 2009).

Taking in consideration that the normal

distribution may not be appropriate for all 13 of the
properties and to avoid influencing differences
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among the properties by the estimation method,
the mean optimum plot size (Xo) was obtained
from the mean of 2,000 resamples from 80
observations, that is, by bootstrap resampling
(FERREIRA, 2009).

For each property, the determination of the
number of experimental plots required to estimate
Xo was performed by the resampling of the 80 Xo
values (STORCK et al., 2012). Thus, by varying the
k number = 2, 3, ..., 80 experimental plots, we
generated ] = 2,000 samples with replacement
values (mean k plots) and calculated the mean for
each resample. These 2,000 means, obtained with
resamples of k = 2, 3, ..., 80 plots, were arranged to
identify the quantile 0.025 (Q025,)) and the quantile
0.975 (Q975y). The amplitude (Amply) of the
bootstrap confidence interval with resamples of k
size, with 5% error, is Ampl,, = Q975,, - Q025,.
The k value, which corresponds to an Ampl, equal
to one (one plant = estimation error), is the
sufficient number of plots, with a 5% probability of
error.

Determination of the number of replicates per genotype

The appropriate number of replications for each
genotype and for each property were estimated by
considering an amplitude of the confidence interval
at 95% (CI 95%) that was equivalent to 10% and
20% of the mean (D = 10% and D = 20%), with the
use of 10 plants per plot and the use of Xo plants per
plot.

Considering that, in general, the means of the
different properties do not follow a known
probability distribution or at least are not the same
for all properties, we adopted the bootstrap
resampling method as the standard
(CONFALONIERI et al., 2007; EFRON, 1979;
FERREIRA, 2009; STORCK et al, 2012) to
estimate the number of replicates.

Initially, using the estimated means of 10 plants
for each k = 2, 3, ..., 10 plots per genotype, we
generated ] = 2,000 samples with replacement
values (mean k plots) and calculated the mean of
each resample. These 2,000 means, obtained with
resamples of k = 2, 3, ..., 10 plots, were arranged to
identify the quantile 0.025 (Q025,) and the quantile
0.975 (Q9754). The amplitude (Amply) of the
bootstrap confidence interval with resamples of size
k, with a 5% error, is Amply, = Q975 - Q0254
The k value that corresponds to an Ampl, equal to
the mean D% is the number of replicates sufficient
for the accuracy established with a 5% probability of
error.

Once the experiment has been scaled with the
use of Xo plants per plot (with replacement), the
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results of the means of each plot will depend on
which plants will comprise each of the 10 plots of a
given genotype. Therefore, the procedure to
determine the number of replicates (k) for an
Ampl, of 10% and 20% of the mean was repeated
10 times to obtain the mean k value.

To calculate the optimum plot size and the number
of replicates per bootstrap simulation, a specific
application developed in Pascal language was used.

Results and discussion

The wvariability among the genotypes was
significant (p value < 0.05) for all properties
(Table 1), and the selective accuracy (SA) was
considered very high (SA > 0.90) for 8 of the 13
(61%) properties and high for the other five
properties, according to the criteria of Resende and
Duarte (2007). Thus, it can be concluded that the
experiment had adequate accuracy for all of the
properties evaluated. However, the variability
between the experimental plots was also significant
for 10 of the 13 properties. According to Barbin
(2003), this occurrence recommends an increase in
the number of replicates, possibly increasing the
plot size. These are general considerations and are
not based on establishing the magnitude of the
estimation error with a given significance level,
thus failing to meet the assumptions. Therefore,
the most appropriate procedure is to establish the
optimum plot size, an appropriate method and the
number of replicates for this plot size, aiming at a
pre-established estimation error according to the
methodology used.

Table 1. Mean square of the genotype (MSg), mean square error
between the plots (MSeb), mean square error within plots
(MSew) and their degrees of freedom (DF), mean, selective
accuracy (SA) and number of plots required (NP) to estimate the
optimum plot size, with an estimation error equal to a plant (95%
confidence level), for different properties of yellow passion fruit
plants in Tangard da Serra, Mato Grosso State.

Property”* MSg MSeb MSew  Mean SA NP
(DF=7) (DF=72) (DE=720)
DFlow 556.2% 127.1 104.1 148.7 0.88 7
NF 16525.7%  2,053.4* 1,39298 145.05 0.94 32
FW 629.9% 43.29 35.82 2292 0.97 12
MWPFE 0.022*  0.00053*  0.00026 0.159 0.99 5
FD 795.4* 46.4% 30.0 74.46 0.97 5
FL 2,970.1% 78.8% 57.6 89.64 0.99 5
PT 61.9% 224 224 7.33 0.98 27
PP 324.9% 102.7% 63.3 34.2 0.83 25
PC 15.42% 1.24* 0.82 42 0.96 9
TSS 16.67* 8.04* 2.45 12.8 0.72 8
pH 0.212* 0.048* 0.018 2.99 0.88 5
CA 3.71% 0.832* 0.387 3.79 0.88 8
TSSCA 6.01* 0.942*% 0.526 3.47 0.92 12

*significant by the F test at a 5% probability of error; *properties: Dflow - number of
days to flowering; NF - number of fruits per plant; FW - fruit weight per plant (kg);
MWPF - mean weight per fruit (kg); FD - mean fruit diameter (mm); FL - mean fruit
length (mm); PT - mean peel thickness (mm); PP - pulp percentage; PC - pulp color
(scale: 1 = bad, ..., 5 = good); TSS - total soluble solids (°Brix); citric acid pH; CA -
acidity; SSTCA - SST/CA ratio.
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For the 80 plots, the mean bootstrap for the
optimum plot size (Xo) varied from one to five
plants across the different properties (Tables 2 or
3). However, it is not necessary to use all 80 of
the plots to estimate Xo with an estimation error
equal to a plant. A subset of these plots (NP) can
be used, as shown in Table 1. It was observed that
10 of the 13 evaluated properties (77%) was
sufficient to estimate the Xo in less than 12 plots
(15% of the experimental area) and that 25 to 32
plots are needed for the remaining properties. To
conserve human and material the
possibility of partial data collection from an
experimental area to estimate the optimum plot
size has been reported (STORCK, 2011) for the
culture of potato.

For the most important property of this study,
the fruit weight per plant (FW), the optimum plot

resources,

size (Xo) was equal to five plants, and it was
necessary to evaluate the Xo value for only 12 of
the experimental plots. Furthermore, through the
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variance analysis of the Xo values in the 80 plots,
no variation was found relation to the
genotypes or among the blocks. With this, the
result of Xo can be generalized for different

in

genotypes and environments of this culture, and
the behavior occurred for the other
properties in this study.

The number of replicates required for an

same

estimation error (amplitude of the confidence
interval at 95%) equal to 20% of the mean (D =
20%) is shown in Table 2 for the scenario in which
the data for N = 10 plants per plot and for the
scenario in which the data for N = Xo plants per
plot were used. Using the data for 10 plants in each
plot, the number of replicates of different genotypes
varied from 3 to 5 for the FW property. However,
when using N = Xo plants per plot, the number of
replicates varied from 6 to 11. Thus, when reducing
the plot size, a large number of replicates is
necessary, and there should be an important offset to
allow the resizing of the experimental design.

Table 2. Optimum plot size (Xo, number of plants) and number of replicates required for an amplitude of 20% of the mean, with N =
10 and N = Xo plants per plot, for different properties of eight genotypes (G1 to G8) of yellow passion fruit plants in Tangar da Serra,

Mato Grosso State.

Gl G2 G3 G4 G5 Go6 G7 G8
Property * Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo
DFlow 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
NF 5 3 9 3 10 3 9 6 10 5 10 7 15 6 10 3 7
Fw 5 3 8 3 7 3 9 5 8 3 7 5 11 3 8 3 6
MWPF 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
FD 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
FL 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
PT 4 3 3 3 3 3 3 3 3 3 5 3 5 3 4 7 21
PP 4 3 7 4 9 6 10 3 6 4 7 6 11 3 5 3 6
PC 4 3 6 3 6 3 5 4 8 3 7 3 4 4 8 3 8
TSS 3 3 3 3 4 3 3 3 4 3 5 3 5 3 4 3 5
pH 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
CA 4 3 4 3 4 3 3 4 6 4 6 3 4 3 4 4 6
TSSCA 4 3 4 3 4 3 4 3 6 3 5 7 12 5 9 3 8

*properties: Dflow - number of days to flowering; NF - number of fruits per plant; FW - fruit weight per plant (kg); MWPF - mean weight per fruit (kg); FD - mean fruit diameter
(mm); FL - mean fruit length (mm); PT - mean peel thickness (mm); PP - pulp percentage; PC - pulp color (scale: 1 = bad, ..., 5 = good); TSS - total soluble solids (°Brix); citric acid
pH; CA - acidity; SSTCA - SST/CA ratio.

Table 3. Optimum plot size (Xo, number of plants) and number of replicates required for an amplitude of 10% of the mean, with N =
10 and N = Xo plants per plot, for different properties of eight genotypes (G1 to G8) of yellow passion fruit plants in Tangari da Serra,
Mato Grosso State.

Gl G2 G3 G4 G5 Go6 G7 G8
Property* Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo N=10 N=Xo
DFlow 2 4 4 4 4 4 5 4 5 4 5 4 7 4 4 4 4
NF 5 11 35 12 38 7 34 19 38 19 35 27 53 23 37 6 28
Fw 5 9 27 8 25 11 35 19 32 13 24 19 41 10 28 5 21
MWPF 3 4 10 4 5 4 8 4 7 4 8 4 6 4 9 4 8
FD 2 4 5 4 6 4 5 4 5 4 6 4 6 4 6 4 5
FL 2 4 5 4 9 4 9 4 5 4 5 4 6 4 7 4 6
PT 4 4 6 4 8 4 9 4 10 4 15 8 17 7 14 28 44
PP 4 10 24 13 35 20 37 5 22 16 28 22 37 8 18 7 24
PC 4 8 23 8 19 10 17 13 30 10 25 4 15 16 31 10 30
TSS 3 6 11 5 11 4 10 8 13 10 18 7 19 9 13 9 17
pH 1 4 4 4 4 4 4 4 5 4 4 4 5 4 4 4 5
CA 4 5 13 5 12 4 7 14 23 15 24 8 15 6 13 13 23
TSSCA 4 4 15 5 14 4 12 11 21 6 16 29 44 17 33 9 30

*properties: Dflow - number of days to flowering; NF - number of fruits per plant; FW - fruit weight per plant (kg); MWPF - mean weight per fruit (kg); FD - mean fruit diameter
(mm); FL - mean fruit length (mm); PT - mean peel thickness (mm); PP - pulp percentage; PC - pulp color (scale: 1 = bad, ..., 5 = good); TSS - total soluble solids (°Brix); citric acid
pH; CA - acidity; SSTCA - SST/CA ratio.
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Using the mean (among the eight genotypes) of
the replicate number (Mr) for the two scenarios
(N = 10 and N = Xo), the number of plants per
genotype can be estimated (N*Mr). Scenarios with
fewer numbers of plants per genotype help to
conserve labor and material while maintaining the
same accuracy. Thus, for D = 20% (Table 4), the
use of Xo plants is advantageous for the majority of
properties (11/13 = 85%). However, for the scenario
of D = 10% accuracy, this advantage was observed
for 9 of the 13 properties (69%).

Table 4. Mean number of replicates (Mr) and number of plants
(N*Mr) per genotype for difterent settings (accuracy of D=10%
and 20% of mean) and yellow passion fruit properties.

D=10% D=10% D=20% D=20%

(N=10) (N=Xo) (N=10) (N=Xo)
Property* Mr N*Mr Mr N*Mr Mr N*Mr Mr N*Mr
DFlow 4 40 4 8 3 30 3 6
NF 15 150 36 180 4 40 10 50
FW 10 100 27 135 3 30 8 40
MWPE 4 40 8 24 3 30 3 9
FD 4 40 5 10 3 30 3 6
FL 4 40 6 12 3 30 3 6
PT 4 40 12 48 3 30 3 12
PP 11 110 26 104 3 30 7 28
PC 10 100 24 96 3 30 6 24
TSS 7 70 13 39 3 30 4 12
pH 4 40 4 4 3 30 3 3
CA 7 70 14 56 3 30 4 16
TSSCA 7 70 18 72 3 30 5 20

* properties: Dflor - number of days to flowering; NF - number of fruits per plant; FW/
- fruit weight per plant (kg); MWPF - mean weight per fruit (kg); FD - mean fruit
diameter (mm) ; CF - mean fruit length (mm), PT - mean peel thickness (mm); PP -
pulp percentage; PC - pulp color (scale: 1 = bad, ..., 5 = good); SST - total soluble
solids (°Brix); citric acid pH; CA - acidity, SSTCA - SST/CA ratio.

The interpretation procedure for the different
scenarios shows that the number of replicates
depends on the plot size while maintaining a fixed
estimation error (10 or 20% of the mean). This fact
favors the possibility of scaling the experiment with
respect to a predetermined accuracy. Taking into
consideration that the results are independent of the
probability distribution of the difterent properties in
the analysis procedure adopted (resampling), the
conclusions can be generalized.

According to the literature on the culture of
passion fruit plants, there is great variability in
defining the number of replicates and the size of the
plot, and typical values are used by researchers due
to a lack of specific research results. For example,
Silva et al. (2012) evaluated 144 complete full-sib
families in two replicates and three plants per plot.
In an experiment of 111 full-sib families to estimate
the gain selection, Krause et al. (2012) used four
plants per plot and three replicates., and Rosado
et al. (2012) used three replicates and plots of four
plants to assess the production of 26 complete full-
sib families. Oliveira et al. (2011) studied the
correlation between the properties of 17 germplasm

1

accessions using plots of 10 plants and two
replicates, and Freitas et al. (2011) evaluated 38
genotypes in four replicates and 10 plants, whereas
three replicates of three plants were used for the
evaluation of organic and mineral fertilizer (DINIZ
et al,, 2011). Therefore, unjustified variations in
determining plot size were observed. Even with
significance among the treatments, the experimental
accuracy can be inappropriate for the inferences
presented in such publications.

Establishing an accuracy of 10% (D = 10%) or
an amplitude of 10% of the mean of a genotype is
equivalent to establishing a semi-amplitude equal to
5% of the mean. Thus, the difference between the
two mean genotype larger than 5% of the mean is
significant. By establishing magnitudes of accuracy
(D = 20% or D = 10%) in the present study, we are
presented with feasible situations compared to the
accuracy levels achieved in cereal culture (e.g., corn,
soybeans, wheat).

Conclusion

To assess properties in yellow passion fruit
independent of the genotype, the optimum plot size
is less than five plants. However, it is preferable to
use less than five plants per plot for most of the
properties of yellow passion fruit for which the
number of replicates is a function of the desired
accuracy magnitude. In addition, the total number
of plants per experiment is lower when using the
optimal number of plants per plot.
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