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When planning experiments, the
size and the shape of the

experimental plots, as well as the
number of replications, are some of the
problems frequently faced by the
researcher. It is essential that these
factors are determined in order to
decrease experimental error and
maximize data gathered from the
experiment (Steel et al., 1997). The
same authors report that the plot, the
basic unit of an experiment, must be able
to reduce to a maximum the effects of
environmental heterogeneity, as well as
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the genetic variability of the
experimental material, by means of
directly influencing the expense of the
available resources to conduct the
experiment. Size and shape of the plots
can not be generalized because they
change according to soil and crop. Plot
size and shape must be tailored for each
crop and place in which climatic and soil
conditions differed from what had been
previously defined (Oliveira &
Estefanel, 1995). The increase in plot
size leads to the reduction in variance
among plots (Rezende & Souza Júnior,

1997). Nevertheless, this decrease is not
proportional to plot size (Le Clerg,
1967) and little gain in accuracy is
obtained with the increase in plot size,
if they are already large (Resende &
Souza Junior, 1997). Besides it must be
considered that smaller plots allow
setting a greater number of replications
in the same area, resulting in more
degrees of freedom in the residue
(Zanon & Storck, 1997). The increase
in plot size is more efficient when
nearby plots are not correlated. On the
other hand, when Smith heterogeneity

ABSTRACT
The objectives of this work were to assess zucchini heterogeneity

index and fruit weight at different harvest frequencies for plants
grown on a protected environment; to estimate the optimum plot
size; and to determine the least significant difference among
treatments, varying plot size and replication number. Plants of cultivar
Caserta were grown in a plastic greenhouse, using spaces of 0.80 x
1.00 among plants and lines, respectively. The following harvest
frequencies were studied: fruits harvested daily, (1) at 10:00, (2) at
10:00 and 18:00, (3) at 8:00, 10:00, 12:00, 14:00, 16:00 and 18:00 h
and; (4) fruits harvested every other day, at 18:00 h. Twenty-seven
harvests were carried out, collecting fruits larger than 0.15 m. Plots
were planned with 1, 2, 3, and 6 plants per row. Heterogeneity index
was estimated according to Smith’s method and, the optimum plot
size, according to modified maximum curvature method. Fruit yield
per plant gradually increased reaching a maximum at the 15th harvest.
Total yield was of 3214, 3124, 3928 and 3248 g plant–1, respectively,
at the harvest frequencies 1, 2, 3 and 4, with no significant differences
among them. The heterogeneity index in the plastic greenhouse was
nearly zero. The use of smaller plots combined with a larger number
of replications increased the experimental accuracy. Although
optimum plot size to assess total fruit yield varied between one and
seven plants, depending on the harvest frequency, plots with three
plants per row plots, with six replications, were the most appropriate
design, allowing detecting a least significant difference among
treatments equal to 76% of the mean.
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RESUMO
Índice de heterogeneidade da produção de abobrinha italiana

em ambiente protegido e planejamento experimental

Os objetivos deste trabalho foram avaliar o índice de
heterogeneidade para diferentes freqüências de colheita e peso de
frutos de abobrinha italiana produzida em ambiente protegido; esti-
mar o tamanho ótimo de parcela e determinar a diferença mínima
significativa entre tratamentos, variando o tamanho de parcela e o
número de repetições. Plantas da cultivar Caserta foram instaladas
em estufa plástica com espaçamento de 0,80 x 1,0 m entre plantas e
linhas, respectivamente, Foram aplicadas as freqüências de colhei-
ta: frutos colhidos diariamente, (1) às 10 horas, (2) às 10 e 18 horas,
(3) às 8, 10, 12, 14, 16 e 18 horas e; (4) frutos colhidos a cada dois
dias, às 18 horas. Foram realizadas 27 colheitas, sendo colhidos os
frutos maiores que 0,15 m. Foram planejadas parcelas com 1, 2, 3 e
6 plantas por fileira. O índice de heterogeneidade foi estimado pelo
método de Smith e o tamanho ótimo de parcela foi estimado através
do método da máxima curvatura modificada. A produção de frutos
por planta aumentou gradativamente até atingir o máximo em torno
da 15a.colheita. A produção total foi de 3214, 3124, 3928 e 3248 g
planta-1, respectivamente, para as freqüências de colheita 1, 2, 3 e 4,
não havendo diferença significativa entre elas. O índice de
heterogeneidade em estufa plástica foi próximo a zero. O uso de
parcelas menores aliado a um maior número de repetições benefi-
ciou a precisão experimental. Embora o tamanho ótimo da parcela
para a produção total de frutos tenha variado entre uma e sete plan-
tas, conforme a freqüência de colheitas, o uso de parcelas com três
plantas por fileira e seis repetições foi o mais adequado, sendo ca-
paz de detectar uma diferença mínima significativa entre tratamen-
tos igual a 76% da média.

Palavras-chave: Cucurbita pepo, precisão experimental, tamanho
de parcela, freqüência de colheitas.
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coefficient is next to zero, gains in
experimental efficiency by increasing
plot size and/or number of replications
will be minimum (Lin & Binns, 1986;
Swallow & Wehner, 1986).

Notwithstanding the importance of
the protected cultivation, research
results that subsidize the utilization of
the potential of such technology on the
different climatic regions in Brazil are
still insufficient (Lopes Filho, 2000), as
well as those results needed to guide the
experimental planning (Lopes et al.,
1998). Concerning the protected grown
crops, Souza (2001), Lúcio et al. (2003),
and Lorentz et al. (2005) conclude that
the irregularity in the production occurs
with greater intensity between
cultivation lines. Thus, plots comprising
variations on line length (North-South)
should be planned, so that to minimize
such variations and still to guarantee a
reasonable number of treatments and
replications to be established.

Commercial vegetable cultivation at
plastic greenhouses is a consolidated
and growing activity (Medeiros et al.,
2001). Zucchini is one of the most
popular Cucurbitaceae in Brazil, with
yields ranging between 10 and 20 t ha-1

when cultivated at field conditions, and
prices varying between R$ 6,00 and R$
14,00 a 20-kg box. Considering that
fruits should fit a commercial standard,
experimental evaluation, including
harvests, are performed along time,
resulting in an increase in the labor
during the experiment. In addition, a
cyclic trend in production is being
observed, which can be caused by
harvest frequency, creating
heterogeneity in yield among harvests.

The objectives of this work were: a)
to assess the heterogeneity index at
different harvesting frequencies of
zucchini grown under protected
cultivation, as well as the accumulated
fruit weight on every six-day-period; b)
to estimate the optimum plot size and
c) to determine the least significant
difference between treatments as
function of the variation in plot size and
number of replications.

MATERIAL AND METHODS

Zucchini seeds, cultivar Caserta,
were sown on a polystyrene tray

containing 144 cells on August 18th,
2003, using Plantmax commercial
substrate. Trays were maintained on a
greenhouse up to transplanting
(September 8th, 2003), which was
performed when plants presented three
leaves. The experiment was carried out
on a plastic greenhouse – high tunnel,
20 x 5 m (length x width), in an area of
the Crop Technology Department, of
Santa Maria University, Santa Maria,
Rio Grande do Sul State, Brazil. The soil
in the area is a Gleyic Phaeozem.

Prior to transplanting, the soil was
plowed to form three ridges, which were
fertilized with 660 g of urea, 320 g of
P2O5, and 150 g of K2O per each 20 m
line. Hoses for drip irrigation were
placed on the ridges and covered with
30 mm black mulch. Staking was
introduced on September 22nd and 23rd ,
2003 and on November 7th, 2003,
preventive applications of Folicur
fungicide (5 mL 16 L-1 ) and of Orthene
insecticide (8 g 16 L-1) were carried out.

Space between plants and lines was
0.8 and 1.0 m, respectively, resulting in
24 plants line-1. Four plots were defined.
For each 18-plant plot (3 rows x 6 plants),
one of the four harvest frequencies
(treatments) was assigned. Fruits were
harvested daily, at 10:00 h (harvest
frequency 1); at 10:00 and 18:00 h
(harvest frequency 2); and at 8:00, 10:00,
12:00, 14:00, 16:00, and 18:00 h (harvest
frequency 3). In harvest frequency 4,
fruits were collected every other day.
Fruits up to 15 cm long from proximal to
distal ends were harvested and weighted
on a digital scale, with 1-gram accuracy.
For data analysis, results obtained in two
days on each of the harvest frequencies
1, 2 and 3 were summed up to acquire a
quantitative magnitude comparable to
harvest frequency 4. The harvest began
on October 15th and lasted up to
December 7th, 2003, resulting in 27
harvests in 54 days.

The analyzed trait was fruit weight
plant-1 (g) accumulated every six days
up to the nth harvest (N), that is: N3 =
yield up to the third harvest (6th day);
N6 = yield up to the sixth harvest (12th

day); N9 = yield up to the ninth harvest
(18th day); N12 = yield up to the 12th

harvest (24th day); N15 = yield up to the
15th harvest (30th day); N18 = yield up

to the 18th harvest (36th day); N21 = yield
up to the 21st harvest (42nd day); N24 =
yield up to the 24th harvest (48th day);
and N27 = yield up to the 27th harvest
(54th day). The t test, at 5% probability,
was used to compare the means for total
fruit weight, on the 27th harvest.

For each harvest frequency, four plot
sizes were planned, varying the number
of plants in the rows, that is, 1, 2, 3 and
6 plants (Figure 1). The number of
replications of each plot size was limited
by the total number of plants in each plot
(18). To each plot size (x), the following
parameters were calculated: NP =
number of plots with x-size basic units
(BU); M(x) = means of plots with x-size
BU; V(x) = variance among plots of x-
size BU; VU(x) = V (x)/x2 = variance
per BU among plots of x-size BU;
CV(x) = coefficient of variation among
plots of x-size BU (Smith, 1938).

To nth harvest and to each harvest
frequency, the b heterogeneity index
was determined by the Smith (1938)
empiric relation VU(x) = V1/X

b. The b
value was estimated as a coefficient of
linear regression, by means of a
logarithmic transformation of the
function VU(x) = V1/X

b, which estimate
was weighted by the degrees of freedom
associated to each plot size (Steel et al.,
1997). In this model, V1 is the parameter
to estimate the variance among plots of
a BU. Likewise, A and B parameters of
the function CV(x) = A/XB, where A
corresponds to the estimate of the CV
for x = 1 BU. The optimum plot size χ0
was estimated by,

which determines the maximum
curvature point of CV(x) = A/XB (Meier
& Lessman, 1971).

To assess treatment (harvest
frequency) influence over X0, tests of
parallelism (B), same origin (A), and
coincidence (A and B) were applied,
according to Seber (1976) methodology,
on a 5% probability, due to the fact that
if values of A and B in the X0 expression
are different, they can affect the value
of X0. The least significant difference
among treatments on percentage of the
means (d) was estimated by the
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expression 
(Hatheway, 1961), in which t1 is the
critical value of t of Student to the
significance level of α1 (5%); t2 is the
tabulated value of t of Student obtained
from α2 = 2(1-p), and p is the probability
of obtaining significant differences
among means (80%); A is the estimate
of the coefficient of variation among
plots of a basic unit (average of four
treatments), calculated by the function
CV(x) = A/XB of total yield; r is the
number of replications; X0 is the number
of basic units per plot; and b is the Smith
heterogeneity index. In the greenhouse,
the product between X0, r, and I (number
of treatments) is limited to 72 plants and
the degrees of freedom are g1=I(r-1), in
a completely randomized experimental
design.

To perform the calculation, the
following statistical software were used:
scientific software NTIA, developed by
Technological Center for Informatics
(Embrapa, 1997); Office Excel; and a
program in the Fortram language
(Abou-El-Fittouh et al., 1974) with
modifications, which is specific to
calculate means and variance of plots
of different sizes.

RESULTS AND DISCUSSION

Fruit yield per plot, during the
productive period (M1 differences
between two consecutive harvests),
gradually increased up to a maximum
at around the 15th harvest, followed by
reduction up to the end of the cycle
(Table 1). Total yield was equal to 3214,
3124, 3928 and 3248 g plant–1 to harvest
frequencies 1, 2, 3 and 4, respectively,
without significant differences at a 5%
probability among them, which
indicates that there are no great
variations in zucchini productive
capacity in the plastic greenhouse.
Nevertheless, considering the different
harvest frequencies, the b heterogeneity
index was higher at frequency 2 from
the 18th harvest ahead, probably due to
the death of some plants at this harvest
frequency.

When the heterogeneity index values
are very low, in this case, b = 0.193,
calculated as an average value for the

four harvest frequencies on the 27th

harvest, the result is a value of Xb
0 very

close to the unit for any X0 value in the

expression .
That leaves as divisor only the number

of replications and, the smaller the
divisor, the greater the calculated least
significant difference among treatments
(d). Thus, due to low b values, according
to Lin & Binns (1986), there are no
acceptable increases in the experimental

Table 1. Zucchini accumulated fruit weight up to the nth harvest day, heterogeneity index,
and optimum plot size, for four harvest frequencies (fitomassa de frutos de abobrinha-itali-
ana acumulada até o n-ésimo dia de colheita, índice de heterogeneidade e tamanho ótimo de
parcela, para quatro freqüências de colheita). Santa Maria, UFSM, 2004.

1/No. = number of harvests (número de colheitas); 2/M1 = average fruit weight per plant,
accumulated up to the nth harvest day (média da fitomassa de frutos por planta, acumulada
até o n-ésimo dia de colheita); 3/b = heterogeneity index (índice de heterogeneidade); 4/X0 =
number of plants per plot (no. de plantas por parcela)

Heterogeneity index of zucchini yield on a protected environment and experimental planning
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accuracy with plot enlargement. Values
of b closer to zero were also estimated
to chemical characteristics on a routine
soil analysis, on a survey performed in
the same area, before the transplant of
zucchini (Feijó et al., 2006). In that
circumstance, the estimate of sample
size is an important tool to control
accuracy when assessing soil chemical
characteristics.

On results reported by Alves &
Seraphin (2004), concerning plot sizes
and the Smith heterogeneity index, it can
be observed that, generally, to a given
CV, when the heterogeneity coefficient
increases, plot size reduces, and the
change in the plot size is more
pronounced when the number of
replications and the least significant
difference to be found are low.
Inconsistent results, as those obtained
in the present work, can be an effect
from the different interpretation of the
d expression elements, mainly the value
of the coefficient of variation related to
the plot of a basic unit (BU) or of the
experimental error, and can reach
unfeasible and unreal values. The use
of the d expression establishes a limit
to the available area, that is, the number
of available plants to the experimental

planning is pre-established.
Values of optimum plot size (X0)

varied from one plant (one BU) up to
the maximum value of 14.4 plants (Table
1). The estimate of the optimum plot size
to zucchini cultivated in a plastic
greenhouse through the Hatheway
(1961) method was defined by Mello et
al. (2004) for two different seasons,
aiming at least significant difference
among treatments of 20% of the means,
using eight replications: in Summer-
Autumn, the plot size was eight plants
(4 x 2, length x width), while during
Spring-Winter, the optimum size was
four plants.

Different results can be found
according to the method used to
determine the optimum plot size. On a
study to compare the methods to obtain
the optimum plot size, Storck et al.
(1982) and Viana et al. (2002) concluded
that the modified maximum curvature
method of Meir & Lessman (1971) was
the most indicated. Thus, excluding the
harvest frequency 2, the evaluation of
the accumulated yield up to the 15th

harvest, about half the productive
period, was sufficient to estimate the
parameters of the function CV(x) = A/
XB and the optimum plot size (Table 1).

Figure 1. Experimental plot sizes used for zucchini production in greenhouse (tamanhos de
parcela utilizadas em experimento de produção de abobrinha-italiana em cultivo protegido).
Santa Maria, UFSM, 2004.

Table 2. Parameters used to estimate the optimum plot size in zucchini grown under protected
cultivation (parâmetros utilizados para a estimativa do tamanho ótimo da parcela em expe-
rimentos com abobrinha-italiana, em cultivo protegido). Santa Maria, UFSM, 2004.

1/ I = number of treatments (número de tratamentos); 2/ X0 = number of plants per plot (no. de
plantas por parcela); 3/ r = number of replications (número de repetições); 4/ d = least significant
difference among treatment means (diferença mínima significativa entre médias de trata-
mentos).
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This result is similar to the obtained by
Lopes et al. (1998) to tomato cultivated
on a plastic greenhouse, in which 1/3 of
the initial harvest would be
representative of total yield.
Accumulated harvests 3, 6, 12, 15, 21,
and 24 were parallel and shared the same
origin; the 9th accumulated harvest was
parallel, but with a different origin; and
the accumulated harvests up to the 18th

and 27th were not parallel, nor
coincident, but had the same origin,
indicating differences among b values
and, therefore, not recommended to be
used to determine the same plot size for
the four harvest frequencies. Limiting
the experiment to a total of 72 plants
and admitting four treatments (I = 4), 1-
plant plots (X0 = 1), and 18 replications
(r = 18), a minimum significant
difference among treatments of d =
47.0% was found. This value increases
to d = 109.3% the experimental plan
changes to 6-plant plots, with three
replications (Table 2).

Concerning the estimated accuracy
values (d) (Table 2), if 100% is adopted
as the least significant difference among
treatments, the experimental plan to four
treatments inside the greenhouse can
vary from 1- to 3-plant plots, using from
18 to 6 replications. Fixing as a
maximum limit d = 100%, many
experimental plans can be used. Among
them, 3-plant plots with six replications
was the most adequate (d = 75.9%),
mainly due to the economy in the
number of replications. As the number
of treatments increase, the number of
replications reduces, with a smaller X0
size. When X0 increases, accuracy is
reduced mainly due to the lower number
of replications, because b heterogeneity
index, assumed as a potency of X0, has
little efficiency in reducing the d value.
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