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The increasing importance of 
vegetables as daily food for families 

almost everywhere has converted 
these group of crops into the main 
topic of several investigations that 
seek to improve both their quality 
and productivity (Heldwein et al., 
2010; Strassburger et al., 2011). 
Research depends on experiments 
carefully planned and carried out to 
reduce the experimental error to the 
minimum. When the experimental 
error decreases, the accuracy of the 
information provided to users increases. 
Nevertheless, vegetables present some 
specificities which are additional 
sources of experimental error and may 
severely compromise the experimental 
precision, such as subjective harvest 

points, multiple harvests, null values 
in given harvests, and intensive use 
of protected cultivation, among others 
(Lorentz et al., 2005; Lúcio et al., 2008).

Vegetable production in protected 
environments is becoming more 
frequent and significant. Therefore, it 
is necessary to develop strategies to 
allow controlling the experimental error 
in this condition. The work carried out 
by Lopes et al. (1998) in tomato, Lúcio 
et al. (2006) in pepper, and Lúcio et 
al. (2008) and Carpes et al. (2010) in 
lettuce, showed that heterogeneity of 
variances between rows does happen 
in protected cultivation. Planting rows 
are set in parallel to the lateral openings 
of the protected environment and, 
therefore, have differential exposure 

to light, wind, and soil conditions. The 
shape of the protected environments 
suggests that interaction between row 
ends and the external environment may 
take place as well. Such a hypothesis 
can be checked by simulating columns 
arranged perpendicular to the lateral 
openings and testing the homogeneity 
of variance among them. However, we 
did not find papers that have tested it.

The presence of heterogeneity 
of variances between planting rows 
justifies designing experiments with 
vegetables in protected cultivation in 
complete blocks design, using the row as 
a block (Plese et al., 1998; Carvalho & 
Tessarioli Neto, 2005). Such a strategy 
is effective in minimizing the effect of 
the heterogeneity of variances between 
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ABSTRACT
This work aimed at studying the variability of production of 

snapbeans grown in plastic greenhouses and the effectiveness of 
experimental borders and plot size in reducing such variability. Data 
from a uniformity experiment carried out in a plastic greenhouse 
were used. The analyzes were performed over spatial arrangements 
that considered the plants first arranged in planting rows parallel to 
the lateral openings of the greenhouse and then arranged in columns, 
perpendicular to these openings. Different scenarios were produced by 
excluding rows and columns. The homogeneity of variances between 
the remaining rows and columns was tested in each scenario, and 
the variance and the coefficient of variation were calculated as well. 
There was heterogeneity of variance between rows in the experiment. 
Borders were not effective in reducing the coefficient of variation or 
the frequency of cases of heterogeneity of variances between rows. 
Plots with two or more plants provided homogeneity of variances 
between rows and columns, creating room for the possibility of using 
the completely randomized design in experiments with snapbeans in 
plastic greenhouses.

Keywords: Phaseolus vulgaris, experimental precision, homogeneity 
of variance, experimental design, borders, plot size.

RESUMO
Variabilidade produtiva e planejamento de ensaios com 

feijão de vagem

O objetivo do trabalho foi estudar a variabilidade produtiva de 
feijão de vagem cultivado em estufa plástica e verificar o efeito de 
bordadura e do tamanho de parcela na redução desta variabilidade. 
Foram utilizados dados de um ensaio de uniformidade conduzido em 
estufa plástica. As análises foram realizadas sobre arranjos espaciais 
que consideraram as plantas dispostas primeiramente em fileiras de 
cultivo paralelas às aberturas laterais da estufa e, depois, dispostas 
em colunas perpendiculares a essas aberturas. Diferentes cenários 
foram criados através da exclusão de fileiras e de colunas. Para cada 
cenário realizou-se um teste de homogeneidade de variâncias entre 
as fileiras e colunas remanescentes e calculou-se a variância e o 
coeficiente de variação. Ocorreu heterogeneidade de variâncias entre 
fileiras em ensaios com feijão de vagem em estufa plástica. O uso de 
bordaduras não foi eficiente em reduzir o coeficiente de variação ou 
a frequência de casos de heterogeneidade de variâncias entre fileiras. 
Parcelas com duas ou mais plantas proporcionaram homogeneidade 
de variâncias entre fileiras e colunas, o que possibilita o uso do 
delineamento inteiramente casualizado em ensaios com feijão de 
vagem em estufa plástica.

Palavras-chave: Phaseolus vulgaris, precisão experimental, 
homogeneidade de variância, delineamento experimental, bordaduras, 
tamanho de parcelas.

Received on May 30, 2017; accepted on February 8, 2018



383Hortic. bras., Brasília, v.36, n.3, July - September  2018

rows on the error variance. Complete 
blocks design are indicated for situations 
where there is no homogeneity among 
experimental units, but it is still possible 
to form blocks of homogeneous 
experimental units (Storck et al., 2016). 
However, the variability of production 
within blocks may still take place if the 
hypothesis of heterogeneity of variances 
among columns arranged in the opposite 
direction to the rows is correct, thus 
inflating the variance of the experimental 
error. Borders are commonly used in 
field experiments to reduce competition 
between experimental plots (Storck et 
al., 2016). Borders could also be used 
in protected environments to minimize 
the interaction between lateral rows 
or between columns and the external 
environment, possibly reducing the 
variability in production that occurs in 
these environments.

Studies dealing with experimental 
techniques for snapbeans are rare, even 
those related to the use of borders. 
One of the few reports was made 
by Haesbaert et al. (2011), which 
determined the sample size for 
snapbeans in different environments, 
relating variability in production with 
meteorological conditions. In this 
work, the variability of pod production 
increased when sun brightness and 
air temperature escaped the ideal 
range to the crop, raising the estimates 
of the coefficient of variation and, 
therefore, demanding larger samples. In 
an experiment carried out in a protected 
environment, Santos et al. (2012) 
found that variability of production 
and the lack of randomness grew when 
sun brightness and temperatures were 
outside the snapbeans ideal ranges, but 
that increases in plot size minimized 
these effects. In their work, Santos et 
al. (2012) studied the variability of 
production between rows and within a 
single row but did not consider columns 
perpendicular to the lateral openings of 
the protected environment.

The objective of this work was to 
study the variability of production of 
snapbeans grown in plastic greenhouses 
and to test whether the use of borders 
and the increase in plot size are effective 
in minimizing such variability.

MATERIAL AND METHODS

The study was performed from data 
of uniformity trial carried out with 
snapbeans during the autumn-winter 
crop, belonging to the database of the 
Plant Experimental Sector, of the Crop 
Science Department, Federal University 
of Santa Maria. Trials were carried out in 
the experimental area of the Department, 
i n  San ta  Mar i a  (29°42’23’’S , 
53°43’15’’W, altitude 95 m). The region 
has a Cfa humid subtropical climate 
(Köeppen classification), with rains 
well distributed throughout the year 
and typical subtropical temperatures 
(Heldwein et al., 2009). The soil is a 
Haplic Acrisol (FAO, 1994).

Trials were carried out in plastic 
greenhouses type Pampean arch, ceiling 
height of 2.0 m and 3.5 m in the central 
part, 20 m long and 10 m wide, oriented 
North-South, and covered with low-
density polyethylene film (LDPE), 
150 micra thick and anti-UV additive. 
Snapbeans plants, cultivar Macarrão, 
were sowed in six planting mounds 
(cropping rows), 36 plants per mound, 
arranged in parallel to the greenhouse 
lateral openings. Mounds were mulched 
with black LDPE opaque film. The 
spacing was 0.5x1.0 m between plants 
and rows, respectively. The total mass 
of fresh pods, assessed throughout the 
cycle, was the working variable in all 
trials. Statistical analysis was performed 
considering the total production per 
plant.

Plants were arranged in J (36) 
planting rows, parallel to the greenhouse 
lateral openings, and in K (6) columns, 
perpendicular to the greenhouse lateral 
openings. The original scenario (J0K0 
scenario) was used as the starting 
point to evaluate the border effect in 
the variability of production. From the 
original scenario, new scenarios were 
created by excluding rows and columns 
to work as borders (Figure 1). A row in 
each lateral end of the greenhouse was 
simultaneously excluded (Figure 1). 
Columns were also excluded one by 
one, simultaneously at each end of the 
greenhouse, until 50% of the available 
columns were excluded (Figure 1).

Different plot sizes were simulated 
to study the effect of plot size on 

the variability of production in each 
scenario. Different plot sizes were 
mimicked by summing up adjacent 
plants in the planting row. Only plot 
sizes which were multiples of the 
total number of plants per row were 
considered. Therefore, all plants 
contributed to the results regardless of 
the plot size. Finally, we tested only plot 
sizes that allowed for at least three plots 
per planting row, so that the simulated 
plot size could be used for experimental 
purposes.

The mean, variance and coefficient 
of variation per row and column were 
calculated for each scenario and plot 
size. We used the Lilliefors test to 
check data normality, and the Bartlett 
test, in each situation, to check the 
homogeneity of variances between rows 
and columns. Statistical analyzes were 
performed using the software SAEG 9.1 
and the package Office Excel, with 5% 
significance.

RESULTS AND DISCUSSION

Lilliefors test indicated the data 
had a normal distribution in all tested 
scenarios. Therefore, the homogeneity 
of variances was evaluated using 
Bartlett’s test.

There was heterogeneity of variances 
between rows in 16.67% of the cases 
(Table 1), in agreement with Santos 
et al. (2012), who also reported the 
heterogeneity of variances between 
rows in experiments with snapbeans. 
The heterogeneity of variances between 
rows in experiments with vegetables has 
been attributed to the lateral openings 
of plastic greenhouses, among other 
causes (Santos et al., 2012). Lateral 
openings can provide different growing 
conditions on the sides of the greenhouse 
and vegetables are highly sensitive to 
climatic adversities (Filgueira, 2000). 
Lorentz et al. (2005) and Lúcio et al. 
(2008) pointed out that factors such as 
unprecise harvesting points, multiple 
harvests, null values in given harvests, 
among others, are additional sources 
of variability of production which 
can contribute to the heterogeneity of 
variances between cropping rows in 
vegetables.
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Considering the number of times 
the null hypothesis was rejected 
in each scenario, i.e., the cases in 
which variances between rows were 
heterogeneous, there was an increase 
in the frequency of heterogeneity of 
variance between rows in scenarios 
where borders were used comparing to 
those without borders (scenario J0K0) 
(Table 1). This result shows that the 
exclusion of rows or columns did not 
affect reducing the heterogeneity of 
variances between rows and, therefore, 
it is not expected to offer advantages for 
experiments carried out under similar 
conditions.

Increasing plot size resulted in 
reducing the heterogeneity of variances 
between rows in the scenario without 
the use of borders (scenario J0K0) 
(Table 1). Santos et al. (2012) also 

found that the increase in plot size 
was effective in reducing the cases of 
heterogeneity of variances between crop 
rows in snapbeans grown in protected 
cultivation. The plot size effect is very 
likely related to the occurrence of areas 
either more or less favorable to plant 
growth within the same cropping row, 
generating variability among plants. 
When we increase the plot size, we 
also increase the chances of diluting 
these areas within the plot, reducing 
the variance between plots. Besides, by 
increasing plot size, we also reduce the 
frequency of null values, contributing 
to the reduction of the variance within 
the row (Lúcio et al., 2016) and also 
to the homogenization of variances 
between rows. However, too large 
plots in experiments in a limited area 
restrict the number of replications. Thus, 

it is recommended to use plots with 
eight basic units, the optimal plot size 
recommended for snapbeans (Santos et 
al., 2012).

Results similar to that observed 
for the J0K0 scenario also occurred 
for other scenarios. All tests indicated 
heterogeneity of variances between 
rows with one-plant plots. However, 
homogeneity of variances between rows 
started to appear as plots increased in 
size (Table 1). This result strengthens 
the idea previously mentioned that one-
plant plots should be avoided.

T h e r e  w a s  n o  s i g n i f i c a n t 
heterogeneity of variances between 
columns in the J0K0 scenario, regardless 
of plot size (Table 2). In other words, 
the openings at the ends of the plastic 
greenhouse were not large enough 
to cause heterogeneity of variances 

Table 1. Minimum level of significance of Bartlett test (p-value, in %) between rows of snapbeans in the scenarios produced by excluding rows 
(K) and columns (J), in different plot sizes, in trials carried out in a plastic greenhouse in the fall-winter season. Santa Maria, UFSM, 2016.

Scenario
Plot size (number of plants)

1 2 3 4 5 6 7 8 9 10

J0K0 0.24 52.86 29.61 33.92 - 7.38 - - 72.68 -

J1K0 0.38 0.12 - - - - - - - -

J2K0 0.68 40.33 - 6.95 - - - 99.44 - -

J3K0 0.71 0.62 19.52 - 83.72 58.90 - - - 67.07

J4K0 0.59 23.93 - 14.86 - - 19.03 - - -

J5K0 0.40 0.23 - - - - - - - -

J6K0 0.77 16.41 1.17 3.00 - 1.87 - 1.03 - -

J7K0 1.27 0.11 - - - - - - - -

J8K0 0.22 26.26 - 12.76 71.06 - - - - -

J9K0 0.26 0.17 1.62 - - 19.26 - - - -

J0K1 1.01 36.98 19.47 38.66 - 31.66 - - 78.05 -

J1K1 1.42 0.31 - - - - - - - -

J2K1 2.12 27.12 - 17.02 - - - 96.90 - -

J3K1 1.29 1.05 20.49 - 78.52 47.71 - - - 60.22

J4K1 1.34 16.93 - 21.13 - - 15.07 - - -

J5K1 1.22 0.94 - - - - - - - -

J6K1 1.41 7.54 1.08 4.23 - 1.69 - 27.14 - -

J7K1 1.39 0.19 - - - - - - - -

J8K1 0.16 10.43 - 10.37 53.62 - - - - -

J9K1 0.13 0.16 0.63 - - 9.57 - - - -
- = not tested.
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between columns in experiments with 
snapbeans. In contrast, lateral openings 
may influence the heterogeneity of 
variances between rows (Santos et 
al., 2012). There were some cases of 
significant heterogeneity of variances 
between columns in the scenarios 
where borders were used (Table 2). 
However, this is not relevant once the 
use of borders is not recommended in 
experiments with snapbeans in plastic 
greenhouses, as discussed in previous 
paragraphs. Therefore, attention should 
be given to the result achieved without 
using borders.

Plots of two or more plants provided 
homogeneity of variances between 
rows, unlike row and column borders, 
which were not useful in homogenizing 
of variances between rows. This result 
points to the possibility of using the 
completely randomized design in 
experiments with snapbeans, provided 
that the plot size is large enough. 
Storck et al. (2016) state the completely 

randomized design should be preferred 
whenever experimental units are 
homogeneous. Completely randomized 
experiments are more flexible regarding 
the number of replications and treatments 
and allow the highest possible number of 
degrees of freedom for the experimental 
error,  consequently resulting in 
greater experimental accuracy. Hence, 
combining plots of two or more plants 
with the completely randomized design 
can build on the precision of experiments 
with snapbeans.

The use of column borders did not 
substantially alter the magnitude of the 
coefficient of variation (CV) (Table 3). 
However, in some cases, row borders 
reduced the CV in comparison to the 
scenario without borders (J0K0). The 
decrease in CV values caused by the 
use of borders seems to be due to the 
reduction in the experimental mean since 
variances were less impacted. Santos et 
al. (2012), working with snapbeans in 
different environments, emphasize that 

lateral rows suffer different conditions 
of temperature and soil moisture in 
protected environments. Hence, it is 
plausible to suppose the reduction in 
CVs due to row borders resulted from 
the decrease in the production mean. 
Since these rows were in unfavorable 
conditions, as they were excluded, the 
production average in the experiment 
increased, reducing the CV.

Lateral row borders had a minimal 
effect on reducing CV values and no 
effect in the homogenization of rows 
or columns, as already discussed. 
Therefore, it is not recommended to use 
borders in experiments with snapbeans 
in protected environments. In addition, 
borders would take up an experimental 
area that could be better used with new 
treatments or replications. The reduction 
in the number of replications may 
result in increases in the estimate of the 
experimental error since replications 
and the estimation of the experimental 
error are closely related (Storck et al., 

Table 2. Minimum level of significance of Bartlett test (p-value, in%) between planting columns of snapbeans in the scenarios produced by 
excluding rows (K) and columns (J), in different plot sizes, in an experiment carried out in a plastic greenhouse in the fall-winter season. 
Santa Maria, UFSM, 2016.

Scenario
Plot size (number of plants)

1 2 3 4 5 6 7 8 9 10
J0K0 75.49 64.64 35.04 30.47 - 20.32 - - 56.37 -
J1K0 83.48 11.54 - - - - - - - -
J2K0 82.28 55.88 - 13.86 - - - 65.66 - -
J3K0 74.66 8.21 22.51 - 30.01 54.62 - - - 14.67
J4K0 68.80 41.44 - 15.06 - - 6.30 - - -
J5K0 66.40 8.29 - - - - - - - -
J6K0 61.32 41.46 12.57 6.80 - 9.05 - 16.78 - -
J7K0 67.54 9.98 - - - - - - - -
J8K0 55.72 31.49 - 13.55 31.64 - - - - -
J9K0 42.59 4.98 10.12 - - 47.18 - - - -
J0K1 21.01 21.08 14.91 32.04 - 5.02 - - 47.81 -
J1K1 24.40 12.49 - - - - - - - -
J2K1 22.21 30.13 - 10.62 - - - 62.37 - -
J3K1 16.04 8.13 15.42 - 27.93 32.20 - - - 8.47
J4K1 23.87 19.23 - 27.93 - - 1.31 - - -
J5K1 18.94 10.85 - - - - - - - -
J6K1 13.51 15.51 8.04 4.58 - 1.57 - 21.97 - -
J7K1 17.98 7.21 - - - - - - - -
J8K1 13.51 8.40 - 14.69 18.45 - - - - -
J9K1 8.77 3.45 5.87 - - 10.51 - - - -

- = not tested.
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Table 3. Variance (s2, in g2.104) and coefficient of variation (CV, in %) for fresh mass of pods of snapbeans in the scenarios produced by 
excluding rows (K) and columns (J), in different plot sizes, in an experiment carried out in a plastic greenhouse in the fall-winter season. 
Santa Maria, UFSM, 2016.

Scenario
Plot size (number of plants)

1 2 3 4 5 6 7 8 9 10

J0K0
s2 7.53 13.83 19.11 31.34 - 55.68 - - 80.02 -

CV 48.19 32.16 24.85 23.59 20.57 17.30

J1K0
s2 7.49 13.23 - - - - - - - -

CV 48.29 30.20 - - - - - - - -

J2K0
s2 7.35 14.33 - 34.23 - - - 69.16 - -

CV 47.89 32.60 - 24.20 - - - 18.26 - -

J3K0
s2 7.34 12.38 19.80 - 36.10 48.60 - - - 96.63

CV 47.42 28.62 24.83 - 20.11 20.04 - - - 16.30

J4K0
s2 7.52 14.04 - 31.56 - - 68.87 - - -

CV 48.00 31.84 - 22.99 - - 18.94 - - -

J5K0
s2 7.71 13.40 - - - - - - - -

CV 48.10 29.50 - - - - - - - -

J6K0
s2 7.79 14.25 20.45 35.98 - 64.11 - 112.01 - -

CV 48.00 31.38 24.40 23.66 - 20.93 - 21.44 - -

J7K0
s2 7.66 14.85 - - - - - - - -

CV 46.59 30.47 - - - - - - - -

J8K0
s2 7.62 14.49 - 37.62 42.82 - - - - -

CV 46.89 31.29 - 24.54 21.59 - - - - -

J9K0
s2 7.60 15.41 18.45 - - 55.29 - - - -

CV 46.52 30.85 22.72 - - 21.00 - - - -

J0K1
s2 7.78 13.07 16.97 26.85 - 51.44 - - 53.20 -

CV 44.51 28.19 20.40 19.52 - 16.57 - - 12.87 -

J1K1
s2 7.85 12.32 - - - - - - - -

CV 45.25 25.71 - - - - - - - -

J2K1
s2 7.35 13.84 - 35.27 - - - 38.42 - -

CV 47.89 29.31 - 22.01 - - - 12.71 - -

J3K1
s2 7.98 12.93 19.21 - 26.46 36.41 - - - 48.24

CV 44.17 25.38 21.57 - 15.35 15.39 - - - 9.79

J4K1
s2 8.44 13.74 - 31.22 - - 62.05 - - -

CV 45.63 28.38 - 20.69 - - 14.27 - - -

J5K1
s2 8.73 14.32 - - - - - - -

CV 45.64 26.51 - - - - - - - -

J6K1
s2 8.69 13.18 19.96 35.44 - 60.44 - 109.36 - -

CV 44.24 26.18 20.25 19.68 - 15.62 - 18.94 - -

J7K1
s2 8.23 15.60 - - - - - - - -

CV 42.02 26.38 - - - - - - -

J8K1
s2 8.34 12.79 - 35.86 32.94 - - - - -

CV 42.14 24.96 - 20.70 16.33 - - - -

J9K1
s2 8.15 16.53 15.89 - - 38.96 - - - -

CV 41.09 26.33 17.09 - - 14.25 - - - -
- = not tested.
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2016).

There  was  heterogenei ty  of 
variances between planting rows in 
experiments with snapbeans carried 
out in plastic greenhouses. The use of 
borders, either consisting of lateral rows 
or columns perpendicular to the sides 
of the plastic greenhouse, did not bring 
benefits concerning the reduction of the 
coefficient of variation, nor reduction of 
the heterogeneity of variances between 
rows or columns. The use of plots of two 

or more plants provided homogeneity of 
variances between rows and columns in 
experiments with snapbeans in plastic 
greenhouses, making room for the use 
of the completely randomized design.

ACKNOWLEDGMENTS

The National Council for Scientific 
and Technological Development (CNPq) 
for granting a fellowship of productivity 

in research.

REFERENCES

CARPES, RH; LÚCIO, AD; LOPES, SJ; BENZ, 
V; HAESBAERT, FM; SANTOS, D. 2010. 
Variabilidade produtiva e agrupamentos de 
colheitas de abobrinha italiana cultivada 
em ambiente protegido. Ciência Rural 40: 
294-301.

CARVALHO, LA; TESSARIOLI NETO, J. 
2005. Produtividade de tomate em ambiente 
protegido, em função do espaçamento e 

J
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1 X X X X X X
2 X X X X X X X X X X X X
3 X X X X X X X X X X X X X X X X X X
4 X X X X X X X X X X X X X X X X X X X X X X X X
5 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
6 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
7 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
9 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

10 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

27 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
28 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
29 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
30 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
31 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
32 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
33 X X X X X X X X X X X X X X X X X X X X X X X X
34 X X X X X X X X X X X X X X X X X X
35 X X X X X X X X X X X X
36 X X X X X X

J
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1 X X X X
2 X X X X X X X X
3 X X X X X X X X X X X X
4 X X X X X X X X X X X X X X X X
5 X X X X X X X X X X X X X X X X X X X X
6 X X X X X X X X X X X X X X X X X X X X X X X X
7 X X X X X X X X X X X X X X X X X X X X X X X X X X X X
8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
9 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

10 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

27 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
28 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
29 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
30 X X X X X X X X X X X X X X X X X X X X X X X X X X X X
31 X X X X X X X X X X X X X X X X X X X X X X X X
32 X X X X X X X X X X X X X X X X X X X X
33 X X X X X X X X X X X X X X X X
34 X X X X X X X X X X X X
35 X X X X X X X X
36 X X X X

J5K1 J6K1 J7K1 J8K1 J9K1J0K1 J1K1 J2K1 J3K1 J4K1
KK K K K K K K K K

KK K KK K K K K K
J6K0 J7K0 J8K0 J9K0J0K0 J1K0 J2K0 J3K0 J4K0 J5K0

Figure 1. Schematic representation of plants of snapbeans (x) arranged in rows (J = 36) and columns (K = 6), with the scenarios produced 
by excluding rows and columns (highlighted in gray) in a plastic greenhouse. Santa Maria, UFSM, 2016.
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