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Abstract - This work aimed to subsidize experimental planning for the evaluation of phenotypic
characters in banana. The experiment consisted of a uniformity trial with Tropical cultivar spaced of
3 m x 2 m, in a useful area with nine rows of 40 plants. Vegetative and yield aspects were evaluated
in two production cycles. Plants and basic units (UB) were combined to form various plot sizes,
from which the variation coefficient and the soil heterogeneity index were estimated. To define the
experimental design, the Hatheway method was used. Variability, resulting from the soil anisotropy
and other factors such as desuckering cultural practice increases between mother plant and daughter
plant cycles, with effects on experimental design. The variation coefficient and number of replicates
are the factors that most influenced the experimental design. For the same precision level required,
the combination that maximizes efficient in the use of experimental area can be adopted, that is,
smaller plot size and higher number of replicates or larger plot size and fewer replicates. Estimates
of plot size and number of replicates are subsides for the design of experiments for the evaluation
of phenotypic descriptors in banana.

Index terms: plot size, experimental precision, Musa spp., agricultural characters.
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(co) T

de descritores fenotipicos em bananeira

Resumo — Objetivou-se com o presente trabalho subsidiar o planejamento de experimentos para
avaliag@o de caracteres fenotipicos em bananeira. Consistiu em ensaio de uniformidade com a
cultivar Tropical, no espacamento de 3 m x 2 m, area util com nove fileiras de 40 plantas. Avalia-
ram-se caracteres vegetativos e de rendimentos em dois ciclos de produgdo. As plantas, unidades
basicas (ub), foram combinadas para formar diferentes tamanhos de parcelas, a partir dos quais se
calcularam o coeficiente de variagao e o indice de heterogeneidade do solo. Para defini¢do do plano
experimental, utilizou-se a metodologia de Hatheway. A variabilidade, resultante da anisotropia do
solo e da pratica cultural o desbaste aumenta entre os ciclos da planta-mae e da filha, com reflexos
no planejamento experimental. O coeficiente de variagdo e o numero de repeti¢des sdo os fatores
que mais influenciam no planejamento experimental. Para um mesmo nivel de precisdo requerido,
pode-se adotar a combinagdo que maximize a eficiéncia de uso da area experimental, parcelas
menores ¢ maior niimero de repetigdes ou parcelas maiores € menor niimero de repetigdes. As
estimativas de tamanho de parcela e do nimero de repeti¢des apresentadas constituem subsidio
para planejamento de experimentos de avaliacdo de descritores fenotipicos em bananeira.
Termos para indexacfo: tamanho de parcela, precisdo experimental, Musa spp., caracteres

agrondmicos.
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Introduction

The low genetic variability of an agricultural
crop poses an imminent risk, either due to the lack of
new cultivars or to its decimation by pests, as occurred
with export Latin American banana farming based solely
on Gros Michel cultivar susceptible to Panama disease
(PLOETZ, 2015). Currently, the same banana crop
experiences similar risk, because it is based only on the
Cavendish subgroup (SILVA et al., 2016; PLOETZ, 2015).
In Brazil, despite the greater diversity of cultivars in use
such as ‘Prata’, ‘Nanica’, ‘Macga’ and ‘Terra’ (LEDO et
al., 2018), a similar fact occurs to Maga and Prata-Ana
cultivars due to their susceptibility to Panama disease.

As a result, several genetic breeding programs of
banana trees emerged (MARTIN et al., 2016), among
them, the Brazilian Program of Genetic Breeding of
Banana Tree, coordinated by Embrapa Cassava and
Fruits in 1976, directed to the development of Prata and
Maga cultivars, which studies the behavior of banana trees
resistant to the main crop diseases (WEBER et al., 2017).
As aresult of this program, different cultivars were made
available to farmers (WEBER et al., 2017; CASTRICINI
etal., 2017).

Despite the advances obtained, the function of the
genetic breeding must be continuous in the reach of the
varietal ideotype, and for that, the final stage of evaluation
of cultivars in field experiments demands precision
(MATEI etal., 2017). In this stage, expressive phenotypic
characters are usually evaluated for the identification and
selection of superior individuals and according to Martin
etal. (2016), subject to both natural and artificial selection,
in addition to suffering great environmental influence.

Improved germplasm tests (JIAA etal., 2017) and /
or agronomic practices to increase productivity (MELO et
al., 2016) require accuracy and precision (ORTIZ, 1995;
SRIPATHI et al., 2017), and regardless of objectives, they
try to detect significant differences among treatments. This
is of increasingly importance, as technological advances
make the identification of these differences difficult,
in addition to the fierce dispute over resources and
experimental areas. Therefore, estimates of size and shape
of experimental units and number of replicates involving
specific combinations of sites, cultures, evaluated
characteristics and methods are determinant for improving
experimental accuracy in order to ensure extrapolation of
results. The reliability of these extrapolations is limited to
the similarities of experimental conditions.

Cargnelutti Filho et al. (2014), Schmildt et al.
(2016), Sousa et al. (2016) and Lavezo et al. (2017) used
the Hatheway method (1961) and found that the use of
smaller plots with greater number of replicates results in
greater experimental precision and area use efficiency.
These results reflect the significant effect of the greater
number of replicates on experimental precision, classic in

literature. It turns out that the adoption of this relationship
in order to minimize the experimental error, in some
cases, depending on the number of treatments, plot design
and size, can lead to experiments of impractical sizes.
Schwertner et al. (2015) argued that for the intensive use
of experimental areas, it is important to plan smaller and
more efficient experiments regarding accuracy and costs.

For statistical purposes, it is important to increase
precision and experimental accuracy in order to obtain
results that allow detecting significant differences among
tested treatments (CARGNELUTTI FILHO et al., 2014).
Additionally, for the researcher in experiments planned
within statistical principles, the maximum extraction of
useful information from the system under study is relevant.
In this sense, alternatives are: to increase the number of
experimental plots due to the increase in the number of
repetitions and / or inclusion of treatments; increase the plot
size; refinement of the experimental technique and use of
less variable experimental material. In this way, this work
aimed to determine the combinations in the experimental
planning to optimize the area use with precision required
to subsidize the planning of experiments of evaluation of
phenotypic characteristics in banana.

Material and methods

The experiment was conducted between September
2004 and September 2006 in a typical Dystrophic Red-
Yellow Latosol of medium texture, hypoxerophilic caatinga
phase, smooth to undulating relief'in the experimental area
of the Federal Institute of Bahia - Campus of Guanambi,
municipality of Guanambi, southwestern state of
Bahia. The local latitude is 14°13°30” S and longitude
42°46°53”W and 525 m a.s.l, with average annual rainfall
680 mm and average temperature of 26°C.

The experiment consisted of a uniformity trial
with Tropical cultivar (YB42-21), tetraploid hybrid
(AAAB), derived from Yangambi number 02, generated
by Embrapa Cassava and Fruits (DONATO et al., 2008).
The experimental area consisted of nine rows of 40 plants
each, spaced 3 m x 2 m, totaling 360 plants and 2,160 m?.

Micropropagated seedlings of 20 cm in height
were used in the experiment, provided by Embrapa Cassava
and Fruits, multiplied by the Center of Biotechnology of
Cruz das Almas, BA, acclimatized in tubes and transported
to the experimental site packed in a roll-type package,
where they were directly transplanted in the field.

The implementation and cultural and phytosanitary
treatments adopted in the crop were based on technical
recommendations (RODRIGUES et al., 2015) and
fertilizations in soil and leaf analyses according to Silva
(2015). New soil and leaf analyses were carried out at the
time of flowering to monitor the nutritional status of plants
and fertilization reorientation (SILVA, 2015).
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In the evaluations of all the phenotypic descriptors
performed in the first and second production cycles, each
plant was properly identified in the row and column as a
basic unit (bu) with area of 6 m?, making up 360 basic
units. Basic units were grouped into 23 distinct ways
considering only the clusters that originated plot size
capable of using 100% of the experimental area.

Evaluations were carried out during phases of
flowering and harvesting of bunches in the production
cycles of the mother plant and daughter plant. Vegetative
phenotypic descriptors (plant height corresponding to the
pseudostem length, pseudostem perimeter, number of live
leaves at flowering and number emitted suckers) and yield
(bunch mass, number of hands, fruit length and diameter) .

The soil heterogeneity index (b) of Smith (1938)
was determined. For the calculation of the b index and
the variation coefficient, the evaluated characteristics of
adjacent basic units were combined to form different plot
types. The calculations of variation coefficients, variances
and other determinations necessary for the estimation of
the experimental planning parameters were performed
with routines developed by the author in spreadsheet-type
computational tool, Microsoft Excel format (DONATO
et al., 2008).

The soil heterogeneity index is based on an
empirical relationship between the plot size and its
variance, establishing a negative relation between them.
The procedure adopted to estimate this index was the
adjustment of a linear regression equation between
the logarithm of the variance of each characteristic
evaluated in the two banana production cycles for each
preestablished plot size and the logarithm of the respective
plot size, expressed in basic units, log V_ = logV - blogx,
obtained the linearization of the Smith’s equation (1938)
V_=V/x" where: V_is the variance among plots of x
basic units; V, is the variance among parcels of size equal
to one basic unit; b is the soil heterogeneity index, is the
angular coefficient of the regression equation (regression
coefficient); and x is the plot size in basic units.

To estimate the plot sizes and define the experimental
plan, the Hatheway method (1961) was used, similarly to
Sous-a et al. (2016). For the use of the Hatheway method
(1961), Smith’s “b” index (1938) and the variation
coefficient for each variable evaluated in both banana
production cycles were previously estimated. The other
conditions were pre-defined for experiments designed in
randomized blocks. Precision levels al =5.0% and a2 =
2 (1 -P) with P=0.80 (80% probability) were adopted for
four, five and six replicates, 5, 10, 15 and 20 treatments,
and differences to be detected among treatment averages,
d, equal to 10, 15, 20 and 25%.

From the above conditions, the following formula
was used:

. M +2)YCF?
¥ (£ J
Fa©

where: X, plot size for a given number of basic
units; V'C?, square of the variation coefficient (%) of plots
of a basic size unit; b, Smith’s heterogeneity coefficient
or index; t, critical value of the Student distribution
at a, probability level; t,, critical value of the Student
distribution at o, = 2 (1-P) probability level, where P is
the selected probability of obtaining a significant result; ,
number of replicates; d, difference to be detected measured
as a percentage of the mean.

The Hatheway equation (1961) was also used

to estimate the detectable difference among treatment
averages (d), ; 2z, +¢,) CP?

" . The estimation of the
true detectable diftference among treatment averages by
this method consisted in using the variation coefficient and
the “b” index determined for each variable evaluated in
both banana production cycles for plot sizes varying from
1 to 24 basic units (6 to 144 m?), sizes considered practical
(DONATO etal., 2008) for randomized block experiments
with 10 treatments and 3, 4 and 5 replicates and precision
levels used to estimate plot size by the Hatheway method
(1961), added of (d) level of 5%.

In addition, graphical representations of the values
of d estimates were carried out in order to translate
relevant information on the relationships between plot
size, experimental precision and number of replicates,
expressed by the efficiency in the use of the experimental
area, similarly to Sousa et al. (2016).

Results and discussion

The soil heterogeneity index values (b) of
vegetative characteristics evaluated in both production
cycles ranged from 0.31 for plant height to 0.70 for number
of'live leaves at flowering, both in the second cycle (Figure
3), intermediate variability (0.30 <b < 0.70). Exception
occurred for number emitted suckers, with values above
this range, 0.77 (Figure 1A) and 1.12 (Figure 1B), for
first and second cycles, respectively, demonstrating high
variability and no correlation among adjacent units.

For yield characteristics evaluated in the first cycle,
the b index values were higher than 0.70 (Figure 2A),
demonstrating high variability (little correlation among
adjacent units). In the second cycle (Figure 2B), the b
index values for bunch mass and fruit diameter and for
number of hands and fruit length were lower and higher
than 0.70, respectively. The soil heterogeneity index in
this work varied with the evaluated characteristic and with
the production cycle.

Cargnelutti Filho et al. (2016) concluded that for
high soil heterogeneity index and / or genetic variability
values, it is recommended, for a given fixed area, to use
larger plots and fewer replicates than smaller plots and
greater number of replicates. According to the same
authors, it is accepted in literature that if b <0.2, increment
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in replicates is more effective to improve experimental
precision. If b> 0.7, increase in plot size is more effective
for precision gains. If 0.2 <b <0.7 changes in plot size and
repetitions concurrently increase experimental accuracy.

Although the b index is considered a measure of
soil heterogeneity, it is indirectly estimated based on
crop production, assuming that its variability reflects soil
behavior (CARGNELUTTI FILHO et al., 2014). This
may be questionable, since the variability inherent of
the crop itself is also an important source of error in the
productivity of plots, particularly in cross-fertilization
plants, and may significantly contribute to the b index
value.

In autogamous crops, and more markedly, in
asexual propagation plants such as banana, genetic
variability is minimal, although somaclonal variation at
high level may occur (LOPES et al., 2014), probably due
to mitotic instability and / or mutation (GUAPACHA et
al., 2017), which are not exclusive to tissue culture, but
also observed in the field, but at lower frequencies. In this
work, index b is a consequence of soil anisotropy and other
factors affecting the degree of experimental heterogeneity,
such as errors from planting techniques, cultural practices,
harvesting and measurements, as well as interferences and
variations of climatic factors. This argument is evidenced
by the higher b index values recorded for the characteristic
number emitted suckers, which reflects the desuckering
cultural practice, particularly in the second cycle, more
subject to management conditions (DONATO et al., 2008).

The b index values usually range from 0 to 1,
being possible the occurrence of estimates above the unit
(SOUSA etal., 2016), which is a fact for the characteristic
number emitted suckers in the second production cycle
(Figure 1B) (b = 1.1271) and in Ortiz’s studies (1995)
for bunch mass in a consorted banana tree (b = 1.0513),
which is justified because, according to Bakke (1988),
the method for estimating the b index and the correlation
coefficient r admits value higher than the unit and negative,
respectively, since theoretically, 0 <b <+ooand -1 <r<+1.

The Hatheway method (1961) is suitable for
experimental planning, since it allows verifying the ideal
combination between treatments, repetitions and plot size
capable of minimizing the experimental area with the
required precision. This can be seen in Figures 3 and 4 for
vegetative and yield characteristics evaluated repectively
in two production cycles to detect, at 5% probability,
differences between treatment means for randomized
block experiment.

The variation coefficients values oscillated with
the evaluated characteristic and with the production cycle
(Figures 3 and 4), similarly to Ortiz (1995) and Lopes et
al. (2014) as expected, since the first cycle is less subject
to environmental and management conditions compared
to the following cycle.

The variation coefficient was the factor that showed
the greatest influence on plot size, since increases in plot
size with increase in VC value were observed when d, t
and r were fixed. In general, VC values lower than 10%
(plant height, pseudostem perimeter, fruit diameter and
length) and VC values higher than 10% (number of live
leaves at flowering, number of emitted suckers, bunch
mass and number of hands) resulted in small and large
plots, respectively.

The influence of VC on plot size is visible when
results concerning evaluated variables are compared
with very different VC values and close heterogeneity
index, such as the vegetative characteristics of number of
emitted suckers (VC = 22.92%, b = 0.7702), and yield,
fruit diameter (VC =5.71% and b= 0.7748). The plot size
estimated for a given combination of factors, for example,
d=15,t=5, r =4, was much larger for the number of
emitted suckers, 22.14 basic units (Figure 3), than for fruit
diameter, 0.60 basic units (Figure 4).

This trend continues in the second production cycle.
The analysis of characteristics with very distinct VC
values and high and relatively close b indexes, number of
emitted suckers (VC =30.09% and b =1.1271) and fruit
length (VC =10.54% and b =0.9411) shows that the plot
size estimated for a certain combination of factors such
as,d =15, t=15, r =4, is much larger for the number of
emitted suckers, 13.46 basic units (Figure 3), compared
to fruit length, 2.43 (Figure 4). This behavior between VC
and plot size is expected because it expresses an inverse
relationship between plot size and its variance (SMITH,
1938; HATHEWAY, 1961) and resembles the results of
other studies (ORTIZ, 1995; CARGNELUTTI FILHO et
al., 2014; 2016; SCHMILDT et al., 2016; SOUSA et al.,
2016; LAVEZO et al., 2017).

The number of replicates also had a marked
influence on plot size, while the number of treatments
showed little effect. Increasing the number of treatments
from five to 15 or 20 did not significantly reduce the
plot size. However, the use of four, five or six replicates
significantly modified the plot size for the characteristics
evaluated. This is clear when characteristics number of
emitted suckers (Figure 3) and fruit diameter are compared
(Figure 4) for the same situation previously described;
however, increasing the number of replicates from four
to six, in which changes in the estimated size of plots to
11.93 basic units are observed (number of emitted suckers)
and 0.33 basic units (fruit diameter), which corresponds
to reductions of approximately 50% in plot size.

Data from the second cycle also corroborate
the influence of increasing the number of replicates in
the improvement of the experimental precision, which
a classic relation in literature, and proven by several
authors (CARGNELUTTI FILHO et al., 2014; 2016;
SCHWERTNER et al. 2015; SCHMILDT et al., 2016;
SOUSA et al., 2016; LAVEZO et al., 2017). The use of
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six replicates instead of four for the number of emitted
suckers (Figure 3) and fruit length (Figure 4) for the same
situation previously described, reduced the estimated plot
size to 8.83 basic units (number of emitted suckers) and
1.46 basic units (fruit length).

Significant decreases in plot size were also
observed when the d values increased (lower experimental
accuracy).

In this work, different plot sizes were estimated by
the Hatheway method (1961), many of them of applicable
size for experiments to evaluate banana cultivars.

For some characteristics evaluated as a function of
the pre-established experimental conditions, extremely
small or large values were obtained, thus reflecting
impractical plot sizes. Plots with up to 25 plants, for being
used in experiments to evaluate banana cultivars, are
considered as plots of practical size; however, there may
be an inadequate application, mainly due to the evaluated
characteristic and, therefore, costs are maximized due to
the greater area and experimental material used, without
essential increases in experimental precision (DONATO et
al., 2008), since plots with six basic units allow evaluating
of phenotypic characteristics with precision.

This can be seen in Figures 5 and 6 for 10
treatments and three to five replications, including for
the characteristic and cycle of higher variability, as the
number of emitted suckers in the second production cycle
(Figure 5B). It could be observed that differences of 15%
among treatment averages can be detected with five basic
units and differences of 12% with six basic units, and from
this point, there is a small reduction in the d values with
increments in plot size. It could be inferred that little is
gained in precision with the use of plots larger than six
basic units, because the precision gain by increasing plot
size or the decrease in variation decreases when the plot
becomes very large.

It was observed that for plant height, pseudostem
perimeter (Figure 5A) and fruit diameter (Figure 6A) in the
first production cycle, it is possible to detect differences
of'up to five percent among treatment averages with plots
not larger than six and four basic units, respectively. In the
second cycle, for plant height and pseudostem perimeter
(Figure 5B), plots with four basic units allow identifying
differences of 10% and for fruit diameter (Figure 6B),
plots of six basic units allow the detection of 5% among
treatment averages.

Figures 3 and 4 and Figures 5 and 6 show the most
appropriate combination between plot size and number
of replicates, which will allow obtaining the precision
level required. The decision regarding the combination
to be adopted is a function of the plot size considered
practical and valid in terms of sampling, area, available
resources and number of experimental units that meet the
requirements of number of degrees of freedom (BAKKE,
1988 ), with minimum of 10 for the residue (PIMENTEL-

GOMES, 2000).

In addition, Figures 5 and 6 show information
relevant to experimental planning, expressed by the
efficiency in use of the experimental area. This was
estimated for all variables evaluated in both production
cycles. In the first cycle, the plot size and number of
replicates were considered for the detection of difference
(d) of five percent of the average plant height, pseudostem
perimeter and fruit diameter, and 15% of the average
of the others characteristics. In the second cycle, five
percent for the average fruit diameter, 10% for plant
height and pseudostem perimeter and 15% for the
other characteristics evaluated. It is noteworthy that the
difference to be detected among treatment averages will be
significant when its value is higher than the VC inherent
to the evaluated characteristics (PIMENTEL-GOMES,
2000).

For the same precision required, the researcher
may choose to use smaller plots and greater number of
replicates or larger plots and fewer replicates, depending
on the evaluated characteristics. The decision is a function
of the combination that presents greater efficiency in the
use of the experimental area, that is, requiring smaller area.

It is believed, therefore, that the results obtained in
this work can be used as guide for researchers in order to
better combine the different and important factors in the
experimental planning to increase precision in experiments
aimed at evaluating banana cultivars.
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Figure 1.Regression equations between logarithm of variance and logarithm of plot size in basic units, for vegetative
characteristics evaluated in the first (A) and second (B) production cycle in banana cv. Tropical.
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Figure 2. Regression equations between logarithm of variance and logarithm of plot size in basic units, for yield
characteristics evaluated in the first (A) and second (B) production cycle in banana cv. Tropical.
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Ist 417 063 051 0.49 0.47 0.36 0.31 029 029 023 020 019  0.19

= 10 ond 497 156 1.15 1.06 1.02 067 054 050 049 035 029 028 027
= s Ist 417 011 009 008 0.08 006 005 005 005 004 004 003 003

£ ond 497 012 009 008 0.08 005 004 004 004 003 002 002 002
g o st 417 003 003  0.02 0.02 002 002 00l 00l 00l 001 00l 001
= ond  4.97 002 001 001 0.01 001 001 001 001 000 000 000 0.00
hs st 417 001 001 001 0.01 001 001 001 001 000 000 000 000

ond 497 000 000  0.00 0.00 000 000 000 000 000 000 000 0.00

o st 479 1.13 094 090 0.88 069 060 058 057 047 042 041 041

. 2nd 631 670 497 458 4.40 294 236 222 216 155 130 124 121
s 2 s lst 479 025 021 020 0.20 015 014 013 013 011 010 009  0.09
g E ond 631 055 041 038 0.36 024 020 018 018 013 011 010 0.0
22 o st 479 009 007  0.07 0.07 005 005 005 004 004 003 003 003
£ 2nd 631 009 007  0.06 0.06 004 003 003 003 002 002 002 002
s st 479 004 003 003 0.03 002 002 002 002 002 001 00l 001

ond 631 002 002 002 0.02 001 001 001 001 001 000 000 0.00

NG o st 1128 2131 1804 1723 1686 1346 1190 1150 1132 940 853 830 820
=z B ond 1101 1172 1021 9.83 9.66 8.01 724 704 694 596 550 537 532
s 2 s Ist 1128 528 447 427 4.18 3.34 295 285 281 233 212 206 203
5= ond 1101 370 3.22 3.10 3.05 2.53 228 222 219 1.8 173 170 1.68
£° 5o Ist 1128 196 1.66 1.59 1.55 1.24 110 1.06 1.04 087 079 077 076
38 ond 1101 1.63 142 137 1.34 1.11 1.0l 098 097 08 076 075 074
8 5 lst 1128 091 077 0.74 0.72 0.58 051 049 048 040 036 036 035
ond 1101 086 075 0.72 0.71 0.59 053 052 051 044 041 040 039

9 o st 2292 6344 5593 5402 5315 4483 4086 3981 3934 3420 3178 3113 3083
£ ond  30.09  27.65 2537 2477 2450 2181 2047 2011 1994 1813 1724 17.00  16.89
S |5 Ist 2292 2214 1952 1885 1855 1564 1426 1389 1373 1193 1109 1086 1076
s < 2nd 3009 1346 1235 1206 1193 1062 997 979 971 883 840 828 8.22
83 o st 2292 1049 925 893 879 741 675 658 650 565 525 515 5.10
£ ond 3009 808  7.42 724 716 637 598 588 583 530 5.04 497 494
Z ,s It 2292 588 518 500 492 415 378 369 364 317 294 288 286

2nd  30.09 5.44 4.99 4.87 4.82 4.29 4.03 396  3.92 3.57 3.39 3.34 3.32

Figure 3. Estimates of plot size, in basic units, for vegetative characteristics evaluated in two production cycles in
banana Tropical cultivar for various combinations of number of replicates (r), treatments (t), percentage
difference of the mean to be detected (d) and variation coefficient values (VC).
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r=4 r=>5 r=6
Evaluated X © vC

descriptors 5 %)  t=5 t=10 t=15 t=20 t=5 t=10 t=15 t=20 t=5 t=10 t=15 t=20
_ 1o st 148 2331 2045 1972 1939 1625 1475 1436 1418 1227 1137 1LI13 1101
z ond 1756 12126 101.83 97.04 9488 7492 6587  63.56 6250 5148 4649 45.19 4459

g s st 148 781 685 6.6l 650 544 494 481 475 411 381  3.73 3.69
ond 1756 2816 23.64 2253 2203 1740 1529 1476 1451 1195 1080 1049 1035

g 50 It 1489 359 315 304 299 250 227 221 2.19 1.89 175 172 1.70

- ond 1756 999 839 800 7.8 617 543 5.24 5.15 424 383 372 3.67

s lst 1489 197 173 1.67 1.64 137 125 1.21 1.20 1.04 096 094 0.93

ond 1756 447 376 358 350 276 243 234 231 1.90 172 1.67 1.64

" o st 1019699 620  6.00 591 502  4.60 449 444 3.88 3.62  3.55 3.52

E ond 1038 575 518 503 496 430 398 3.90 3.86 3.43 323 3.17 3.15

£ s st 1009257 228 220 217 185  1.69 1.65 1.63 1.43 133 131 1.29

S ond 1038 239 215 209 206 179 165 1.62 1.60 1.42 134 132 131
38 5o st 1019 126 112 1.08 1.07 091 083 0.81 0.80 070 065  0.64 0.64

E ond 1038 128 115 1.12 110 096 088 0.87 0.86 076 072 0.70 0.70

z s It 1019 073 065 062 062 052 048 0.47 0.46 040 038 037 0.37

ond 1038 079 071 069 068 059 055 0.53 0.53 047 044 043 0.43

o st 949 442 400  3.89 384 335 3.11 3.05 3.02 270 254 250 248

- ond 1055 574 518  5.03 497 432 401 3.92 3.88 346 326 321 3.18

5 5 st 949 191 172 1.68 1.66 145 134 131 1.30 1.16 1.10  1.08 1.07

8 2nd 1055 243 219 213 2.10 1.83 1.69 1.66 1.64 1.46 138 135 1.34

= o lst 949 105 095 092 0.91 080  0.74 072 072 064 061  0.60 0.59

£ 2nd 1055 132 119 115 .14 099 092 090  0.89 079 075 0.74 0.73

ps st 9.9 0.66 060  0.58 057 050 047 0.46 045 040 038 037 0.37

ond 1055 082 074 072 0.71 062 057 0.56  0.55 049 047  0.46 0.45

o st 571 172 151 146 144 122 1.11 1.08 1.07  0.93 0.86  0.85 0.84

5 2nd  6.40 289 246 236 231 186 1.66 1.60 158 132 121 118 1.16
g s st 571 060 053 051 051 043 0.39 0.38 037 033 030 030 0.29

g 2nd  6.40 076 065 0.62 0.61  0.49 044 042 042 035 032 031 0.31
a 0 st 571 029 025 024 024 020 0.19 0.18 0.18  0.16 014 0.14 0.14
5 2nd  6.40 030 025 024 024  0.19 0.17 0.17 0.16  0.14 012 0.12 0.12
= s lst 571 016 014 0.14 0.14  0.11 0.10 0.10 0.10  0.09 0.08  0.08 0.08

2nd 6.40 0.14 0.12 0.12 0.11 0.09 0.08 0.08 0.08 0.07 0.06  0.06 0.06

Figure 4. Estimates of plot size, in basic units, for yield characteristics evaluated in two production cycles in banana
tropical cultivar for various combinations of number of replicates (1), treatments (t), percentage difference of the mean

to be detected (d) and variation coefficient values (VC).
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Figure 5. Relationship between plot size and detectable difference (% of mean) between two treatments, with three
replicate options and ten treatments, for vegetative characteristics evaluated in the first (A) and second (B) production

cycle

in banana Tropical cultivar.
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Figure 6. Relationship between plot size and detectable difference (% of mean) between two treatments, with three replicate
options and ten treatments, for yield characteristics evaluated in the first (A) and second (B) production cycle in banana Tropical
cultivar.
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Conclusions

For the same accuracy level required, the combi-
nation of plot size and number of replicates can be used
to maximize the efficiency in the use of the experimental
area.

Plots with four basic units and five replicates, or five
basic units and three replicates ensure greater experimental
precision considering the variables and cycles evaluated.

Useful plots with six basic units are considered
efficient for banana experiments.
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