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Abstract

One of the main stages of agricultural testing is experimental planning. This study aimed to propose an
experimental plan, with estimates of plot size, sample size and number of repetitions in the radish crop. The
uniformity sowing fests were carried out in three plots of 6.5 m in length, arranged in four rows with spacing of
0.20 m between them and 0.10 m between plants, totaling 64 plants per row. The cultivars used were Redondo
Vermelho Gigante and Gigante Siculo. Each plant was considered a basic experimental unit, and the number
of leaves, shoot length, root circumference, plant height, root mass and shoot mass were evaluated. For each
line, the plot size was estimated by the method of maximum curvature of the coefficient of variation. Sample
size estimation followed Cochran’s methodology. To estimate the number of repefitions, the least significant
difference from the Tukey test was used. It is recommended to use the largest plot size (13 plants) and sample
size with twelve plants in the plot. For a minimum difference of 50% to be considered by Tukey's test, between

six and twelve repetitions are necessary.

Keywords: number of repetitions, plot size, precision, Raphanus safivus, sample size

Intfroduction

The radish (Raphanus safivus L.) is a vegetable
from the Brassicaceae family, with an annual cycle
and small size (Filgueira, 2003). It is important among
vegetable growers due to its characteristics of rusticity
and short cultivation period, with the harvest carried out
25 to 35 days after sowing (Bonela et al., 2017; Filgueira,
2003). Taking it info consideration, the crop is an excellent
option for vegetable producers, providing a quick
financial return given that it can be grown throughout the
year (Bonela et al., 2017; Boso et al., 2021).

Radish consumption has
changes in the population's eating habits and awareness

increased due to

of healthy eating, as the edible tuber possesses medicinal
properties, contains vitamins A, B1, B2, and mineralssuch as
potassium, calcium, phosphorus, and sulfur. Additionally,
it acts as a natural expectorant, and stimulant for the
digestive system (Gamba et al., 2021; Shin et al., 2015).

In Brazil, during the 2022 harvest, 3.76 million tons of radish
tubers were produced, with the South of Brazil being
the largest producer, accounting for 54.27% of national
production (Conab, 2023).

Due to its nutritional importance and ease of
culfivation throughout the year, there is now a demand
for the development of studies and discussions aimed at
improving crop management and promoting cultivation.
Taking it info account, research on radish should focus on
evaluating the performance of new genotypes, as well
as exploring new cultivation techniques. Therefore, it is
essential to carry out experiments with high experimental
precision to obtain reliable results. To achieve such goals,
researchers must follow the principles of experimentation
(Lambrecht et al., 2022; Lucio et al., 2020).

One of the main stages of experimentation is
the correct experimental planning. In that stage, the
researcher must define the appropriate plot size, sampling
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intensity, the experimental design to be used, and the
number of repetitions. That way, there is a reduction in the
experimental variability in such a way that it is in response
to the different freatments tested in the experiment, and
that the variability within each freatment is minimal, thus
reducing the experimental error (LUcio et al., 2020).

Sampling is important, as it causes a source of
sampling variation, which is also known as experimental
error, with the number of plants needed to compose the
sample defined from the variation of data in relation to
the mean. The greater the variation, the greater will be
the number of plants needed (Silva et al., 2019). Thus, due
to the increase in the reliability and precision of the results,
the greater the number of plants sampled the researcher
is benefited (Cargnelutti Filho et al., 2017).

In case the researcher does not perform the
correct experimental planning, for example, if a very high
size of plots, sample and number of repetitions is used,
there will be a need for a greater demand of labor,
material and financial support. On the other hand, if a
very small size of plots, sample and number of repetitions
is used, the experiment may be lost due fo interferences,
whether natural or mechanical. Therefore, it is important
to have an ideal number of plots, neither too large nor
too small (Lucio & Sari, 2017).

For crops such as cucumber, pea, onion, studies
on experimental design were also carried out (Lambrecht
et al., 2022; Lucio et al., 2020; Tartaglia et al., 2021). As
for the cultivation of radish, there is a lack of information,
since the number of studies with this crop is still small. Given
the above, this study aimed to propose an experimental
plan, with estimates of plof size, sample size and number
of repetitions, with the purpose of increasing the precision
and reliability of experiments with the radish crop.

Material and methods

Two uniformity frials were conducted during the
2019 harvestin Santa Maria, southern Brazil, at geographic
coordinates 29° 42' 23" S and 53° 43' 15" W, alfitude of 95 m
above mean sea level. According to the Képpen climate
classification, the region has a Cfa climate, characterized
by an average air temperature of 19.1 °C, ranging from
0 °C to 38 °C, and accumulated rainfall of 2,040 mm
(Alvares et al., 2013). The soil of the experimental area is
classified as Argissolo Bruno-Acinzentado Alitico Umbrico
(Ultisol) (Santos et al., 2018).

Before sowing, the soil was prepared using a
stonecutter coupled to a fractor. Base fertilization was
conducted based on a chemical analysis of the soall,
following the crop's recommended practices (CQFS,
2016). The other crop treatments adhered to technical

guidelinesin compliance with good agricultural practices.

Sowing was carried out on February 5, 2019,
in three plots, each 6.5 m long each. Four rows were
arranged in each bed, with a spacing of 0.20 m between
rows and 0.10 m between plants, totaling 64 plants per
row. After sowing, a drip irrigation system was installed,
and irrigation was provided according to the water needs
for the crop. The radish cultivars used were Redondo
Vermelho Gigante — Horticeres (Cultivar 1), which has
rounded roots, purplish-red external color, white pulp and
commercial diameter of 3.5 - 4.0 cm, in addifion to the
cultivar Gigante Siculo - Isla® (Cultivar 2), which has round
and flat roofts, red in color, white pulp and a commercial
diameter of 4to 4.5 cm.

The harvest was carried out on March 9, 2019,
where each plant was considered a basic experimental
unit (BEU). In each BEU, the following variables were
evaluated: number of leaves (NL), shoot length (SL in
cm), root circumference (RC in cm), plant height (PH in
cm), root mass (RM in g) and shoot mass (SM in g). NL was
determined by counting the leaves. SL was measured
from the base of the stem to the upper apex of the plant,
while the fotal plant height was measured from the base
of the tuber to the upper apex, using a graduated ruler.
RCIR was measured with a digital caliper. RM and RC
were determined by weighing on a precision scale (SM
of 0.0001 g).

Initially, the data were subjected fo homogeneity
of variances test among the crop rows. The test was
applied to each bed and each variable, following the
methodology proposed by (Levene, 1960), as presented
inEq. 1:

(N-K)

SN (2 -2)2
S (k—1)

k Ni .. .
dicr i (N — Zi)2

Where k is the number of different groups to which

the sampled cases belong, N is the number of cases | °

(1)

group, N is the total number of cases in all groups, Z;is the
value of the variable measured for the j ° case of the [ °©
group, estimated by Eq. 2

Yij — Yi| Yi ifisthe average group |  (2)

Zij =
Yij — Yi Yiitis a median of group |
Foreach crop row, the plot size (number of plants)

was estimated using the method of maximum curvature

of the coefficient of variation, proposed by (Paranaiba et

al., 2009), by Eq. 3:
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Where, X,: is the appropriate plot size, s% is the
variance in the crop row, Y : is the average of the BEU in
the crop row, O: is the first-order spatial autocorrelation,
which was estimated by Eq. 4:

g — € el — 1le

2in
p = BN (4)

Z;il €i &

-~

Where € :is the experimental error associated
with the observation of each i BEU and ¢: mean of
experimental errors. As for the experimental error, it was
estimated by EqQ.5:

egg=pei—1 + U )

where o P is the first-order spatial autocorrelation
coefficient, Ui is the *“pure”
independent of Ui ~ N(0,0?)

The estimate of the sample size (number of plants)
for each crop row, through the methodology proposed
by (Cochran, 1977), by Eq. 6:

tZ/Q(CV%)2 (6)
(D%)

2/ Where 1t is the sample size (in number of plants),

experimental error,

o

2 is the value of the student’s t table with n-1 degrees
of freedom at 5% error probability, CV% is the coefficient
of variation of the considered variable calculated by Eq.

7:
100v/s2 (7)

X

CV% —

Where 52 is the sample variance, X is the mean
of the variable and D% is the half-amplitude of the mean
confidence interval (D%= 15, 10, 15 and 20). Corrections for
finite population were performed according to (Cochran,
1977) recommendations. For that, Eq. 8:

n

ne = T n
1+ % @
Where nc is the adjusted sample size, N is the
population size of each cultivation row, and 11 is the
sample size for infinite population.
Tukey test was used, expressed as a percenfage
of the mean of the Eq test. 9.

Gu(i:oLE) L 9)
d = BRI
Y

Where Qux(i;GLE) is the critical value of the
Tukey test at error probability level a (a=0.05 adopted in
this research), iis the number of simulated treatments (2 to
20 treatments), GLE is the number of degrees of freedom
of error for the randomized blocks design, thatis, (i-1) (r-1).
Each row of cultivation represented a block, as there was
significant heterogeneity between the rows of cultivation.
QME is the mean square of the error and Y is the mean
of the experiment. Thus, substituting the expression of the
experimental variation coefficient in percentage, in the
expression for the calculation of d, and isolafing r, we
have Eq. 10:

o X(o(i;GLE) CV > 10

P o (T 10)
In this study, the CV was expressed as a
percentage, and corresponds to the CV X, as this is
the expected CV for the experiment with the previously
calculated plot size (X;). With the highest coefficient of
variation of the plot size (CV x ) of the total grouping of
harvests, the number of repetitions (r) was determined,
by an iterative process up to the convergence for
experiments in the randomized block design, in scenarios
formed by the combinations of i (i=2, 3, 4, ..., 20) and D
(D=5%, 10%, 15%, ..., 50%). All analyzes were performed
using the R (R core team, 2023) and the Office Excel ©

application

Results and discussion

The results of the Levene variance homogeneity
test performed among the variances of the rows showed
that there was heterogeneity among the rows for both
cultivars in some variables and cultivation plots (Table
1). Thus, totaling 22.22 and 16.66% of heterogeneity
in cultivar 1 and 2, respectively. These results suggest
that the experimental design to be adopted should
be randomized blocks, in order to block this source of
variation between rows of cultivation.

After the previous test of homogeneity of
variances, it was verified that some rows of the uniformity
test were heterogeneous. To justify this experimental
variability, we can name several causes, such as, area
with uneven fertility, incidence of diseases and weeds
and occurrence of pests (LUcio & Benz, 2017; Lucio et al.,
2010). Therefore, following the recommendation of (Lucio
& Sari, 2017), the experimental design to be used by
researchers in future experiments is randomized blocks,
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Table 1. Levene's test p-value among the rows of each bed and cultivar, for the variables number of leaves (NL), shoot length (SL in
cm), root circumference (RC in cm), plant height (PH in cm), root mass (RM in g) and shoot mass (SM in g) of radish in the year 2019

Cultivar Plots NL SL RC PH RM SM
1 0.10513 0.73839 1.80x101 0.87384 0.40112 1.20x10%
1 2 0.63604 0.32967 0.04665 0.15913 0.05692 0.15506
3 0.00726 0.40422 0.70504 0.31751 0.33188 0.15032
1 0.59646 0.18397 0.228234 0.70129 0.37435 0.62276
2 2 0.62878 0.0294 0.785772 0.09097 0.42925 0.03678
3 0.96954 0.25884 0.607604 0.27503 0.05949 0.01036

Redondo Vermelho Gigante (Cultivar 1) and Gigante Siculo (Cultivar 2); Number of leaves (NL), shoot length (SL), root circumference (RC), plant height (PH), root mass (RM) and shoot mass (SM).

Table 2. Plot size (X, in plants) and coefficient of variation in plot size between parentheses (CV X, in %) of each row in each bed, for
the variables number of leaves (NL), part length aerial (SL in cm), root circumference (RC in cm), plant height (PH in cm), root mass
(RMin g) and shoot mass (SM in g) of radish, for cultivar 1 and 2 in the year 2019

Plot 1 Plot 2 Plot 3
Cult. Var.
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
NL 5(11) 5(11) 5(11) 5(11) 10(23) 10(23) 11(25) 10(23) 6(13) 6(13) 6(13) 6(14)
SL 3(8) 4(8) 3(7) 3(7) 4(9) 4(10) 3(8) 3(8) 4(8) 4(8) 4(8) 4(9)
1 RC 9(20) 9(20) 9(19) 4(9) 5(11) 5(11) 5(12) 5(12) 5(11) 5(11) 5(11) 6(13)
SM 7(16) 8(17) 8(17) 12(26) 8(17) 8(17) 8(17) 8(19) 7(15) 7(16) 8(17) 8(18)
RM 8(18) 8(19) 9(20) 9(20) 9(20) 8(18) 9(21) 10(22) 9(21) 10(23) 11(24) 13(28)
PH 5(11) 5(11) 5(11) 5(11) 10(23) 10(23) 11(25) 10(23) 6(14) 6(13) 6(13) 6(14)
NL 5(12) 6(12) 5(11) 6(13) 5(11) 5(11) 5(12) 5(11) 6(13) 6(13) 6(12) 6(13)
SL 4(10) 4(10) 4(10) 5(10) 5(12) 5(12) 5(11) 5(11) 5(10) 4(10) 4(9) 4(10)
5 RC 4(10) 4(10) 5(11) 4(10) 5(11) 5(11) 5(11) 5(10) 5(10) 5(10) 5(10) 5(11)
SM 7(15) 7(15) 7(15) 7(16) 2(19) 8(18) 2(19) 8(18) 12(27) 12(26) 12(26) 10(23)
RM 7(16) 7(16) 2(19) 8(17) 2(19) 8(18) 8(17) 7(17) 8(17) 8(18) 8(17) 8(17)
PH 6(13) 6(13) 6(14) 6(13) 6(12) 5(12) 5(11) 5(12) 5(12) 6(13) 6(12) 6(12)

Cult., refers to cultivar and Var. refers to variable; F1, F2, F3 and F4 refer to the ranks; Number of leaves (NL),

where each block/repetition will be composed of a row
of cultivation. So that, using this design, it is possible to
reduce the experimental variability of the area, avoiding
inflating the estimate of the experimental error and the
coefficient of variation.

Regarding plot size, the largest sizes found in
cultivars 1 and 2 were for the variables root mass and
shoot mass (Table 2). In cultivar 1, the largest plot sizes
observedin each variable were eleven, four, nine, twelve,
thirteen and eleven plants, with a coefficient of variation
in plot size of 25, 10, 20, 26, 28, and 25% respectively for
the variables NL, SL, RC, SM, RM and PH. For cultivar 2, the
largest plot sizes observed in each variable were 6, 5, 5,
12, 9 and 6, with coefficient of variation in plot size of 13,
12, 11,27, 19 and 14%, respectively for the variables NL,
SL, RC, SM, RM and PH. Make a note that for the SL and
SM variables, the number of plants needed to compose
the plot is practically identical for both cultivars, but for
the other variables, the largest plot sizes differ between
cultivars.

One of the main factors that impact on plot
size is the variability of the experimental area. Therefore,
it is important to use the experimental design correctly,
in order to minimize the effects of this variability. In this
same line of research, several works have already been
carried out by other researchers, even with other cultures,
also indicating the use of a randomized block design, as
in experiments with eggplant (Krysczun et al., 2018) and
with cucumber (Lucio et al., 2020).

shoot length (SL), root circumference (RC), plant height (PH), root mass (RM) and shoot mass (SM).

In the case of experiments with the radish crop,
it is recommended that in future studies the researcher
use the largest plot sizes found in this study, namely: 11,
5, 9,12, 13 and 11 plants to evaluate the variables NL,
SL, RC, SM, RM and PH respectively for both cultivars. If
the researcher's objective is to analyze all these variables
in his experiment, it is recommended the use the largest
plot size observed in this study (13 plants). By using the
largest plot size, it is possible to cover all variability in the
areaq, thus obtaining data that reflect the real effect of
the tfreatments tested, generating good reliability in the
database and, consequently, in the results (Boyhan et al.,
2003).

On the other hand, other studies also carried out
with the radish crop obtained divergent results, such as
the work by (Silva et al., 2019), which recommends 99
plants per plot. These results with high discrepancy justify
the need for further studies with the purpose of proposing
experimental plans, in order to supplement the literature,
as well as recommend new experimental plans for the
culture of radish in other parts of the world.

The results of sample size in the plot (in number
of plants) varied according to the analyzed variable,
minimum differences between averages (D%) and rows
of cultivation of each culfivar (Table 3). In culfivar 1 for D%
equal to 5% of the mean, the largest sample sizes among
the variables ranged from 4 to 12 plants, while for D%
equal to 20%, the largest sample sizes ranged from 3 to
11 plants, which results in a reduction of 25 to 9.3% in the
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cm). root mass (RM in g) and shoot

Table 3. Sample size in the plot (number of planfs] and minimum differences between means (D=5, 10, 15 and 20%), for each row
in each bed for the variables number of leaves (NL), shoot length (SL in cm), root circumference (RC in cm), plant height (PH in
ass (SM in g) of radish in the year 2019

Plot 1

Cultivar Variables D%

Plot 2 Plot 3
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and shoot mass (SM)

Redondo Vermelho Gigante (Cultivar 1) and Gigante Siculo (Cultivar 2); F1, F2, F3 and F4 refer fo the ranks; Number of leaves (NL), shoot length (SL), root circumference (RC), plant height (PH), root mass (RM)

number of plants needed to be sampled in this situation.

In cultivar 2, it is observed that for D% equal to
5% of the mean, the largest sample sizes among the
variables ranged from 5 to 12 plants. For D% equal to 20%
of the average, the largest sample sizes ranged from 3 to
11 plants, which results in a reduction of 60.0 to 9.3% in the
number of plants needed to be sampled in this situation,
depending on the variable to be analyzed.

For sample size, it is also recommended that
the largest size found in this study in order to cover
the maximum possible experimental variability and
provide reliable information. As a single sample size
recommendation, it is recommended that twelve plants
be sampled in the plot for both cultivars, considering a
half-amplitude of the confidence interval (D%) equal to
5% of the mean.

If the
resources, evaluation time and available labor, he can

researcher does not have financial
opt for a smaller sample, such as a sample of eleven
plants, with a semi-ampliftude of the confidence interval
(D%) equal to 20% of the average, which will result in @
9.1% reduction in the number of plants needed to be
evaluated. Depending on the researcher's objective and
the variables to be evaluated, smaller sample sizes can
be used, as presented in this study.

To determine the number of repetitions, the
largest plot size and its coefficient of variation were used.
Between the two cultivated varieties, the largest ploft size
of each analyzed variable was used, with 11, 5, 9, 12, 13
and 11 plants for the various NL, SL, RC, SM, RM and PH
with coefficient of variation of 25, 12, 20, 26, 28 and 25%
respectively (Table 4).
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Table 4. Number of repetitions for experiments in randomized block design, in scenarios formed by combinations of i freatments (i=2,
3. 4, ..., 20) and d minimum differences between means of treatments to be detected as significant at 5% probability, by Tukey 's test
, expressed as a percentage of the average of the experiment (D=5, 10, 15, ..., 50%), starting from the largest plot size (X = 13 and 12
plants) and coefficient of variation in plot size (CV, = 28 and 27%] for cultivars 1 and 2 respectively, the number of repetitions for the

radish crop in the year 2019 was calculated

Number of freatments (i)

Variables D%
2 4 6 8 10 12 14 16 18 20
10 232 150 151 156 161 169 172 174 181 188
20 58 38 38 39 40 42 43 43 45 47
NL and PH 30 26 17 17 17 18 19 19 19 20 21
40 14 9 9 10 10 11 11 11 11 12
50 9 6 6 6 6 7 7 7 7 8
10 53 35 35 36 37 39 40 40 42 43
20 13 9 9 9 9 10 10 10 10 11
SL 30 6 4 4 4 4 4 4 4 5 5
40 3 2 2 2 2 2 2 2 3 3
50 2 1 1 1 1 2 2 2 2 2
10 148 96 96 100 103 108 110 11 116 120
20 37 24 24 25 26 27 28 28 29 30
RC 30 16 11 11 11 11 12 12 12 13 13
40 9 6 6 6 6 7 7 7 7 8
50 <) 4 4 4 4 4 4 4 5 5
10 251 162 163 168 174 183 186 188 196 203
20 63 41 41 42 43 46 47 47 49 51
SM 30 28 18 18 19 19 20 21 21 22 23
40 16 10 10 11 11 11 12 12 12 13
50 10 6 7 7 7 7 7 8 8 8
10 291 188 189 195 202 212 216 218 227 235
20 73 47 47 49 50 53 54 54 57 59
RM 30 32 21 21 22 22 24 24 24 25 26
40 18 12 12 12 13 13 14 14 14 15
50 12 8 8 8 8 8 9 9 9 9

Number of leaves (NL), shoot length (SL), root circumference (RC), plant height (PH), root mass (RM) and shoot mass (SM).

In scenarios formed by combinations of i
freatments (i=2, 4, 6, ..., 20) and d minimum differences
between means of treatments (D= 10%, 20%, 30%, ...,
50%), to be detected as significant at 5% probability,
by Tukey test, the number of repetitions necessary to
evaluate the variables number of leaves, shoot length,
root circumference, plant height, root mass and shoot
mass among these variables, showed an oscillation
between 2 (2 treatments with D=50%) and 291 repetfitions
(2 treatments with d=10%). The recommended values for
the variables NL, PH, RC, SM and RM are nine, nine, six, fen
and twelve repetitions, respectively, considering D= 50%.
As for the SL variable with similar repetition values (six), d=
30% can be used (Table 4).

From the plot sizes, itis possible that the researcher
can establish the relationship between i treatments,
d differences between means of freatments and the
number of repetitions. Considering the variables analyzed
in the two cultivars (Table 4), with two freatments (i=2) it is
possible to identify that for a minimum difference of 50%
to be considered by the Tukey fest, between twelve and
six repetitions will be necessary.

According fo the results presented, it is possible
to observe that the researcher will be able to choose the
number of repetitions according to the objective of his
research, reducing or increasing the minimum difference
between intended mean:s. If he chooses to work with PH,
RC, SM and RM, he will be working with d= 50%, but if he

only intends to analyze SL, he can reduce his minimum
difference between means to d= 30% with a number of
repetitions similar to those of the other variables.

For studies with the purpose to prove statistically
minimum  significant  differences  between
freatments, it is recommended to adopt a higher number

small

of repetitions and smaller plot sizes (Goncalves et al.,
2024; Henriques Neto et al., 2009; Lambrecht et al., 2024;
Nagai et al., 1978). It is noteworthy that the greater the
number of repetitions adopted, the smaller the minimum
difference between means. Thus, there will be anincrease
in the precision of the experiment with a reduction in the
experimental error, providing greater reliability in the
obtained resulfs (Rossetti, 2002).

Conclusions

For the radish crop, it is recommended that the
plot size for the variables number of leaves, shoot length,
root circumference, plant height, root mass and shoot
mass be eleven, five, nine, twelve, thirteen and eleven
plants, respectively.

The sample size for good reliability in the
database, for the variables number of leaves, shoof
length, root circumference, plant height, root mass and
shoot mass is nine, three, seven, eleven, eleven and
nine plants respectively, considering a semi-amplitude
confidence interval (D%) equal to 20% of the mean.

As a

recommendation for the number of

Comunicata Scientiae, v.16: e4373, 2025
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repetitions, nine, nine, six, ten and twelve repetitions
should be used to evaluate the variable number of
leaves, plant height, root circumference, shoot mass
and root mass, respectively, so that minimal differences
of 50% could be idenfified by the Tukey test. As for the
shoot length variable with similar repetition values (six), it is
possible to work with minimum differences of 30%.
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