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ABSTRACT: The objective of this study was to determine the optimal plot size for evaluating the fresh matter of black oat (Avena
strigosa Schreb), common vetch (Vicia sativa L.), and forage turnip (Raphanus sativus L.), grown in intercrop, in scenarios
formed by combinations of treatments numbers, repetitions numbers, and experimental precision levels. Six uniformity trials were
conducted with the consortium of black oat, common vetch, and forage turnip, with three trials evaluated at 84 days after sowing
(DAS) and the other three trials at 119 DAS. Fresh matter was assessed in 216 basic experimental units (BEU) of 1 x 1 m (6 trials
x 36 BEU per trial). The heterogeneity index of Smith (1938) was estimated. Plot size was determined by the method Hatheway
(1961) in scenarios formed by combinations of i treatments (i = 5, 10, 15, 20, and 25), r repetitions (r =3, 4, 5, 6, 7, 8, 9, and 10),
and d precision levels (d = 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20%). To evaluate the fresh matter of black
oat, common vetch, and forage turnip, in intercropping, with 5 to 25 treatments and with six repetitions, plots of 15 m? of usable
area are sufficient for differences between treatments of 12% of the overall average of the experiment to show differences at the
0.05 level of significance.
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Dimensionamentos experimentais e precisao em ensaios com consorcio
de aveia preta, ervilhaca e nabo forrageiro

RESUMO: O objetivo deste trabalho foi determinar a dimens&o étima de parcela para avaliar a matéria fresca de aveia preta
(Avena strigosa Schreb), ervilhaca (Vicia sativa L.) e nabo forrageiro (Raphanus sativus L.), cultivadas em consorcio, em
cenarios formados por combinagbes de numeros de tratamentos, numeros de repeticdes e niveis de preciséo experimental.
Foram conduzidos seis ensaios de uniformidade com o consorcio de aveia preta, ervilhaca e nabo forrageiro, sendo trés ensaios
avaliados aos 84 dias apds a semeadura (DAS) e os outros trés ensaios aos 119 DAS. Foi avaliada a matéria fresca em 216
unidades experimentais basicas (UEB) de 1 x 1 m (6 ensaios x 36 UEB por ensaio). Foi estimado o indice de heterogeneidade
de Smith (1938). Foi determinada a dimens&o de parcela por meio do método de Hatheway (1961) em cenarios formados pelas
combinagdes de i tratamentos (i = 5, 10, 15, 20 e 25), r repeticbes (r = 3, 4, 5,6, 7, 8, 9 e 10) e d niveis de preciséo (d =4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19 e 20%). Para avaliar a matéria fresca de aveia preta, ervilhaca e nabo forrageiro,
em cultivo consorciado, com 5 a 25 tratamentos e com seis repetigdes, parcelas de 15 m? de area util sdo suficientes para que
diferengas entre tratamentos de 12% da média geral do experimento apresentem diferengas ao nivel de 0,05 de significancia.

Palavras-chave: Avena strigosa Schreb; dimensao 6tima de parcela; Raphanus sativus L.; nimero de repeti¢des; Vicia sativa L.
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Experimental design and precision in trials with black oat, common vetch, and forage turnip intercropping

Introduction

Important contributions of the consortium of black
oat (Avena strigosa Schreb), common vetch (Vicia sativa
L.), and forage turnip (Raphanus sativus L.) (O+V+T) have
been demonstrated (Rigon et al., 2011; Ziech et al., 2015;
Wolschick et al., 2016; Michelon et al., 2019; Haskel et al.,
2020). Increases in bean yields were obtained after black oat,
common vetch, and forage turnip were grown alone and in
consortia when compared to ryegrass and linseed alone (Rigon
etal., 2011). The O+V+T consortium shows balanced C/N ratio
and intermediate decomposition compared to single cropping
(Ziech et al., 2015). At the beginning of the cycle, soil cover
by the plant canopy is higher in the fodder turnip and O+V+T
consortium crops while at the end it is higher in the common
vetch and O+V+T consortium (Wolschick et al., 2016).

Evaluating winter cover crops grown alone and in a
consortium over three agricultural seasons, Michelon et
al. (2019) observed that the O+V+T consortium stood out
with more dry matter and higher corn grain yields, grown in
succession. They also concluded that the cultivation of cover
crops for three consecutive years increased the organic matter
content and availability of phosphorus and potassium in the
soil. Haskel et al. (2020) concluded that black oat and the
O+V+T consortium have faster development and higher initial
soil cover capacity compared to common vetch and forage
turnip grown alone.

In these experiments winter cover plants, in stand-alone
and intercropping, were evaluated in three repetitions and
with plots of 25 m? (Ziech et al., 2015), 40 m? (Haskel et
al., 2020), and 48 m? (Michelon et al., 2019) or with four
repetitions and plots of 18 m? (Rigon et al., 2011) and 30 m?
(Wolschick et al., 2016). In these surveys, a randomized block
design was used and the number of treatments ranged from
5 to 20. However, the criteria used to define the plot size and
the number of repetitions were not mentioned.

The definition of experimental designs in trials with
intercropping of black oat, common vetch, and forage turnip
is important to obtain accurate results and reliable inferences
about the treatments under evaluation. Proper sizing
optimizes the resources involved in the research, such as
manpower, time, financial resources, and experimental area.
These dimensions are common questions from researchers
involved in this area of knowledge.

The methodologies of Smith (1938) and Hatheway
(1961) can be applied to uniformity trials data (trials without
treatments) in order to calculate the optimal plot size
according to the experimental design, treatment numbers,
repetition numbers, and experimental precision levels.
These methodologies have been used in sunflower (Sousa
et al., 2016), in banana (Donato et al., 2018), in forage palm
(Guimardes et al., 2020), and in species with potential for
ground cover, such as: velvet bean (Cargnelutti Filho et al.,
2014b); forage turnip (Cargnelutti Filho et al., 2014c); flax
(Cargnelutti Filho et al., 2018); and black oat with common
vetch (Cargnelutti Filho et al., 2020).
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Plot size has been investigated in single cropping of black
oat (Cargnelutti Filho et al., 2014a), common vetch (Cargnelutti
Filho et al., 2017), and forage turnip (Cargnelutti Filho et al.,
2011, 2016) by averages of the maximum curvature method
of the coefficient of variation model (Paranaiba et al., 2009).
It is assumed that the O+V+T consortium, commonly used
with ground cover plants, may generate distinct experimental
planning patterns. Thus, the objective of this study was to
determine the optimal plot size for evaluating the fresh matter
of black oat (Avena strigosa Schreb), common vetch (Vicia sativa
L.), and forage turnip (Raphanus sativus L.), grown in intercrop,
in scenarios formed by combinations of treatments numbers,
repetitions numbers, and experimental precision levels.

Materials and Methods

Six uniformity trials (blank experiments) with the intercrop
of black oat (Avena strigosa Schreb), cultivar Embrapa 139,
common vetch (Vicia sativa L.), and forage turnip (Raphanus
sativus L.), cultivar IPR-116 (O+V+T), were conducted in an
experimental area located at 29° 42’ S, 53° 49’ W and 95 m
altitude. At this site, the climate is Cfa humid subtropical,
according to Koppen classification, with hot summers and
no dry season (Alvares et al., 2013) and the soil is Arenic
Dystrophic Red Argissolo (Santos et al., 2018).

OnJune 2, 2020, the base fertilization was performed, with
20 kg ha of N, 80 kg ha™ of P,O, and 80 kg ha™ of K,O (only
N-P-K, of the 05-20-20 formulation) and the sowing of the
consortium O+V+T, by broadcast, with the following sowing
densities: black oat (60 kg ha) + common vetch (30 kg ha?) +
forage turnip (15 kg ha?).

Three trials were evaluated at 84 days after sowing
(August 25, 2020) and the other three trials at 119 days after
sowing (September 29, 2020). In each uniformity trial, the
central area of dimension 6 x 6 m (36 m?) was divided into
36 basic experimental units (BEU) of 1 x 1 m (1 m?), forming
a matrix of six rows and six columns. In each BEU, the plants
were cut, close to the soil surface, and the fresh matter (FM)
was weighed, in g m2. Weighing was performed immediately
after cutting, in order to minimize possible variations in plant
moisture.

For each uniformity trial, with the FM data from the
36 BEU, plots with X | BEU adjacent in the row and X_BEU
adjacent in the column were planned. The plots with different
dimensions and/or shapes were planned as (X=X xX), i.e.,
(1x1),(1x2),(21x3),(1x6),(2x1),(2x2),(2x3),(2x86),
(3x1),(3%x2),(3x3),(3x6),(6x1),(6x2)and (6x3). The
abbreviations X , X_and X, stand for number of adjacent BEU
in the row, number of adjacent BEU in the column and plot
size in number of BEU, respectively.

For each plot size (X) were determined: n - number of plots
with X BEU size (n=36/X); M,, - average of the plots with X
BEU of size; V,, - variance among plots of X BEU of size; Vi
- coefficient of variation (in %) between plots of X BEU size;
and VU(X) - variance per BEU among the X BEU plots of size
[VU,,=V,,/X].
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The parameters V1 (variance per BEU among the plotsin a
BEU of size) and b (index of heterogeneity) and the coefficient
of determination (r?) of the function VU, = V1/X® of Smith
(1938) were estimated. These parameters were estimated by
logarithmic transformation and linearization of the function
VU(X)=V1/X", i.e., IogVU(X) = logV1 - b logX, whose estimation
was weighted by the degrees of freedom (DF=n-1), associated
with each plot dimension, as applied by Sousa et al. (2016).
The observed values of the dependent [VU(X)] and independent
(X) variables and the function VU(X)=V1/Xb (Smith, 1938) were
plotted graphically.

Experimental plans were simulated for the scenarios
formed by combinations of i treatments (i = 5, 10, 15, 20, and
25), rrepetitions (r=3,4,5, 6,7, 8,9, and 10) and d differences
between treatment averages to be detected at the 0.05 level
of significance, expressed as a percentage of the overall
average of the experiment, that is, in levels of precision [d =
4% (highest precision), 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, and 20% (lowest precision)]. For each experimental
plan, optimal plot size (Xo) was calculated, in number of BEU,
using the expression

Xo=42(t, +1,) CV*/rd’ (Hatheway, 1961).

In this expression b is the estimate of the heterogeneity index
(in this study, the average of b from the six uniformity trials
was taken); t, is the critical value of Student t distribution
for the significance level of the test (type | error) of o = 5%
(two-sided test at 5%), with DF degrees of freedom; t, is the
critical value of Student t distribution, corresponding to 2(1-
P) (two-sided test), where P is the probability of obtaining a
significant result, that is, the power of the test (P = 0.80, in
this study), with DF degrees of freedom; CV is the estimate
of the coefficient of variation among plots of a BEU size (in
this study, the average CV of the six uniformity trials was
taken), in percent; r is the number of repetitions; and d is
the difference between treatment averages to be detected
at the 0.05 level of significance, expressed as a percentage
of the overall average of the experiment (precision). The

degrees of freedom (DF) for obtaining the critical values
(tabulated) of Student t-distribution were obtained by the
expression DF = (i)(r-1), where i is the number of treatments
and r is the number of repetitions. The values of t and t,, in
this study, were obtained with the Microsoft Office Excel®
application, by averages of the functions t =INVT(0.05;DF) and
t,=INVT(0.40;DF), respectively.

Average comparisons of FM, CV and b estimates between the
two evaluation seasons (n=3 uniformity trials per season) were
performed using Student t-test (two-sided) for independent
samples at 5% significance level. The remaining statistical
analyses were performed with the aid of the applications
SISVAR (Ferreira, 2019) and Microsoft Office Excel®.

Results and Discussion

In the six uniformity trials with the intercrop of black
oat (Avena strigosa Schreb), cultivar Embrapa 139, common
vetch (Vicia sativa L.), and forage turnip (Raphanus sativus
L.), cultivar IPR-116 (O+V+T), the fresh matter (FM) ranged
between 2656 and 3367 g m?, or 26.56 and 33.67 Mg ha?,
respectively (Table 1). The average FM, of the trials evaluated
at 84 and 119 days after sowing (DAS) were 2992 and 3087
g m?, respectively, and did not differ (t = -0.39707; p-value =
0.7116, with 4 degrees of freedom) and the overall average of
the six trials was 3040 g m™.

The coefficient of variation (CV) of FM, obtained among
the 36 BEU in each of the six uniformity trials, ranged from
25.22 to 30.68%, with an average of 28.67% (Table 1). The
average CVs of the three trials for each evaluation season
were 27.74 and 29.60% for the evaluations at 84 and 119
DAS, respectively, and by Student t-test (two-sided), for
independent samples, at 5% significance, they did not differ (t
=-1.18258; p-value = 0.3025). This suggests that experiments
with the consortium of black oat, common vetch, and forage
turnip have similar experimental accuracy. Additionally, it can
be inferred that using the average CV of the six trials (CV =
28.67%), in Hatheway (1961) methodology, is adequate to
represent the evaluation seasons.

Table 1. Fresh matter (FM), coefficient of variation (CV) and Smith (1938) index of heterogeneity (b) in three uniformity trials
(repetitions) of each evaluation season s of the consortium of black oat, common vetch and forage turnip. Student t-test value

and respective p-value for FM, CV and b.

() Each uniformity trial of size 6 x 6 m (36 m?) was divided into 36 BEU of 1 x 1 m (1 m?), forming a matrix of six rows and six columns.
@ The averages of the evaluation seasons do not differ by Student t-test (two-sided), with 4 degrees of freedom (p > 0.05).
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Smith (1938) heterogeneity index (b), among the six
uniformity trials, ranged from 0.6135 to 1.3530, with an average
of 1.0127 (Table 1). The averages of b, of the three trials of each
evaluation season, were 1.0144 and 1.0111, for the evaluations
at 84 and 119 DAS, respectively, and by Student t-test (two-
sided), for independent samples, at 5% significance, they did
not differ (t = 0.01524; p-value = 0.9886). Then, one can use
the average of b from the six trials (b = 1.0127) in Hatheway
(1961) methodology, to represent the two evaluation seasons.
Values of b close to unity indicate high heterogeneity or low
correlation between adjacent plots. According to Lin & Binns
(1986), when b > 0.7, it is recommended to increase the
plot size, when b < 0.2, one should increase the number of
repetitions, and in cases of 0.2 < b < 0.7 it is appropriate to
investigate the best combination of plot size and number of
repetitions. So, it can be inferred that in experiments with the

intercrop of black oat, common vetch, and forage turnip, one
should prioritize the use of larger plots.

In all six uniformity trials, there was a decrease in variance
per BEU among plots [VU(X)], which indicates improvement in
experimental precision with increasing planned plot size (X)
(Figure 1). The decreases were steep up to plots four BEU
in size (4 m?), intermediate between four and 15 BEU, and a
stabilizing trend with plots larger than 15 BEU (15 m?). Similar
pattern to this was observed in velvet bean (Cargnelutti Filho
et al., 2014b); forage turnip (Cargnelutti Filho et al., 2014c);
flax (Cargnelutti Filho et al., 2018); and black oat with common
vetch (Cargnelutti Filho et al., 2020). So, to evaluate the fresh
matter of the consortium of black oat, common vetch, and
forage turnip, a plot size of up to 15 m? is indicated.

In Hatheway (1961) methodology, from fixed values of
the coefficient of variation (CV = 28.67%) and Smith (1938)

1000 - 1000 -
84 DAS- Trial 1 :
200 4 200 - 119 DAS- Trial 1
© VUy,= 1178782/X1:0985
0 VU, = 782840/X06135
B . N = e X)
600 *=0.6079 60071 %, 2= 0.6335
400 A 400 -
200 A 200 A
0 T T T —— T T T ? 0 T T T T T T T T 4
0 2 4 6 8 1012 14 16 18 0 2 4 6 8 1012 14 16 18
"0 84 DAS- Trial 2 100
-Tria )
z 200 - 119 DAS- Trial 2
g5 600 1 0.9402
2 e VUo7 826048X7 ] VU, = 877962/X135%
g r>=0.6465 600 X)
= 400 A r2=0.6602
=
& 400 A
<
2 200 200 -
O T T T T T T T T T 0 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 1012 14 16 18
500 A 1000 A
400 84 DAS- Trial 3 200 - 119 DAS- Trial 3
y VU, = 516040/X10046 VU= 1165306/X1:0666
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300 . r=0.7356 600 . 2= 0.4867
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100 - 200 A
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0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Plot size (BEU)

Figure 1. Relationship between the variance per basic experimental unit (BEU) between X BEU plot sizes [VU

=V(X)/X2] and

X)

the planned plot size (X), in BEU, and the parameter estimates of the function VU(X)=V1/Xb of Smith (1938). Fresh matter data
obtained in uniformity trials with the consortium of black oat, common vetch, and forage turnip, evaluated at 84 and 119 days

after sowing (DAS), with 36 BEU of 1 m?.
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index of heterogeneity (b = 1.0127), it is possible to determine
distinct optimal plot sizes (Xo), as a function of the number
of treatments (i), the number of repetitions (r), and precision
(d) (Table 2). Therefore, besides the indicated size of 15
m?, the researcher can investigate within his availability of
experimental area, number of treatments to be evaluated and
desired precision, which combination of plot size and number
of repetitions is the most appropriate. In crops, such as:
sunflower (Sousa et al., 2016); banana (Donato et al., 2018);
forage palm (Guimardes et al., 2020); velvet bean (Cargnelutti
Filho et al., 2014b); forage turnip (Cargnelutti Filho et al.,
2014c); flax (Cargnelutti Filho et al., 2018); and black oat with
common vetch (Cargnelutti Filho et al., 2020), the application
of Smith (1938) and Hatheway (1961) methodologies has
generated important subsidies for planning the experiments.

For fixed values of i and r, Xo increased with increasing
precision (d) (Table 2). For example, to evaluate FM in an
experiment conducted in completely randomized design
(CRD), with five treatments and three repetitions, aiming that
in 80% of the experiments (power = 0.80) differences between
treatments of d = 20% of the overall average of the experiment
(lower precision) will be detected at the 5% significance level,
the plot size should be 12.8 BEU (12.8 m?) (Table 2). At the
other extreme, i.e. plots of 307.5 m? would make it possible to
improve accuracy and obtain d = 4%. However, conducting an
experiment with a 307.5 m? plot requires a larger experimental
area and can make the experiment difficult to run. Therefore,
in practice, high experimental accuracies (low percentages of
d) are difficult to achieve, due to the need for high plot size,
as already pointed out by Cargnelutti Filho et al. (2014b;

Table 2. Optimal plot size, in m?, in combinations of i treatments, r repetitions, and d precision levels (%), for fresh matter of the
consortium of black oat, common vetch, and forage turnip (CV = 28.67%; heterogeneity index b = 1.0127).
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2014c; 2018; 2020). Additionally, for fixed values of i and d, Xo
decreased with the increase of r, and for fixed values of r and
d, Xo decreased with the increase of i. Similar pattern has been
found by Cargnelutti Filho et al. (2014b; 2014c; 2018; 2020).
The information from this study enables investigations
into 680 scenarios formed by combinations of i treatments (i
=5, 10, 15, 20, and 25), r repetitions (r=3,4,5,6, 7,8, 9,
and 10) and d differences between treatment averages to be
detected at the 5% significance level (d =4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, and 20%). For example, if
the researcher wants to evaluate the FM of five treatments,
in CRD, and wants precision (d) of 10%, among the various
options, he could use plots of 50.3 BEU (50.3 m?) and three
repetitions, 35.3 BEU (35.3 m?) and four repetitions, 27.4
BEU (27.4 m?) and five repetitions, 22.4 BEU (22.4 m?) and six

repetitions, 19.0 BEU (19.0 m?) and seven repetitions, 16.5
BEU (16.5 m?) and eight repetitions, 14.6 BEU (14.6 m?) and
nine repetitions and 13.0 BEU (13.0 m?) and ten repetitions
(Table 2). In this situation, the required experimental area is
755, 706, 684, 672, 664, 659, 655, and 652 m?, respectively
(Table 3).

Other scenarios can be simulated using the expression

Xo = ‘\’/2(‘[1 +t, )2 CVZ/rd2 (Hatheway, 1961).

For example, to evaluate the FM of 13 treatments, with six
repetitions and with d=12%, in CRD, one has: b=1.0127;
DF=(13)(6-1)=65; t,=INVT(0.05;65)=1.997137887;
t,=INVT(0.40;65)=0.847186101; CV=28.67%; r=6; d=12%.
Then,

Table 3. Experiment size, in m?, in combinations of i treatments, r repetitions, and d precision levels (%), for fresh matter of the
consortium of black oat, common vetch, and forage turnip (CV = 28.67%; heterogeneity index b = 1.0127).
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Xo = 913[2(1.997137887+0.847186101)’ 28.67° /6x12” = 14.87 BEU.

If the researcher wants to conduct the experiment in a
randomized complete block design, he has: b=1.0127;
DF=(13-1)(6-1)=60; t,=INVT(0.05;60)=2.000297804;
t,=INVT(0.40;60)=0.847653006; CV=28.67%; r=6; d=12%.
Then,

Xo =19%[2(2.000297804 +0.847653006 )’ 28.67° /6 x 12" =14.91 BEU.

Therefore, using the criterion of rounding up to the nearest
whole number to ensure the desired accuracy, for these
examples, the plot size would be 15 m? and the experimental
area 1170 m2.

The results of this study serve as a reference for defining
plot size and number of repetitions in experiments to
evaluate the fresh matter of black oat, common vetch, and
forage turnip, grown as intercrops. It is recommended to use
15 m? plots, due to practical feasibility in the field and the
stabilization of accuracy at this size.

This size of 15 m? is relatively larger than those established
to evaluate the fresh matter of the single crops of black oat
(Cargnelutti Filho et al., 2014a), common vetch (Cargnelutti
Filho et al., 2017), and forage turnip (Cargnelutti Filho et al.,
2011, 2016) and the consortium of black oat and common
vetch (Cargnelutti Filho et al., 2020) which were 4.14, 4.52,
1.20, and 10 m?, respectively. Additionally this size of 15 m?
is relatively smaller than used in experiments with the O+V+T
consortium along with other ground cover species by Rigon et
al. (2011), Ziech et al. (2015), Wolschick et al. (2016), Michelon
et al. (2019), and Haskel et al. (2020), which ranged between
18 and 48 m2,

Conclusions

From Smith (1938) index of heterogeneity and Hatheways
(1961) method, it was concluded that in experiments to
evaluate the fresh matter of the consortium of black oat,
common vetch, and forage turnip, with 5 to 25 treatments
and with six repetitions, plots of 15 m? of useful area are
sufficient for differences between treatments of 12% of the
overall average of the experiment to show differences at the
0.05 level of significance.
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