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ABSTRACT: This study aimed to verify the influence of the basic experimental unit (BEU) size in the estimation of the optimum plot size to
evaluate the fresh matter of sunn hemp (Crotalaria juncea L.) using the modified maximum curvature method. The fresh matter of sunn hemp
was evaluated in uniformity trials in two sowing season in flowering. In each sowing season, 4,608 BEUs of 0.5 %0.5m (0.25m?) were evaluated
and 36 BEU plans were formed with sizes from 0.25 to 16m°. In each evaluation period for each BEU plan, using fresh matter data, optimum
plot size was estimated through the modified maximum curvature method. Estimation of the optimum plot size depends on the BEU size.
Assessing fresh matter in BEUs that are as small as possible is recommended in order to use it to estimate the optimum plot size.
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Tamanhos de unidade experimental basica e de parcela
para massa de matéria verde de crotaldria juncea

RESUMO: O objetivo deste trabalho foi verificar a influéncia do tamanho da unidade experimental basica (UEB) na estimativa do tamanho
otimo de parcela, para a avaliagdo da massa de matéria verde de crotaldria juncea (Crotalaria juncea L.), pelo método da maxima curvatura
modificado. Avaliou-se a massa de matéria verde de crotalaria juncea, no florescimento da cultura, em ensaios de uniformidade conduzidos
em duas épocas de semeadura. Em cada época foram avaliadas 4.608 UEB de 0,5%0,5m (0,25m’) e formaram-se 36 planos de UEB com
tamanhos entre 0,25 e 16m’. Em cada época, para cada plano de UEB, com os dados de massa de matéria verde, estimou-se o tamanho
otimo de parcela, pelo método da maxima curvatura modificado. A estimativa do tamanho 6timo de parcela depende do tamanho da unidade
experimental basica. E indicado avaliar a massa de matéria verde em UEB de menor tamanho possivel, para serem usadas na estimagdo do
tamanho otimo de parcela.

Palavras-chave: Crotalaria juncea L., maxima curvatura modificado, ensaios de uniformidade, planejamento experimental.

INTRODUCTION

Sunn hemp (Crotalaria juncea L.), belonging
to the Fabaceae family, is an annual shrub with erect and
determinate growth. The species is used as a cover crop
or green manure (LEAL et al., 2012). In the evaluation
of the agronomic aspects of legumes for green manure,
TEODORO et al. (2011) concluded that sunn hemp is a
promising species due to its high capacity for biomass
production and nitrogen fixation. Moreover, COLLIER
et al. (2006) verified that the residues of sunn hemp
contributed to higher grain yield in maize.

Adequate experimental planning is necessary
due to the relevance of this crop and so that research can
produce results that translate well into real-world scenarios.

An important aspect of planning is to use an optimum
plot size. This size can be defined from data collected
in uniformity trials, i.e., trials without the application of
treatments (RAMALHO et al., 2012; STORCK et al.,
2016). To determine the optimum plot size based on the
traits of an agricultural crop, uniformity trials are divided
into basic experimental units (BEUs) of the smallest
possible size, from which the data are collected.

The size of the BEU is determined by the
researcher and might vary according to the subject of
study, not having an ideal size for each crop. However,
the BEU is usually adopted as small as possible. The
influence of BEU size on the estimation of optimum
plot size is poorly examined in soil cover crops such as
sunn hemp. OLIVEIRA et al. (2005) verified the effect
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of BEU size on the optimum plot size in potato crop,
estimated by the modified maximum curvature method
(MEIER & LESSMAN, 1971). They concluded that
the BEU size influences the estimated optimum plot
size. However, crops used for another purpose, such as
for soil cover in the case of sunn hemp, might respond
differently to environmental stimuli. Therefore, the
influence of BEU size on the estimation of optimum
plot size might differ between crops.

Studies on the influence of BEU size on the
estimation of optimum plot size, obtained by the method
of maximum curvature of coefficient of variation model
(PARANAIBA et al., 2009), were developed to evaluate
the fresh matter of white lupine (CARGNELUTTI
FILHO et al., 2016b), forage turnip (CARGNELUTTI
FILHO et al., 2016a), and sunn hemp (FACCO et al.,
2017). These studies demonstrated that, for this method
and these crops, the estimation of the optimum plot size
depends on the BEU size. Additionally, it was indicated
that evaluating fresh matter in the smallest possible size
should be used to estimate optimum plot size.

In the modified maximum curvature method
(MEIER & LESSMAN, 1971), adjacent BEU groupings
should be formed. In the method of maximum curvature
of coefficient of variation model (PARANAIBA et
al.,, 2009), it is unnecessary to group BEUs, though
this fact is considered an advantage of this method.
Such variations in the grouping of BEUs and all other
calculations of each method make them different, as
do the possible differences in the extent of which BEU
size influences the estimation of the optimum plot size.
It is important to have a method in which the plot size
estimation has no influence on BEU size. Thus, it is
relevant to investigate the influence of BEU size on
the estimation of the optimum plot size for different
methods and agricultural crops.

The soil heterogeneity index and the
experimental material are factors that can alter the
optimum plot size (STEEL et al., 1997). The size and
heterogeneity of the BEU can alter the variance and the
soil heterogeneity index, changing the optimum plot
size. Among the statistical methods for estimating the
optimum plot size, some are derived from the empirical
relationship described by SMITH (1938). In this
relationship, the soil heterogeneity index (b) is estimated,
which describes the correlation between the adjacent
plots. Conversely, b accounts for the real variation in the
soil as well as the variations that occurred in the collection
of the experimental data, in addition to natural variations
in the production of the plants regarding climate and
management (SMITH, 1938).

Soil heterogeneity index values close to 1
indicate high soil heterogeneity, that is, low correlation

between the adjacent plots (GOMEZ & GOMEZ,
1984), inflating the optimum plot size. Plot size studies
following the protocol of MEIER & LESSMAN (1971)
have been carried out to evaluate the number of ears,
ear weight, and grain yield in wheat (LORENTZ et
al., 2007); grain yield evaluation of sorghum (BRUM
et al., 2008); comparison of estimation methods of
optimum plot size in maize (CARGNELUTTI FILHO
etal., 2011); and evaluation of grain yield in sunflower
(SOUZA et al., 2015), which reveals the importance of
this method for its wide use in research.

The literature does not discuss whether the
size of the BEU influences the estimation of the opti-
mum plot size, obtained through the method of MEIER
& LESSMAN (1971), for sunn hemp. Thus, this study
aimed to verify the influence of the BEU size in the es-
timation of the optimum plot size to evaluate the fresh
matter of sunn hemp, using the modified maximum
curvature method.

MATERIALS AND METHODS

Two uniformity trials (blank experiments)
were conducted using sunn hemp in an experimental area
of 50x52m (2,600m?) in the Department of Plant Science
at the Universidade Federal de Santa Maria, Rio Grande
do Sul in Southern Brazil (29°42'S; 53°49'W; and eleva-
tion =95m). According to the Képpen Climate Classifica-
tion, the climate of the region is Cfa subtropical humid,
with hot summers and no defined dry season (HELD-
WEIN et al., 2009). The soil is classified as ‘Argissolo
Vermelho distrofico arénico’ (SANTOS et al., 2013).

Two uniformity trials were conducted in
the agricultural year 2014/2015. In the first season
(first trial), sowing was performed on October 22,
2014 in an area of 50x26m (1,300m?). In the second
season (second trial), sowing was carried out on
December 3, 2014, in area of 50x26m (1,300m?). In
both seasons, seeds were sown in rows, spaced 0.50m
apart. After the emergency, plants were thinned, and
the density was adjusted to 20 plants per row meter.
Base fertilization was 15kg ha' of N, 60kg ha" of PO,
and 60kg ha' of K,O. Culture treatments (fertilization,
weed control, pests, and diseases) in the uniformity
trial were the same throughout the experimental area,
as suggested by STORCK et al. (2016). Trials were
conducted on sowing season to take into consideration
the environmental oscillations that can influence their
characteristics. Additionally, for each sowing season,
the dimensions of these trials were planned to cover
greater variability. These aspects are important to
ensure the representativeness of the database and,
consequently, reliability of the inferences of this study.
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In each sowing season, at the center of the uni-
formity trial, an area of 48x24m (1,152m?) was demar-
cated. The area of each trial was divided into 4,608 BEU
0f0.5x0.5m (0.25m?), forming a matrix of 96 lines and 48
columns. In each BEU during flowering in the first sow-
ing season - 110 days after sowing (DAS) - and second
sowing season (97 DAS), plants were cut close to the soil
and fresh matter weight was determined in grams.

In each sowing season, with the fresh matter
data of 4,608 BEUs, 36 BEUs sizes (plans) of dimen-
sions X=X xX_ (X=0.25, 0.50,0.75, 1, 1.5, 2, 2.25, 3,
4,45,6,8,9, 12, and 16m?) were planned (Table 1).
Abbreviations X, X, and X, represent the number of
BEUs adjacent to the line, number of BEUs adjacent
to the column, and BEU size, in the number of BEU
or m?, respectively. Thus, the 36 plans of BEU were
formed between 0.5%0.5m (1 BEU=0.25m?) and 4x4m
(64 BEU=16m?). For composition of plans, values of
fresh matter for X, BEU adjacent to the line and for
X, BEU adjacent to the column were added. For each
plan, n indicates the number of plots with X BEU of
size (n=4,608/X) were determined. Sub plans were
made for each plan (Table 1) - necessary for the ap-
plication of the modified maximum curvature method
(MEIER & LESSMAN, 1971).

In each of the 36 plans, the modified maximum
curvature method (MEIER & LESSMAN, 1971) was
applied, and the coefficient of variation was estimated for X
equal to a BEU (A), B, and the coefficient of determination
(R?) of the function CV(x)=A/XE. These parameters were
estimated through the logarithmic transformation of the
function CV(X):A/XB and the weighting by degrees of
freedom (STEEL et al., 1997). Although, not used in
the modified maximum curvature method (MEIER &
LESSMAN, 1971), the estimates of the variance of the
plot of a BEU (V1), soil heterogeneity index (b), and
determination coefficient (R?) were obtained from the
equation VUX)=V1/X® (SMITH, 1938). Parameters V1
and bwere estimated through the logarithmic transformation
of function and weighting by degrees of freedom (STEEL
et al., 1997). Plot means of a BEU (m) and the coefficient
of variation corresponding to the optimum plot size were
determined. The point corresponding to the optimum
plot size (Xo, in BEU), by modified maximum curvature
method (MEIER & LESSMAN, 1971), was determined
by the expression Xo = [A’B*(2B+1)/(B+2)]V&*2). The
optimum plot size (Xo, in m?) was as the by product of Xo
(in BEU), by the BEU area (in ).

RESULTS AND DISCUSSION

Based on the fresh matter data of sunn
hemp between the sowing seasons, the variability

of the soil heterogeneity index (b) estimates was
observed, as were the parameters A and B of the
CV(x)=A/X® function, the plot mean of 1 BEU (m),
and the optimum plot size (Xo) (Tables 2 and 3).
Variability between sowing seasons can likely be
attributed to variations in environmental conditions,
as the trials were implemented during different sowing
seasons. Variations between the means within the same
sowing season are due to the variable size of the trial
in X, (number of BEUs adjacent to the line) and X
(number of BEUs adjacent to the column).

The coefficient of variation for plot size
(CV,,) decreased as the BEU increased in the experi-
mental plans. This pattern of behavior was expected
because the increase of BEU in the experimental
plans directly influences the standard deviation,
which in turn is used in the estimation of the coef-
ficient of variation (OLIVEIRA et al., 2011). Similar
behavior can be evidenced for both parameters B and
the soil heterogeneity index (b).

In season 1, estimates of the soil hetero-
geneity index (b) ranged from 0.36-0.84, whereas
in season 2 the values were lower, ranging between
0.27-0.78. For season 1, 19.44% of the values for b
were higher than 0.7, while 13.88% of the values for
b were higher than 0.7 for season 2, indicating a low
correlation between adjacent plots. Between the two
evaluation seasons, the minimum value for b was 0.27.
According to HALLAUER (1964), estimates of b
vary less between environments than they do between
years. Additionally, for values of b close to zero, the in-
terpretation of LIN & BINNS (1986) indicated the use
of higher repetition and smaller plot size to maximize
experimental precision.

In the method outlined by MEIER &
LESSMAN (1971), the optimum plot size is determined
based on the estimates of parameters A and B.
Parameter A corresponds to the coefficient of variation
per plot consisting of a BEU, whereas parameter B is
twice the value of the soil heterogeneity index (i.e.,
B=2b). In general, as BEU size increased, estimates of
A and B decreased; consequently, there was a decrease
in the optimum plot size in BEU (Xo, BEU) (Figure 1).
In potato, it was observed that larger trial widths were
related to lower estimates of A, B, b, and Xo, while
longer trial areas led to greater experimental precision
(STORCK et al., 2006).

Estimates of parameter A influenced the plot
size estimation for season 1 in experimental plans with
a BEU size of 0.25 and 16m?. Estimates of A ranged
from 51.40 to 10.70, and plot sizes estimated were 7.91
and 1.70 BEU, respectively (Table 2). For season 2, in
experimental plans with BEU size of 0.25 and 16m?,
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Table 1 - Format of the 36 plans (basic experimental unit size, in m®) planned from 4,608 basic experimental units of 0.5%0.5m (0.25m?) of

Plans

N° XL XC Hl2

1 1 1 0.25
2 1 2 0.50
3 1 3 0.75
4 1 4 1.00
5 1 6 1.50
6 1 8 2.00
7 2 1 0.50
8 2 2 1.00
9 2 3 1.50
10 2 4 2.00
11 2 6 3.00
12 2 8 4.00
13 3 1 0.75
14 3 2 1.50
15 3 3 2.25
16 3 4 3.00
17 3 6 4.50
18 3 8 6.00
19 4 1 1.00
20 4 2 2.00
21 4 3 3.00
22 4 4 4.00
23 4 6 6.00
24 4 8 8.00
25 6 1 1.50
26 6 2 3.00
27 6 3 4.50
28 6 4 6.00
29 6 6 9.00
30 6 8 12.00
31 8 1 2.00
32 8 2 4.00
33 8 3 6.00
34 8 4 8.00
35 8 6 12.00
36 8 8 16.00

---Sub plans---

N°
1

VS I )

W

9
10

11
12
13
14
15
16
17
18

19

20
21
22

23
24
25
26
27
28
29
30

31

32

33
34
35
36

X

1

AW W W W W W NN N NN

=B e e e e e A N Y
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Xc

1

o N A~ WD

0 AN B WN =00 B~ W N

—

0 N B WD =00 B~ W N

—

0 N A W N

a matrix of 96 lines and 48 columns. Format the 36 sub plans and the sub plans used for each plan, for the determination of plot
size by method of MEIER & LESSMAN (1971).

Sub plans used in each plan

1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32, 33, 34, 35, and 36
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32, 33, 34, 35, and 36
1,2,4,6,7,8,10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,4,5,7,8,9,10, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 31, 32,
33, 34, and 35
1,2,4,6,7,8,10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,5,7,8,9,11, 13, 14, 15, 17, 19, 20, 21, 23, 25, 26, 27, 29, 31, 32, 33, and 35
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32, 33, 34, 35, and 36
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32, 33, 34, 35, and 36
1,2,4,6,7,8,10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,4,5,7,8,9,10, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 31, 32,
33, 34, and 35
1,2,4,6,7,8,10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,5,7,8,9,11, 13, 14, 15, 17, 19, 20, 21, 23, 25, 26, 27, 29, 31, 32, 33, and 35
1,2,3,4,5,6,7,8,9,10, 11, 12, 19, 20, 21, 22, 23, 24, 31, 32, 33, 34, 35, and 36
1,2,3,4,5,6,7,8,9,10, 11, 12, 19, 20, 21, 22, 23, 24, 31, 32, 33, 34, 35, and 36
1,2,4,6,7,8,10,12, 19, 20, 22, 24, 31, 32, 34, and 36
1,2,3,4,5,7,8,9, 10, 11, 19, 20, 21, 22, 23, 31, 32, 33, 34, and 35
1,2,4,6,7,8, 10, 12, 19, 20, 22, 24, 31, 32, 34, and 36
1,2,3,5,7,8,9,11, 19, 20, 21, 23, 31, 32, 33, and 35
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32, 33, 34, 35, and 36
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 35, and 36
1,2,4,6,7,8,10, 12,13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,4,5,7,8,9,10, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 31, 32,
33, 34, and 35
1,2,4,6,7,8,10,12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, 30, 31, 32, 34, and 36
1,2,3,5,7,8,9, 11, 13, 14, 15, 17, 19, 20, 21, 23, 25, 26, 27, 29, 31, 32, 33, and 35
1,2,3,4,5,6,7,8,9,10, 11,12, 19, 20, 21, 22, 23, 24, 31, 32, 33, 34, 35, and 36
1,2,3,4,5,6,7,8,9, 10, 11, 12, 19, 20, 21, 22, 23, 24, 31, 32, 33, 34, 35, and 36
1,2,4,6,7,8,10, 12, 19, 20, 22, 24, 31, 32, 34, and 36
1,2,3,4,5,7,8,9,10, 11, 19, 20, 21, 22, 23, 31, 32, 33, 34, and 35
1,2,4,6,7,8,10, 12, 19, 20, 22, 24, 31, 32, 34, and 36
1,2,3,5,7,8,9, 11, 19, 20, 21, 23, 31, 32, 33, and 35
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, and 30
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, and 30
1,2,4,6,7,8,10, 12,13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, and 30
1,2,3,4,5,7,8,9, 10, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 25, 26, 27, 28, and 29
1,2,4,6,7,8,10, 12, 13, 14, 16, 18, 19, 20, 22, 24, 25, 26, 28, and 30
1,2,3,5,7,8,9,11, 13, 14, 15, 17, 19, 20, 21, 23, 25, 26, 27, and 29

X, - number of BEUs adjacent to the line; and Xc¢ - number of BEUs adjacent to the column.
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Table 2 - Basic experimental unit (BEU) plans with size X=X, xXc, in BEU and m?, and respective estimates of the parameters of the functions CV(x)=A/X"
and VU(x)=V1/X", coefficient of determination (R?), mean of fresh matter in the plots of a BEU (m), coefficient of variation of the optimum plot
size (CVxo, in %), optimum plot size obtained by modified maximum curvature method (Xo, in BEU; and Xo in m?) for the fresh matter of sunn
hemp (Crotalaria juncea L.), evaluated at 110 days after sowing (first sowing season), in uniformity trial with 4,608 BEU of 0.5%0.5m (0.25m?).

Plan  X. Xc (B]’E(U) ( n)ﬂ(z) n A B R Vi b R m CVy (B)E%) ()ri?)
1 o I 025 4608 5140 042 099 30716417 084 099 107828 2146 791 198
2 o2 2 05 2304 3798 038 096 67089364 077 096 215655 1883 622 3.1l
3 3 3075 153 3247 038 094 110357294 075 094 323483 1700 552 414
4 I 4 4 I 1152 2967 036 093 163799444 073 093 431311 1639 510  5.10
5 16 6 15 768 2613 037 091 285806566 073 091  6469.66 1489 466 699
6 o 8 2 576 2443 036 091 444052447 073 091 862622 1419 443 886
7 2 2 05 2304 3627 039 098 61186377 077 098 215655 1817 603 301
8 2 2 4 I 1152 2688 034 094 134444595 068 094 431311 1598 461 461
9 2 3 6 15 768 2342 034 093  2205049.12 068 093 646966 1448 414 622
0 2 4 8 2 576 2112 032 089 331981007 063 089 862622 1398 370 740
o2 s 12 3 384 1898 033 089 603286825 067 089 1293933 1247 352 1056
22 3 16 4 288 1805 034 087 969922986 067 087 1725243 1195 340  13.62
331 3075 153 2935 035 098 90141970 070 098 323483 1678 497  3.73
43 2 6 15 768 2166 029 097 196456666 058 097 646966 1492 360 541
5 3 3 9 225 512 1881 028 098 333109620 056 098 970449 1363 316  7.10
6 3 4 D 30384 1708 026 095 493879323 052 095 1293933 1315 280 840
73 6 18 45 256 1541 028 096 894013727 055 096 1940899 1173 268 1205
8 3 8 24 6 192 1456 027 092 1419874366 054 092 2587865 1135 252 1512
9 4 1 4 I 1152 2530 032 097  1,19048216  0.64 097 431301 1591 427 427
20 4 2 8 2 576 1855 026 095 256007687 052 095 862622 1397 298 595
A 4 3 12 30384 1629 025 096 444023453 050 096 1293933 1280 262 786
2 4 4 16 4 288 1433 021 095 611059387 042 095 1725243 1226 209 834
B 4 6 6 192 1299 024 091 1130512213 048 091 2587865 1086 211 1268
U4 8 B § 144 1226 023 082 1790708647 046 082 3450487 1052 195 156
5 6 1 6 15 768 2174 030 097 197807251 059 097 646966 1479 366 549

% 6 2 12 3384 1644 024 096  4527,19.18 048 096 1293933 1310 257 770

7 6 3 18 45 256 1454 023 097 795947823 047 097 1940899 1200 227 1023
8 6 4 24 6 192 13I8 020 095 1163955967 041 095 2587865 1157 189 1135
% 6 6 36 9 128 1199 024 092 2165030107 047 092 3881798 1022 196 17.67
0 6 8 48 12 9 1138 023 081 3471660270 045 081 5175730 996 181 2173
38 1 8 2 576 1951 028 097 2832197011 056 097 862622 1407 324 647

n 8 2 16 4 288 1481 022 095 653040978 044 095 1725243 1245 220 882

38 3 6 192 1336 022 095 1195489780 044 095 2587865 1148 201 1205
8 4 0n § 144 1199 018 092 1712614368 036 092 3450487 1103 159 1270
35 8 6 48 12 9 1102 022 084 3253635875 044 084 5175730 976 173 2082
% 8 8 64 16 72 1070 022 073 5456751167 044 073 6900974 952 170 2720

Xy, - number of BEUs adjacent to the line; X¢ - number of BEUs adjacent to the column; and n - number of plots with X BEU of size (n=4,608/X).

A values ranged from 44.10 to 9.17, and the estimated variables. Such behavior is similar to that observed in
plot size values were 6.96 and 0.97 BEU, respectively the study by OLIVEIRA et al. (2006) in potato crop.

(Table 3). Parameter A has a direct influence on plot size The estimates of A, B, V1, and b in the two
estimation, with a high degree of association between sowing seasons were accurate, considering that the
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Table 3 - Basic experimental unit (BEU) plans with size X=X xXc, in BEU and m? and respective estimates of the parameters of the functions CV(x)=A/X"
and VU(x)=V1/X", coefficient of determination (R?), mean of fresh matter in the plots of a BEU (m), coefficient of variation of the optimum plot

size (CVxo, in %), optimum plot size obtained by modified maximum curvature method (Xo, in UEB; and Xo in m?) for the fresh matter of sunn
hemp (Crotalaria juncea L.), evaluated at 97 days after sowing (second sowing season), in uniformity trial with 4,608 BEU of 0.5x0.5m (0.25m?).

Plan  X.  Xc (B)E(U) ( jfz) n A B R

1 11 1 025 4608 4410 039 099
2 12 2 0.5 2304 3329 036 097
3 13 3 075 1536 2855 035 096
4 4 4 I 1152 2646 036 095
5 16 6 15 768 23.06 034 093
6 18 8 2 576 2153 035 091
7 2 2 0.5 2304 3209 036 098
g 2 2 4 I 1152 2394 032 097
9 2 3 6 15 768 2049 031 096
0 2 4 8 2 576 1870 030 095
1 2 6 12 3 384 1633 028 094
2 2 8 16 4 288 1484 028 091
13 301 3 075 1536 2783 034 098
14 3 2 6 15 768 2111 031 098
s 3 3 9 225 512 1821 029 097
16 3 4 12 3 384 1663 028 096
17 3 6 18 45 256 1464 026 094
18 308 24 6 192 1336 025 091
9 4 1 4 I 1152 2367 030 093
20 4 2 8 2 576 1747 025 092
21 4 3 12 3 384 1506 023 094
2 4 4 16 4 288 1346 021 089
23 4 6 24 6 192 1187 019 090
u 4 3 03 8 144 1047 016 089
25 6 1 6 15 768 2123 030 096
2 6 2 12 3 384 1614 026 095
27 6 3 18 45 256 1381 024 097
28 6 4 24 6 192 1271 023 093
29 6 6 36 9 128 1Ll 020 09
30 6 8 48 12 9 1002 018 095
31 8 1 8 2 576 1959 028 093
2 8 2 16 4 288 1478 024 090
3 8 3 24 6 192 1280 021 091
34 8 4 3 8 144 1173 020 083
35 8 6 48 2 9% 1023 016 083
36 8 8 64 16 72 917 014 077

Xy, - number of BEUs adjacent to the line; Xc¢ - number of BEUs adjacent to

determination coefficients (R?) for seasons 1 and 2 ranged
from 0.73 to 0.99 and 0.77 and 0.99, respectively (Tables
2 and 3). A slight decrease in R? values was noticed with
increasing BEU size.

The V1 estimates presented a linear growth
pattern relative to the increase in BEU, and lower
scores were obtained for season 2 when compared
to season 1. Variability of V1 can be evidenced
independently of the evaluated characteristic and the
unit of measurement adopted. In wheat, variability in
V1 estimates was reported between agricultural years,

Xo Xo

%! b R? m CVxo BEU) ()
151,998.96 0.78  0.99 884.11 20.74 6.96 1.74
346,507.13 073 0.97 1,768.22 17.85 5.55 2.78
573,468.66 071  0.96 2,652.33 16.30 4.90 3.67
875,625.54 071  0.95 3,536.44 15.31 4.65 4.65
1,496,130.72  0.68  0.93 5,304.66 14.30 4.10 6.15
2,318,682.05  0.70  0.91 7,072.88 13.33 3.95 7.90
321,974.63 0.71  0.98 1,768.22 17.69 5.35 2.68
716,750.03 0.65 097 3,536.44 15.14 4.12 4.12
1,180,959.77  0.61  0.96 5,304.66 13.88 3.56 5.34
1,750,165.95  0.61  0.95 7,072.88 13.03 3.30 6.60
3,000,212.26  0.57 094  10,609.32  12.13 2.85 8.55
4,406,605.15 056  0.91 14,145.76  11.37 2.61 10.44
544,847.62 0.67  0.98 2,652.33 16.50 4.71 3.53
1,253,527.48  0.61  0.98 5,304.66 14.24 3.63 5.45
2,099,054.36  0.58  0.97 7,956.99 13.11 3.13 7.04
3,111,475.67 056 096  10,609.32  12.39 2.86 8.59
5,424.470.09 051 094  15913.98 11.62 245 11.02
8,040,13549  0.50 091  21,218.64  10.95 222 13.34
700,506.72 0.60  0.93 3,536.44 15.77 3.91 3.91
1,527,237.84 051 0.92 7,072.88 13.48 2.79 5.58
2,552,233.93 046 094  10,609.32  12.42 2.31 6.93
3,627,807.26 042  0.89  14,145.76  11.65 1.98 7.92
6,348,929.67 038 090 2121864  10.82 1.63 9.80
8,777,02691 032  0.89  28,291.51 10.09 1.26 10.11
1,268,098.55  0.60  0.96 5,304.66 14.46 3.61 5.41
2,933,900.95 053 095  10,609.32  12.42 2.70 8.09
4,831,672.58 047 097  15913.98 11.45 2.20 9.92
7273,479.26 046 093 2121864  10.79 2.03 12.17
12,501,275.67 040 096  31,827.95 10.10 1.61 14.49
18,074,138.46 036 095  42,437.27 9.47 1.36 16.37
1,920,508.04  0.56  0.93 7,072.88 14.05 327 6.53
4370,570.80  0.47 090  14,14576  12.11 232 9.29
7,380,395.85 042 091 2121864  11.19 1.89 11.35
11,021,388.03  0.40  0.83  28,291.51 10.56 1.69 13.55
18,848,34524 032 083  42,437.27 9.87 1.25 14.98
26,934,403.39 027 0.77  56,583.03 9.20 0.97 15.59

the column; and n - number of plots with X BEU of size (n=4,608/X).

traits, and environments in the same year (LORENTZ
et al., 2007).

It can be concluded that the optimum plot
size for the evaluation of fresh matter of sunn hemp
depends on BEU size. OLIVEIRA et al. (2005) observed
the effect of BEU size (1, 2, 3, 4, 6, 8, and 12 pits) on
the optimum plot size, as estimated by the modified
maximum curvature method (MEIER & LESSMAN,
1971), concluding that BEU size influences the optimum
plot size estimation without affecting the experimental
precision. Size of the BEU should be as small as possible
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Figure 1 - Relationship between dependent variables - CV for X equal to a basic experimental unit (BEU) (A), soil
heterogeneity index (b), estimation of B (b/2), variance between plots of a BEU (V1), optimum plot size
(Xo, in BEU), and optimum plot size (Xo, in m?) - with the independent variable BEU size (X, in BEU
), for the fresh matter of sunn hemp (Crotalaria juncea L.), evaluated in two sowing season.

Ciéncia Rural, v.48, n.5, 2018.
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to avoid overestimating the optimum plot size, since the
optimum plot size is influenced by the uniformity trial
size (STORCK et al., 2006).

Results concordant with the present study
were reported for the sunn hemp crop by FACCO et al.
(2017). The authors concluded that the optimum plot
size estimated using the method of maximum curvature
of coefficient of variation model (PARANAIBA et
al., 2009) depends on the size of the BEU and that,
with the addition of BEU size (X, BEU), there was
a reduction in the optimum plot size in BEU (Xo, in
BEU), with the power model pattern. Similarly, for the
estimation of the Paranaiba method for white lupine
(CARGNELUTTI FILHO et al., 2016b) and forage
turnip (CARGNELUTTI FILHO et al., 2016a), the
addition of BEU size (X, BEU) promotes a reduction
in optimum plot size (Xo, in BEU), with the power
model pattern.

For the production of potato tubers, OLIVEIRA
et al. (2005) concluded that the relationship between the
optimum plot size (Xo, in m?), as estimated by the modified
maximum curvature method (MEIER & LESSMAN,
1971), and the BEU size (X, in BEU) was expressed by
the quadratic model (X0=0.5287+0.3169X+0.0243X>%;
R?>=0.9855). The method of maximum curvature of
coefficient of variation model (PARANAIBA et al., 2009)
demonstrated a positive linear relationship based on fresh
matter from white lupine (CARGNELUTTI FILHO et
al., 2016b), forage turnip (CARGNELUTTI FILHO et
al,, 2016a), and sunn hemp (FACCO et al., 2017). In this
study, the relationship between Xo (m?) and X (BEU) was
quadratic for both sowing seasons (Figure 1). Distinction
between results might be associated with differences
between crops, estimation methods, and planned BEU size.

Results obtained in this study using the
method described by MEIER & LESSMAN (1971) led
to the conclusion that the estimation of optimum plot
size depends on BEU size, and it was indicated that
the evaluation of fresh matter in BEUs of the smallest
possible size should be used to estimate optimum plot
size. The size of the BEU is a determinant factor in the
estimation of optimum plot size (MEIER & LESSMAN,
1971). Therefore, when planning an experiment, it is
important to consider the design of the BEU in addition
to the possible limitations of the experimental area and
financial costs.

CONCLUSION

Estimation of the optimum plot size, to
evaluate the fresh matter of sunn hemp (Crotalaria
juncea L.) by modified maximum curvature method
of MEIER & LESSMAN (1971), depends on the basic

experimental unit (BEU) size. Assessing fresh matter in
BEUs that are as small as possible is recommended in
order to use it to estimate the optimum plot size.
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