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ABSTRACT

The objective of this study was to determine the optimum plot size (Xo) and number of
replicates to evaluate millet shoot fresh matter in times of sowing and cuts. Uniformity
trials of 6 x 4 m (24 m?) were carried out in three sowing times, in the agricultural year of
2013-2014. Each uniformity trial was divided into 24 basic experimental units (BEU) of 1
x 1 m (1 m?) and the shoot fresh matter of plants in each BEU was weighed. The Xo was
determined by the method of maximum curvature of the coefficient of variation model.
The number of replicates for experiments in completely randomized and randomized
block design, in scenarios of combinations of i treatments (i = 3, 4, ..., 50) and d minimal
differences between treatment means, to be detected as significant at 0.05 probability level
by Tukey test, expressed in percentage of the experiment mean (d = 10, 12, ..., 30%), was
determined by iterative process until convergence. The optimum plot size to evaluate millet
shoot fresh matter is 4.97 m? for the three times of sowing and cuts. For the evaluation of
up to 50 treatments, in completely randomized and randomized block design, five replicates
are sufficient to identify as significant, at 0.05 probability level by Tukey test, differences
between treatment means of 28.66% of the mean of the experiment.
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Tamanho de parcela e numero de repeticoes em milheto
em épocas de semeadura e cortes

RESUMO

O objetivo deste trabalho foi determinar o tamanho 6timo de parcela (Xo) e o numero de
repeticOes para avaliar a massa verde de parte aérea de milheto em épocas de semeadura e
cortes. Foram conduzidos ensaios de uniformidade de 6 x 4 m (24 m?) em trés épocas de
semeadura, no ano agricola 2013-2014. Cada ensaio de uniformidade foi dividido em 24
unidades experimentais basicas (UEB) de 1 x 1 m (1 m?) e pesada a massa verde da parte
aérea das plantas de cada UEB. O Xo foi determinado por meio do método da curvatura
maxima do modelo do coeficiente de variagdo. O numero de repeti¢des para experimentos
nos delineamentos inteiramente casualizados e blocos ao acaso, em cendrios formados
pelas combinagdes de i tratamentos (i = 3, 4, ..., 50) e diferencas minimas entre médias
de tratamentos a serem detectadas como significativas a 0,05 de probabilidade, pelo teste
de Tukey, expressas em percentagem da média do experimento (d = 10, 12, ..., 30%) foi
realizado por processo iterativo até a convergéncia. O tamanho 6timo de parcela para avaliar
a massa verde da parte aérea de milheto é de 4,97 m?, para as trés épocas de semeadura
e cortes. Para avaliar até 50 tratamentos nos delineamentos inteiramente casualizados e
blocos ao acaso, cinco repeticdes sdo suficientes para identificar, como significativas, pelo
teste de Tukey, a 0,05 de probabilidade, diferencas entre médias de tratamentos de 28,66%
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INTRODUCTION

Millet (Pennisetum glaucum (L.) R. Brown) is an annual
species of tropical climate, from the Poaceae family, which adapts
to various conditions of climate and soil. This crop stands out for
the high forage production potential for both silage and pasture,
due to its nutritional quality and regrowth capacity (Kollet et
al., 2006; Costa et al., 2011; Pinho et al., 2013), intensifying
the livestock production in the state of Rio Grande do Sul.
In addition, it shows differences in performance with respect
to its development depending on the times of sowing, and its
phytomass production is influenced by the cut regimes (Lemos
et al.,, 2003; Coimbra & Nakagawa, 2006).

Studies conducted with millet in the form of pasture showed
satisfactory performance in animal feeding (Roman et al., 2008;
Jochims et al., 2010; Pacheco et al., 2014). In these studies, the
fresh matter was used for the determination of the mass of
pasture. According to Montagner et al. (2011), the voluntary
consumption of pasture by the animals and, consequently, their
development, are influenced by the amount of pasture and, more
precisely, by the mass of green leaves.

Millet, due to its high potential for biomass production and
its various forms of use, is an interesting alternative that can
integrate agriculture and livestock farming (Priesnitz et al., 2011).
In field experiments with millet, it is important to dimension plot
size and number of replicates correctly. Adequate determination
guarantees more precision and validates the extrapolation of the
results because, regardless of the objectives of the experiments,
the purpose is to detect significant differences between the
evaluated treatments (Donato et al., 2008).

One way to contribute to the improvement in the quality of
the experiments is to apply adequate methods, based on practical
rules that minimize experimental error and maximize the
amount of information that can be obtained from an experiment
(Brito et al., 2012). Thus, it is essential the utilization of adequate
methods that allow the determination of the optimum plot size
and number of replicates. The method of maximum curvature
of the coefficient of variation model is indicated to obtain the
optimum size of experimental plots (Paranaiba et al., 2009) and
has already been used in the estimate of the optimum plot size
for grasses, such as corn (Cargnelutti Filho et al., 2011) and black
oat (Cargnelutti Filho et al., 2014).

Experiments using millet, in which fresh matter was
evaluated, used variable plot sizes and number of replicates, such
as plots of 6 m*(1.5 m wide and 4.0 m long), with five replicates
(Pinho et al., 2013), plots of 12 m*(2.5 m wide and 4.8 m long)
and four replicates (Priesnitz et al., 2011) and plots of 15 m?,
with six replicates (Moreira et al., 2003), all of them arranged
in a randomized block design. On the other hand, experiments
using the fresh matter for the determination of mass of forage
in millet pasture employed larger plot sizes, 1,350 m? with
two replicates (Jochims et al., 2010) and 13,000 m? with five
replicates (Pacheco et al., 2014) in a completely randomized
experimental design.

Given the expressive importance of the millet crop for animal
feeding, studies on experimental planning aiming to estimate
plot size and number of replicates to evaluate its shoot fresh
matter are essential and still unknown. Thus, this study aimed to
determine the optimum plot size (Xo0) and number of replicates
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for the shoot fresh matter of millet (Pennisetum glaucum (L.) R.
Brown) in times of sowing and cut.

MATERIAL AND METHODS

Uniformity trials were conducted using the millet crop
(Pennisetum glaucum (L.) R. Brown) at the experimental area
of the Department of Plant Science of the Federal University
of Santa Maria, in Santa Maria-RS, Brazil (290 42'S; 53°49' W;
95 m) in the agricultural year of 2013-2014. Uniformity trials,
also referred to as blank experiments, are conducted without
treatments and with homogeneous cultural practices over the
entire area (Storck et al., 2011).

The millet cultivar ‘BRS 1501” was sown broadcast in three
sowing times (October 18, 2013, November 26, 2013, and
December 3, 2013) at density of 50 kg ha, in experimental
areas of 500, 800 and 750 m?, respectively. Basal fertilization
used 40 kg ha" of N, 160 kg ha" of P,O, and 160 kg ha™' of K,O.
As top-dressing, 100 kg ha' of N were applied in the entire area,
in each sowing time.

Each uniformity trial with size of 6 x 4 m (24 m?) was
divided into 24 basic experimental units (BEU) of 1 x 1 m (1
m?) forming a matrix of six rows and four columns. In each
sowing time, shoot fresh matter was collected in three trials, in
each evaluation period, and plants were cut at 10 cm from the
soil surface in order to evaluate the regrowth.

In the first sowing time, the first cut of fresh matter was
performed in three trials at 39 days after sowing (DAS), in three
trials at 46 DAS, in three trials at 54 DAS and in three trials at 62
DAS. The second fresh matter cut was performed at 54, 62 and
80 DAS, respectively, in the trials with the first cut performed
at 39, 46 and 54 DAS. The third fresh matter cut was performed
at 69 and 82 DAS, respectively, in the trials with second cut at
54 and 62 DAS. In the second sowing time, only one cut was
performed in each trial, in three trials, at 43 DAS, in three trials
at 51 DAS, in three trials at 58 DAS and in three trials at 64 DAS.
In the third sowing time, the first fresh matter cut was performed
in three trials at 36 DAS, in three trials at 44 DAS, in three trials
at 51 DAS and in three trials at 57 DAS. The second fresh matter
cut was performed at 57 and 65 DAS, respectively, in the trials
with first cut at 36 and 44 DAS. The third fresh matter cut was
performed at 99 DAS, both in trials with second cut at 57 DAS
and in trials with second cut at 65 DAS.

For each uniformity trial with the data of fresh matter of the
24 BEU, the following variables were determined: first-order
spatial autocorrelation coefficient (p) in the direction of the
rows, variance (s?), mean (m) and the coefficient of variation of
the trial (CV) in percentage. The estimation of p started from
the BEU in the row 1, column 1, until the row 1, column 4,
returning from row 2, column 4, until the row 2, column 1, and
so on, until the end, in the BEU in row 6, column 1.

Subsequently, for each sowing time, in each period of
evaluation of the trials and cuts, the optimum plot size (Xo)
was determined by the method of maximum curvature of the
coefficient of variation model, according to the equation:

o 1013[2(1—p )s m O

m
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where:
p - first-order spatial autocorrelation coefficient;
s* - variance; and
m - mean.

The coefficient of variation in the optimum plot size (CV ),
in percentage, was determined using the equation described by
Paranaiba et al. (2009):

(1-p7)s’

2
CV, = m x100

Xo T (2)

For the estimation of the statistics p, s?% m, CV, Xo and
CV., the following parameters were calculated: mean,
standard deviation, coeflicient of variation and p-value of the
Kolmogorov-Smirnov normality test. The means of the statistics
(p, 8>, m, CV, Xo and CV, ) were compared between cuts in the
same sowing time and between sowing times, by the Student’s
t-test for independent samples, at 0.05 probability level. These
comparisons of means were performed two by two and the
results were represented by letters on the side of the means.

The number of replicates was calculated based on the
least significant difference (d) of the Tukey test, expressed in
percentage of the mean of the experiment, estimated by the
equation:

MSE
qoc(i;DFE) r
d=—— 1 T 4100 (3)
m

where:

Qppp, - CTitical value of the Tukey test at level o of probability
of error (o = 0.05);

i - number of treatments;

DFE - degrees of freedom of the error, i(r-1) for the com-
pletely randomized design and (i-1)(r-1) for the randomized
block design;

MSE - mean square of the error;

r - number of replicates; and

m - mean of the experiment.

Substituting the equation of the experimental coefficient of
variation:

MSE
m

CV = x100 (4)

in percentage, in Eq. 4 and isolating r, the following expression

is obtained:
q cvY
o((i;DFE)
r=| ——— 5
( d J (5)

The CV, in percentage, corresponds to the CV, (Cargnelutti
Filho et al., 2014).

Then, based on the mean of the highest CV, values, between
the sowing times, the number of replicates (r) was determined
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by an iterative process until convergence, for experiments in
completely randomized design (CRD) and randomized block
(RBD) in scenarios formed by the combinations of i (i = 3, 4,
... 50) and d (d = 10, 12, ..., 30%). The statistical analyses were
performed using the application Microsoft Office Excel.

RESULTS AND D1SCUSSION

A scenario with three sowing times, 21 evaluations, three
cuts of millet fresh matter per sowing time (except for the
second sowing time, which had only one cut) in 63 trials and
1,512 basic experimental units (63 trials x 24 basic experimental
units), provides an adequate database for the proposed study.

The set of results shows wide variability of the estimates of
all the evaluated statistics: first-order spatial autocorrelation
coefficient (p), variance (s?), mean (m), coefficient of variation
of the trial (CV), optimum plot size (Xo) and coefficient of
variation in the optimum plot size (CV, ), obtained from the
shoot fresh matter of millet in the trials of the first sowing time
(6.68 < CV < 85.30%), second sowing time (12.21 < CV <
48.99%) and third sowing time (8.40 < CV < 70.53%) (Tables 1
and 2). The variability of the statistics between the trials was also
reported by Cargnelutti Filho et al. (2014), and is considered as
important, since it reflects actual conditions of the crop at field
and provides consistency to the study on plot size and number
of replicates, along with the large database.

According to the normality of the data, verified through the
Kolmogorov-Smirnov test, all the estimated statistics (p, s*, m,
CV, Xo and CV_ ) have good adherence to normal distribution
(P20.35) (Tables 1 and 2), evidencing that the inferences based
on the means of the trials are adequate for the study on plot size
and also provide reliability to the other inferences.

The total fresh matter productions were 5,764.19, 3,726.19
and 5,840.23 g m™for the first, second and third sowing times,
respectively (Tables 1 and 2). The mean fresh matters obtained in
the first, second and third sowing times were 1,999.35, 3,726.19
and 2,058.89 g m?, respectively (Table 3). In general, there were
decreases in millet shoot fresh matter with the increment in
cuts, for each sowing time (Tables 1 and 2). However, aiming
the maximization of millet production for animal feeding in
different periods, there was an increase in total fresh matter
production when there were cuts. These results also confirm that
phytomass production influences the sowing time and number
of cuts, regardless of the vegetative stage of the plants (Coimbra
& Nakagawa, 2006).

The cuts performed in the first and third sowing time aimed
to evaluate the regrowth capacity, because millet has great
importance in animal feeding. Guimaraes Junior et al. (2009)
showed the capacity of regrowth of the crop when correctly
managed. The values of fresh matter of the performed cuts
ranged from 1,545.22 to 2,395.35 g m? or 15.45 to 23.95 t ha’,
respectively (Tables 1 and 2). For the same cultivar (‘BRS-1501"),
lower values of approximately 12 t ha'in cuts were observed
by Pinho et al. (2013) and values ranging from 6.28 to 28.98 t
ha'by Guimarées Junior et al. (2009) in five periods of cut. The
satisfactory performance of the crop and the good development
of the regrowth are also related to cut height (10 cm from soil
surface). Thus, Kollet et al. (2006) recommend cut between 6 and
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Table 1. First-order spatial autocorrelation coefficient (p), variance (s?), mean (m), coefficient of variation of the trial (CV,

in %), optimum plot size (Xo, in m?) and coefficient of variation in the optimum plot size (CV

in %) for millet shoot

Xo’

fresh matter (g m?) evaluated in three uniformity trials per evaluation period, in the first cut in four evaluation periods at
39, 46, 54 and 62 days after sowing (DAS), in the second cut in three evaluation periods at 54, 62 and 80 DAS and in the

third cut in two evaluation periods at 69 and 82 DAS, of the first sowing time (October 18, 2013)

Sowing time Cut Trial ™ P s m CV (%) Xo (m?) CVxo (%)
First evaluation period = 39 DAS
1 1 1 0.37 112,463.69 963.04 34.82 5.94 13.28
1 1 2 0.24 57,002.56 896.29 26.64 5.12 11.44
1 1 3 0.47 119,451.85 989.13 34.94 5.75 12.86
Second evaluation period = 46 DAS
1 1 1 0.20 197,996.95 1,051.79 42.31 7.00 15.66
1 1 2 0.09 179,330.98 1,406.13 30.12 5.65 12.63
1 1 3 0.41 91,123.04 1,137.92 26.53 4.89 10.94
Third evaluation period = 54 DAS
1 1 1 0.24 271,771.85 2,155.75 2418 4.79 10.72
1 1 2 0.51 639,425.13 3,125.00 25.59 4.59 10.27
1 1 3 0.24 455,754.00 3,212.50 21.01 4.37 9.77
Fourth evaluation period = 62 DAS
1 1 1 0.05 397,867.64 3,824.58 16.49 3.79 8.46
1 1 2 -0.03 321,399.68 4,112.88 13.78 3.36 7.51
1 1 3 -0.07 449,605.82 4,086.92 16.41 3.77 8.43
Mean® 0.23b 274,432.77a 2,246.83a 26.07 a 492a 11.00 a
Standard deviation 0.19 180,969.55 1,331.02 8.53 1.05 2.35
CV (%) 84.69 65.94 59.24 32.74 21.33 21.33
p-value® 0.99 0.90 0.51 0.97 1.00 1.00
First evaluation period = 54 DAS
1 2 1 0.50 172,092.26 1,303.21 31.83 5.34 11.94
1 2 2 0.68 276,295.28 1,714.67 30.66 4.66 10.42
1 2 3 0.65 386,906.17 1,624.50 38.29 5.53 12.37
Second evaluation period = 62 DAS
1 2 1 0.19 160,552.16 2,021.38 19.82 4.23 9.47
1 2 2 0.25 165,480.22 2,123.04 19.16 410 9.16
1 2 3 0.35 172,480.74 1,848.96 22.46 4.46 9.97
Third evaluation period = 80 DAS
1 2 1 0.45 952,677.99 2,794.58 34.93 5.79 12.94
1 2 2 0.62 1,006,039.71 2,356.67 42.56 6.08 13.59
1 2 3 0.60 281,861.24 1,962.25 27.06 4.56 10.19
Mean@ 0.48a 397,153.97a 1,972,114 a 29.64 a 497 a 11.12a
Standard deviation 0.18 338,772.97 432.92 8.22 0.72 1.62
CV (%) 37.66 85.30 21.95 27.72 14.54 14.54
p-value® 0.88 0.39 0.99 0.99 0.77 0.76
First evaluation period = 69 DAS
1 3 1 0.35 168,165.12 1,197.42 34.25 5.90 13.19
1 3 2 0.53 216,364.61 1,327.46 35.04 5.61 12.55
1 3 3 0.54 182,304.37 1,147.25 37.22 5.80 12.97
Second evaluation period = 82 DAS
1 3 1 0.47 363,268.68 1,834.38 32.86 5.52 12.33
1 3 2 0.54 483,324.03 2,304.88 30.16 5.04 11.27
1 3 3 0.33 154,360.95 1,459.92 26.91 5.06 11.31
Mean® 0.46 a 261,297.96a 1,545.22a 32.74a 5.49a 12.27 a
Standard deviation 0.10 132,711.60 446.03 3.69 0.37 0.82
CV (%) 21.24 50.79 28.87 11.28 6.68 6.68
p-valug® 0.79 0.66 0.87 0.99 0.95 0.95

() Each uniformity trial with size of 6 x 4 m (24 m?) was divided into 24 basic experimental units of 1 x 1 m (1 m?), forming a matrix with six rows and four columns. @ For each statistic (p,
s2,m, CV, Xo and CV, ), means not followed by the same letter in the column (comparison of means between cuts) differ at 0.05 probability level by Student’s t-test for independent samples. ©

Normality test of Kolmogorov-Smirnov

10 cm for a good regrowth and higher fresh matter production
by plants.

The mean values of the coefficient of variation (CV) of the
trials oscillated from 21.49 to 32.74% (Tables 1 and 2), increasing
along the cuts. Coefficients of variation of such magnitude are
below the value reported in a study evaluating millet fresh
matter conducted by Pinho et al. (2013), who observed CV
values of 51.95 and 52.62%, in cuts 1 and 2, respectively. In study
performed by Priesnitz et al. (2011), evaluating the fresh biomass
of two millet cultivars, CV values of 17.67% were observed;

R. Bras. Eng. Agric. Ambiental, v.20, n.2, p.119-127, 2016.

on the other hand, Guimaraes Junior et al. (2009) obtained
CV values below 10.62% for shoot fresh matter of three millet
genotypes, in five periods of cut. For studies on plot size using
the method of maximum curvature of the CV model, similar
CV values of 19.99 and 21.66% were observed for black oat in
two evaluation periods (Cargnelutti Filho et al., 2014).

The optimum plot sizes (Xo) and the coefficient of variation
in the optimum plot size showed no significant difference for
cuts performed in the same sowing time (Tables 1 and 2). On
the other hand, between sowing times, there was significant
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Table 2. First-order spatial autocorrelation coefficient (p), variance (s?), mean (m), coefficient of variation of the trial (CV,
in %) for millet shoot
fresh matter (g m*) evaluated in three uniformity trials per evaluation period, in the first cut in four evaluation periods at
43, 51, 58 and 64 days after sowing (DAS) of the second sowing time (November 26, 2013) and in the first cut in four
evaluation periods at 36, 44, 51 and 57 DAS, in the second cut in two evaluation periods at 57 and 65 DAS and in the
third cut in two evaluation periods at 99 DAS, of the third sowing time (December 3, 2013)

in %), optimum plot size (Xo, in m?) and coefficient of variation in the optimum plot size (CV

Sowing time Cut Trial® P s? m CV (%) Xo (m?) CVyx, (%)
First evaluation period = 43 DAS
2 1 1 0.31 219,564.17 3,030.46 15.46 3.51 7.84
2 1 2 0.28 305,290.35 2,963.54 18.64 4.00 8.94
2 1 3 0.55 704,711.65 2,801.46 29.97 5.01 11.21
Second evaluation period = 51 DAS
2 1 1 0.38 625,623.22 3,772.46 20.97 422 9.44
2 1 2 0.34 1,070,665.17 4,474.04 23.13 4.56 10.20
2 1 3 0.55 460,732.17 3,478.50 19.51 3.76 8.40
Third evaluation period = 58 DAS
2 1 1 0.49 479,470.95 3,547.79 19.52 3.87 8.66
2 1 2 0.32 1,388,023.10 4,213.17 27.96 5.20 11.63
2 1 3 0.36 479,476.61 4,064.79 17.04 3.70 8.27
Fourth evaluation period = 64 DAS
2 1 1 0.41 667,299.30 3,901.54 20.94 418 9.36
2 1 2 0.60 898,060.42 4,043.38 23.44 414 9.25
2 1 3 0.28 884,907.01 4,423.17 21.27 4.37 9.76
Mean 0.40 681,985.34 3,726.19 21.49 4.21 9.41
Standard deviation 0.11 334,126.15 567.64 419 0.51 1.15
CV (%) 27.76 48.99 15.23 19.49 12.21 12.21
p-value® 0.78 0.96 0.97 0.79 0.92 0.93
First evaluation period = 36 DAS
3 1 1 0.49 165,611.30 1,740.21 23.39 4.36 9.75
3 1 2 0.19 138,373.30 1,495.42 24.88 4.92 11.01
3 1 3 0.31 169,753.77 1,837.88 22.42 4.50 10.06
Second evaluation period = 44 DAS
3 1 1 0.42 184,350.09 2,432.54 17.65 3.72 8.31
3 1 2 0.37 184,472.61 2,337.46 18.37 3.87 8.66
3 1 3 0.48 237,636.25 2,022.58 24.10 4.48 10.01
Third evaluation period = 51 DAS
3 1 1 -0.21 663,666.75 3,338.67 24.40 4.85 10.84
3 1 2 0.32 413,758.38 2,716.88 23.68 4.65 10.40
3 1 3 0.40 261,641.48 2,470.00 20.71 417 9.31
Fourth evaluation period = 57 DAS
3 1 1 -0.01 309,106.25 3,040.42 18.29 4.06 9.08
3 1 2 0.39 735,727.19 2,801.17 30.62 5.41 12.10
3 1 3 0.41 411,330.82 2,510.96 25.54 4.77 10.67
Mean® 0.30b 322,952.35a 2,395.35a 22.84 a 448 a 10.02 a
Standard deviation 0.21 198,731.91 546.60 3.68 0.48 1.08
CV (%) 70.53 61.54 22.82 16.13 10.76 10.76
p-value® 0.35 0.70 0.99 0.96 1.00 1.00
First evaluation period = 57 DAS
3 2 1 0.39 229,707.28 1,675.33 28.61 518 11.59
3 2 2 0.57 296,203.64 2,058.42 26.44 4.55 10.18
8 2 3 0.50 276,700.89 2,006.25 26.22 4.70 10.51
Second evaluation period = 65 DAS
8 2 1 0.62 207,273.69 1,143.29 39.82 5.82 13.01
3 2 2 0.56 163,861.74 1,390.79 29.11 4.88 10.92
3 2 3 0.33 207,586.59 1,439.38 31.65 5.63 12.59
Mean® 0.49a 230,222.31a 1,61891a 30.31a 513 a 11.47 a
Standard deviation 0.11 48.901.54 362.45 5.07 0.51 1.14
CV (%) 22.68 21.24 22.39 16.72 9.97 9.97
p-value® 0.90 0.99 0.98 0.81 0.99 0.99
First evaluation period = 99 DAS
3 3 1 0.50 473,930.43 1,922.21 35.81 5.78 12.92
3 3 2 0.45 490,688.41 2,469.83 28.36 5.04 11.27
3 3 3 0.28 440,912.90 2,002.88 33.15 5.87 13.13
Second evaluation period = 99 DAS
3 3 1 0.30 166,267.80 1,302.67 31.30 5.63 12.60
3 3 2 0.31 179,637.16 1,740.88 24.35 475 10.62
3 8 3 0.27 171,891.90 1,517.38 27.32 517 11.57
Mean® 0.35b 320,554.76a  1,825.97 a 30.05a 537 a 12.02 a
Standard deviation 0.10 162,922.39 407.78 418 0.45 1.01
CV (%) 27.99 50.83 22.33 13.90 8.40 8.40
p-value® 0.56 0.63 1.00 1.00 0.94 0.94

( Each uniformity trial with size of 6 x 4 m (24 m?) was divided into 24 basic experimental units of 1 x 1 m (1 m?), forming a matrix with six rows and four columns. @ In the third sowing
time, for each statistic (p, s?, m, GV, Xo and CVXO), means not followed by the same letter in the column (comparison of means between cuts) differ at 0.05 probability level by Student’s t-test for

independent samples. © Normality test of Kolmogorov-Smirnov
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Table 3. Mean of the first-order spatial autocorrelation coefficient (p), variance (s?), mean (m), coefficient of variation of the
trial (CV, in %), optimum plot size (Xo, in m?) and coefficient of variation in the optimum plot size (CV, , in %) of millet
shoot fresh matter (g m?), evaluated in three sowing times, in the agricultural year of 2013-2014

Sowing time 1 (October18, 2013) Sowing time 2 (November 26, 2013) Sowing time 3 (December 3, 2013)
P 0.36 2 0.40a 0.36a
s? 312,420.99 b 681,985.34 a 299,170.44 b
m 1,999.35 b 3,726.19a 2,058.89 b
CV (%) 28.74 a 21.49b 26.51a
Xo (m?) 5.06 a 421b 4.87 a
CVxo (%) 11.32a 9.41b 10.88 a

(For each statistic (p, s?, m, CV, Xo and GV, ), means not followed by the same letter in the row (comparison of means between sowing times) differ at 0.05 probability level by Student’s t-test
for independent samples

Table 4. Number of replicates for experiments in completely randomized design in scenarios formed by the combinations
of i treatments (i = 3, 4, ..., 50) and d minimal differences between treatment means to be detected as significant at 0.05
probability level by Tukey test, expressed in percentage of the experiment mean (d = 10, 12, ..., 30%), to evaluate millet
fresh matter based on optimum plot size (Xo = 4.97 m?) and coefficient of variation in the optimum plot size (CV, =
11.10%)

%

10 12 14 16 18 20 22 24 26 28 30
3 14.58 10.46 7.99 6.39 5.30 4.53 3.97 3.53 3.23 2.99 2.79
4 17.14 12.18 9.20 1.27 9.96 9.03 4.34 3.83 3.42 3.12 2.88
9 19.09 13.50 10.14 7.96 6.47 9.42 4.64 4.06 3.61 3.26 2.98
6 20.68 14.58 10.90 8.52 6.90 9.74 4.89 4.25 3.75 3.36 3.06
7 22.02 15.49 11.55 9.00 7.26 6.02 5.10 4.4 3.88 3.46 3.13
8 2319 16.28 12.12 9.42 7.57 6.26 5.29 4.56 4.00 3.55 3.20
9 24.21 16.98 12.62 9.79 7.86 6.48 5.46 4.70 4.10 3.64 3.26
10 25.13 17.60 13.07 10.13 8.11 6.68 5.62 4.82 4.20 3.7 3.33
11 25.97 18.17 13.47 10.43 8.35 6.86 5.76 4.93 4.29 3.79 3.38
12 26.73 18.69 13.85 10.71 8.56 7.03 5.90 5.04 4.38 3.85 3.44
13 27.43 19.17 14.19 10.97 8.76 718 6.02 514 4.45 3.92 3.49
14 28.08 19.62 14.52 11.21 8.94 7.33 6.13 5.23 4.53 3.98 3.54
15 28.69 20.03 14.82 11.43 9.12 7.46 6.24 5.32 4.60 4.03 3.58
16 29.26 20.42 15.10 11.64 9.28 7.59 6.34 5.40 4.67 4.09 3.63
17 29.79 20.79 15.36 11.84 9.43 7.71 6.44 5.48 4.73 4.14 3.67
18 30.29 21.13 15.61 12.03 9.58 7.83 6.53 5.55 4.79 4.19 3.7
19 30.77 21.46 15.85 12.21 9.72 7.94 6.62 5.62 4.85 4.24 3.75
20 31.23 21.77 16.08 12.38 9.85 8.04 6.70 5.69 4.90 4.28 3.79
21 31.66 22.07 16.29 12.54 9.97 8.14 6.78 9.76 4.96 4.33 3.82
22 32.07 22.35 16.50 12.70 10.09 8.23 6.86 9.82 9.01 4.37 3.86
23 32.47 22.63 16.69 12.85 10.21 8.33 6.93 5.88 5.06 4.4 3.89
24 32.84 22.89 16.88 12.99 10.32 8.41 7.00 9.94 5.11 4.45 3.92
25 33.21 23.13 17.06 13.12 10.43 8.50 7.07 5.99 5.15 4.49 3.95
26 33.56 23.37 17.24 13.26 10.53 8.58 7.14 6.04 5.20 4.52 3.9
27 33.89 23.61 17.41 13.38 10.63 8.66 7.20 6.10 5.24 4.56 4.01
28 34.22 23.83 17.57 13.51 10.72 8.73 7.26 6.15 5.28 4.59 4.04
29 34.53 24.04 17.72 13.62 10.81 8.81 7.32 6.20 5.32 4.63 4.07
30 34.83 24.25 17.88 13.74 10.90 8.88 7.38 6.24 5.36 4.66 4.10
31 35.12 24.45 18.02 13.85 10.99 8.95 7.44 6.29 5.40 4.69 413
32 35.41 24.65 18.16 13.96 11.07 9.01 7.49 6.33 5.43 4.72 4.15
33 35.68 24.84 18.30 14.06 11.16 9.08 7.54 6.38 5.47 4.75 4.18
34 35.95 25.02 18.44 14.16 11.23 9.14 7.59 6.42 5.51 4.78 4.20
35 36.21 25.20 18.57 14.26 11.31 9.20 7.64 6.46 5.54 4.81 4.23
36 36.46 25.38 18.69 14.36 11.39 9.26 7.69 6.50 5.57 4.84 4.25
37 36.71 25.95 18.82 14.45 11.46 9.32 7.74 6.94 5.60 4.87 4.27
38 36.95 25.1 18.94 14.54 11.53 9.38 7.78 6.58 9.64 4.89 4.29
39 37.18 25.87 19.05 14.63 11.60 9.43 7.83 6.61 9.67 4.92 4.32
40 37.41 26.03 19.17 14.72 11.67 9.49 7.87 6.65 5.70 4.94 4.34
4 37.63 26.18 19.28 14.80 11.73 9.54 7.92 6.68 5.73 4.97 4.36
42 37.84 26.33 19.39 14.88 11.80 9.59 7.96 6.72 5.76 4.99 4.38
43 38.06 26.48 19.49 14.96 11.86 9.64 8.00 6.75 5.78 5.02 4.40
44 38.26 26.62 19.60 15.04 11.92 9.69 8.04 6.79 5.81 5.04 4.42
45 38.46 26.76 19.70 15.12 11.98 9.74 8.08 6.82 5.84 5.06 4.44
46 36.66 26.89 19.80 15.20 12.04 9.79 8.12 6.85 5.87 5.09 4.46
47 38.86 27.03 19.90 15.27 12.10 9.83 8.16 6.88 5.89 5.11 4.48
48 39.04 27.16 19.99 15.34 12.16 9.88 8.19 6.91 5.92 5.13 4.49
49 39.23 27.29 20.09 15.41 12.21 9.92 8.23 6.94 5.94 5.15 4.51
50 39.41 27.41 20.18 15.48 12.27 9.97 8.26 6.97 5.97 517 4.53
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Table 5. Number of replicates for experiments in randomized block design, in scenarios formed by the combination of
i treatments (i = 3, 4, ..., 50) and d minimal differences between treatment means to be detected as significant at 0.05
probability level by Tukey test, expressed in percentage of the experiment mean (d = 10, 12, ..., 30%), to evaluate millet
fresh matter based on optimum plot size (Xo = 4.97 m? and coefficient of variation in the optimum plot size (CV, =

11.10%)
I %
' 10 12 12 16 18 20 22 24 26 28 30
3 1508 1095 848 688 579 500 442 392 340 296 229
4 1742 1246 949 756 624 531 463 410 370 337 310
5 1928 1369 1032 815 666 560 48 424 379 343 314
6 2081 1471 1103 866 703 58 502 438 38 350 3.8
7 2212 1559 1165 910 736 612 520 451 398 356 323
8 2326 1635 1219 950 765 634 537 464 408 363  3.28
9 2427 1704 1268 985 79 654 553 476 417 370 333
10 2518 1765 1312 1048 817 673 567 487 425 377 338
11 2601 1821 1352 1047 839 690 581 498 434 383 343
12 2676 1873 1389 1075 860 707 593 508 442 380 348
13 2746 1920 1423 1100 879 722 605 517 449 39 35
14 2811 1964 1454 1124 897 736 616 526 456 401 357
15 2871 2006 1484 1146 914 749 627 534 463 406 361
16 2928 2044 1512 1167 930 761 637 542 469 411 3.65
17 2981 2081 1538 1186 945 773 646 550 475 416 369
18 3031 2115 1563 1205 960 785 655 557 481 421 373
19 3079 2148 1587 1223 973 795 664 564 487 426 377
20 3124 2179 1609 1240 986 806 672 571 492 430 380
21 3167 2208 1630 1256 999 815 680 577 497 434 384
22 3208 2237 1651 1271 1011 825 687 58 502 438 387
23 3248 2264 1671 1286 1022 834 695 589 507 442 390
24 3285 2290 1689 1300 1033 842 702 595 512 446 394
25 3322 2314 1707 1313 1044 851 708 600 516 450 397
26 3356 2338 1725 1327 1054 859 715 605 521 453 400
27 3390 2361 1741 1339 1064 867 7.2 6.11 525 457 402
28 3422 2384 1758 1351 1073 874 727 616 529 460 405
29 3454 2405 1773 1363 1082 881 733 620 533 464 408
30 3484 2426 1788 1375 1091 888 739 625 537 467 411
31 3513 2446 1803 1386 1100 895 744 630 540 470 413
32 3541 2466 1817 1396 1108 902 750 634 544 473 416
33 3560 2485 1831 1407 1146 908 755 638 548 476 418
34 359 2503 1844 1417 1124 915 760 642 55 479 421
35 3621 2521 1857 1427 1132 92 765 646 554 482 423
36 3647 2538 1870 1436 1139 927 770 650 558 484 425
37 3671 2555 1882 1446 1146 933 774 654 561 487 428
38 3695 2572 1894 1455 1153 938 779 658 564 490 430
39 3718 2588 1906 1464 1160 944 783 662 567 492 432
40 3741 2603 1947 1472 1167 949 788 665 570 495 434
4 3763 2618 1928 1481 1174 954 792 669 573 497 436
42 3785 2633 1939 1489 1180 959 79 672 576 500 438
43 3806 2648 1950 1497 1186 964 800 676 579 502 440
44 3827 2662 1960 1505 1193 969 804 679 58 504 442
45 3847 2676 1970 1512 1199 974 808 682 584 507 444
46 3867 2690 1980 1520 1204 979 812 685 58 500 446
47 3886 2703 1990 1527 1210 984 816 68 58 511 4.48
48 3005 2746 2000 1535 1216 988 820 692 592 513 450
49 3923 2729 2009 1542 1221 99 823 695 595 515 45
50 3042 o742 2018 1549 1227 997 827 697 597 517 453

differences between plot sizes, showing a mean value of Xo of
4.97, basic experimental units of 1 m?(4.97 m?) and this value
was obtained by the mean of the two highest values that did not
differ statistically (Table 3). In the studies conducted by Pinho et
al. (2013), Priesnitz etal. (2011), Moreira et al. (2003), Jochims et
al. (2010) and Pacheco et al. (2014), plots larger than 4.97 m* were
used, which is the reason why these studies provide reliability
to the information in the literature. In future experiments with
the millet crop, using the optimum plot size, it is possible to
increase experimental precision, reduce costs and labor, and
have greater control of the experiment, since it can be conducted
in area smaller than that in the previously mentioned studies.

Besides Xo, for the other statistics, except for the first-order
spatial autocorrelation coefficient, there were also significant
differences between sowing times (Table 3). Therefore, in
general, the times influenced the variability of the statistics and
experimental planning; as to Xo, it must take into consideration
the sowing time.

The number of replicates to evaluate millet fresh matter
ranged from 2.79 (three treatments and d = 30%) to 39.41 (50
treatments and d = 10%) (Table 4) in the completely randomized
design (CRD) and from 2.29 (three treatments and d = 30%) to
39.42 (50 treatments and d = 10%) (Table 5) in the randomized
block design (RBD) in scenarios formed by the combinations
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of treatments varying from three to 50 and minimal differences
between treatments detected as significant at 0.05 probability
level by Tukey test, expressed in percentage of the overall mean
of the experiment (d = 10, 12, ..., 30%).

Not all the estimated numbers of replicates are operationally
viable, due to the high cost for experiment conduction and the
demand for time and labor. It should be considered that, the
higher the desired precision, the more replicates are necessary.
Thus, based on the information generated (Tables 4 and 5)
using Xo = 4.97 m? the researcher can combine treatments,
minimal differences between means of treatments and number
of replicates considered as necessary in future experiments.

Since it is not possible to conduct field experiments with 4.53
replicates, it is recommended to use five replicates in CRD and
RBD experiments. This number of replicates (r = 5) was also
used in experiments in CRD by Pacheco et al. (2014) and RBD
by Pinho et al. (2013). Using the equation of the least significant
difference of the Tukey test, expressed in percentage of the
experiment mean with 50 treatments, five replicates, o = 5% and
CV,, =11.10%, results in d = 28.65% for CRD and d = 28.66% for
RBD; then, it is possible to infer that in order to evaluate millet
shoot fresh matter in CRD and RBD with up to 50 treatments,
five replicates are sufficient to identify significant differences
between treatment means of 28.66% of the experiment mean
by Tukey test at 0.05 probability level.

In the studies conducted by Moreira et al. (2003), Priesnitz
et al. (2011) and Pinho et al. (2013), approximately 30% of the
fresh matter is dry matter. Dry matter is also a parameter widely
used and of great importance in animal feeding. Therefore, if this
percentage is maintained in all the basic experimental units, it
is possible to use the same plot size and number of replicates of
the fresh matter for the dry matter.

CONCLUSIONS

1. The optimum plot size to evaluate millet shoot fresh matter
is 4.97 basic experimental units of 1 m? (4.97 m?) for the three
times of sowing and cuts.

2. For the evaluation of up to 50 treatments in completely
randomized and randomized block design, five replicates
are sufficient to identify as significant, by Tukey test at 0.05
probability level, differences between treatment means of 28.66%
of the experiment mean.
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