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Plot size and number of replications to evaluate
the grain yield in oat cultivars

André Lavezo, Alberto Cargnelutti Filho*, Claudia Marques de Bem, Claudia Burin,

Jéssica Andiara Kleinpaul, Rafael Vieira Pezzini

Universidade Federal de Santa Maria - Centro de Ciéncias Rurais - Departamento de Fitotecnia - Santa Maria (RS), Brazil.

ABSTRACT: The objectives of this study were to determine the
optimum plot size (Xo) and the number of replications to evaluate
grainyield and verify the variability of Xo among oat cultivars. Thirty-
two uniformity trials of 3 x 3 m were performed, being 8 from each
cultivar (URS Charrua, URS Taura, URS Estampa, and URS Corona).
Each uniformity trial was divided in 36 basic experimental units (BEU)
of 0.5 x 0.5 m. Grain yield was determined in each BEU. The Xo was
determined by the method of maximum curvature of the coefficient of
variation model. Mean comparisons among cultivars were performed
by the Scott-Knott test via bootstrap. The number of replications was
calculated by an iterative process until convergence for experiments

in completely randomized design (CRD) and randomized block
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design (RBD). Scenarios formed by i combinations (i=3, 4, ..., 50)
treatments — with d least differences among treatment means
to be detected as significant at 5% probability of type | error by
Tukey test, expressed as a percentage of the overall experimental
mean (d=10%, 16%, 20%, 25%, 30%, 35%, 40%, and 45%) — were
planned. The Xo of 1.57 m? is enough to evaluate the grain yield in
these 4 oat cultivars. Four replications to evaluate grain yield with
up to 50 treatments in the experimental designs of CRD and RBD
are enough to identify significant differences among treatment
means of 40.53% of the overall experimental mean, by Tukey test
at 5% probability of type | error.

Keywords: Avena sativa L., variability, uniformity trial, experimental design.
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INTRODUCTION

Oat (Avena sativa L.) is the main winter grass grown
in southern Brazil. Moreover, it is the fifth most cultivated
cereal in Brazil, being placed among the 10 leading annual
crops. Grain production during the 2014 agricultural year
was 307,400 tonnes. The average yield was 2,000 kg-ha™
(Conab 2016).

Due to the relevance of oat cropping, several studies
(Bortolini et al. 2005; Floss et al. 2007; Arlauskiené et al.
2011; Fontaneli et al. 2012; Guerreiro and Oliveira 2012;
Meinerz et al. 2012; Siloriya et al. 2014; Zorovski et al.
2014; Hawerroth et al. 2015; Mantai et al. 2015) have
been performed. These researches aimed to improve the
knowledge and instigate increased grain yield. Researchers
have used distinct plot size and number of replications in
their experiments.

Researches analyzing grain yield have been developed
with sizes of plot useful areas and number of replications
of, respectively, 0.15 m? and 3 (Meinerz et al. 2012), 2 m?
and 3 (Floss et al. 2007), 3 m?and 4 (Mantai et al. 2015),
3 m?and 4 (Hawerroth et al. 2015), 5 m? and 6 (Guerreiro
and Oliveira 2012), 10.5 m? and 3 (Zorovski et al. 2014),
12 m? and 4 (Siloriya et al. 2014), 12 m* and 3 (Bortolini
et al. 2005), 23.8 m? and 4 (Fontaneli et al. 2012), and
30 m? and 3 (Arlauskiené et al. 2011). Inadequate plot size
and number of replications can increase the experimental
error and the inferences regarding the treatments can be
inaccurate (Banzatto and Kronka 2013). Thus, plot size
and number of replicates can effectively reduce or increase
the deleterious effects of the experimental error (Frazer
etal. 2011).

In addition, the correct sizing of plot size and number is
preponderant to obtain accurate results on the treatments
under evaluation (Zald et al. 2014) and makes experimentation
a decisive act to improve agricultural results in consequent
crops (Maat 2011).

The optimum plot size (Xo) can be determined from
data obtained in uniformity trials or blank experiments
(trials without treatments) (Ramalho et al. 2012; Storck et al.
2016). The method of maximum curvature of the coefficient
of variation model proposed by Paranaiba et al. (2009a) was
considered adequate to obtain Xo in grass species such as rice
(Paranaiba et al. 2009a) and wheat (Paranaiba et al. 2009b).

In the literature consulted, the determination of the
optimal plot size in white oats was not found. In this sense,

it is necessary to carry out research that addresses this
estimation, and it is assumed that the plot size and the
number of replications can be distinct among oat cultivars.

Thus, the objectives of this study were to determine Xo
and the number of replications to evaluate grain yield and
verify the variability of Xo among oat cultivars.

MATERIAL AND METHODS

Thirty-two uniformity trials were carried out with oat
(Avena sativa L.) in Santa Maria, state of Rio Grande do Sul,
located at lat 29°42'S, long 53°49'W and 95 m of altitude
during the 2014 agricultural year. From these 32 uniformity
trials, 8 were carried out with the cultivar URS Charrua,
8 with the cultivar URS Taura, 8 with the cultivar URS Estampa,
and 8 with the cultivar URS Corona. The plant density was
350 plants-m™, sown by broadcasting on 28 April 2014.
The basic fertilization was performed with 21 kg-ha™ of
N, 88 kg-ha™' of PO, and 88 kg-ha™ of K,0. Subsequently,
2 topdressing fertilization of 45 kg-ha™ of N were performed.
The cultural practices were carried out homogeneously
throughout the experimental area.

Each uniformity trail with size of 3 x 3 m (9 m?) was
divided in 36 basic experimental units (BEU) 0of 0.5 x 0.5 m
(0.25 m?), forming a matrix with 6 rows and 6 columns.
At 150 days after sowing, panicles were weighed in each
BEU during the crop maturation. Following, a sample of
10 panicles per cultivar was randomly collected to perform
threshing and estimation of grain proportion in relation
to straw amount. Grain moisture was determined, the
straw percentage was discounted through the grain/straw
relation, and the weight of each BEU in grain yield (YLD)
was estimated in g-0.25 m2 at 13% moisture.

For each uniformity trial, with the YLD data of 36 BEU,
first-order autocorrelation coefficient (p), variance (s?),
mean (m), and the coefficient of variation of the trial (CV,
in percentage), were determined. The estimate of p was
calculated by the mean of p obtained in the pathway towards
the rows sense and the columns sense, according to the
methodology proposed by Paranaiba et al. (2009a). In the
row sense, the following sequence was covered: beginning
the pathway from the BEU located at row 1, column 1 to
row 1, column 6, returning from row 2, column 6 to row 2,
column 1, and so on until completing the pathway at
BEU located in row 6, column 1. In the column sense, the
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following sequence was covered: beginning the pathway
from the BEU located in row 1, column 1 to row 6, column 1,
returning from row 6, column 2 until row 1, column 2,
and so on until completing the pathway at BEU located
in row 1, column 6.

Subsequently, Xo was determined by the method of
maximum curvature of the coefficient of variation model
(Paranaiba et al. 2009a) in each of the 32 trials, through
the formula

Xo = (103,/2 (1-p?) szm)/m 1)

where Xo is the plot size; p is the first-order spatial auto-

correlation coeflicient; s? is the variance; m is the mean.
The coeflicient of variation in the optimum plot size

(CV, ), in percentage, was determined by the formula

CVy, = (w/ (1-p*) s*/m> )/Jfo x100 (2)

Thus, 8 estimates of p, s?, m, CV, Xo, and CV,, were
obtained for each cultivar. The mean comparison of these
statistics among cultivars (n = 8 uniformity trials per cultivar)
was performed by the Scott-Knott test by bootstrap analysis
with 10,000 resampling at 5% probability. The bootstrap
analysis was carried out from the already performed estimates
of p, s%, m, CV, Xo, and CV,,in which, for each estimate,
the cultivars were compared in each sampling, which was
accomplished 10,000 times, obtaining as a result the average
of these resampling.

The least significant difference (d) of the Tukey test,
expressed in percentage of the overall experimental mean,
is estimated by the formula

d = Qs VMSE/ )/m x 100 3)

where: q .. is the critical value of Tukey test at o level
of probability (a = 0.05, in this study); i is the number of
treatments; DFE is the number of error degrees of freedom,
i.e., i(r — 1) for a completely randomized design (CRD) and
(i—1)(r — 1) for a randomized block design (RBD); MSE is
the mean square error; r is the number of replications; m is
the overall experimental mean.

Substituting the formula of the coefficient of experimental

variation

CV = VMSE /mx100 (4)

in percentage, in the expression for the calculation of d, and
isolating r, we have

i (qu(i;DFE)CV/d)Z ®)

The coefficient of experimental variation of this expression
corresponds to CV, and is expressed in percentage because
itis the expected CV for the experiment with the determined
Xo (Cargnelutti Filho et al. 2014b). From the greatest
mean of CV, from cultivars, r was determined by an
iterative process through Equation 5 until convergence
for experiments in CRD and RBD in scenarios formed by
i combinations (i=3,4, ...,50) and d (d = 10%, 15%, 20%,
25%, 30%, 35%, 40%, and 45%). Statistical analyzes were
performed using Microsoft® Office Excel application and
Sisvar® software (Ferreira 2014).

RESULTS AND DISCUSSION

For oat (Avena sativa L.) grain yield data, there was
variability in estimates of p, s>, m, CV, Xo,and CV,_(Table 1).
The variability obtained among the trials in the estimation
of each statistic fluctuated between 5.85 and 63.45% for
the cultivar URS Charrua, between 12.70 and 90.01%
for the cultivar URS Taura, between 10.44 and 54.79% for the
cultivar URS Estampa, and between 9.59 and 99.04% for
the cultivar URS Corona (Table 1).

A wide variability of the statistics p, s% m, CV, Xo, and
CV,  among uniformity trials was also observed in black
oat (Cargnelutti Filho et al. 2014a) and millet (Burin et al.
2015; Burin et al. 2016). Based on this variability, it can be
inferred that the database of 32 uniformity trials (8 uniformity
trials of each cultivar) is adequate for the estimation of Xo
and number of replications because it contemplates distant
variability scenarios.

The values of p did not differ among cultivars by the Scott-
Knott test (Table 1). However, differences were observed
among cultivars for s?, m, and CV. Consequently, Xo and
CV,, also differed (Table 1) because these statistics are
calculated as a function of p, s? and m in the method of
maximum curvature of the coeflicient of variation model
(Paranaiba et al. 2009a).

The grain yield mean was greater for the cultivar URS
Charrua (80.38 g-0.25 m™? or 3,215.2 kg-ha™') and for
cultivar URS Estampa (80.06 g-0.25 m™ or 3,202.4 kg-ha™),
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Table 1. First-order autocorrelation coefficient, variance, mean, coefficient of variation of the trial, optimum plot size (in number of BEU of
0.25 m?), and coefficient of variation in the optimum plot size for grain yield (g-0.25 m=2) of 8 trials of the 4 oat cultivars (Avena sativa L.)

Trial® p s? m CV (%) Xo CV, (%)
Cultivar URS Charrua
1 0.31 622.11 76.28 32.70 5.78 12.92
2 —-0.06 435.94 83.56 24.99 499 11.16
3 0.20 470.41 81.82 26.51 513 11.47
4 0.31 679.10 88.52 29.44 5.39 12.05
5 0.16 460.08 81.68 26.26 512 11.46
6 0.18 461.67 74.08 29.00 5.46 12.20
7 0.23 290.35 80.93 21.06 4.38 9.79
8 0.39 594.84 76.14 32.03 5,69 12.49
Mean®@ 0.22a 501.81b 80.38a 2775b 523b 11.69b
Standard deviation 0.14 12418 470 3.84 0.43 0.97
CV (%) 63.45 24.75 5.85 13.85 8.26 8.26
1 0.34 580.90 70.57 3415 5.91 13.21
2 -0.08 500.50 63.85 35.04 6.25 13.97
3 0.24 771.44 82.78 33.65 5.97 13.34
4 0.36 494.52 64.77 3433 5.89 13.17
5 012 193.15 80.92 1718 3.88 8.67
6 -0.03 226.27 61.84 24.33 491 10.98
7 0.27 414.32 7413 2746 519 11.61
8 0.39 731.63 59.14 45.74 708 15.84
Mean@ 0.20a 489.09b 69.75 b 3147a 5.63b 12.60b
Standard deviation 0.18 210.23 8.86 8.51 0.97 2.16
CV (%) 90.01 4298 12.70 2705 1716 1716
1 0.25 623.37 86.98 28.70 5.37 12.01
2 0.33 582.54 7752 3113 5.57 12.45
3 0.06 37778 89.62 21.69 454 10.16
4 0.23 472.50 74.07 29.34 5.47 12.22
5 0.46 345.18 91.80 20.24 4,02 8.99
6 0.31 280.50 75.44 22.20 4.47 10.00
7 0.06 375.40 76.65 25.28 5.03 11.25
8 0.28 308.70 68.39 25.69 4.96 11.08
Mean@ 0.25a 420.75b 80.06a 2563 b 493 b 11.02b
Standard deviation 0.13 126.35 8.35 3.96 0.55 1.22
CV (%) 54.79 30.03 10.44 15.52 11.09 11.09
1 -0.07 493.15 76.84 28.90 5.50 12.29
2 0.06 897.61 70.74 42.35 710 15.87
3 0.18 720.41 65.80 40.79 6.86 15.33
4 0.07 579.40 6797 35.41 6.30 14.08
5 0.26 714.74 69.61 38.40 6.50 14.53
6 0.14 630.44 86.90 28.89 5.47 12.23
7 0.15 60799 75.15 32.81 5.95 13.29
8 0.04 959.52 81.29 38.10 6.62 14.80
Mean®@ 0.10a 700.41a 74.29b 3571a 6.29 a 14.04a
Standard deviation 0.10 159.32 719 513 0.60 1.35
CV (%) 99.04 22.75 9.68 14.37 9.59 9.59

®Each uniformity trial of 3 x 3 m (9 m?) size was divided in 36 basic experimental units of 0.5 x 0.5 m (0.25 m?), forming a matrix with 6 rows and 6
columns; @For each statistic (p, s%, m, CV, Xo, and CV, ), means not followed by the same letter in the column (mean comparison among cultivars)
differ at 5% probability by the Scott-Knott test via bootstrap analysis with 10,000 resampling. p = First-order autocorrelation coefficient;
s? = Variance; m = Mean; CV = Coefficient of variation of the trial; Xo = Optimum plot size; CV, = Coefficient of variation in the optimum plot size.
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differing from the cultivars URS Taura (69.75 g-0.25 m™
or 2,790.0 kg-ha™') and URS Corona (74.29 g-0.25 m™* or
2,971.6 kg-ha™). An oat grain yield similar to that found
in this study was obtained in Bortolini et al. (2005) with
a maximum of 3,649 kg-ha™, in Floss et al. (2007) with a
maximum of 3,318 kg-ha™!, in Arlauskiené et al. (2011) with
amaximum of 2,897 kg-ha™, in Meinerz et al. (2012) with a
maximum of 2,385 kg-ha™, in Siloriya et al. (2014) with
a maximum of 3,640 kg-ha™!, and in Zorovski et al. (2014)
with a maximum of 4,218.9 kg-ha™.

Nornberg et al. (2014) evaluated the oat cultivars yield
performance and obtained wide variability of grain yield
response, i.e., between 173 and 4,978 kg-ha™!, enabling
to highlight the different responses obtained among the
cultivars of this study. Thus, it is highlighted that, in general,
the crop exhibited adequate development and great yield
potential, reproducing real field conditions. This scenario
of proper crop development and wide variability provides
credibility to the database for dimensioning Xo and the
number of replications.

The cultivars URS Taura and URS Corona obtained
greater means of CV, with 31.47 and 35.71%, respectively,
differing from the cultivars URS Charrua (27.75%) and
URS Estampa (25.53%). Coeflicients of variation of this
magnitude are above the observed value of 11.97% in a
study performed by Nérnberg et al. (2014) evaluating the oat
cultivars yield performance. Further, they are above those
obtained by Meinerz et al. (2012), with CV of 4.63%, when
evaluating the yield performance of winter cereals. Also,
they are above the values of 9 to 18% obtained in a study
conducted by Fontaneli et al. (2012) on the crop-livestock
integration system.

It should be emphasized that these high (27.75 and
25.53%) and very high (31.47 and 35.71) values of CV
obtained in this study, as reported by Pimentel-Gomes
(2009) in principle, may indicate low experimental precision
in the conduction of uniformity trials. However, high
CV in this study were obtained with BEU of 0.5 x 0.5 m
(0.25 m?), which suggests that greater plot sizes should be
planned to improve experimental accuracy. As mentioned
by Smiderle et al. (2014) in the study of experimental plots
size for the selection of common bean genotypes, the high
estimates of CV's are acceptable due to the fact that usually
the experiments carried out in the field present greater
estimates for this statistic due to less experimental error
control.

The mean of Xo (6.29 BEU or 1.57 m*) and CV (14.04%)
of the 8 uniformity trials with the cultivar URS Corona
were greater than the means of the trials with the cultivars
URS Charrua (Xo = 5.23 BEU, CV,_ = 11.69%), URS
Taura (Xo = 5.63 BEU, CV_ = 12.60%), and URS Estampa
(Xo = 4.93 BEU, CV, = 11.02%) (Table 1). Therefore, in
practice, facing this scenario of Xo variability between
cultivars, an experimental design should be carried out from
the larger plot size in order to ensure satisfactory precision.
In Frazer et al. (2011), the authors mention that the plot
size should be sufficient to minimize the experimental error
and to account for all existing variability; in addition, the
magnitude of the experimental error tends to decrease
considerably with the plot size increase. Thus, it can be
inferred that Xo to evaluate the oat grain yield is 6.29 BEU
0f 0.25 m? (1.57 m?) and the CV value in this Xo is 14.04%.

In the searched literature, Xo studies to evaluate the
oat grain yield were not found to be compared with this
research. Meanwhile, in crops belonging to the same
family (Poaceae), such as the evaluation of wheat grain
yield, Henriques Neto et al. (2004) defined, by the methods
of maximum curvature, maximum modified curvature,
comparison of variances, and the Hatheway method, Xo
ranging between 1.6 and 2.4 m? of useful area. For the
measurement of sorghum grain yield, Lopes et al. (2005)
established Xo = 3.2 m? based on methods of maximum
modified curvature, maximum curvature as a function of
the variance, and the maximum curvature as a function
of the coefficient of variation. In this context, it was
found that estimates of Xo were different for the grain
yield evaluation of those crops, being close to the values
obtained in this study.

The plot sizes used by Bortolini et al. (2005), Floss et al.
(2007), Arlauskiené et al. (2011), Fontaneli et al. (2012),
Guerreiro and Oliveira (2012), Nornberg et al. (2014),
Siloriya et al. (2014), Zorovski et al. (2014), Hawerroth
et al. (2015), and Mantai et al. (2015) were greater than
those found in this study, suggesting reliability of the
obtained information. Nonetheless, Meinerz et al. (2012)
utilized smaller plots (0.15 m?) and obtained CV = 4.63%.
Thus, it can be inferred that, even with the use of plot
size smaller than that estimated in the present study, the
authors obtained high experimental precision according
to the Pimentel-Gomes (2009) classification — CV < 10%.
Nevertheless, adequate experimental precision is not always
obtained with the use of plot sizes below Xo. Therefore,

516 Bragantia, Campinas, v. 76, n. 4, p.512-520, 2017



Plot size and number of replications in oat

attention should be paid when using Xo in order to obtain In CRD, concerning scenarios formed by combinations
accurate information of the treatments under evaluation. of i treatments (i = 3, 4, ..., 50) and least differences
The comparison between the optimum size obtained in ~ among treatment means to be detected as significant at
this study with plot sizes used in the aforementioned ones 5% probability of type I error by Tukey test, expressed in
should be viewed with caution because there are differences ~ percentage of the overall experimental mean (d = 10%,
in cultivars, plant densities, and crop management. 15%, 20%, 25%, 30%, 35%, 40%, and 45%), in order to

Table 2. Number of replications to evaluate oat (Avena sativa L.) grain yield in experiments in completely randomized design and randomized
block design in scenarios formed by combinations of i treatments (i = 3, 4, ..., 50) and d least differences between treatment means to be
detected as significant at 5% probability of type | error by Tukey test, expressed in percentage of the overall experimental mean (d =10%,
15%, 20%, 25%, 30%, 35%, 40%, and 45%) from the optimum plot size (Xo = 6.29 BEU or 1.57 m?) and coefficient of variation in the optimum
plot size (CV, =14.04%).

10% 15% 20% 25% 30% 35% 40% 45% 10% 20% 25% 30% 35% 40% 45%

Completely randomized design Randomized block design
2268 1068 652 461 360 300 193 160 2318 1118 700 510 398 303 196 183

3

4 2688 1245 743 b12 389 317 267 167 2716 1273 771 540 416 345 268 191
5 3008 1381 813 552 413 331 279 201 3027 1399 832 571 431 351 29 201
6 3268 1491 871 586 433 342 286 251 3281 1504 884 599 446 356 300 265
7
8
9

3487 1584 920 614 450 353 291 251 3496 1594 930 624 460 363 301 261

3676 16656 963 639 465 362 29 253 3684 1673 971 647 473 370 305 261

3843 1737 1001 662 479 371 302 256 3849 1743 1007 668 486 377 308 262
10 3992 1801 1035 682 492 379 307 259 3997 1806 1041 688 497 384 312 264
11 4127 1859 1067 701 504 38 311 261 4132 1864 1071 706 508 391 316 266
12 4251 1913 1095 718 515 393 316 264 4255 1917 1099 722 519 397 320 268
13 43656 1962 1122 734 525 400 320 267 4368 1965 1126 738 528 403 324 270
14 4470 2008 1147 749 534 406 324 269 4473 2010 1150 752 37 409 327 272
15 4568 2050 1170 763 543 412 328 271 4571 2053 1172 766 546 415 331 274
16 4660 2090 1191 776 552 418 332 274 4662 2092 1194 779 554 420 334 276
17 4747 2128 1212 789 560 423 336 276 4749 2130 1214 791 62 425 337 279
18 4828 2163 1231 801 568 428 339 278 4830 2165 1233 802 569 430 341 281
19 4906 2197 1249 812 b7 433 342 281 4007 2198 1251 813 577 4356 344 283
20 4979 2229 1267 822 58 438 345 283 4980 2230 1268 824 583 439 347 285
21 5049 2259 1284 833 589 442 348 285 5050 2261 1285 834 590 444 350 287
22 5115 2288 1299 842 595 447 351 287 5116 2289 1301 844 596 448 353 288
23 5179 2316 1315 8h2 601 451 354 289 5180 2317 1316 853 602 452 355 290
24 5240 2343 1329 861 607 455 357 291 52.41 2344 1330 862 608 456 358 292
25 5298 2368 1343 869 613 459 360 293 5299 2369 1344 870 614 460 361 294
26 B3h5 2393 1357 878 618 462 362 295 5355 2394 1358 879 619 464 363 296
27 5409 2417 1370 886 624 466 365 296 5410 2417 1371 887 624 467 366 297
28 5461 2439 1382 894 629 470 367 298 5462 2440 1383 894 630 471 368 299
29 5Bhl11 2461 1394 901 634 473 370 300 bb12 2462 1395 902 636 474 371 301
30 5560 2483 1406 908 639 47/ 372 301 561 2484 1407 909 639 477 373 302
31 5607 2503 1418 915 643 480 374 303 5608 2504 1418 916 644 481 375 304
32 5653 2623 1429 922 648 483 377 305 56.564 2524 1429 923 649 484 377 305

..continue
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Table 2. Continuation...

15% 20% 25% 30% 35% 40% 20% 25% 30% 35%

Completely randomized design

Randomized block design

33 5697 2543 1439 929 652 48 379 306 5698 2543 1440 930 653 487 380 307
34 5740 2562 1450 935 657 489 381 308 5741 2562 1450 936 657 490 382 308
35 5782 2580 1460 942 661 492 383 309 5783 2581 1460 942 661 493 384 310
36 5823 2598 1470 948 665 49 38 311 58.23 2598 1470 948 665 495 386 311
37 5862 2615 1479 9b4 669 498 387 312 58.63 2616 1480 954 669 498 383 313
38 5901 2632 1489 960 673 500 389 313 5901 2633 1489 960 673 501 390 314
39 5938 2649 1498 965 677 503 391 315 5938 2649 1498 966 67/ 504 392 315
40 5975 2665 1506 971 680 506 393 316 5975 2665 1507 971 681 506 393 317
41 6010 2680 1515 976 684 508 395 318 6011 2681 15616 977 684 509 39 318
42 6045 2696 1524 982 687 511 397 319 6045 2696 1524 982 688 511 397 319
43 6079 2711 1532 987 691 513 398 320 6079 2711 1532 987 691 514 399 321
44 6112 2725 1540 992 694 516 400 321 6113 2726 1540 992 695 516 400 322
45 6145 2739 1548 997 698 518 402 323 6145 2740 1548 997 698 518 402 323
46 6177 2753 1556 1002 701 520 403 324 6177 2754 1556 1002 701 521 404 324
47 6208 2767 1663 1006 704 522 405 325 6208 2767 1564 1007 705 523 405 3.26
48 6238 2781 1571 1011 707 525 407 326 6238 2781 1571 1011 708 525 407 327
49 6268 2794 1578 1016 710 527 408 327 6268 2794 1578 1016 711 527 409 328
50 6297 2807 1585 1020 713 529 410 329 6298 2807 1585 1020 714 529 410 329

evaluate the oat grain yield, the number of replications
for experiments ranged from 3.60 (i = 3 and d = 30%) to
62.97 (i =50 and d = 10%) (Table 2); in RBD, it was 3.98
(i=3andd=30%) to 62.98 (i=50and d = 10%) (Table 2).

Therefore, in experiments with 50 treatments and greater
experimental precision (d = 10%), the required number of
replications is 62.98 (63 replications) for the measurement
of oat grain yield in CRD and RBD. Hence, obtaining a
precision of 10% (greater precision) is impractical due to the
infeasibility of conducting experiments with this elevated
number of replications. Based on the obtained plot size
(Xo = 1.57 m?), the user of the information from this study
can evaluate treatments combination, least differences
between treatment means, and number of replications
possible to be used (Table 2).

Fixing Xo, CV, , and d with the increase in the number of
treatments, the number of replications increases regardless
of the experimental design (CRD or RBD) (Cargnelutti Filho
etal. 2014a) (Table 2). Furthermore, the number of replications
for RBD and CRD approximates with an increasing number
of treatments. For fixed values of Xo, CV,, i, and d, the
number of replications in the RBD is greater in relation to

the CRD, which confirms the highest efficiency of CRD in
relation to RBD, when there is absence of variability in the
experimental units (plots) (Storck et al. 2016).

In order to evaluate 50 treatments, with d = 45%; 3.286
and 3.289 replications are required for CRD and RBD.
In practice, these replication values cannot be used in
field experiments. Therefore, the correct is rounded up,
obtaining 4 replications. Studies have been performed with
this number (Fontaneli et al. 2012; Nérnberg et al. 2014;
Siloriya et al. 2014; Hawerroth et al. 2015; Mantai et al.
2015), showing the feasibility of performing experiments
with 4 replications, having been considered the number
of repetitions commonly used. However, this should be
discussed with caution, since it depends on the utilized
plot size.

Using the d formula of Tukey test, expressed in percentage
of the overall experiment mean,

d = q e MSE/ )/mx 100 5)

with i = 50 treatments, a = 0.05 (level of significance by
Tukey test), CV, = 14.04%, and r = 4 replications, the results
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of d = 40.51 and 40.53% were obtained for CRD and RBD,
respectively. Thus, it can be inferred that, regardless of the
experimental design, 4 replications to evaluate grain yield
with up to 50 treatments are enough to identify significant
differences among treatment means of 40.53% of the overall
experimental mean, by Tukey test at 5% probability of type
I error.

Therefore, the correct use of plot size (Xo = 1.57 m?)
and number of replications (r = 4) to evaluate the oat grain
yield enables differences between treatment means of
40.53% of the overall experimental mean, being significant
for the treatments under evaluation. As mentioned by
Cargnelutti Filho et al. (2014b), the dimensioning of Xo
and r enables the reduction in the experimental error,
wherein experiments are aimed to detect significant
differences between the tested treatments, which depends
on the experimental error (Banzatto and Kronka 2013).
Thus, the experimental error is amortized with the
proper dimensioning of the plot size as well as number
of replications, and accurate results are obtained (Zald
et al. 2014).
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