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‘Gigante’ cactus pear (Opuntia ficus indica Mill. cv. Gigante) is a forage crop grown under semi-arid climates and
because of its’ resilience to water-limiting conditions it can produce a high biomass yield. The objective of this
study was to estimate the optimum experimental plot size for ‘Gigante’ using the linear Response Plateau Model.
The study was carried out at Baiano Federal Institute, Guanambi Campus, state of Bahia, Brazil. A uniformity trial
in which plants were subjected to the same cultural practices and spaced 2.0 m x 0.2 m apart was conducted. Each
plant was considered as a basic unit. The Linear Response Plateau Method allowed fitting models with coefficients
of determination ranging from 0.0772 to 0.881. Plot sizes ranged from 7.30 to 9.46 basic units for the evaluated
characteristics. Using the Linear Response Plateau Regression model, a plot size of 10 basic units (4.0 m?) was
estimated to be sufficient for field experiments with ‘Gigante’ forage cactus pear.
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Introduction

The cactus pear (Opuntia ficus indica Mill. cv. Gigante)
is one of the best-performing forage crops grown under
semi-arid climates. An important aspect in determining the
success of field experiments is defining the experimental
unit (Guimaréaes et al. 2019). Generally, field experiments
with forage cactus pear are conducted using plots of
different sizes based on the reseacher’s experience,
available resources, and genetic material, among others
(Queiroz et al. 2015; Padilha Junior et al. 2016; Silva et al.
2016). Therefore, the aim of this study was to estimate the
optimum plot size for ‘Gigante’ forage cactus pear using the
Linear Response Plateau (LRP) model.

The study was conducted between 2009 and 2011 at
the Baiano Federal Institute, Guanambi Campus, state
of Bahia, Brazil, on a predominately flat soil classified as
Litholic Neossol. The region has a tropical, hot semi-arid
climate according to the Kdppen classification. The mean
annual rainfall and temperature during this period were
670.2 mm and 25.9 °C, respectively.

For each characteristic evaluated on an area consisting
of 384 basic units, several plot sizes were combined so that
plants could cover the whole experimental area; hence, 15
different pre-established rectangular-shaped plot sizes were
evaluated, ranging in number from 1, 2, 3 up to 192 BU.

The LRP model, defined by a linear plateau function, is
characterized by two segments: increasing or decreasing
curve and a plateau response (the curve levels out), that

assumes a constant value (P) (Schabenberger and Pierce
2002). The model is explained as follows:

oy o BtaXi+s X <X, j=1,.,15
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where CV; is the coefficient of variation between plot sizes
X: is the plot size in basic units

X_ is the optimum plot size in basic units

P is the coefficient of variation at the point where the curve
turns into a plateau

B, is the intercept

B, is the angular coefficient

¢, is the random error associated with the CV, (Castro et al. 2016).
The optimum plot size was estimated using the equation

B,

c

where f}, B, and P are parameters of Eq. 1.
Statistical analyzes were performed using the software R (R
Development Core Team 2012).

The coefficients of variation (CV) were estimated for the
following eight characteristics: Y = yield; PH = plant height;
CTA = cladode total area; NC = number of cladodes; CT
= cladode thickness; CA = cladode area; CL = cladode
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Table 1: Estimates of coefficients of variation (%) as a function of plot size in basic units (X) for phenotypic
descriptors of ‘Gigante’ forage cactus pear

X Y PH TCA NC CT CA CL CW
1 49.92 18.82 40.13 36.58 37.01 13.63 6.91 8.05
2 33.79 13.72 27.38 26.64 29.83 9.73 5.15 5.69
3 27.95 11.47 21.66 22.44 26.37 8.17 4.33 4.83
4 24.72 10.47 19.56 20.77 25.93 7.42 3.96 4.40
6 22.12 9.49 17.00 18.43 23.97 6.72 3.46 4.04
8 15.29 5.85 12.98 11.29 14.77 4.00 2.35 2.18
12 19.00 7.93 14.33 15.96 21.43 5.35 2.68 3.36
16 11.18 5.58 9.84 10.61 16.08 3.29 1.92 1.98
24 17.43 6.66 12.25 14.50 19.60 4.02 1.98 2.55
32 6.49 3.81 5.32 5.38 12.15 1.63 1.1 0.96
48 6.36 3.54 4.75 4.94 11.74 1.39 0.77 0.90
64 6.09 3.70 4.73 4.70 11.58 1.34 0.82 0.91
96 6.06 3.62 4.65 5.04 11.13 0.50 0.30 0.46
128 5.49 3.95 5.17 5.13 12.82 0.83 0.86 0.37
192 3.93 2.18 5.12 6.21 13.16 1.84 1.28 0.68

Y =yield; PH = plant height; CTA = cladode total area; NC = number of cladodes; CT = cladode thickness;
CA = cladode area; CL = cladode length; and CW = cladode width.

60 20
(a) Y ®» (b) PH
50
y = -4.1144**x + 45.4226** for 0 < x < 7.58 15 y = -1.7036**x + 18.2457*** for 0 < x < 7.96
40 CV =9.11% for 7.58 < x < 192 — CV =4.68% for 7.96 <x <192
S S
< a 10
> 30 R?=0.8386 3 R?=0.8681
O [ ]
20 e o sLte L4
10 | Le o o o ° L4
e o o ° ° ° L
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
BU BU
45 40 " N
40 p © TCA o © c
35 y = -4.204**x + 38.600***, for 0 < x<7.30 30 y = -3.0424**x + 34,.611*** for 0 < x < 8.81
30 CV =7.91% for 7.30 < x < 192 . CV =8.05% for 8.81 < x < 192
= X 25
R 25 =
S 2 R? = 0.8506 5 2 R?=0.841
L B 1B e
[ ] L [
10 | @ 10
5 F ® o o ° . ° 5 ® o o ° ° °
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
BU BU
16 F
> (e) CT ® CA
14 §
y=-1.3902**x + 32.7651***, for 0 < x < 8.50 12 § = -1.1494**x + 12.8760***, for 0 < x<9.25
= CV = 13.53% for 8.50 < x < 192 — CV =2.24% for 9.25 < x < 192
X 3 10
° Z 8
3 o R? =0.8055 5 6 b R*=0.8614
° o o ° d °® °®
4 °®
5r 2r e o °
1 1 1 1 1 1 1 1 1 ! ! |. ! o, L hd 1 1 1
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
BU BU

Figure 1: Linear representation of the relationship between the coefficient of variation (CV) and optimum plot size (X,), in basic units (BU),
for the characteristics: (a) yield - Y; (b) plant height - PH; (c) total cladode area - TCA; (d) number of cladodes - NC; (e) cladode thickness -
CT,; (f) cladode area - CA; (g) cladode length - CC; and (h) cladode width - CW in forage cactus pear. ***p = 0.0001; **p = 0.001; *p = 0.01



South African Journal of Plant and Soil 2020: 01-03

length; and CW = cladode width. These were evaluated in
respect to the 15 plot sizes arranged in the experimental
area (Table 1). The CV values fluctuated across measured
characteristics and plot sizes. Cladode length had the
lowest CV (0.30%) while yield the highest (49.92%).

Using the LRP method for estimating the optimum plot
size allowed fitting models with coefficients of determination
ranging from 0.772 (Figure 1H) to 0.881 (Figure 1G). Plot
sizes (X,) estimated by this method were similar across
evaluated characteristics. The smallest plot (7.30 BU)
was for total cladode area (Figure 1C) and the largest plot
(9.46 BU) for cladode length (Figure 1G). For these two
characteristics, the CV estimates leveled off on the plateau
(P) with CVs of 7.91 and 1.30%, respectively.

Leonardo et al. (2014) reported 10 to 20 basic unit plots
for pineapple, Peixoto et al. (2011) reported three to eight
basic unit plots for passion fruit, and Silva et al. (2012) 1
to 21 basic unit plot sizes for radish. Sousa et al. (2015)
estimated plot sizes using the LRP method, and the authors
reported plot sizes ranging from 4 to 5 basic units for
experimental evaluation with sunflower cultivation, which is
more consistent with this study where the basic units range
from 8 to 10 (Figure 1).

The maximum number of basic units tested in this study
was 192, occupying an area of 76,8 m2. As indicated in
Figure 1A, when the CV for yield becomes constant at
9.11%, the optimum plot size has 7.58 basic units. Increasing
the number of basic units does not decrease the CV, thus,
there is no further increase in experimental precision.

Optimum plot sizes were 7.96, 7.30, 8.82, 8.50, 9.25,
9.46 and 9.07 basic units for plant height, total cladode
area, number of cladodes, cladode thickness, area, length
and width, respectively. These plot sizes are associated
with the CV at the following points corresponding to the
plateau formation: 4.68, 7.91, 8.05, 13.53, 2.24, 1.30 and
1.67%, respectively (Figure 1).

Results from this study using the Linear Response
Plateau Regression model allow us to estimate that a 10
basic unit experimental plot size (40 m?) is sufficient for field
experiments with ‘Gigante’ forage cactus pear to measure
all the evaluated characteristics adequately.

Geolocation information

Brazil: 14°13'30" S; 42°46'5" W.

Acknowledgments — We would like to thank the Instituto
Federal do Amazonas, to the Instituto Federal Baiano, to the
Universidade Estadual de Montes Claros — UNIMONTES, and to
the Universidade Federal de Minas Gerais — UFMG. This study
was financed in part by the Coordenagéo de Aperfeicoamento de
Pessoal deNivel Superior - Brasil (CAPES) — Finance Code 001

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCIDs

Bruno Vinicius Guimaraes — https://orcid.org/0000-0003-2585-8794
Sérgio Luiz Rodrigues Donato — https://orcid.org/0000-0002-7719-4662
Ignacio Aspiazu — https://orcid.org/0000-0002-0042-3324

Alcinei Mistico Azevedo — https://orcid.org/0000-0001-5196-0851
Abner José de Carvalho — https://orcid.org/0000-0002-6644-5307

References

Castro MR, Pinheiro SRF, Lima HJD, Pires AV, Vieira DJ, Abreu
LRA, Mota LFM, Oliveira RG. 2016. Relagbes metionina +
cistina: lisina digestiveis para codornas de corte machos em fase
de terminagdo. Revista Brasileira de Saude e Produgdo Animal
17: 162-173.

Guimaraes BVC, Donato SLR, Aspiazu |, Azevedo AM, Carvalho
AJ de. 2019. Size of plots for experiments with cactus pear cv.
Gigante. Revista Brasileira de Engenharia Agricola e Ambiental
23: 347-351.

Leonardo FAP, Pereira WE, Silva S de M, Araujo R da C,
Mendonga RMN. 2014. Tamanho 6timo da parcela experimental
de abacaxizeiro ‘Vitéria’. Revista Brasileira de Fruticultura 36:
909-916.

Padilha Janior MC, Donato SLR, Silva JA, Donato PER, Souza
ES. 2016. Caracteristicas morfométricas e rendimento da palma
forrageira ‘Gigante’ sob diferentes adubagdes e configuragdes
de plantio. Revista Verde de Agroecologia e Desenvolvimento
Sustentavel 11: 67-72.

Peixoto APB, Faria GA, Morais AR. 2011. Modelos de regressao
com platd na estimativa do tamanho de parcelas em
experimento de conservagéo in vitro de maracujazeiro. Ciéncia
Rural 41: 1907-1913.

Queiroz MG de, Silva TGF da, Zolnier S, Silva SMS, Lima LR,
Alves JO. 2015. Caracteristicas morfofisioldgicas e produtividade
da palma forrageira em diferentes laminas de irrigagdo. Revista
Brasileira de Engenharia Agricola e Ambiental 19: 931-938.

R Development Core Team. 2012. The R Project for Statistical
Computing. Available at http://www.R-project.org [accessed 17
January 2019].

Silva LF de O, Campos KA, Morais AR de, Cogo FD, Zambon
CR. 2012. Tamanho 6timo de parcela para experimentos com
rabanetes. Revista Ceres 59: 624—629.

Silva JA, Donato SLR, Donato PER, Souza E dos S, Padilha Junior
MC, Silva Junior AA. 2016. Extraction/export of nutrients in
Opuntia ficus-indica under different spacings and chemical
fertilizers. Revista Brasileira de Engenharia Agricola e Ambiental
20: 236-242. [translated from the Portugese]

Schabenberger O, Pierce FJ. 2002. Contemporary statistical
models for the plant and soil sciences. Boca Raton: CRC Press.
Sousa RP de, Sousa RP de, Silva PSL, Assis JP de, Silva J da,

Oliveira VR de, Oliveira AM. de P. 2015. Tamanho 6timo de
parcela para avaliagdo do rendimento de grdos do girassol.
Revista Brasileira de Engenharia Agricola e Ambiental 19:

21-26.


http://www.R-project.org

