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Abstract 
In the execution of experiments involving agricultural crops, it is essential that the researcher is able to initially 
establish the outline, the amount of treatments, replication and the plot sizes, to predict the physical space and 
waste of material. The planning is not always easy due to the lack of research pointing out the adequate plot size, 
especially in experiments throughout seedlings stage. The objective of this work was to determine the adequate 
plot size for experiments with conilon coffee clone LB1 seedlings. Fort this Hatheway’s suggested methodology 
was used, in which the coefficient values of variation and the heterogeneity index were obtained through 
bootstrap simulation with replications. The findings emphasized that in the experiments involving the conilon 
coffee tree LB1 manufactured in bags, with the delineation in randomized blocks, when the evaluation of 
destructive characteristics require a larger experimental plot size than when characteristics are non-destructive, 
considering the same margin error. In the installation of experiments with conilon coffee tree LB1 clone, in 
randomized blocks with 7 to 40 treatments and three replications, plots holding nine seedlings are enough to 
identify significant differences between average of treatments of non-destructive kinds to 5% of prospects and 
variation between the average of treatments 30% of overall experimental average. However, for destructive 
characteristics in randomized blocks with 7 to 40 treatments in three replications, plots holding 14 seedlings are 
enough to identify significant differences between treatment averages to 5% of prospects and variation between 
average treatments 30% of overall experimental average. 

Keywords: Coffea canephora Pierre ex Froehner, Hatheway’s method, experimental planning, outline in 
randomized blocks 

1. Introduction 
In field experiments involving conilon coffee trees’ enlightenment, varied crop sizes have been found, since only 
eight plants (Dardengo, Sousa, Reis, & Gravina, 2013) up until thirty plants per plot (Berilli et al., 2015), 
however in literature there are no works that report what the adequate plot size is to be used in function of the 
delineation, number of treatments and replication of experiments.  

Experiments involving the growth of the seedlings of conilon coffee trees, in nursery, follow the same 
arbitrariness present in field experiments, in other words, absence of works in literature that designate adequate 
plot sizes. Evaluating experiments are reported with plot sizes of two (Dardengo et al., 2013), six (Dias et al., 
2009), ten (C. M. Meneghelli, Monaco, Haddade, L. A. M. Meneghelli, & Krause, 2016), twelve (Silva, Vieira, 
Viana, & Barroso, 2010) useful seedlings per plot. It should be noted that the demand for research with seedlings 
of the conilon coffee tree is substantial on the basis of constant evolution of the productive process, due to the 
need of evaluation of new substrate, new active principles of pesticides, formulation of slow release manure, 
among others. Therefore, the ascertainment of plot sizes based on scientific criteria is of extreme significance to 
allow for more credibility towards experimental results (Storck, Garcia, Lopes, & Estefanel, 2011).  
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As to the characteristics under evaluation, the researcher could be interested in evaluating easy-to-measure 
characteristics, that normally do not involve destruction of seedlings (Silva et al., 2010; Buffon et al., 2016), to 
which is also utilized by manufacturers for clone selection, or in characteristics that include the destruction of 
seedlings as dry matter of the aerial and of the root system (Dias et al., 2009; Firmino, Cogo, Almeida, Campos, 
& Morais, 2012; Dardengo et al., 2013).  

To obtain the adequate plot size, are described in literature dozens of methodologies, and among these are 
distinguished by their frequent use, currently, the maximum modified curvature, according to Meier and 
Lessman (1970), that of the maximum curvature of the varient’s coefficient (Paranaíba, Ferreira, & Morais, 
2009), and, that of Hatheway (1961). According to Celanti, Schmildt, Alexandre, Cattaneo, and Schmildt 
(2016b), the use of Hatheway’s methodology is interesting because it can satisfy the yearnings of the researcher 
who wishes to know the adequate plot size for their research accuracy, that includes the number of treatments 
and replications, the experimental outline used and the experiments precision. Among recent uses of Hatheway’s 
methodology are mentioned those of Cargnelutti Filho et al. (2018) in determining the plot size in experiments 
with Pigeon pea and that of Schmildt et al. (2018) with papaya tree genotypes.  

The colinon coffee tree is a diploid plant that contains a gametophytic auto incompatibility, yet, the plants 
obtained through seminiferous methods are very distinctive among one another, although the propagated plants 
in vegetative form are genetically alike, thus making it homogenous production (Bragança, Carvalho, Fonseca, 
& Ferrão, 2001). The seminiferous propagation is done with the intent to obtain new varieties, these plants being 
selected by standing out among the others. After the assortment the propagation is done in the vegetative state, in 
order to maintain the traits of the parent plant, or carry out the genetic improvement of said variety, and thus are 
obtained the clones of the conilon coffee tree utilized in the composition of clonal varieties (Ferrão et al., 2012). 
Among many clones of the conilon coffee tree, LB1 has been widely utilized by many rural producers and 
farmers from upstate in the composition of their clonal varieties, this happens by the fact that the clone shows 
excellent results in production fields by being compatible with other clones utilized in the variety. Thus, the LB1 
clone being evaluated in the field, north of the state of Espírito Santo, closely with other clones for the formation 
of other clonal varieties (Oliosi, Dalazen, Covre, Silva, & Partelli, 2018). 
Against the subject, was objectified by this assignment the ascertainment of the adequate plot size for 
experiments involving the seedlings of the conilon coffee tree (Coffea canephora Pierre ex Froehner), LB1 clone, 
by the methods suggested by Hatheway (1961) using bootstrap simulation. 

2. Material and Methods 
For the fulfillment of this current study 160 seedlings of the conilon coffee tree LB1 clone (Coffea canephora 
Pierre ex Froehner) were used, acquired along with the Candeias nursery, located upstate in Espírito Santo, 
Brazil, with the South latitude of 18.9107124° and West longitude of 40.0532683°. The region’s climate is 
labeled as Aw, (Alvares, Stape, Sentelhas, Gonçalves, & Sparovek, 2014). The nursery features coverage with 
polyolefins screens (Sombrite®), enabling the entry of 50% of solar lighting. The irrigation was done 
intermittently by means of a localized system of micro sprinklers.  

The seedlings were derivative from stakes of orthotropic branches, these being standardized with nearly 10 cm of 
length, rendering only one pair of leaves each. The seedlings were produced in polypropylene bags with 11 cm 
of width × 20 cm of height, thickness of 0.006 cm and approximately 770 mL of substrate. The bags were filled 
with conventional substrate, composed of underground soil and cattle manure hardened in the ratio 4:1. 
Phosphate fertilizations were done 30 days after stacking and two foliar fertilizations with micronutrients, one at 
45 days and the other 75 days after stacking.  

90 days after stacking, the seedlings were moved to the plant breeding laboratory at the University Center in 
Upstate Espirito Santo/UFES, where the non-destructive characteristics were evaluated: height of the aerial part 
(HAP), measured with a ruler graduated in cm, measuring from base of the stalk until the insertion of the last 
leaf; number of leaves (NL), by counting all leaves in each of the plant seedlings; diameter of the collect (DC), 
measured with a digital calliper at three cm from the substrate surface in mm; foliar area per seedlings (FA), 
scanned with portable scanner Vupoint® Solutions Magic Wand PDS-ST415-VPS and measured with the aid of 
Software ImageJ® (Schindelin, Rueden, Hiner, & Eliceiri, 2015). After these procedures, the seedlings have the 
substrate removed in running water and were separated by aerial part and the root of each individual and 
properly identified seedling, then the seedlings were taken to the closed ventilation greenhouse at 60° C until the 
constant mass was reached for evaluation of the destructive characteristics: dry matter by aerial part (DMAP), in 
g; total dry matter (TDM), and dry matter by root (DMR) by the difference between TDM and DMAP; and, 
quality index of Dickson’s seedlings (DQI) given by Equation 1 (Dickson, Leaf, & Hosner, 1960).  
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DQI = TDM/{(HAP/DC) + (DMAP/DMR)}                         (1) 

In the sampling of 160 seedlings evaluated for each of the characteristics, the following descriptive statistics 
were determined: minimum, maximum, mean, standard deviation, coefficient of variation (CV, in %) and 
normalcy of data by the Shapiro-Wilk test. For the determination of the adequate plot size (X0) Hatheway’s 
method (1961) was used, under Equation 2. 

X0	= ට2ሺt1	+ t2ሻ2CV2/rd2b
                                 (2) 

where, the coefficient values of heterogeneity (b) and the coefficient of variation (CV) for each characteristic, 
were obtained for bootstrap simulation, with 2000 re-samplings, according to Celanti, Schmildt, Schmildt, 
Alexandre, and Cattaneo (2016a); d is the experimental precision, understand the difference between means of 
treatment detected as significant 5% of probability, expressed in percentage of the uniformity test’s overall 
average; t1 is the tabled value of t for tests of significance (bilateral test to 5%), with df degrees of freedom; t2 is 
the tabled value of t, bilateral, corresponding to one error of 2(1 – p), with df degrees of freedom, being p = 0.80 
the probability of obtaining significant results. The values of tabled distribution of t were obtained with df 
degrees of freedom of the residue, in order for the I treatments and r replications, being dl = (I – 1)·(r – 1) for 
experiments in randomized blocks.  

When the researcher evaluates the experiment, they will be able to analyze multiple characteristics, destructive 
and/or non-destructive. Each characteristic could demand a different plot size (X0), as displayed in multiple 
scientific projects (Boyhan, 2013; Celanti et al., 2016a, 2016b; E. R. Schmildt, O. Schmildt, Cruz, Cattaneo, & 
Ferreguetti, 2016), and, therefore, evaluating several characteristics there will be several plot sizes. However, 
when the researcher sets up the experiment, they will have to establish only one plot size. In this Project, the 
determination of the plot size, is in function of the CV value of the seedlings sample. The determination of X0 
was done for one non-destructive characteristic only, one of larger CV among the non-destructive characteristics, 
in case the researcher is interested only in the non-destructive characteristics, and, a destructive characteristic, 
the one with larger CV among the destructive characteristics, in case the researcher is interested in only the 
destructive characteristics. This is valid because, once the researcher used Hatheway’s method (1961), with 
bootstrap simulation, the only unknown will be the CV contained in Equation 2, that depends on which 
characteristic is under evaluation, seen as the precision d and the number of replications r are defined by the 
researcher, the values of t are tabled and fixed depending on the number of treatments and replications and, the 
index value of heterogeneity b is next to unit, as demonstrated by Celanti et al. (2016a). 

The data was analyzed using the computerized resources from the R Software (R Development Core Team, 
2019). Because it is a discrete random variable, the adequate plot size was displayed as a whole number, 
rounding up to the next integer (Celanti et al., 2016a). 

3. Results and Discussion 
Image 1 illustrates the conilon (Coffea canephora Pierre ex Froehner) coffee tree seedlings, LB1 clone, by 
occasion of evaluations in January 2018, at 90 days after the stacking. These seedlings were, on average, 11.82 
cm tall by aerial part (Table 1), similar to what was verified by other researchers (Dardengo et al., 2013) and 
considered of good standard, by seedling producers and farmers, to take to the field for planting. The diameter 
for the medium collects obtained was of 6.78 mm, this being nearly double of what was found by Silva et al. 
(2010), this can be explained due to the difference shown among conilon coffee clones, thus showing the 
developing potential of the LB1 clone plant. Each seedling had on average approximately 8 leaves per plant, that 
being very close to the results found by Berilli et al. (2018). The average foliar area of 203.56 cm² per plant is 
close to the average area 186.86 cm² described by Espindula, Jaraceski, Teixeira, Campanharo, and Dias (2015).  
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Table 2. Adequate plot size (X0), expressed in number of plants, for the evaluation of number of leaves, 
estimated by Hatheway’s method in experiments in block delineation at random in different scenarios formed by 
combinations between the number of treatments (I) and number of replications (J) in Conilon coffee seedlings 
(Coffea canephora Pierre ex Froehner), LB1 clone, with an margin error of 10%, 20%, 30% and 40% around the 
average, and the coefficient of variation (CV = 35.27%) evaluated 90 days after the stacking 

I J d = 10% d = 20% d = 30% d = 40% I J d = 10% d = 20% d = 30% d = 40% 

3 7 34 9 4 3 15 2 76 19 9 5 
4 5 47 12 6 3 15 3 71 18 8 5 
4 6 38 10 5 3 15 4 52 13 6 4 
4 7 32 8 4 2 15 5 41 11 5 3 
5 4 59 15 7 4 15 6 34 9 4 3 
5 5 45 12 5 3 15 7 29 8 4 2 
5 6 37 10 5 3 20 2 73 19 9 5 
5 7 31 8 4 2 20 3 69 18 8 5 
6 4 57 15 7 4 20 4 51 13 6 4 
6 5 44 11 5 3 20 5 41 11 5 3 
6 6 36 9 4 3 20 6 34 9 4 3 
6 7 30 8 4 2 20 7 29 8 4 2 
7 3 78 20 9 5 25 2 72 18 8 5 
7 4 55 14 7 4 25 3 69 18 8 5 
7 5 43 11 5 3 25 4 51 13 6 4 
7 6 35 9 4 3 25 5 41 11 5 3 
7 7 30 8 4 2 25 6 34 9 4 3 
8 3 76 19 9 5 25 7 29 8 4 2 
8 4 55 14 7 4 30 2 71 18 8 5 
8 5 43 11 5 3 30 3 68 17 8 5 
8 6 35 9 4 3 30 4 51 13 6 4 
8 7 30 8 4 2 30 5 40 10 5 3 
9 3 75 19 9 5 30 6 34 9 4 3 
9 4 54 14 6 4 30 7 29 8 4 2 
9 5 42 11 5 3 35 2 70 18 8 5 
9 6 35 9 4 3 35 3 68 17 8 5 
9 7 30 8 4 2 35 4 51 13 6 4 
10 2 83 21 10 6 35 5 40 10 5 3 
10 3 74 19 9 5 35 6 34 9 4 3 
10 4 53 14 6 4 35 7 29 8 4 2 
10 5 42 11 5 3 40 2 69 18 8 5 
10 6 35 9 4 3 40 3 68 17 8 5 
10 7 30 8 4 2 40 4 50 13 6 4 

 
When the focus of the experiment is the evaluation of non-destructive characteristics, the researcher must resort 
to Table 3, that shows the plot sizes in scenarios involving different treatments and different numbers of 
replications in different experimental precisions. Considering the same scenario appointed previously, of 
experiments in randomized blocks with five treatments and four replications and precision of 20% of error on 
average, the plot size will be 23 seedlings, which corresponds to the use of o 460 seedlings (5 × 4 × 23 = 460) in 
said experiment, the size being way larger than the one with the use of non-destructive characteristics. Different 
sample sized for different types of characteristics have also been verified by other crops by other authors in the 
evaluation of seedlings such as the one by Firmino et al. (2012) with nine plants in the evaluation of seedlings of 
the Arabica coffee tree and by Celanti et al. (2016b) with five plants in the evaluation of the seedlings of papaya. 
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Table 3. Adequate plot size (X0), expressed in number of plants, for the evaluation of dry matter from roots, 
estimated by Hatheway’s method in experiments with block delineation at random in different scenarios formed 
by combination between number of treatments (I) and number of replications (J) in conilon coffee tree seedlings 
(Coffea canephora Pierre ex Froehner), LB1 clone, with a margin error of 10%, 20%, 30% and 40% around the 
average, and the coefficient of variation (CV = 43.87%) evaluated 90 days after the stacking 

I J d = 10% d = 20% d = 30% d = 40% I J d = 10% d = 20% d = 30% d = 40%

3 7 52 13 6 4 15 2 117 30 13 8 
4 5 72 18 8 5 15 3 109 28 13 7 
4 6 58 15 7 4 15 4 80 20 9 5 
4 7 49 13 6 4 15 5 63 16 7 4 
5 4 90 23 10 6 15 6 52 13 6 4 
5 5 69 18 8 5 15 7 45 12 5 3 
5 6 56 14 7 4 20 2 113 29 13 8 
5 7 47 12 6 3 20 3 107 27 12 7 
6 4 87 22 10 6 20 4 79 20 9 5 
6 5 67 17 8 5 20 5 63 16 7 4 
6 6 55 14 7 4 20 6 52 13 6 4 
6 7 47 12 6 3 20 7 44 11 5 3 
7 3 120 30 14 8 25 2 110 28 13 7 
7 4 85 22 10 6 25 3 106 27 12 7 
7 5 66 17 8 5 25 4 78 20 9 5 
7 6 54 14 6 4 25 5 62 16 7 4 
7 7 46 12 6 3 25 6 52 13 6 4 
8 3 117 30 13 8 25 7 44 11 5 3 
8 4 84 21 10 6 30 2 108 27 12 7 
8 5 65 17 8 5 30 3 105 27 12 7 
8 6 54 14 6 4 30 4 78 20 9 5 
8 7 46 12 6 3 30 5 62 16 7 4 
9 3 115 29 13 8 30 6 52 13 6 4 
9 4 83 21 10 6 30 7 44 11 5 3 
9 5 65 17 8 5 35 2 107 27 12 7 
9 6 53 14 6 4 35 3 104 26 12 7 
9 7 46 12 6 3 35 4 78 20 9 5 
10 2 128 32 15 8 35 5 62 16 7 4 
10 3 113 29 13 8 35 6 51 13 6 4 
10 4 82 21 10 6 35 7 44 11 5 3 
10 5 64 16 8 4 40 2 107 27 12 7 
10 6 53 14 6 4 40 3 104 26 12 7 
10 7 45 12 5 3 40 4 77 20 9 5 

 

Other important information for the experimenter pertains to the economy as the waste of seedlings in the 
installation of the experiment. Becoming as a base, once again the plot with the error of 20% on average, to 
evaluate destructive characteristics in the seedlings (Table 3), if the researcher installs the experiment 
considering the minimum number of 20 plots, according to Pimentel-Gomes (2009), they can do with the use of 
four treatments and five replications, being necessary 18 seedlings per plot and, therefore, waste of 360 seedlings 
(4 × 5 × 18 = 360). If said experiment consists of five treatments and four replications, 23 seedlings per plot will 
be necessary, with the waste of 460 seedlings (5 × 4 × 23 = 460). If in the same experiment, ten treatments and 
two replications were used, the number of seedlings per plot peaks to 32, and the waste to 640 seedlings (10 × 2 
× 32 = 640) for said experiment. It should be noted that, with the same number of plots, the minimum waste is 
with the combination that allows for the larger number of replications. Such a finding has also been made by 
other researchers in other studies for the determination of the plot size using Hatheways’s methodology (1961), 
like in pigeon pea (Cargnelutti Filho et al., 2018) and in papaya trees in the field (Schmildt et al., 2018). 

Another finding of this experiment analysis is that if the researcher maintains the same number of treatments and 
increases the number of replications, it will automatically raise the total number of plots, however, will decrease 
the waste of seedlings to install the experiment. This finding can be proven, once again with the destructive 
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characteristics shown in Table 3. This way, if the researcher needs to install the experiment with five treatments, 
they could use four, five, six or more replications. If the researcher choses the error of 20% on average, and, uses 
four replications, 23 seedlings per crop will be necessary, with the waste of 460 seedlings as shown previously. 
In case they use the same five treatments and increase the number of replications to six, 14 seedlings per plot 
will be used and will have a waste of 420 seedlings (5 × 6 × 14 = 420) to install the same experiment, a decrease 
of 40 seedlings in the installation of the experiment, that entails not only the reduction of, but also the space in 
the seedling production nursery. Similar results were achieved by Schmildt et al. (2018) in the evaluation of 
papaya tree plants in the field. 

By way of orientation of the researcher, the plot size is not so influenced by the variation of the number of 
treatments. Therefore, if the researcher wishes to install an experiment to evaluate only the non-destructive 
characteristics and use an error of 30% on average, with 7 treatments and fixating the number of replications in 
three, they will have the waste of 9 plants per plot and, if raising the number of treatments to 40, with the same 3 
replications, the waste will be 8 seedlings per plot (Table 2). This type of finding was also made by other 
researchers in other agricultural crops (Cargnelutti Filho et al., 2018; Schmildt et al., 2018). 

In literature were not found works involving research with the use seedlings from the conilon coffee tree LB1 
clone, although the same is used frequently by farmers in upstate Espírito Santo and is constituent to the clonal 
varieties under evaluation (Oliosi et al., 2018). Then, became the freedom to refer to other works using the 
conilon clones and verify that the plot sizes is between six and twelve seedlings (Dias et al. 2009; Silva et al., 
2010; Dardengo et al., 2013), which, referring to Table 3, verifies that falls into the situations se with the error 
between 30 and 40% on average. Thus, emphasizing that, no researcher can be accused delineating their 
experiment incorrectly, solely for using more or less seedlings per crop, it is only understood that for a larger 
experimental precision, a larger waste of seedlings is required and, for a smaller precision, requires a smaller 
waste of seedlings. As an illustration of this, consider the non-destructive characteristics shown in Table 2. If the 
researcher needs to install an experiment with five treatments and chooses to use seven replications, if the same 
considers an error of 10% on average, the plot will have 31 seedlings, but in case a smaller precision is wanted, 
like 40% of error on average, only two seedlings are needed per plot. 

This work contributes to the experimentation with seedlings of the coffee tree LB1 clone produced in 
polypropylene bags. It is encouraged to verify the plot size for other conilon clones, the same as for the LB1 
produced in other types of containers like tubes. 

4. Conclusion 
In the installation of experiments with the conilon coffee tree LB1 clone produced in polypropylene bags, in 
experiments with randomized blocks, when the evaluation of destructive characteristics requires a larger size of 
the experimental plot than the non-destructive characteristics, considering the same margin error.  

In the installation of experiments with the conilon coffee tree LB1 clone, in randomized blocks with 7 to 40 
treatments and three replications, the plots containing nine seedlings are enough to identify the significant 
differences between averages of treatments about non-destructive characters to 5% of probability and difference 
between averages of treatments 30% of the overall experimental average. 

However, in randomized blocks with 7 to 40 treatments and three replications, the plots containing 14 seedlings 
are enough to identify the significant differences between averages of treatment about destructive characters to 
5% of probability and difference between averages of treatments 30% of the overall experimental average. 
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