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HIGHLIGHTS

With this study we addressed the uncertainties concerning the best plot design for 
evaluating clones for forest breeding.

Greater precision in clone selection is obtained with single-tree plot designs.

Greater heritability and selection accuracy are also obtained with the single-tree plot.

The single-tree plot design is economically advantageous and provides more genetic 
information than the linear plot design.

ABSTRACT

A suitable experimental design should control the environmental effect and be capable 
of discriminating genotypes. Two clonal tests of Eucalyptus were planted side by side in a 
randomized block design with the same 32 treatments under two different plot designs. 
The first trial was designed with five plants per plot (linear plot, LP) and six block replicates 
at a spacing of 3 x 2 m. The second trial was designed with one plant per plot (single-tree 
plot, STP) and 30 block replicates also at a spacing of 3 x 2 m. Diameter at breast height 
(dbh), height (h), and individual volume (vol) were measured at five years of age. The STP 
design presented broad-sense heritabilities values of 0.23 for h and 0.41 for vol, which 
were higher than those found for the LP design (0.12 for h and 0.22 for vol). The ratio 
between the standard error and the estimated genotypic variance (gS ) was lower for 
the three evaluated traits in the STP trial. The correlations between the genetic values 
were positive and of high magnitude, ranging from 0.87 (h) to 0.91 (vol), but there were 
many differences between the two designs with regard to the ranking of clones. The STP 
presented better discriminant power according to the biplot analysis, as well as more 
accurate and reliable estimates.
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INTRODUCTION

Eucalyptus is a very widely planted genus 
throughout the world. Species of Eucalyptus are grown 
for lumber, paper pulp, piling and posts, fuel wood, 
medicinal products, tannins, and oils and are also used as 
windbreaks and ornamentals.

Experimental trials are designed to take into 
account the evaluative components and to minimize 
spatial effects to obtain accurate predictions (De Faveri 
et al., 2016). In forest breeding programs, the planning 
of clonal and progeny tests presents several challenges 
to the researcher, specifically,  the arrangement of the 
materials in trials, the selection of proper statistical tools 
for analyses, and the determination of both the plot size 
and the  form and number of plants per plot (Steel and 
Torrie, 1980; Fins et al., 1992). These types of tests are 
necessary but are time-consuming and are associated with 
high costs (Zobel and Talbert, 1984; Jansson et al., 1998). 

Because plant breeding trials are subject to variation 
due to the environmental effects in the field (Hunt et al., 
2012), the correct definition of the plot-type to be used in 
assays leads to more conclusive results. Tests with single-
tree plots (STPs) are commonly used because these plots 
require fewer resources and allow the assessment of a wide 
range of materials per unit of area, thus making a larger 
number of repetitions possible (Jansson et al., 1998; Gezan 
et al., 2006). In addition, some authors state that the use of 
smaller plots increases the statistical efficiency of the design, 
since with a smaller experimental unit, the blocks are also 
smaller, and as a result, more homogeneous (Lamberth and 
Gladstone, 1983; Fonseca et al., 2010; Rosado et al., 2012). 
In contrast, some authors affirm that plots with a higher 
number of plants, such as linear plots (LPs), allow more 
accurate estimations of genetic variability and genetic gains 
(Lin et al., 1993; Williams and John, 1996; Zhang et al., 2015).

Trials using plots with multiple plants per plot 
represent more closely the competition existing in 
operational plantations in traditional clonal forestry. 
In these plots, individuals compete with related and 
unrelated genotypes. In contrast, in STPs, estimation of 
traits such as volume and survival may be biased because 
of the asymmetric competition between divergent 
genotypes, causing border effects and possibly, biases 
(Zhang et al., 2015).

Greater efficiency in genotype selection in 
tree breeding programs might result from a better 
understanding of the genotypic correlation between 
genetic material in different types of plots (Jansson et al., 
1998; Gezan et al., 2006).

The objective of this study was to evaluate which 
plot-type, i.e., STP or LP, more accurately estimates the 

genetic parameters and has greater discriminant power 
with respect to genotypic performance.

MATERIAL AND METHODS

Experimental data

The data used in our work originated from two trials 
implemented in 2008. Both trials contain the same genetic 
material: 21 clones of Eucalyptus grandis W. Hill ex Maiden, 
10 clones of the hybrid Eucalyptus urophylla x Eucalyptus 
grandis, and one clone of Eucalyptus urophylla S.T. Blake, 
totaling 32 tested clones. The trials were planted side by 
side on the Rio Claro farm, where the soil type is Latosol 
Red Alico, sandy texture, with a flat relief and smooth 
undulating surface. The climate, according to the Köppen 
classification, is the Cfb type (subtropical humid mesoteric, 
with temperate climate). The annual average rainfall, 
recorded at Lençóis Paulista, state of São Paulo (22° 46’ 57” 
S, 48° 51’ 33” W; altitude 697 m) is 1,483 mm. In order to 
verify the effect of the experimental design in the estimation 
of the genotypic variance components, the two trials were 
planted in two different designs. The first trial (LP) was set 
in a randomized block design with 32 treatments (five plants 
per plot, six replicates, and a spacing of 3 x 2 m). The second 
trial (STP) was set in a randomized block design with the 
same 32 treatments (one plant per plot, 30 replicates, with 
a spacing of 3 x 2 m).

Statistical analysis

LP

The evaluated traits were the diameter at breast 
height (dbh, cm), total height (h, m), and individual 
volume (vol, m³) at five years of age (cutting age). The 
mixed model used for the linear plots test was: where y is 
the data vector, b is the block replication vector (assumed 
to be fixed), s is the species effect vector (assumed to be 
fixed ), g is the genotypic effects vector (assumed to be 
random), p is the interaction between block replication 
and clones (i.e., the plot vector, assumed to be random), 
and e is the random vector of errors with homoscedastic 
distribution. X, U, Z, and W represent the incidence 
matrices for the above cited effects.

 ,y b s g p e    X U Z W

STP 

The mixed model used for the STP trial was: 
where y is the data vector, b is the block replication 
vector (assumed to be fixed), s is the species effect 

[1]
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vector (assumed to be fixed), g is the genotypic effects 
vector (assumed to be random), and  is the random vector 
of errors with homoscedastic distribution. X, U, and Z 
represent the incidence matrices for the above cited effects.

The approximate standard error ( )Se was 
obtained using the breedR package (Muñoz and Sanches, 
2018), which makes use of the AI-REML algorithm 
and provides standard errors of both the variance 
components and heritability values by the inverse of the 
average information matrix provided by the methodology 
(Fischer et al., 2004).

With the aim of understanding the ability of the 
two designs to estimate the genotypic variance 2ˆ( )g  
more accurately, we calculated a percentage ratio 
between the standard error and the corresponding 9  .

y b s g e= + + +X U Z

All the statistical analyses were performed using the 
statistical environment R (R Core Team, 2019). The variance 
components were estimated with the Restricted Maximum 
Likelihood (REML) method, using the lme4 mixed model 
analysis package (Bates et al., 2015). The significance of 
the random effects was tested with the Likelihood Ratio 
Test (LRT), which uses a chi-square test with 1 degree of 
freedom. For the fixed effects, we used the F test with the 
Satterthwaite approximation (Satterthwaite, 1946). 

Genetic parameter estimates

We used the estimated variance components: 
 2

g  genotypic variance among the clones, 2ˆ plot  
variance among the plots, and 2ˆe  residual error 
variance, to estimate the phenotypic variance ( ) by: 3  
for the LP assay and equation 4 for the STP assay.

[2]

 2 2 2 2 2( ˆ) by ˆ ˆ: ˆP P g plot e      

2 2 2ˆ ˆ ˆP g e   

[3]

[4]

The estimated genetic parameters were:

a) Broad-sense heritability 4 
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b) Average clone heritability  2
( )mh , for the LP 

assay: 5  and for the STP assay: 7 ; where  is number of 
blocks and  is number of plants per plot;
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[7]

c) Coefficient of genotypic variation ); 7 where x
is the average mean of clones;

  
2ˆ

: (%) 100% g
g gCV CV

x


  [8]

d) Coefficient of error variation .

  
2ˆ

: (%) 100% e
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  [9]
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With the objective of measuring the correlation 
between the real and predicted genotypic values under 
unbalanced designs, the average accuracy of prediction 
( )ggr was estimated as 10 , where  is the prediction error 

variance and 
2
g  the genetic variance between genotypes 

(Resende and Duarte, 2007).


 21gg

g

PEVr


 
[11]

Best Linear Unbiased Prediction (BLUP) estimates, 
correlations, and discriminant power 

The predicted genetic values were obtained by 
the BLUP method and presented in three ways:

a) Composition of a double-entry matrix using the 
BLUPs of the variable vol (m³) as rows and plot types as 
columns, with the objective of performing a GGEBiplot 
analysis, in order to determine the discriminant power 
and the representativeness for the two designs evaluated 
using the GGEBiplots package of R (Dumble et al., 2017).

b) Estimation of the Spearman correlations of BLUP 
between the evaluated traits in the two plot sizes, using the 
PerformanceAnalytics package (Peterson and Carl, 2019).

c) Ranking of the 20 best clones to evaluate the 
selection coincidence between the two experimental designs. 

We also evaluated graphically the amount of 
shrinkage obtained on BLUP estimates of vol (m³) 
provided by the two experimental trials.

RESULTS

Genetic parameters and standard errors

From the statistical tests it can be verified that 
for the two trials, there were no statistically significant 
differences between species for all traits; however, the 
clone effect was significant (Table 1). 
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TABLE 1 Significance of random effects (Chi-squares – LRT 
test) and fixed effects (mean squares – F-test) of 
both models used in the analysis on diameter at 
breast height (dbh, cm), total height (h, m), and 
individual volume (vol, m³) of Eucalyptus spp. clones 
were evaluated at five years of age in two different 
experimental designs established at the study site, 
Lençóis Paulista, São Paulo State.

Effect
Linear plot (LP) Single tree plot (STP)

dbh h vol dbh H vol

Fixed
5.40ns 68.86** 0.01ns 5.59ns 20.93ns 0.01ns

5.57ns 14.71ns 0.01ns 14.39ns 25.60ns 0.01ns

Random
44.740** 28.55** 59.38** 248.18** 146.74** 284.63**

7.09** 3.87* 7.29** - - -
ns: not significant; *: significant at 5% probability; **: significant at 1% probability.

TABLE 2 Estimation of genetic parameters, with standard 
errors (Se), for Eucalyptus spp. clones in the 
linear plot (LP) and single tree plot (STP) design 
established at the study site in Lençóis Paulista,  São 
Paulo State, at five years of age. The traits evaluated 
include: diameter at breast height (dbh), total height 
(h), and volume (vol).

Parameters
Linear plot (LP) Single-tree plot (STP)

dbh h vol dbh h vol
 2ˆg Se 2.85

 (0.93)
2.76

 (0.98)
2.98 

(0.92)
6.31

 (1.77)
6.69

 (1.95)
5.66 

(1.58)

 2ˆ plot Se 1.10 
(0.47)

1.20
 (0.67)

0.89
 (0.37)

- - -

 2ˆe Se 11.78 
(0.66)

18.25
 (1.03)

9.22 
(0.52)

10.49 
(0.54)

18.21
 (0.93)

8.37 
(0.43)

2ˆP 15.74 22.15 13.10 16.80 24.90 14.03

 2ˆ
gh Se 0.18 

(0.05)
0.12

 (0.04)
0.22 

(0.05)
0.38 

(0.07)
0.27

 (0.06)
0.40 

(0.07)

 2ˆ
mh Se 0.85

(0.05)
0.80 

(0.06)
0.88 

(0.04)
0.95 
(0.01

0.92 
(0.02)

0.95 
(0.01)

  %gCV 11.02 7.27 26.41 16.78 11.24 37.35

  %eCV 22.39 18.71 46.43 21.63 18.55 45.41

   %gS 32.58 35.54 30.83 28.05 29.13 27.91

ˆ̂ggr 0.90 0.86 0.92 0.97 0.95 0.97

 x Sd 15.33
 (3.91)

22.83
 (4.71)

206.82 
(0.11)

14.97
 (4.01)

23.01 
(4.94)

201.46 
(116.07)

2ˆg : genotypic variance; 2ˆ plot : variance due to plot effect; 2ˆe : residual variance; 2ˆ p
: phenotypic variance; 2ˆ

gh : broad-sense heritability; 2ˆ
mh : average clone heritability;

  %gCV  : coefficient of genotypic variation;  %eCV : coefficient of error variation;


gS (%): ratio between the standard error of estimate and the genotypic variance;

ˆ̂ggr : average accuracy of prediction;x : average mean with standard deviation.

The plot effect was significant in the LP design. 
The genotypic variance ( 2ˆg ) was superior for all traits 
in the STP design than in the LP design. The broad-
sense heritability ( 2ˆ

gh ) for the three evaluated traits was 
superior in the STP and ranged from 0.27 (h) to 0.40 
(vol), while in the LP design, the values of this parameter 
ranged from 0.12 (h) to 0.22 (vol) (Table 2). The values of 


gS (%) obtained in the STP design for the three evaluated 
traits ranged from 27.91% to 29.91% for vol and h, 
respectively (Table 2). On the other hand, in the LP test, 
the estimate ranged from 30.83% for vol, to 35.54% for h.

Similar to broad-sense heritability ( 2ˆ
gh ) the average 

heritability of clones ( 2ˆ
mh ) for the three traits evaluated 

(Table 2) was higher in the STP trial, ranging from 0.92 
(h) to 0.95 (dbh and vol), whereas in the LP design, 2ˆ

mh  
varied from 0.80 (h) to 0.88 (vol).

The coefficient of genotypic variation ( gCV (%)) for 
the LP assay ranged from 7.27% to 26.41% for h and vol, 
respectively. These values were lower than the values found 
for the STP trial, which varied from 11.24% (h) to 37.35% 
(vol). The coefficient of error variation ( gCV (%)) of the two 
evaluated trials presented similar values (Table 2).

The average accuracy of the prediction or theoretical 
accuracy ( ˆ̂ggr ) ranged from 0.86 (h) to 0.92 (vol) for the LP 
design and presented lower values than the ˆ̂ggr  obtained 
with STP, which ranged from 0.95 (h) to 0.97 (vol).

Biplot analysis

The biplot is environment-centered and 
environment-metric preserving, which means it is 
constructed strictly for environmental analysis, despite 
showing various genotypes (numbers within the circles). 
The interpretations are as follows (Yan and Tinker, 2006):

a) The lines that connect the biplot origin and the 
tested environments are called environment vectors, 
and the cosine of the angle between these vectors are 
the exact correlation between them.

b) The length of the vectors is associated with the 
standard deviation of the trait mean and it represents 
the discriminant power of a given environment, i.e., the 
ability of that environment to correctly discriminate the 
genotype performance. The concentric circles on the 
biplot help to visualize the length of these vectors.

The biplot method presented reliable results, since 
the first two first-principal components (PC1 and PC2) 
explained 100% of all variation in the BLUP (Figure 1). The 
first principal component (PC1) represents the row effect 
in the entry matrix, that is, the BLUP itself. The second 
principal component represents the variation associated 
with the interaction between the line and the column-in 
this case, between the BLUP and the environment. 

It is possible to see that the STP design provides 
less BLUP shrinkage towards the mean than the LP design 
(Figure 2). This may be due to the LP trial having larger 
residual variance and a smaller number of replicates.

DISCUSSION

The significance of the clone effect (Table 1) 
indicates that there is genotypic variance ( 2ˆg ) to be 
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FIGURE 1 GGE Biplot “Discriminant Power vs. Representativeness” generated with BLUP values from the individual volume of 
Eucalyptus spp. clones in the linear plot and single-tree plot designs at five years of age. The clones were established at 
the study site in Lençóis Paulista, São Paulo State.

FIGURE 2 The shrinkage of BLUP from the individual volume of Eucalyptus spp. clones in the linear plot and single-tree plot 
designs at five years of age. The clones were established at the study site in Lençóis Paulista, São Paulo State.

explored, and therefore, a high possibility of gain with 
selection. However, we can observe higher values of 2ˆg  
in the STP trial than in the LP trial (Table 2). This may have 
occurred due to greater influence of allocompetition, 
in other words, a greater intergenotypic competition, 
which tends to force different responses of each genetic 
material and consequently inflates the variability between 
clones (Scarpinati et al., 2009, Silva et al., 2016).

The broad sense heritability ( 2ˆ
gh ) was superior in 

the STP trial, evidencing a greater possibility of gain in 
clone selection. Similar results were found by Scarpinati 
et al. (2009), who reported that this was probably due to 
the fact that the STP design has a lower environmental 
effect, since the tree is the plot itself. This behavior is 
also reported by Gezan et al. (2006), who concluded 
that the use of a STP design provides a more effective 
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sampling of the environmental variation, reducing it 
significantly. The fact that the plot effect was statistically 
significant in the present study (Table 1) corroborates 
these findings.

When using the average heritability ( 2ˆ
mh ) of clones 

as a selection parameter, there is a greater possibility of 
gain through the STP assay, due to the high values of  2ˆ

mh
(Table 2). This result is directly related to the number of 
repetitions, which is higher in the STP trial than in the 
LP trial, allowing the experimental error to be diluted in 
the ratio between the residual variance and the number 
of repetitions. As described by Costa et al. (2005), the 
highest number of repetitions and plots with the smallest 
number of individuals result in a greater reliability of the 
estimates. The higher values of the coefficient of genotypic 
variation (  %gCV ) found for the STP trial are closely 
related to its greater ability to discriminate the superior 
genotypes and may also be associated with the fact that 
the STP design has a greater number of block replicates, 
which consequently causes the evaluated clones to be 
more spaced through the whole experiment, as the STPs 
cover a much larger area than the LPs. The LP design, in 
turn, comprised five or more clones in a single place, with 
a much smaller number of block replicates. According to 
Grondona et al. (1996), the presence of environmental 
heterogeneity tends to inflate the residual variation 
due to the variation of treatments being confounded 
with other sources of variation, such as environmental 
variation. In other words, greater spatialization may be 
responsible for diluting the environmental effects and 
consequently capturing genetic variation with less noise, 
directly reflecting the higher values of broad-sense 
heritability ( 2ˆ

gh ) that were found.
The average information matrix, also known as 

Fisher’s information matrix, provides a measure of the 
amount of information that the data can provide about 
the parameters that the model seeks to estimate. The 
more informative the data, the greater the accuracy 
of the estimate ( ˆ̂ggr ), and consequently, the lower the 
standard error (Chao et al., 2017). The standard error 
gives us an idea of the reliability in the estimation of 
variance components. Based on this assumption, in 
order to indicate the imprecision associated with the 
estimation of the genotypic variance in both trials, as well 
as to standardize this error for subsequent comparisons,   


gS (%) was estimated.
Using gS (%), we can state which experimental 

design provides genotypic variance estimates that are 
more concise and accurate. The estimates in the STP 
trial presented lower values of gS (%) and therefore, 

are more accurate than the estimates in the LP trial. The 
theoretical accuracy ( ˆ̂ggr ) derived from the prediction 
error variance (PEV) also corroborates the superiority 
of the estimates provided by the STP design, since this 
design presented the highest values of this estimate 
(Table 2). This higher accuracy is probably associated 
with the diluted environmental effects due to the greater 
number of block replications, as previously stated. These 
“cleaner” estimates of genotypic variance increase both 
the discriminant power of the design (Figure 1), as well 
as the magnitude of the genotypic variance itself, resulting 
in higher and better estimated values of   %gCV  and 

2ˆ
gh . The use of an STP design is efficient and accurate 

in assessing the true genetic variation with respect to 
progeny or clonal tests for species of the Eucalyptus genus 
(Silva et al., 2016). Increasing the number of replications to 
the detriment of plot size tends to increase the accuracy of 
the estimates because it allows a more efficient sampling 
of the environment and reduces the residual variance 
(Resende, 1995, Gezan et al., 2006).

A biplot is constructed by plotting the first 
two principal components, PC1 and PC2. These 
two components are associated with the row and 
column effect of the input matrix, respectively, i.e., the 
percentage of the explained variation. The magnitude 
of the value indicates the influence of the effect, since 
the singular value of a principal component is the 
square root of the sum of squares explained by that 
principal component (Yan and Hunt, 2002). Therefore, 
it can be stated that 95.48% of the variation contained 
in the genetic material is because of the matrix line, 
that is, of the genotype (BLUP) itself. The variation 
associated with PC2 (4.52%) is due to the effect of the 
interaction between BLUP and environment, but since 
the experiments are spatially located side by side, this 
difference can be attributed to the experimental design, 
i.e., the plot type. All the variation was explained by these 
two principal components (100%), similar to the result 
reported by Granato et al. (2016), where the authors 
argued that this result is due to having analyzed only two 
environments. Although it is unusual, this phenomenon 
probably also occurred in our study, since we analyzed 
two very identical environments that only differ with 
regard to the plot type used.

The biplot presented in Figure 1 represents the 
discriminant power of the environment. The length of the 
vector in a biplot is proportional to the standard deviation 
within a respective environment; therefore, the biplot 
is a way of measuring the discriminant ability, in other 
words, the ability of a given environment to accurately 
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inform which genotypes are genetically superior (Yan 
and Tinker, 2006). Although the two trials are positively 
and highly correlated (0.91), the STP design presented 
a larger vector compared to the LP trial, meaning that 
the STP design has a greater discriminant power, and 
therefore, greater power to identify which genotypes 
are effectively superior. This result corroborates the 
discussions about  gS (%),  %gCV  , ˆ̂ggr , and 2ˆ

gh .
Phenotypic measurements are composed of 

genetic effects and environmental noise, and models 
are used to specify, represent, and quantify those 
underlying effects. We also know that when there is high 
environmental noise, there is less genetic information 
available for us to assess (White et al., 2007). One way 
to handle this environmental noise is to use shrinkage 
estimators, such as BLUP. The shrinkage is actually a 
desirable property of BLUP estimates, since it adjusts 
individuals with extreme performances (high or low) 
towards the mean when the statistical power is low, thus 
increasing prediction accuracy (Piepho et al., 2008). 

The shrinkage only acts when there is environmental 
noise (unbalanced data), and the amount of shrinkage is 
proportional to the noise itself. In other words, the larger 
the residual variance, i.e., environmental noise, the larger 
the shrinkage effect on the predicted breeding values (Hill 
and Rosenberger, 1985, Follmann et al., 2019). Therefore, 
it is safe to say that because there is less environmental 
noise in the STP design than in the LP design, there is 
less shrinkage in the BLUP estimates (Figure 2). This also 
facilitates the selection of superior genotypes and can thus, 
be seen as another measure of discriminant ability, like the 
length of the vector in the biplot (Figure 1).

In the genotype ranking in the two trials (Table 3), 
diameter at breast height (dbh) and individual volume 
(vol) presented 18 coincident clones in the selection, 
which represents 90% of coincidence between the 
two experimental design methods. For height (h), 16 
clones coincided, indicating 80% of coincidence. Similar 
results were found by Scarpinati et al. (2009), who also 
found high agreement between the selection of different 
experimental designs. Stanger et al. (2011) reported 
similar results, observing that the ranking of hybrid 
Eucalyptus clones at the rotation age remains stable in 
STP and LP designs.

It is worth mentioning the behavior of clone 13 for 
the evaluated traits, which was ordered as the 6th (dbh) and 
5th (h and vol) best in the STP design, however, for LP, it 
was ordered as the 9th (h), 12th (vol) and even 18th (dbh) 
best clone. This behavior may be attributed to the higher 

TABLE 3 Comparison of the ranking of the 20 best clones 
in the two experimental designs for the traits 
diameter at breast height (dbh), total height (h), 
and individual volume (vol) in Eucalyptus spp. at 5 
years of age. The clones were established at the 
study site in Lençóis Paulista, São Paulo State and 
are numbered from 1 to 32.

Ranking
dbh h vol

STP LP STP LP STP LP

1 4* 4 4* 4 4* 4
2 24* 23 24* 23 24* 24
3 23* 24 11* 24 23* 23
4 11* 9 19* 9 11* 9
5 19* 19 13* 11 13* 19

6 13* 11 6* 19 19* 11

7 6* 17 9* 6 6* 6

8 22* 6 23* 18 9* 17
9 9* 26 18* 13 22* 18

10 25* 20 25* 8 25* 8
11 17* 25 22 1 18* 26
12 18* 1 17* 25 17* 13
13 20* 27 32* 17 33* 25
14 26* 2 2 20 20* 22
15 2* 18 20* 32 26* 2

16 33* 8 12 33 27* 27

17 10* 33 27* 27 10* 33
18 27* 13 33* 26 2* 20

19 32 22 10 30 32 1
20 12 10 26* 7 12 10

*Coincident clones in both rankings.

FIGURE 3 Estimates of BLUP correlations using the Spearman 
correlation coefficient for the traits diameter at 
breast height (dbh, A), total height (h, B), and 
individual volume (vol, C) between the clones of 
the two Eucalyptus spp. evaluated at five years of 
age. The clones were established at the study site 
in Lençóis Paulista, São Paulo State.
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allocompetition in STP, which can result in different responses 
of certain genetic materials, as discussed previously.

Even though there were some changes in the 
ranking of clones, the correlations between the BLUP 
values for all the traits in both plot designs were high and 
significant (Figure 3).

Our study presented higher correlations than those 
reported in the study by Zhang et al. (2015), in which the 
authors found a moderate correlation (0.61) for individual 
volume in Pinus spp. between the predicted genotypic values 
obtained for STPs and a trial with multiple plants per plot. 
Studying Eucalyptus globulus Labill, Callister et al. (2013) 
reported high genotypic correlation values for individual 
volume (0.90) between the STP and LP designs; this finding 
agrees with the results of our study. Despite the parameter 
estimates for the STP design being slightly better than 
those for LP, we can affirm that due to the high and positive 
correlations we found between BLUP values, both designs 
provide similar results.

Considering the costs of implementation and 
operation, the STP design tends to be commonly used in 
clonal test evaluation because the decrease in the number 
of plants and size of the plots can increase the prediction 
accuracy ( ˆ̂ggr ) and also lead to savings without damage 
to the selection (Gomes and Couto, 1985). However, 
it is worth mentioning that in STPs, all plants should be 
identified for later evaluation, while for the trials in the 
LPs, only the first plant of each plot can be identified, 
which makes it easier to put together the experimental 
sketch in the tree nursery and in planting. Another 
advantage of the LP design is the ease with which the 
breeder (or any other person, such as a manager) can 
visualize the superiority of a particular clone, since they 
are divided into plots and not mixed throughout the test.

Again, from an economic point of view, the 
STP design, by using the tree itself as experimental 
unit, allows a better effective use of the planting area. 
Unlike the case for LPs, with the STP design, breeders 
can test a greater number of clones in a larger number 
of replicates (Jansson et al., 1998). This enables more 
efficient resource allocation, which is of extreme interest 
in genetic experiments (Namkoong, 1979).

CONCLUSIONS

The STP design has greater discriminant power, 
presents more accurate estimates, and allows a better 
effective use of the planting area than the LP design. 
Although there is a high positive correlation between the 
BLUP estimates from the STP and LP trials, there were 
many differences between the two designs with regard 
to the ranking of the Eucalyptus clones.

Based on the results of this study, we recommend 
the use of the STP design in Eucalyptus breeding 
programs, as this will provide more accurate estimates 
and improved selection of superior genetic material for 
the purpose of forest breeding.
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