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Open pollinated seeds collected from 168 families in six seed orchards and 140 plus trees are used to establish progeny 
trials for low elevation Turkish red pine breeding zone (0-400m) in Mediterranean Region. Breeding values for 168 families 
are obtained by using linear mixed model. In previous studies on progeny trials, outliers and influential observations were 
removed by using 99% confidence interval prior to estimate breeding values. The aim of this study is to detect outliers 
significantly affect the estimation of breeding value and accordingly genetic gain of red pine families in Antalya city by using 
diagnostics which are proposed for linear mixed model. The genetic gain is calculated by removing outliers and influential 
observations as to mixed model diagnostics and confidence interval to see performance of diagnostics to detect outliers. 
Using diagnostics is significantly increased in genetic gain with respect to confidence interval. 

1.	 INTRODUCTION
Turkish red pine (Pinus brutia) is one of the important tree 
species in Turkey. It covers naturally 20% of Turkey’s forest 
land. It takes the first place among the species preferred to be 
used for forestation activities in Turkey due to its high genet-
ic diversity, fast growing ability, wood density and flowering 
at early ages. Turkish Red Pine naturally grows from sea level 
up to 1200 m, occasionally to 1400 m elevation in the Tau-
rus Mountains along the Mediterranean Coast. It grows on a 
variety of sites with very different climatic conditions. Turkish 
red pine is included in 2000’s to the National Tree Breeding 
Program (NTBP) and Seed Production Program of Turkey and 
National Plan for in-situ Protection of Plant Genetic Diversity 
which were initiated in 1994 to progeny test as plus trees. The 
main objective of the NTBP is to increase both the quantity 
and the quality of wood produced in a unit area. Highest pri-
ority has been given to Pinus brutia (Turkish red pine) in NTBP 
due to its characteristics appropriate for breeding. Tree breeding 
zone designations and plus tree selections for each breeding 
zone is determined and progeny tests is established on multi-
ple sites to evaluate the genetic merits of the selected trees in 
progeny trials. Selection is the best way to increase the quan-
tity and the quality of wood in tree breeding activities and 
selection efficiency depends on accurate the prediction of ge-
netic values. Progeny trials have been primary concern in the 
genetic improvement of Turkish red pine in the mediterranean 
region. Hence, the main aim of progeny trials is prediction of 
the genetic values (Gülcü and Çelik, 2009; Öztürk vd., 2003). 

To estimate breeding values of Turkish red pine families from 
Mediterranean low elevation region (0-400m), open pollinat-
ed seeds are collected from selected plus trees in six popula-
tions. Three progeny trials are established in Fethiye, Antalya 
and Ceyhan by Forest Tree Seeds and Tree Breeding Research 
Directorate. Each trial site had 168 families and 6 control 
groups. Completely randomized block design with 4 row plot 
configuration is used in all trials. At the end of 4th growing 
season, tree heights are measured. Linear mixed model is used 
to estimate breeding values for tree heights. 

In this study, the data collected from progeny trials which 
are established in Antalya city is examined. Prior to estimate 
breeding value, it is investigated whether there are outli-
ers and influential observations in the data by using two ap-
proach. The first approach is to use diagnostics developed for 
linear mixed model and the second approach is to use the 
confidence interval to find influential observations and outli-
ers. In the previous studies on progeny trials, outliers and in-
fluential observations were removed by using 99% confidence 

interval. Hence, the goal of this study is to show that diag-
nostics developed for linear mixed model is better than confi-
dence interval criteria to detect outliers. For this purpose, the 
estimates of breeding values and genetic gain for tree heights 
are calculated by removing outliers and influential observa-
tions by both approach. 

2.	 MATERIALS AND METHODS
2.1.	 Experimental Design
Genetic breeding studies are established to provide the in-
crease in yield and quality by changing the gene frequencies 
in the desired direction in the production populations. To ac-
complish this, the gene pool is constituted by genotypes hav-
ing desired genes. Gene pool at the beginning of studies of 
genetic breeding in forest trees is selected plus trees from the 
forest. Plus trees are considered as trees having desired geno-
types. It is unknown that if the selected trees have the desired 
genotype because of the only measurable value is the pheno-
typic values of the trees in the selection of plus tree. Whether 
an individual has the desired genes revealed by the breeding 
value which means that the total effect of genes the individ-
ual has. The genetic test method used to estimate breeding 
values in genetic breeding studies is progeny trials. Progeny 
trials constitute the most important part of breeding studies 
in National Tree Breeding and Seed Production Program. Prog-
eny trials could be realized as a result of a joint operation of 
a large number of institutions at the different stages such as 
collection of pine cones, seedlings growing, the establishment 
of the trials, the implementation of regular maintenance and 
conservation work and measurement of trials. In the study 
conducted by Ozturk et al.(2003), red pine is given priority 
due to features such as lack of facilities, rapid growth, the po-
tential for afforestation, wood materials are suitable for vari-
ous use, genetic diversity is high. 

This study is based on the study conducted by Ozturk et 
al.(2003).  The data collected from the progeny trials in low 
elevation Turkish red pine breeding zone (0-400m) for An-
talya city in Mediterranean Region are used in this study. 
Randomized block design was used in all trial. However, for-
est trees are large volume. Therefore, the number of families 
to be tested, block number and the area required for a block 
depending on the number of trees in each plot may be very 
large. In this case, increasing environmental variance and the 
increase causes covering part of the genetic variance and re-
duction of selection efficiency. This drawback is eliminated by 
sub-blocking. Hence, B type (set in rep) sub-blocking proposed 
by Shutz and Cockherham (1966) is used to decrease environ-
mental effect. In B type (set in rep) sub-blocking, all the test 
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material is divided into sets of specific families and four set are 
used in each block. The control material is included in each 
set. B type (set in rep) sub-blocking is shown in Figure 1 and 
the distribution of families and control material in sets of each 
block is given Table 1. 

Figure 1. B type (set in rep) sub-blocking (Alan, 2006)

Table 1. The distribution of families and control material 
in set s(Öztürk et al., 2003)

2.2. Statistical Analysis
In forest tree breeding, tree breeder needs to know the best 
individuals that have economically important characteristics. 
One of the best way to know these individuals is to estimate 
breeding values. Many methods are used to estimate breeding 
values in forestry. Average, least square and weighted least 
square methods are used when variance is the same in prog-
eny trials. However, standart transformation, logarithm trans-
formation, performance level and weighted performance lev-
el methods could be used to estimate breeding values when 
there is variance difference in progeny trials. In these meth-
ods, the families are considered as fixed effect. Recently, BLUP 
method which is based on estimate both fixed effects and 
random genetic effects at the same time in mixed model anal-
ysis is used to estimate breeding values if families variances 
are different and the data is unbalanced. To estimate breeding 
values by BLUP maximizes probability of the sort of families 
effect approximate to real value and correlation between esti-
mated breeding value and real breeding value. While breeding 
value is estimated by using BLUP, families are randomly taken 
and other effects are assumed fixed (White and Hodge, 1989). 
Hence, the linear mixed model which is combination of fixed 
effects and random effects is used to estimate breeding value 
by using BLUP. The estimates of fixed effect and random effect 

simultaneously are obtained by using BLUP method. The BLUP 
estimates of each family are breeding values (BV). In breed-
ing program, genetic gain is calculated from breeding values. 
Control groups are considered as separate family calculating 
genetic gain. The formula for genetic gain is

where   is mean of estimated breeding values of families, 
 is estimated breeding value of control group and MBV is 

absolute breeding value for control group. MBV is obtained 
adding mean of weight to breeding value of control group.

 

Linear mixed models are considerably sensitive to outliers and 
influential observations. The presence of the influential obser-
vations and the outliers in data yield different inferences, or vi-
olate the assumptions of the statistical model (Schabenberger, 
2004). So, being aware of outliers and influential observations 
is very important step in model validation. Therefore, prior to 
estimate breeding value by using BLUP method, outliers and 
influential observations in data should be removed. In previous 
studies on progeny trials, outliers and influential observations 
were removed by using 99% confidence interval. In this study, 
Cook’s distance which is adapted to linear mixed model is 
used to detect influential observations that affect the estimate 
of variance and vectors of parameter and studentized residuals 
are used to detect outliers in the model. These diagnostics are, 
respectively,

3.	 RESULTS 
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In this study, BLUP method is used to estimate of breeding 
values since the data is unbalanced. Firstly, outliers and in-
fluential observations which affect substantially the estimates 
of breeding value are determined by using scatter plots of

  The scatter plots of diagnostics 
are shown in Figure 2

 
 
The value of studentized residuals for some observation which 
are not between (-2,2) as seen from Figure 2  are considered 
as outlier. The large values of , show influ-
ential observations that affect the estimates of variance ratios, 
random effects and fixed effects, respectively. According to 
these diagnostics, outliers and influential observations are re-
moved from the data. Then, the estimates of breeding value 
for each family are obtained. In parallel with, genetic gain is 
calculated for height growth. For once, observations which are 
outside of 99% confidence interval are considered as outliers 
or influential observations as in previous studies. With respect 
to %99 confidence interval, outliers and influential observa-
tions are removed from the data. Then, genetic gain is calcu-
lated for height growth, too. As the same way, The estimate 
of error variance ( 2

eσ ) and family variance (
2
fσ ) are obtained. 

The results are given in Table 2 and Table 3.

Table 2. Genetic Gain ( GÄ )

Table 3. Estimates of Error Variance and Family Variance 
Removed Outliers

As seen from Table 2, the genetic gain calculated by removing 
outliers and influential observations as to , 
,  and ri  diagnostics and 99% confidence interval respectively 
is  0.21 and 0.15. Hence, using diagnostics would lead to an 
increase of 6 % in the genetic gain.

As seen from Table 3, the estimate of error variance obtained 
after outliers and influential observations removed using con-
fidence interval is 783.93 and removed using diagnostics is 
736.54. The estimate of family variance obtained after outliers 
and influential observations removed using confidence interval 
is 53.89 and removed using diagnostics is 76.66. The decrease 
in the estimate of error variance or the increase in estimate of 
family variance implies that the composed model is estimated 
more correctly. 

4.	 CONCLUSION
Statistically, using diagnostics to detect outliers and influen-
tial observation in progeny trails lead to significantly increase 
in the genetic gain as to confidence interval. In progeny tri-
als, if genetic gain is 15-20% , economic return will be 68-
260%. Hence, increase of 6% in genetic gain leads to nearly 
260% economic return. If genetic gain obtained after breed-
ing is economically insufficient, breeding studies will become 
unnecessary. On the other hand, pine plantations to be made 
with high genetic gain may become even more attractive in-
vestment vehicle. Additionally, using these diagnostics leads to 
the decrease in the estimate of error variance and the increase 
in estimate of family variance. In other words, the decrease in 
the estimate of error variance or the increase in estimate of 
family variance implies that the composed model is estimated 
more correctly and BLUP estimates of families are more reali-
able. Also, outlier and influential observations which affect es-
timates of fixed effect, random effect and variance parameter 
are determined clearly using these diagnostics. 
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