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Abstract 
 
The aim of this paper was to identify the best components involving resistance to the O. neotectonae fungus, allowing for adequate 
selection of promising teak genotypes to explore in improvement programs or for disease management.  Thirty different clonal teak 
genotypes were evaluated in a greenhouse from PROTECA Biotecnologia Florestal. The experimental design was a randomized block 
design with three replications and three plants per plot. The following characteristics were evaluated: average latent period, number 
of pustules per cm2, area below the number of pustules progress curve (ABNPPC), frequency of infection, and number of 
urediniospores per pustule. The data for the resistance characteristics were submitted to ANOVA and multivariate analysis applying 
grouping techniques and canonical variables. High genetic variability was observed among the 30 T. grandis genotypes regarding 
resistance to the O. neotectonae fungus. Both for the Unweighted Pair Group Method with Arithmetic Mean (UPGMA), the canonical 
variables method and Best Linear Unbiased Prediction (BLUP) the genotypes that showed the greatest resistance to the fungus were 
genotypes 03 and 10.  
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Introduction 
 
Teak (Tectona grandis Linn F.) is a tree species belonging to 
the Lamiaceae family that produces exceptional wood that is 
highly valued in world trade (Li et al., 2016).  The prospects 
for teak cultivation in the Center-West region, especially in 
the State of Mato Grosso, suggest a desirable and predictable 
economic return, given the region’s edaphoclimatic 
conditions and some indicators in terms of production for the 
State (Medeiros et al., 2018). However, teak rust caused by 
the Olivea neotectonae (Pieri et al., 2011), belonging to the 
Filo Basidiomycota, Pucciniales Order, Chaconiaceae Family  
(Pieri et al., 2011; Céspedes et al., 2014), stands out as a yield 
reducing factor.  
The first report of this disease in the American continent was 
in Panama in 2003 (Esquivel, 2003) and in the following year 
in Costa Rica (Arguedas, 2004), in Equador (Pinargote, 2004), 
and in Mexico by the North American Plant Protection 
Organization (NAPPO, 2005). In Brazil the first official report 
of the disease was in 2009 in the municipality of Sinop, MT 
(Bonaldo et al., 2011). Among teak leaf diseases, rust is the 
most important (Arguedas, 2004; Bonaldo et al., 2011), with 
severe epidemics causing rapid drying and loss of leaves in 
plants, which become weak and take significantly longer for 
wood production, becoming poor in quality (Cespedes and 
Yepes, 2007; Gasparotto e Pereira 2013). Studies in Cuba 
indicate that young trees suffer from loss of leaves around 20 

to 30 days after symptoms start to appear, as well as 
exhibiting reduced growth (Pérez et al., 2009).  
Generally, programs for the genetic improvement of teak 
concentrate on developing clones, with emphasis on rate of 
growth and wood properties, however not many programs 
exist for genetic improvement aimed at resistance to 
diseases. Thus, there is a noted need for improvement 
programs aimed at disease resistance in forest cultivations.  
The REML/BLUP procedure (maximum restricted 
likelihood/best unbiased prediction), stands out as one of the 
main procedures for estimating genetic parameters in 
progeny tests. In light of this, the aim of this paper was to 
identify the best components involving resistance to the O. 
neotectonae fungus, allowing for adequate selection of 
promising teak genotypes to explore in improvement 
programs or for disease management. 
 
Results 
 
The analyzed resistance components presented a large 
quantitative variation between genotypes, as well as the 
Pearson linear correlation coefficients observed between the 
components being significant for the Infection Frequency x 
ABNPPC, Infection Frequency x Pustules per cm2, and ABNPPC 
x Pustules per cm2 variables, with all of the significant 
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correlations being positive and demonstrating the connection 
between the variables (Table 1). 
Based on the relative magnitude of the Mahalanobis distance 
values obtained via the analyzed characteristics of resistance 
to the Olivea neotectonae fungus, the existence of genetic 
variability was verified by means of the UPGMA grouping 
method, obtaining the formation of four distinct groups 
(Table 2). 
The first group was formed of two genotypes (03 and 10), 
with these being the genotypes that showed the greatest 
resistance to the Olivea neotectonae fungus, for the 
characteristics evaluated, and the genotypes representing 
group 1 are worth noting due to them exhibiting greater 
resistance characteristics than the other genotypes. In 
genotype 03 the first signs of disease were found at 19 days 
after inoculation (DAI), however at 20 DAI it did not reach the 
average latent period and spores were not found on the 
pustules present in this genotype. For the other 
characteristics the values were approximately 0.  
Then a group was formed with genotypes 13 and 18. In this 
group the latent period was 16 days and spore production per 
pustule varied from 1154.1214 to 1206.0846. However, when 
compared to the genotypes from the other groups, they were 
the ones that exhibited the highest infection frequency 
(0.0850 and 0.1382), ABNPPC (0.9538 and 0.6310), and 
pustules per cm2 (1.3306 and 0.8187). 
The number three group exhibited a higher quantity of 
genotypes (23 genotypes), and in this group the latent period 
varied from 10 to 19 days, the infection frequency from 
0.0026 to 0.0545, the ABNPPC from 0.0207 to 0.3973, the 
number of pustules per cm2 from de 0.0247 to 0.5250, and 
the number of spores per pustule from 440.4762 to 
1777.9982. 
And lastly, the group that exhibited the highest susceptibility 
to teak rusk was formed of genotypes 8, 12, and 7. These 
genotypes exhibited a latent period from 14 to 15 days, the 
infection frequency varied from 0.0599 to 0.0837, and the 
ABNPPC was between 0.3889 and 0.5283. For the number of 
pustules per cm2 and number of spores per pustule variables, 
the values varied from 0.5763 to 0.8055 and 2040.4889 to 
931.9924, respectively. 
The canonical variables method aims to produce a bi or 
tridimensional scatterplot which can identify similar 
genotypes, making it possible to simplify the interpretation of 
the results. The viability of its interpretation is restricted to 
the variables which exceed 80% (Cruz et al., 2004). In this 
study, it was verified that the first three variables explain 
89.86% of the total variance (Table 3). 
Therefore, the use of the tridimensional scatterplot is justified 
by the analysis of the canonical variables, as these provide 
structural simplification of the data. 
The genotype scatterplot using the canonical variables (Figure 
1) presented a similar behavior to the grouping using the 
UPGMA method. However, genotype 7, which using the 
UPGMA method was allocated into group 04, being one of 
most susceptible to the Olivea neotectonae fungus, was in 
this case grouped into group two with genotypes 13 and 18. 
In relation to the relative contribution of each characteristic 
of resistance to the Olivea neotectonae fungus (Table 4), 
based on the criterion proposed by Singh (1981), it was 
verified that for the 30 Teak genotypes analyzed we have, in 
descending order of contribution, Latent Period, Number of 
Pustules per cm2, Spores per Pustule, ABNPPC, and Frequency 
of Infection. 

The Latent Period, Number of Pustules per cm2, and Spores 
per Pustule characteristics contribute to 82.48% of the total 
distribution.  
 
Estimation of genetic parameters and individual selection 
and estimates of gains 
By analyzing the variance components obtained by Restricted 
Maximum Likelihood (REML), it can be observed that the 
variable Latent Period presented the largest results of 
individual heritability in the broad sense and heritability of 
the genotype mean, with values of 0.29 and 0.77, respectively 
(Table 5).  
The variable spores per pustule was the variable that 
presented lower heritability values, this can be explained by 
the low value of σ2g and high value of σ2f. 
From the 30 genotypes evaluated, 10 best genotypes were 
selected through the estimates of the genetic gains predicted 
by BLUP, and the genetic gains were predicted and the new 
averages estimated (Table 6). 
 
Discussion 
 
This paper showed that for 30 teak genotypes evaluated for 
the existence of genetic variability with regards to resistance 
to the Olivea neotectonae fungus, the result was similar to 
that found by Xavier (2007), who in looking at the resistance 
of other forest species such as Eucalyptus globulus and 
Eucalyptus nitens to rust (Puccinia psidii), found variability 
among the species evaluated.  
The results found in table 3, is similar to that found by Barceli 
et al. (2011), who evaluated the severity of Olivea 
neotectonae fungus using the area below the disease 
progression curve for ten commercial clones over the period 
between May 2009 and July 2010, found that clones C9, C8, 
and C10 were most susceptible, clones C4, C1, C3, C2, C6, and 
C7 exhibited intermediate resistance, while clone C5 proved 
to be the most resistant to teak rust. 
The cophenetic correlation coefficient obtained between the 
Mahalanobis generalized distance matrix and the cophenetic 
distance matrix (r=0.86) revealed a good adjustment between 
the graphic representation of the distances and the original 
matrix (Rohlf, 2000), allowing for inferences to be made by 
means of the visual evaluation in Table 03. In this type of 
graphic representation, the efficiency with which the original 
matrix of distance data is represented in the table directly 
implies the possibility of its use.   
At some commercial teak plantations severely attacked by 
the O. neotectonea fungus in Panama and Costa Rica, trees 
that did not exhibit symptoms of the disease were detected 
(Arguedas, 2004). This was also shown at a teak plantation in 
the state of Mato Grosso and in the municipalities of Xinguara 
in Pará and in the state of São Paulo in the municipality of 
Mococa (Gasparotto et al., 2014), as was it recorded by 
Ferreira and Silva, (1982) in an experiment involving around 
eleven Eucalyptus spp species in the region of Espirito Santo, 
where it was found that the Eucalyptus torelliana and 
Eucalyptus brassiana did not exhibit symptoms of the disease. 
These results differ from that found in this paper, since no 
teak genotype immune to the O. neotectonae fungus was 
found. 
However, the variability existing in the latent period, in the 
infection frequency, in the ABNPPC, in the number of spores 
per cm2, and in the number of spores per pustule, between 
the teak genotypes evaluated, showed a large quantitative 
variation in these characters, evidence of the occurrence of  
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    Table 1. Pearson correlation coefficients between the resistance components. 
Variables Spores per Pustule Average Latent Period Infection Frequency ABNPPC 

Latent Period 0.0191 ns - - - 

Infection Frequency 0.1017 ns 0.0535 ns - - 

ABNPPC 0.0706 ns 0.0092 ns 0.9845** - 

Pustules per cm2 0.0527 ns 0.1046 ns 0.9417** 0.955** 
    nsNot significant**Significant to 1% probability. 
 

 
Figure 1. scatterplot 3D of the 30 Tectona grandis genotypes, in relation to the first three canonical variables (CV1, CV2, and CV3). 

 

 
           Table 2. Epidemiological variables presented by the teak genotypes infected by O. neotectonae(1). 

Genotypes Average Latent 
Period (days) 

Infection 
Frequency 

ABNPPC Pustules per 
cm2 

Spores per 
Pustule 

Groups(2) 

3 0 0.0001 0.0012 0.0009 0 I 

10 0 0 0 0 0 I 

13 16 0.1382 0.9538 1.3306 1154.1214 II 

18 16 0.0850 0.6310 0.8187 1206.0846 II 

1 19 0.0097 0.0687 0.0929 447.8114 III 

2 17 0.0078 0.0544 0.0753 1129.6296 III 

4 15 0.0282 0.2224 0.2717 877.0341 III 

5 15 0.0149 0.1014 0.1432 489.4026 III 

6 13 0.0026 0.0207 0.0247 550.5051 III 

9 14 0.0088 0.0490 0.0844 440.4762 III 

11 16 0.0132 0.0992 0.1274 1153.1085 III 

14 16 0.0350 0.2399 0.3369 867.8838 III 

15 16 0.0187 0.1267 0.1804 1602.2377 III 

16 15 0.0256 0.1635 0.2462 1310.8466 III 

17 17 0.0290 0.2193 0.2795 1777.9982 III 

19 11 0.0127 0.0923 0.1220 814.8148 III 

20 10 0.0545 0.3973 0.5250 467.5926 III 

21 19 0.0113 0.0716 0.1084 612.7900 III 

22 15 0.0164 0.1374 0.1578 1012.0321 III 

23 17 0.0159 0.1313 0.1530 1167.2263 III 

24 18 0.0214 0.1376 0.2060 885.5219 III 

25 18 0.0410 0.2779 0.3944 787.1840 III 

26 13 0.0273 0.1467 0.2631 642.8571 III 

27 17 0.0186 0.1401 0.1786 734.0700 III 

28 10 0.0238 0.1963 0.2294 669.4866 III 

29 16 0.0224 0.1760 0.2152 1296.3028 III 

30 16 0.0158 0.1059 0.1525 1453.3815 III 

7 15 0.0599 0.3889 0.5763 2040.4889 IV 

8 14 0.0837 0.5283 0.8055 968.7447 IV 

12 14 0.0780 0.4568 0.7510 931.9924 IV 
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            Table 3. Estimate of Auto-Values associated with the spread for variables evaluated in Teak Genotypes. 

Root Root % Accumulated % 

1.0899961 46.0557273 46.0557273 

0.70652 29.8526695 75.9083968 

0.3303636 13.9588881 89.8672849 

0.2398083 10.1326458 99.9999308 

0.0000016 0.0000692 100.0 

 
Table 4. Estimate of the relative contribution of the characteristics of resistance to the Olivea neotectonae (S.j) fungus for the genetic divergence 
among 30 Teak genotypes, based on the Mahalanobis generalized distance. 

Variables Relative contribution 

S. j. % 

Average Latent Period 686.500395 33.6125 

Pustules per cm2 551.408022 26.9981 

Spores per Pustule 446.859692 21.8792 

ABNPPC 323.493254 15.8389 

Frequency of Infection 34.132863 1.6712 

 
Table 5. Estimates of components genotypic variance between genotypes (σ2

g), individual phenotypic variance (σ2
f), broad sense individual heritability 

(h2
g), heritability of genotype mean (h2

mc), accuracy of genotype selection (Acclon) and overall average, obtained by the REML procedure for the five 
traits evaluated in 30 teak genotypes resistant to the fungus O. neotectonae. 

Parameters 
Genetics 

𝛔𝐠
𝟐 𝛔𝒇

𝟐 𝐡𝒈
𝟐  h2mc Acclon Média 

Geral 

Average Latent Period (days) 20.6146 70.2749 0.29334 0.7788 0.8825 17.8148 

Infection Frequency 0.0004 0.0047 0.0988 0.4940 0.7028 0.0306 

ABNPPC 0.0207 0.2240 0.0924 0.4755 0.6896 0.2111 

Pustules per cm2 0.0436 0.4417 0.0988 0.4940 0.7028 0.2950 

Spores per Pustule 91149.9696 1186875.9011 0.0767 0.4184 0.6468 916.3875 

ABNPPC: Area Below the Number of Pustules Progression Curve. 
 
 
 
Table 6. Ranking of the five teak genotypes with highest estimates of genetic gain and new predicted averages, estimated by REML/BLUP, in relation to genetic resistance 
to O. neotectonae. 
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(%) 

New 
average 

Gain 
(%) 

New 
average 

Gain (%) New 
average 

Gain 
(%) 

New 
average 

Gain 
(%) 

New 
average 

1  10 62.12 28.86 10 0.00 0.04 10 0.00 0.24 10 0.00 0.34 10 0.00 1007.96 

2  3 58.12 28.17 3 1.63 0.04 3 1.66 0.24 3 1.69 0.34 3 1..44 998.60 

3  6 50.84 26.87 6 3.59 0.03 6 3.41 0.24 6 3.52 0.33 9 2.99 989.50 

4  9 44.53 25.75 2 5.22 0.03 9 5.11 0.23 2 5.32 0.33 1 3.90 980.07 

5  1 39.28 24.81 9 6.85 0.03 2 6.72 0.23 9 6.95 0.32 20 4.88 970.38 

6  25 35.54 24.15 1 8.48 0.03 1 8.38 0.23 1 8.64 0.32 5 5.89 961.08 

7  19 32.80 23.66 21 10.44 0.03 21 10.09 0.22 21 10.41 0.31 6 6.95 952.16 

8  26 30.74 23.39 19 12.07 0.03 19 11.89 0.22 19 12.24 0.31 21 7.98 943.77 

9  21 28.28 22.85 11 14.03 0.03 11 13.64 0.21 11 14.10 0.30 26 8.97 929.61 

10  15 25.87 22.42 5 15.99 0.03 5 15.48 0.21 5 16.10 0.30 28 9.99 916.39 

 
 
Table 7. Identification of the 30 selected Teak genotypes from PROTECA Forest Biotechnology.   

Treatment Genotype code Origin 
 

Treatment Genotype code Origin 
 

1 A2  
Solomon Islands 

16 B17 Brazil 

2 A3 17 C1 Malaysia 

3 A4 18 C2 

4 A6 19 C5 

5 A7 20 D2 India 

6 A8 21 D3 

7 A9 22 D4 

8 A10 23 E2 Indonesia 

9 A11 24 E4 

10 A12 25 G1 Costa do Marfim 

11 B2 Brazil 26 G2 

12 B6 27 J1 Ghana 

13 B8 28 J2 

14 B14 29 T4 Tanzania 

15 B16 30 T8 

 
 
 
 
 
 
 
 

 
 
 
 



839 

partial resistance in the genotypes tested, since according to 
Parlevliet (1985), quantitative or partial resistance acts via a 
reduction in infection rate, a decrease in spore production, a 
reduction in the size of the pustules, and an increase in the 
latent period. 
By analyzing the variance components obtained by Restricted 
Maximum Likelihood (REML), the average heritability value 
was similar to that found by Rachid et al. (2013), that in their 
study of Eucalyptus resistance to rust found a value of 0.83. 
The accuracy of the selection of the genotypes varied from 
0.64 to 0.88, which indicates a good precision of the results 
according to Resende (2002). 
The result of the REML / BLUP method was similar to 
multivariate analysis based on the relative distance of 
Mahalanobis, as it can be seen that genotypes 10 and 03 were 
listed as superior in terms of resistance to the fungus O. 
neotectonae, however the next ranking genotype was the 
genotype 06 for most of the evaluated characteristics, and 
genotype 09 for the characteristic of Number of 
Urediniospores per pustule, as shown in Table 7. 
The fact that genotypes 10 and 03 are resistant in both 
analyzes performed in this work, is explained by the variable 
Latency Period, as it is related to the effectiveness of the 
plant's resistance to pathogen infection. According to the 
literature, it is common to find variation in the rust latent 
period, as this can occur according to specific characteristics 
of the host, pathogen, environmental conditions and 
evaluation method (Castro et al., 1985; Habtu and Zadoks, 
1995; Rosado, 2007; Ferreira et al., 2017). Similar values for 
the latent period variable were found by Ferreira et al. (2017), 
in their work with selection of resistant eucalyptus genotypes, 
where the authors found a latent period of up to 18 days. 
 
Materials and methods 
 
Study location 
This paper was developed at the Cáceres University Campus 
of the State University of Mato Grosso – UNEMAT, at 16 º 11’ 
42’’ South latitude and 57º 40’ 51’’ West longitude, 210 km 
from Cuiabá. 
Thirty different clonal teak genotypes selected at a 
greenhouse belonging to the PROTECA Forest Biotechnology 
company (Table 7) were evaluated. The experimental design 
was one of randomized blocks, with three repetitions, and 
each segment was composed of three plants. The seedlings 
were initially planted with 10 cm in height in 2 liter vases 
containing a mixture of earth and sand in a 3:1 proportion. 
Fertilization was carried out once a week using 100 mL of 
nutritive solution (Clarck, 1975). Irrigation was carried out 
manually without wetting the leaves and 3 second 
nebulizations were carried out every 10 min in order to keep 
the air humidity high. 
PROTECA Forest Biotechnology is a company that has been 
specialized in the clonal propagation of teak for more than 10 
years and holds an exclusive collection of superior genotypes 
of this forest species.  
 
Obtaining urediniospores 
The inoculum used came from teak leaves collected in the 
region of Cáceres-MT with symptoms of rust. The 
urediniospores were collected by scratching the leaves with a 
brush and a suspension of spores was subsequently prepared 
with distilled water and tween 80 (0.075%). The 
concentration of the suspension was adjusted to 2 x104 

spores per mL of water with the help of a Neubauer chamber 
(Sood et al., 2009). 

Inoculation  
Inoculation of the genotypes was carried out 36 days after 
transplanting the seedlings, using approximately 11 mL of the 
suspension per plant. The inoculation was carried out by 
spraying all of the leaves with the help of a manual sprayer. 
After inoculation the genotypes were covered with black bags 
for 24 hours (humid chamber). The plants were kept in a 
greenhouse throughout the whole period of the experiment. 
The maximum and minimum temperatures recorded on the 
day of inoculation were 16.4 and 27.6ºC, respectively, and the 
averages during the whole experiment were a minimum of 
22.08 and a maximum of 34.02°C. 
After inoculation, two leaves from the middle third of each 
plant were selected for the evaluations and the leaves were 
analyzed up until the 20th day after inoculation. 
 
Evaluation of traits 

• Average latent period: interval, in days, between 
inoculations until the appearance of pustules sporing on 50% 
of the leaves marked by repetition per genotype (Griffiths and 
Jones, 1987). 

• Number of pustules per cm2: the total pustules present on 
each marked leaf was counted daily. To calculate the area of 
each leaf, at the end experiment the marked leaves were 
collected and digitalized. Then, measurement was carried out 
of the total area of each leaf with the help of the ImageJ 
computer program. The number of pustules per cm2 for each 
evaluation was calculated by dividing the number of pustules 
by the total leaf area of each marked leaf.  

• Area Below the Number of Pustules Progression Curve 
(ABNPPC): With the daily values of the number of pustules per 
cm2, the ABNPPC was calculated based on the equation 
proposed by Shaner and Finney (1977). 
ABNPPC=  

∑[
(𝑌𝑖 + 𝑌𝑖+1)

2
] (𝑡𝑖+1 − 𝑡𝑖)

𝑛−1

𝑖=1

 

Where n is the number of evaluations, ti+1 – ti is the interval 
between two evaluations, and Yi and Yi+1 are two 
consecutive evaluations carried out at times ti+1 and ti. 

• Frequency of infection: The frequency of infection was 
estimated by dividing the average number of urediniospores 
deposited per cm2 by the number of pustules formed per cm2 
of leaf area. To calculate the average number of 
urediniospores deposited on the leaves at the time of 
inoculation, microscope slides were sprayed with the spore 
suspension in the same way described for the plant 
inoculation. Then, the total number of spores deposited/cm2 
on each slide was counted, with the help of an optical 
microscope. For calculating the frequency of infection, the 
number of pustules formed per cm2 of leaf area on the last 
day of evaluation for each marked leaf was considered.   

• Number of urediniospores per pustule: To the counting of 
the number of spores produced per pustule, for these counts, 
three 1cm2 segments from the most affected areas of each 
marked leaf were removed. Then, the segments were 
conditioned in 1.5 mL microtubules, into which 1 mL of 
distilled water solution + 0,075% Tween 80 was added. 
Subsequently, the microtubules were shaken in a vortex 
orbital shaker for 30 min, so that the urediniospores were 
released into the solution. Then, the segments were removed 
and placed onto petri plates to count the number of pustules. 
This count was carried out using a stereoscopic microscope.
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• Quantification of the number of urediniospores was carried 
out with the help of a Neubauer chamber. These data were 
used for quantifying the number of urediniospores produced 
per pustule. 
 
Statistical analysis 
The data on resistance characteristics were submitted for 
variance analysis and tested for significance via the F test, 
using the Genes program (Cruz, 2013). 
A multivariate analysis was carried out regarding the 
resistance characteristics, by applying grouping and canonical 
variable techniques. For the grouping technique, the 
Mahalanobis generalized distance (Mahalanobis, 1936) was 
used as a measure of dissimilarity, and for delineating the 
groups, using the average link between groups (UPGMA) 
grouping method was used, with the adjustment between the 
distance matrix and the dendrogram being estimated by the 
Cophenetic Correlation Coefficient (CCC) (Sokal and Rohlf, 
1962). 
For the analysis of canonical variances, the genetic diversity 
was shown by means of a 3D projection of the first three 
variables. The relative contribution of the characters using 
the Mahalanobis generalized distances was also added, 
applying the criterion proposed by Singh (1981) and the 
Pearson linear correlation analysis. All of the statistical 
analyses were carried out using the Genes computer program 
(Cruz, 2013). 
 
REML/BLUP 
To estimate the parameters and select the best genotypes for 
the characteristics of resistance to the fungus O. neotectonae, 
the REML/BLUP mixed model methodology was used, for the 
estimation of the variance components by the restricted 
maximum likelihood (REML) method and the prediction of 
genotypic values by the best unconverted linear prediction 
(BLUP) (Resende, 2002; Alves and Resende, 2008). 
The analyzes by mixed models REML/BLUP were performed 
using the Selegen-Reml/Blup program (Resende, 2016), 
which follows the statistical model 𝑦 = 𝑋𝑟 + 𝑍𝑔 + 𝑊𝑝 + 𝑒, 
where y is the data vector, r is the vector of repeating effects 
(assumed to be fixed) plus the general average, g is the vector 
of genotypic effects (assumed to be random), p is the vector 
of plot effects, e is the vector of errors or residuals (random). 
Capital letters represent the incidence matrices for these 
purposes. The statistical model used was the 02 of the 
Selegen program. 
The following variance components were estimated (REML): 
σ2

g: genotypic variance; 
σ2

f: individual phenotypic variance; 
h2

g: individual heritability in the broad sense, that is, from the 
total genotypic effects; 
h2

mc: heritability of the genotype mean, assuming no loss of 
plots and 
Acclon: accuracy of genotype selection, assuming no plot loss. 
 
Conclusion  
 
It can be concluded that genetic variability exists among the 
30 Tectona grandis genotypes from the PROTECA Company 
with regards to resistance to the Olivea neotectonae fungus. 
For both the mean group bonding method (UPGMA), the 
canonical variable method and the best non-biased linear 
prediction (BLUP), the genotypes that presented the highest 
resistance to the fungus Olivea neotectonea were genotypes 
03 (A4) and 10 (A12), both from Solomon Islands, and should 
continue the teak breeding program. 
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