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A B S T R A C T

The objective of this work was to evaluate the genetic parameters and estimate genetic gains in two populations
of Hevea brasiliensis. The first population of the study is originated from the primary forest of Rio Branco – Acre
(wild population – PS), and the other population is originated from clonal matrices (improved population – PM).
Thirty-seven progenies were evaluated at 23 years for PS. For PM, 31 progenies at eight years of age were
evaluated for growth traits and dry rubber yield. Estimates of the genetic parameters were made using the
univariate linear mixed-model additive model REML/BLUP and gains in selection by the Multi-Effects Index
(MEI) method. The selection strategies of 50%, 40% and 22% of individuals for the character of dry rubber yield
(PBS) and stem perimeter (PAP) using the multi-effects index revealed high and low selection gains in both
populations. For MP, the strategy of selection between and within progenies was more appropriate and for PS,
the individual selection. The gains obtained in the selection were 54% for the PBS character in the improved
population of 0.46% for the PAP character for the wild population.

1. Introduction

The effectiveness of the rubber tree breeding program [Hevea bra-
siliensis (Willd. Ex Adr. de Juss.) Muell. – Arg.] depends on the avail-
ability of diversity in the germplasm collection. This diversity allows
the obtainment of clones with high production potential, which are
resistant to diseases, with products of better quality and adapted to
adverse environmental conditions, among other attributes. The Amazon
forest is the genetic diversity center of the rubber tree and it is being
threatened by deforestation, which compromises the expansion of
germplasm collections, mainly in terms of new attributes valued in
rubber tree crop (Ambrósio et al., 2013).

In this context, in 1991 Engineering College at Ilha Solteira/UNESP,
SP, acquired seeds from open pollinating rubber trees originating from
the primary forest of Rio Branco-Acre to settle a germplasm bank,
which objective was to conserve the genotypes and, in the future, select
them to establish an improvement program at the institution.
Subsequently, in 2006, clonal test seeds were obtained from the Center

of Rubber Tree and Agroforestry Systems, IAC (Agronomic Institute),
with a certain degree of improvement, which would support the con-
tinuation of the breeding program.

The State of São Paulo has an improvement program, aimed at in-
creasing production, associated with other desirable secondary char-
acteristics, such as vigor, bark thickness and others (Aguiar et al.,
2012). The vigor, measured by the stem perimeter, is the most im-
portant character to determine the clone precocity, allowing the rubber
producer to have a faster financial return on their investment. The idea
of the present study was to establish selection strategies aiming not only
the production of latex, but also the quality of wood, guaranteeing to
the producer the increment of income at the end of the crop cycle.
Today, much of the wood of the rubber tree is destined for energy,
adding low value to the product; the present study aimed to value the
use of wood.

For the purpose of conducting an improvement program, knowledge
of the genetic characteristics of study populations is essential to make
selection more effective. Qualitative data are useful for estimating
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genetic variation and based on heritability data and genetic correlations
between economically important variables, genetic gains can be esti-
mated after successive selection cycles. The quantitative data determine
the most appropriate selection strategies to overcome the difficulties in
the selection of superior genotypes and to increase knowledge about the
genetic structure in populations of rubber trees (Silva et al., 2012).

One of the tools used in plant breeding programs are the mixed
models, such as the Restricted Maximum Likelihood (REML), which is a
generalization of Variance Analysis (ANOVA) for more complex situa-
tions and which allows the estimation of variance components and
genetic parameters for the situation of unbalanced data and hetero-
geneity of variances. Another interesting procedure for the prediction of
genetic values is the BLUP (Best Linear Unbiased Prediction), being
more appropriate when considering the genotypic effects as random,
aiming to obtain the BLUPs of said effects (Resende, 2004). The REML/
BLUP methodology is used in several species, such as in Hevea (Souza
et al., 2017), Eucalyptus (Costa et al., 2015); Pinus (Santos et al., 2016),
Acacia (black wattle) (Dunlop et al., 2005). Resende (2016) suggests the
use of the Selegen-REML/BLUP software for the application of analysis
of mixed models in the estimation of variance components and esti-
mation of genetic parameters to optimize the conduction of plant
breeding programs.

For Resende (1995), the adoption of efficient forest improvement
strategies depends on the use of accurate selection methods. To do so,
the Multi-Effects Index (IME) method can be used, which explores
fractions of the additive genetic variance that are not considered in the
selection between and within progenies and suggests that a more ef-
fective selection could be made by weighing individual values and
values of their respective families. In this method, selection is based on
genetic measures (net genetic value) and non-phenotypic measures of
the candidates for selection (Resende and Higa, 1994). Several studies
have been carried out using the MEI method, due to the more ex-
pressive gains in selection (Costa et al., 2000a, 2000b; Santos et al.,
2016; Arantes et al., 2010; Tung et al., 2010; Silva et al., 2011; Verardi
et al., 2013, 2014; Kubota et al., 2015).

Thus, the objective of the present study was to estimate the genetic
parameters and gain prediction in selection for growth traits and rubber
yield in two progenies of H. brasiliensis. With this information, it was
possible to verify the value of the genetic variation and the selection of
the best selection strategy for the continuation of the breeding program
of the species.

2. Material and methods

2.1. Material

The first population described by Paiva et al. (1994) is native to the
primary forest of Rio Branco-Acre, generated by open pollination,
characterized by not being submitted to any breeding program (PS,
wild population) (Table 1). The second one is a population generated by
open pollination of selected clonal matrices: 1-12-56-77, 64B 850, Fx
(2261 and 3864), GT1, IAC (15, 35, 40, 41, 44, 301, 307 and 311), IAN
873, IRCA 111, MT 45, PB (28/59, 217, 235, 252, 260 and 330), Pind
595/89, PR (255 and 261), RO-I (35 and 110), RRIM (600, 606, 701
and 725), coming from the Center of Rubber Tree and Agroforestry
Systems, IAC (Agronomic Institute). Therefore, it is part of an advanced
stage improvement program (MP, improved population) (Table 2). The
PS progeny test was installed on December 6, 1991, at a spacing of
5× 3m, with a randomized block design with 37 progenies distributed
in three replications, unbalanced with a maximum of 10 plants per
progeny. PM was installed as a progeny test on September 5, 2006, with
a randomized complete block design, consisting of 31 treatments
(progenies), four replications and linear plots of 10 plants, spaced
3×3m.

The populations are installed as progeny tests at Teaching, Research
and Extension Farm (FEPE)/Engineering College at Ilha Solteira/

UNESP, located in Selvíria, MS. The approximate geographical location
of the experiment area is at latitude 20° 22 ‘01’ S, longitude 51° 25 ‘08’
W and 357m altitude. The relief is characterized as moderately flat and
wavy. The climate of the site is Aw type, by Köppen classification, with
an annual mean temperature of 24.5 °C, annual mean humidity of
64.8%, average annual rainfall of 1232.2mm and average sunshine of
7.3 h/day (Hernandez et al., 1995). The soil was classified as a Dis-
troferric Red Latosol, clay texture (Embrapa, 2013).

2.2. Methods

2.2.1. Evaluated characters
The silvicultural characters were evaluated during 2 years (2014

and 2015), being them: a) Commercial height (AC) and total height
(ALT) (m); b) stem perimeter at 50 cm above ground level (P50) (cm);
c) Stem perimeter at 1,30m above ground level (PAP) (cm); d) Stem
form (FOR), being this one obtained based on the arithmetic average
between the two measures obtained by scale of marks from 1 to 5
(Kageyama et al., 1979), in which 1 mark (Trunk with very serious
defect; very tortuous trunk), 2 marks (Trunk with severe defect; torso
with tortuosity above average), 3 marks [Trunk with defect quite
visible; torso with average tortuosity (up to 3,5m in height)], 4 marks
[Trunk with defect barely visible; trunk with tortuosity below average
(up to 4,5m in height)] and 5 marks attributed to the trunk with no
blemish or trunk tending to righteousness (> 4,5m in height). Ob-
tained by the following expression: FOR= (BI+TO)/2, in which BI is
the Bifurcation of the stem, with 1 mark (Bifurcation below 1,30 with
diameter equal to the main stem), 2 marks (Bifurcation above 1,30 with

Table 1
Wild population (PS) constituted by 37 progenies of open polli-
nation situated in Selvíria, MS.

Progenies Size of the progenies

1 12
2 13
3 19
4 19
5 16
6 25
7 19
8 13
9 7
10 11
11 17
12 14
13 13
14 12
15 11
16 21
17 19
18 14
19 14
20 3
21 10
22 9
23 3
24 6
25 12
26 9
27 9
28 12
29 7
30 10
31 6
32 8
33 5
34 3
35 7
36 6
37 5
– –

C.L. Dourado et al. Industrial Crops & Products 118 (2018) 118–124

119



diameter equal to the main stem), 3 marks (Bifurcation below 1,30 with
a diameter that is inferior to the main stem), 4 marks (Bifurcation above
1,30 with diameter that is inferior to the main stem) and 5 marks being
attributed to the absence of bifurcation. For the variable Righteousness,
or the tortuosity of the stem (TO), it was evaluated in the experiment,
with 1 mark (Tortuosity marked to the fullest extent), 2 marks (Tor-
tuosity marked below 1,30m), 3 marks (Tortuosity marked above
1,30m), 4 marks (Slight tortuosity to the fullest extent) and 5 marks
attributed to the trunk with no tortuosity; e) Mean diameter of the
treetop projection (DMC), with projection of the treetop to the ground,
on the line (DL) e in between line (DEL). The character (DMC) was
generated by means of the arithmetic mean of the two measurements
obtained, being presented by the following expression:
DMC= (DL+DEL)/2 (m), f) Dry rubber yield was obtained by means
of the Hamaker Morris-Mann test (HMM). In total, 15 consecutive
tappings with the system of S/2 d7 ET 2,5% (tapping in half-spiral
every 7 days with stimulation of ethefon to 2.5%) were performed. The
first five consecutive tappings were discarded for panel stimulation
(panel taming). Then, the ethephon was applied to 2.5%, and 10 con-
secutive tappings were performed, which were duly quantified, ob-
taining the mass (g) for each incision. For the two populations of the
study, the five best trees were selected, by stem perimeter, from each
progeny in three replicates. For the PM totaled 465 exploited trees. The
PS was also selected with the same criterion, however, because there
was not the same amount of trees per progeny, aggregating 190 trees
exploited, because some progenies had less than five trees throughout
the experiment.

2.2.2. Statistical analysis
The variance estimate components and genetic parameters were

obtained by the method of maximum likelihood restricted and best
linear unbiased prediction (REML/BLUP), using the statistic-genetic
software SELEGEN-REML/BLUP (Resende, 2007b, 2016). The statistical
model used was randomized blocks, progenies of half siblings, several
plants per plot: y=Xr+Za+Wp+ e; in which: y, r, a, p e e are
vectors to data, repetition, parcels and errors. X, Z e W are matrices of
incidence (Resende, 2002; Resende, 2007a). Genetic and phenotypic
parameters were estimated using the genetic statistical software Se-
legen − Reml/Blup (Model 93).

The individual heritability in narrow sense was estimated as:
=h σ σˆ ˆ / ˆa a f

2 2 2; in which σ̂a
2 is the additive genetic variance and σ̂f

2 is the
individual phenotypic variance, in which = + +σ σ σ σ( ˆ ˆ ˆ ˆ )f a c e

2 2 2 2 , in which
σ̂c

2 (environmental variance among plots) and σ̂e
2 is the residual variance

(environmental + non additive).
Individual heritability in narrow sense, adjusted to the plots effects,

as = +h σ σ σˆ ˆ / ˆ ˆaj a a e
2 2 2 2; the coefficient of determination of plot effects was

estimated as: =C σ σˆ ˆ / ˆp c f
2 2 2.

Mean heritability of progenies, was estimated as:
= + + +h σ σ σ r σ σ nrˆ (1/4) ˆ /(1/4) ˆ ( ˆ / ) (0, 75 ˆ ˆ )/m a a c a e

2 2 2 2 2 2 , in which: n: number
of plants per plots and r the number of repetitions. Accuracy of the

selection of progenies, was estimated as: =r hˆ ˆaa mˆ
2
. Additive herit-

ability within plots, as: = +h σ σ σˆ 0, 75 ˆ /0, 75 ˆ ˆad a a e
2 2 2 2.

The coefficient of individual additive genetic variation, as:
=CV σ m(%) ( ˆ / ˆ )100gi a

2 .Coefficient of genotypic variation among pro-

genies, as: =CV σ m(%) ( 0, 25 ˆ / ˆ )100gp a
2 .The experimental variation

coefficient, as: = + +CV σ σ n σ m(%) ( [(0, 75 ˆ ˆ )/ ] ˆ / ˆ )100e a e c
2 2 2 , in which m̂

as overall mean of the experiment and coefficient of relative variation,
as: =CV CV CV/r gp e

Table 2
Improved population (PM) constituted by 31 progenies of open pollination located in Selvíria, MS.

Order Clone Genealogy

1 RRIM 600 ill. RRIM 600 (Tjir 1 x PB 86) ill.
2 IAC 40 ill. IAC 40 [RRIM 608 (AVROS 33 x Tjir 1) x AVROS 1279 (AVROS 156 x AVROS 374)] ill.
3 IAC 41 ill. IAC 41 [RRIM 608 (AVROS 33 x Tjir 1) x AVROS 1279 (AVROS 256 x AVROS 374)] ill.
4 PB 235 ill. PB 235 [PB 5/51 (PB 56 x PB24) x PB S/78 (PB 49 x PB 25)] ill.
5 IAC 35 ill. IAC 35 [(F 351 x AVROS 49) x RRIM 600 (Tjir 1 x PB 86)] ill.
6 64 B 850 ill. 64 B 850 [RRIM 623 (PB 49 x Pil B 84) x Fx 25 (F351 x AVROS 49)] ill.
7 PB 260 ill. PB 260 [PB 5/51 (PB 56 x PB 24) x PB49] ill.
8 PB 252 ill. PB 252 [PB 86 x PB 32/36 (PB 49 x PB 186)] ill.
9 IRCA 111 ill. IRCA 111 [PB 5/51(PB 56 x PB 24) x RRIM 600 (Tjir1 x PB 86)] ill.
10 RRIM 606 ill. RRIM 606 [Tjir 1 x PB 49] ill.
11 RRIM 701 ill. RRIM 701 [44/553 x RRIM 501 (Pil A 44 x Lun N)] ill.
12 IAC 15 ill. IAC 15 [RRIM 504 (Pil A 44 x Lun N) x RRIM 600 (Tjir 1 x PB 86)] ill.
13 PB 28/59 ill. PB 28/59 (PBIG seedling ill.) ill.
14 IAC 311 ill. IAC 311 [AVROS 509 (Pil A 44 x Lun N) x Fx 25 (F 351 x AVROS 49)] ill.
15 IAC 301ill. IAC 301 [RRIM 501 (Pil 49 X Lun N) x AVROS 1518 (AVROS 214 x AVROS 256)] ill.
16 RO I 110 ill. RO/I/110a ill.
17 IAC 307 ill. IAC 307 [AVROS 1328 (AVROS 214 x AVROS 374) x PR 107] ill.
18 PR 255 ill. PR 255 (Tjir 1 x PR 107) ill.
19 RO I 35 ill. RO/I/35a ill.
20 IAN 873 ill. IAN 873 (PB 85 x FA 1717) ill.
21 IAC 44 ill. IAC 44 [IAN 2325 [PB 86 x Fx 3933 (F 4542 x AVROS 363)] x AVROS 1328 (AVROS 214 x AVROS 374)] ill.
22 PR 261 ill. PR 261 (Tjir 1 x PR 107) ill.
23 PB 217 ill. PB 217 [PB 5/51 (PB 56 x PB 24) x PB 6/9] ill.
24 GT1 ill. GT1a ill.
25 PB 330 ill. PB 330 [PB 5/51 (PB56 x PB 24) x PB 32/36 (PB 49 x PB 186)] ill.
26 Fx 3864 ill. Fx 3864 (PB 86 x FB 38) ill.
27 MT/I/45 ill. MT/I/45a ill.
28 Fx 2261 ill. Fx 2261 (F1619 x AVROS 183) ill.
29 1-12-56-77 ill. 1-12-56-77a ill.
30 Pind 595/89 ill. Pind 595/89 [RRIM 600 (Tjir 1 x PB 86)] ill.
31 RRIM 725 ill. Fx 25 ill.

ill., illegitimate= ilegítimo (clone obtained from a mother-plant of open pollination); African clone (IRCA= Institute de Rescherches sur le Caoutchouc); Brazilian clones (Fx= Ford
crossover; IAN= Instituto Agronômico do Norte; IAC= Instituto Agronômico de Campinas, MT=Mato Grosso, Pind=Pindorama; RO=Rondonia); Indonesian clones
(AVROS=Algemene Verening Rubber Planters Oostkust Sumatra; GT=Godang Tapen, Pr= Proefstation voor rubber,Tjir=Tjirandji); Malaysian clones (Lun= Lunderston,
PB=Prang Besar, Pil= Pilmoor, RRIM=Rubber Research Institute of Malaysia); 1-12-56-77 (Malaysian clone).

a Primary clone deriving from unknown parentals obtained from the vegetative multiplication of the matrix tree with desirable characters.
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2.2.3. Selection by the multi-effects index (MEI) method
To estimate the gain of selection, two simulations of strategies were

used. First simulation, the selection of the first individuals that pre-
sented the highest estimates of â, not taking into account the number of
individuals that each progeny could have (kf= ∀), that is, kf with any
value, since k≠ 0. For each population, the intensity of 50% individual
resulting in the total number of individuals selected, variable between
the two populations. Second simulation, the selection establishing a
limit value of kf, in this case, the kf considered was equal to the number
of 12 trees per family, which represented intensity of selection of 40%
for PM and of 22% for PS. The character used in the selection was the
one with the highest value of the relative coefficient of variation (CVr)
obtained for each one of the populations studied.

The IME was used to estimate the gains in the selection using the
expression (Resende, 2002): = + − +I b Y b b Yˆ ˆ ( ˆ ˆ ).ijk i1 2 3 ..

− − + −b b Y b Y b b Y( ˆ ˆ ) ˆ ( ˆ ˆ ).ij j3 1 . 3 . . 3 2 ..., in which, Î : index multi-effects; Y...:
overall mean of the test; Yijk: individual value; Yi..: mean of the progeny
on the test; Yij.: mean of the progeny in a certain block (mean of the

plot); Y.j.: mean of the block; b̂ = ĥ1 d
2
(heritability, in narrow sense,

within plots); b̂ = ĥ2 m
2
(heritability, in narrow sense among mean of

progeny); b̂ = ĥ3 p
2
(heritability, in narrow sense, of plots). The effective

population size (Ne) was obtained based on Resende (2002):
= + +N N k k σ k(4 )/[ 3 ( / )]e f f f kf f

2 , in which: kf =average number of in-
dividuals selected by matrix; σkf

2 =variance of the number of in-
dividuals selected by matrix; Nf =number of matrices selected. The
genetic diversity (D), after the selection, was quantified according to
Wei and Lindgren (1996), =D N Nef fo, in which 0 < D≤ 1;
Nfo=original number of matrices; Nef=effective number of matrices
selected, being that given by: ∑ ∑=N k k( ) /ef f f

2 2. The value was

generated by the following expression: ∑ ∑=Gs a k m(%) [( ˆ)/( )100)]/ ˆf

; in which, â corresponds to the multi effects index (Î) and m̂ the overall
mean of the character.

3. Results and discussion

3.1. Estimates of genetic parameters

According to the likelihood ratio test (LRT) obtained by the de-
viance analysis, for PM the significant characters were: DMC, P50, PAP
and PBS (Table 3). For PS, the significant characters were: ALT, DMC,
P50 and PAP (Table 4). This information is very important because for

genetic progress to be made through selection it is necessary to have
variance between progenies (Freitas et al., 2009). It suggests that the
selection of individuals can be performed using one of these characters,
showing real differences and not for random reasons in families. For
both populations, the FOR character did not present any significance,
indicating that the families present a more uniform straightness and
bifurcation of the stem, and therefore, it is not an exclusive and po-
tential character of these families. For PM, measured at age eight,
neither the height nor the commercial height were significant, probably
because they did not reach their full potential for vertical growth, as
occurs in PS, measured at age 23 years. However, since the PM presents
a certain degree of genetic improvement, the PBS character presented
significance, unlike the PS, that comes from a natural population of free
feet.

The experimental variation coefficient (CVe) presented values con-
sidered as high magnitude for PBS, according to Pimentel-Gomes and
Garcia (2002). These values are similar to the ones found by Costa et al.
(2000a, 2000b) and Souza et al. (2017), being considered as common
the high values of CVe for this character since the collection of this one
is subjected to experimental errors of control relatively difficult and
expresses intrinsic properties of the character. However, the accuracy
(r̂aaˆ ) which indicates accuracy in access to true genetic variation from
phenotypic variation, in the present study presented as “high” (70% to
85%) and “moderate” (50% to 65%) according to the classification by
Resende and Duarte (2002). According to Resende (2002), accuracy is a
measure that is associated with precision in selection, being the main
component of genetic progress, therefore, the values found in the pre-
sent study suggest a greater reliability in the estimates.

The mean values obtained for PAP and P50 for PM were 46 and
60 cm indicating a sufficient perimeter for panel opening (45–50 cm)
(Pereira and Pereira, 2001; Gonçalves, 2007). Even though these values
may be few expressive, for the age of eight, due to the panel opening to
be carried out with seven years in commercial plantations, there are
still, at present, earlier clones that present this minimum perimeter for
panel opening between six and five years for PM. However, for PS, these
values were 76 and 94 cm, respectively, more expressive values, fact
evidenced due to the 15 years difference between the experiments, with
eight and 23 years after implantation, respectively.

The averages of total height were 15.39 and 18.71m for PM and PS
respectively, corresponding to an average annual increment of 1.9 and
0.81m. These values are high because, for the species between 7 and
10m, it is considered a medium height, and very large, reaching

Table 3
Estimates of genetic parameters for the characters, commercial height (AC), total height (ALT), mean treetop diameter (DMC), stem form (FOR), stem perimeter at 50 cm above ground
level (P50), stem perimeter at 1.30m above ground level (PAP) and dry rubber yield (PBS), in rubber tree progenies, improved population (PM) at eight years, in Selvíria, MS.

Estimates AC (m) ALT (m) DMC (m) FOR P50 (cm) PAP (cm) PBS (g)

ĥa
2 0.08 ± 0.05 0.15 ± 0.07 0.25 ± 0.09 0.06 ± 0.04 0.31 ± 0.10 0.25 ± 0.09 0.66 ± 0.21

ĥaj
2 0.09 0.18 0.26 0.06 0.31 0.25 0.68

Ĉp
2 0.1210 0.1614 0.0090 0.0208 0.0026 0.0025 0.0328

ĥm
2 0.28 0.39 0.71 0.32 0.77 0.72 0.85

r̂aaˆ 0.53 0.62 0.85 0.57 0.88 0.85 0.92

ĥad
2 0.07 0.14 0.21 0.04 0.26 0.20 0.62

CV (%)gi 14.59 7.10 12.41 4.99 14.27 13.48 88.32

CV (%)gp 7.29 3.55 6.20 2.50 7.14 6.74 44.16

CV (%)e 23.12 8.95 7.85 7.23 7.84 8.36 36.53
CVr 0.32 0.40 0.79 0.34 0.91 0.81 1.21
m̂ 7.57 15.39 4.75 3.71 59.88 46.12 246.73
LRT (χ2) 1.15ns 2.63ns 15.86a 1.34ns 28.25a 22.32a 16.94a

ĥa
2
: individual heritability in narrow sense; ĥaj

2
: individual heritability in narrow sense, adjusted to the effects of the plot; Ĉp

2:coefficient of determination of plots effects; ĥm
2
: mean

heritability of progeny; r̂aaˆ : accuracy; ĥad
2
: additive heritability within plots; CVgi: coefficient of individual additive genetic variation; CVgp: coefficient of genotypic variation among

progenies; CVe: coefficient variation experimental; CVr : coefficient of residual variation; m̂: overall means.
a (χ2) significant in 1% (6,63).
ns not significant.
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15–50m in height, mainly for the population improved being only 8
years old, being considered, therefore, on average large trees.
Commercial heights were the same for both populations reaching 7.5 m,
showing the potential for future timber (PM) exploration, which has
already reached the same commercial height as the 23-year-old popu-
lation, although the wild population is spacing of 5× 3m, allowing
greater crown branching. A similar feature that may justify higher va-
lues obtained with DMC for PS (5.9 m) versus 4.8m for PM, despite the
age difference, spacing may also have contributed to higher horizontal
growth treetop.

For the FOR character, the two populations presented average va-
lues close to 4, in the scale of notes, indicating in general, slight tor-
tuosity in all extension of the stem, presenting great characteristic for
future explorations of the wood.

For the PBS character, the mean was 246 g for PM and slightly
higher for PS with 282 g, but considering the number of plants ex-
plored, PBS was 53 g plant−1 for the improved population, and 148 g
plant−1 for the wild population, even with a smaller number of
exploited plants, and despite the improved feature, the upper perimeter
contributed to higher production. Arantes et al. (2010), found a su-
perior average of 94,73 g plant−1, at 3 years old for the same progenies
of the improved population, despite exploiting fewer trees in compar-
ison to the present study.

The coefficient of individual additive genetic variation (CVgi), which
expresses in percentage of overall average the existent quantity of ge-
netic variation, presented high magnitude for the PBS character in re-
lation to the other characters evaluated, for the two populations (47%
and 88%), a situation that is similar to the other studies (Costa et al.,
2000a; Costa et al., 2008; Arantes et al., 2010). The coefficient of ge-
netic variation for PM was significantly higher than the others for this
character, with 88%, indicating the improved nature of the population,
for this character. Other characters that stood out, but with smaller
magnitude, were AC, DMC, P50 and PAP with amplitude of 12–15%, for
the PM, and for all the characters of the PS, with amplitude of 13–25%
with the exception of the character FOR. The wild population presented
values of CVgi with magnitudes higher than the PM, due to the fact that
the age of 23 contributes with mean values of height, and more ex-
pressive treetop and perimeters. According to Aguiar et al. (2010), the
bigger the value for the CVgi, the easier it will be to find superior in-
dividuals that will be able to provide gains in the selection. In this
context, on average between the two populations, the characters that

have the highest values of this coefficient are PAP and PBS, suggesting
the use of this parameter for selection. The values of the genotype
coefficient of variation between progenies (CVgp) were of lower mag-
nitude for PM, than for PS, in general from low to medium magnitudes,
however, the CVgp for the PBS character was of high magnitude for the
improved population with 44%. The heritability corresponds to the
relative proportion of genetic and environmental influences on phe-
notypic expression and indicates ease or difficulty in improving certain
traits (Souza et al., 2017). Resende (1995) classifies heritability values
ranging from 0.01 to 0.15 as low, from 0.15 to 0.50 medians and above
0.50 as high. The values of the mean heritability of progenies (ĥm

2
) were

shown from medians to high magnitudes (28–85%). In general, PS
presented high values for almost all the characters (60–74%), except for
PBS with a moderate value of 46%. The expressive values of heritability
of progeny averages for all the traits studied indicate that the selection
can be more effective using the information of the families.

The additive heritability within plot (ĥad
2
) for the improved popu-

lation presented values from low to high (4 to 62%) and for the wild
population presented from mean to high magnitudes (15–59%). The
individuals heritabilities in the narrow sense, adjusted for the purpose
of plot (ĥaj

2
) presented similar situations as to the ones that occurred

with ĥad
2
.

The individual heritability (ĥa
2
) that quantifies the relative im-

portance of the genetic additive proportion that can be transmitted to
the next generation presented mean values at high magnitudes (25 to
66%) for the two populations. Only AC and FOR presented inferior ĥa

2
,

with low magnitudes (8 and 6% respectively), para a PM. According to
Souza et al. (2017), it is common to note differences among the ĥa

2
,

since the characters evaluated have a quantitative inheritance, that is,
they are influenced by the environment. In comparison to the values of
ĥm

2
, according to Resende (2002), it is expected to find, for quantitative

characters, values of low magnitude for the individual heritability and
that, in general, one conduces the estimate of magnitude from moderate
to high for the heritability at the average progeny level.

In general, PS had heritability of larger magnitudes than PM. The
characters that presented the greatest magnitude for the heritability
were PBS for improved population and PAP and PBS for the wild po-
pulation. For the three types of heritability, some authors obtained si-
milar results for PBS characters with a perimeter of more than 60%
(Gonçalves et al., 2005; Costa et al., 2008; Costa et al., 2010; Verardi

Table 4
Estimates of genetic parameters for the characters, commercial height (AC), total height (ALT), mean treetop diameter (DMC), stem form (FOR), stem perimeter at 50 cm above ground
level (P50), stem perimeter at 1.30m above ground level (PAP) and dry rubber yield (PBS), in rubber tree progenies, wild population (PS) at age 23 in Selvíria, MS.

Estimates AC (m) ALT (m) DMC (m) FOR P50 (cm) PAP (cm) PBS (g)

ĥa
2 0.20 ± 0.12 0.43 ± 0.18 0.47 ± 0.19 0.26 ± 0.14 0.39 ± 0.17 0.60 ± 0.21 0.39 ± 0.27

ĥaj
2 0.20 0.49 0.50 0.27 0.42 0.66 0.54

Ĉp
2 0.0059 0.1293 0.0731 0.0363 0.0614 0.0807 0.2845

ĥm
2 0.60 0.61 0.69 0.60 0.67 0.74 0.46

r̂aaˆ 0.77 0.78 0.83 0.78 0.82 0.86 0.68

ĥad
2 0.15 0.42 0.43 0.21 0.35 0.59 0.47

CV (%)gi 24.93 13.09 21.27 7.69 18.22 26.48 47.25

CV (%)gp 12.46 6.54 10.64 3.85 9.11 13.24 23.63

CV (%)e 17.88 9.05 12.23 5.39 11.06 13.52 44.71
CVr 0.70 0.72 0.87 0.71 0.82 0.98 0.53
m̂ 7.46 18.71 5.94 3.99 94.43 76.73 282.40
LRT (χ2) 3.22ns 4.83a 6.81b 2.97ns 5.54a 10.64b 0.89ns

ĥa
2
: individual heritability in narrow sense; ĥaj

2
: individual heritability in narrow sense, adjusted to the effects of the plot; Ĉp

2:coefficient of determination of plots effects; ĥm
2
: mean

heritability of progeny; r̂aaˆ : accuracy; ĥad
2
: additive heritability within plots; CVgi: coefficient of individual additive genetic variation; CVgp: coefficient of genotypic variation among

progenies; CVe: coefficient variation experimental; CVr : coefficient of residual variation; m̂: overall means.
a (χ2) significant in 5% (3,84).
b (χ2) significant in 1% (6,63).
ns not significant.
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et al., 2011; Verardi et al., 2014).
The values of the coefficient of relative variation (CVr) were higher

than 0,45 for all the characters that were evaluated in PS and for the
characters DMC, P50, PAP e PBS, para a PM. According to Vencosvsky
and Barriga (1992), the higher the value of the CVr (high magnitude),
the greater the genetic control of the characters and the lower the in-
fluence by environmental factors, therefore, characters, commonly
chosen, with better perspectives, for obtaining expressive gains in the
selection. In this work, the characters with higher magnitude of CVr it
was PBS (1.21) and PAP (0.98) for PM and PS respectively, that served
as object of selection by the multi-effect index in the next item of study.

The experimental design was favorable, as the environmental het-
erogeneity did not prevail within blocks, with the coefficient of de-
termination of plot effects (Ĉp

2) with low magnitudes (0.2–8%). Some

characters presented Ĉp
2 a little higher, that is due to larger values of

residual variation, as for the characters ALT (16%), AC (12%) for the
improved population and ALT (13%), PBS (28%) for the wild popula-
tion. According to Sturion and Resende (2010), values greater than 10%
indicate that there was environmental heterogeneity within the plots. It
is recommended, in this case, the decrease of the number of plants per
plot and the increase of the blocks. Thus, modifying the arrangement of
the experimental design could minimize the errors, consequently re-
ducing the value of the Ĉp

2.

3.2. Prediction of selection gains

There are studies that show that vigor (measured by stem perimeter)
is considered the most important character to determine the precocity
of the clone, allowing the rubber tree producer to have a faster return of
its investment, with greater production in the first years of life, which
confirm the efficiency of the early tests (Alem et al., 2015). Based on the
high correlation between annual perimeter growth and rubber pro-
duction and observed results, it is possible to predict that selection with
this population is possible in young plants with maximum gain and in
short time, minimizing the rubber production cycle (Gonçalves et al.,
2006; Verardi et al., 2014). Thus, these two characters were chosen for
the use of selection strategies employing the Multi-Effects Index (MEI).
The selection intensity among progenies was 50% for the best in-
dividuals, based on the classification by the BLUPs, in descending order,
in the SELEGEN software analysis, for the two study populations, re-
sulting in 233 individuals for PM and 408 for PS. For PM, the intensity
of 40% was used within families, and for PS the intensity was 22%,
representing, for both populations, 12 individuals per family (Table 5).

When it comes to the improved population, according to the
strategy applied selecting the 233 best individuals and with a fixed kf of
12 plants per progeny made a Ĝs of 51% and 54% possible, for the first
and the second strategy, respectively. These values fell short of those
found by Arantes et al. (2010) who obtained superior gains in the

selection with the same population of 68%. Verardi et al. (2014),
comparing several selection methods, found superiority by MEI, with
gains over 100% for dry rubber yield, in all the years studied, for rubber
trees.

The effective population size Ne, corresponded from 69 to 99 for the
individual selection and among and inside families, respectively. The
selection between and within proved to be favorable in relation to the
individual selection, since it guarantees diversity in 100%, keeping all
families in the selection, since for individual selection two families are
lost (RO-I 35, Pind 595/89). Moreover, the applied intensity of selec-
tion is smaller in the selection among and within the study of 40%. The
use of high intensities of selection is a risky strategy in a breeding
program. A selection of intense individuals for a high heritability
character should be treated cautiously, as this practice may lead to the
elimination or early loss of alleles responsible for other characters
(Kageyama and Vencovsky, 1983), loss of favorable alleles may occur
due to genetic drift associated with selective processes (Pereira and
Vencovsky, 1988). Reduction in effective population size may lead to
inbreeding and loss of vigor (Oda et al., 1989). In the present situation,
the PM had greater selection gains in comparison to the PS, but a
greater intensity of selection was applied, and with this greater loss in
diversity could occur the loss of favorable alleles in this population as
previously mentioned, in this way it is recommended to choose the
second selection method, with kf equal to 12⋅

The genetic diversity for the populations after the first selection
presented expressive values of 0.73 and 0.82 for PM and PS, respec-
tively. Although the PS has a greater genetic diversity, the PM also
presented an expressive value, although the matrices are of a clonal
nature, there is still great genetic variability among the progenies.

For PS, there were less significant selection gains from (Ĝs =0,46%
to 3,68%). However, this strategy retained a larger effective population
size Ne, for the wild population, varying from 98 to 118 from one se-
lection to another, than in the case of PM (69–99). However, con-
sidering the situation of lack of uniformity of the wild population, the
individual selection would be the most realistic to be adopted a priori.
The selection strategy adopted for this population was consistent with
the statement by Moraes (2001), who mentions the selection of the best
individuals by the MEI, delimiting the maximum value of individuals
selected by progeny (kf), an increase in the number of progenies,
maintain adequate population size and retain genetic diversity.

For the wild population only a simulation was performed, for pre-
dictions for possible future access of the genetic material, as seed
orchard formations, in the use of the breeding. Since the population is
free-footed, native to Acre, that is, having a great importance for
germplasm bank and ex situ conservation. They have a 55% survival
rate. Thus, it was intentional to apply 50% intensity in the selection so
that the maximum of possible individuals could be found. Even so, it
was possible to obtain a discreet gain in the selection.

According to Resende and Fernandes (1999), the Multi-Effects Index
method is an optimal selection procedure, equivalent to the BLUP
procedure (best unbiased linear prediction) for the case where the data
is balanced, or survival is greater than 85%. What can present in part,
smaller gains in the selection for PS, because they present 55% of
survival. Therefore, the strategy initially adopted was intentional,
aiming at the conservation of the genetic material.

Kageyama et al. (2002) found average predicted gains surprising for
natural populations of H. brasiliensis, in Acre, for dry rubber production,
with selection by individual genetic values of 66%. These are important
predictions because, according to the same authors, there is a low
production of latex in the native rubber trees of Acre resulting from the
heterogeneity of the trees, since a few produce a high amount of latex
and the great majority produces little, promoting a low yield. That is
why there is a need for clones, which, in turn, are more susceptible to
M. ulei.

Several selection methods can be used, it is up to the breeder to
check which ones meet their short, medium and long term demands.

Table 5
Selection by the Multi-Effects Index (MEI), for the character of dry rubber yield (PBS, g) in
PM and for stem perimeter (PAP, cm) in PS, for Hevea brasiliensis in Selvíria, MS.

Parameters PM (PBS) PS (PAP)

= ∀kf =k 12f = ∀kf =k 12f

N 233 372 408 444
Nfo 31 31 37 37
Ne 69.53 99.20 98.59 118.4
σ̂kf

2 19.03 0 27,86 0

Ĝ (%)s 51.16 54.19 0.46 3.68

D̂ 0.73 1.00 0.82 1

N : number of individuals selected; Nfo =number of progenies of the original population;

Ne: populational effective size; σ̂kf
2 : variance of individuals selected per progeny; Ĝs : gains

in the selection; D̂: Genetic diversity.
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Improvement methods can also be used for each one of the stages of an
improvement program, such as increasing the intensity of selection,
obtaining greater gains in the short term or decreasing the intensity of
selection in order to guarantee the gains over time (Costa et al., 2016).

4. Conclusions

The estimated genetic parameters between growth traits and dry
rubber production for the two rubber populations indicate a favorable
selection situation, contributing to promising genetic advances in the
breeding program.

The MEI-based selection provided promising selection gains without
drastically affecting effective size and diversity in rubber populations,
with the most appropriate strategy being selection within progenies,
providing adequate levels of genetic variability and possible seed
orchard formation.
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