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Abstract. Haryjanto L, Prastyono, Hadiyan Y, Susanto M. 2019. Prediction of genetic gain in Ficus variegata progeny trial based on
breeding value. Biodiversitas 20: 2994-2999. Prediction of genetic gain in Ficus variegata Blume progeny trial based on breeding
values. The aim of this study was to estimate the breeding value based on components variance and genetic gain prediction of Ficus
variegata Blume using REML/BLUP. A total of 17 families of Ficus variegata Blume were evaluated at three years after planting at
progeny trial in Mangunan, Bantul, Yogyakarta laid out in Randomized Completely Block Design (RCBD). Estimation of variance
family (height and diameter) were ± 5% of total variance. Narrow-sense individual heritability was moderate (0.27 and 0.21
respectively) indicated promising genetic improvement. Strong genetic correlation of height and diameter (rG=0.9) indicated that
improving a trait will improving others. BLUP analysis for diameter trait showed that the best individual value from best family
selection was appropriated with restriction 10 family and 5 individual per family and genetic gain prediction was 15.83% gave
acceptable rate of inbreeding 2% per generation.
Keywords: Ficus variegata Blume, heritability, inbreeding, selection, variance component

INTRODUCTION
A pioneer and fast-growing tree species of Ficus
variegata Blume (Moraceae) is naturally distributed in
Southeast Asia, India, Japan, China, Taiwan, Australia and
the Pacific Islands (Zhekun and Gilbert 2003). The F.
variegata trees are generally large and can reach a height of
25 meters and starts to bear fruit after the age of 3 years.
Mature trees are cauliflorous, bearing abundance of figs on
the trunk, branches, and stems (Spencer et al. 1996;
Kuaraksa et al. 2012). Syconia fruits are generally
developed in dense clusters. Mature fruits are about 30-40
mm in diameter (Spencer et al. 1996). The young fruit is
green, then turn into yellow and finally become red once it
is ripe. F. variegata is pollinated by an aganoid wasp
(Spencer et al. 1996).
The F. variegata wood is suitable for sawn timber,
plywood and face veneer (Sumarni et al. 2009). It has the
prospect to be developed for Industrial Plantation Forest
(HTI) both with monoculture and mixed patterns (Effendi
and Mindawati 2015). Further genetic improvement of the
trait such as growth rate (include height and diameter),
stem form and wood quality were anticipated to meet rising
demand for forest product. The effect of using genetically
improved forest plant material is the forest grows faster, the
harvests come earlier and the rotation time can be
shortened (Haapanen et al. 2015). To initiate a genetic
improvement program, progeny trials of the species have
been established in Yogyakarta in 2012 by The Centre for
Forest Biotechnology and Tree Improvement. Success of
breeding programs depends on precise estimates of genetic

parameters, including reliable predictions of breeding
values (Klápště et al. 2007).
Prediction of breeding values for selection of superior
genetic material is a major problem in tree breeding
program. Breeding value represents the genetic value of the
individual based on the performance of individuals and the
mean of its relatives (Falconer and Mackay 1996).
Predicted breeding values can be used to rank families,
identifying the best genotypes in either seedling or clonal
seed orchards; and utilization of seeds for operational scale
planting (White 1996). Accuracy of the predicted breeding
values is therefore important to maximize the genetic gain
in a breeding program (White and Hodge 1987; White
1996). Restricted Maximum Likelihood (REML) and Best
Linear Unbiased Prediction (BLUP) methods are an
efficient method to identify individuals to obtain maximum
genetic gain (Klápště et al. 2007). This method has been
widely used in several perennial and annual species
(Oliveira et al. 2014).
The objective of this study was to estimate genetic gain
of various selection scenarios of F. variegata based on
breeding value using REML/BLUP methods.

MATERIALS AND METHODS
Study site and plants materials
The study site is located in Bantul, Yogyakarta
Province (latitude S 07°57′30″-07°57′54″, longitude E
110°26′07″-110°26′29″, average altitude of 75 m above sea
level). Elevation of the site is between 5%-30%, and the
soil in the area is classified as oxisol. The climate of the
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region according to the Köppen classification is Af (tropical
rain forest climate) to Am (tropical monsoon climate) type,
or type C (medium wet) of climate classification by
Schmidt and Ferguson, with mean annual rainfall of 1,502
mm (Bappeda Kabupaten Bantul 2011).
Materials
The progeny trial established in December 2012
comprised of 595 individual trees from 17 families of F.
variegata collected from West Nusa Tenggara Province,
Indonesia. The progeny test was set up in randomized
complete blocks with 17 progenies (treatments), 5 tree
plots and 7 replications in a spacing of 5 x 5 m. Details of
the site where genetic materials were collected are
presented in Table 1.
The measurement of three years old of F. variegata to
assess growth performance (tree height and diameter).
Height was measured from the ground to the tip of the tree,
and stem diameter was measured at 1.3 m above ground
(DBH).
Data analysis
The raw field data were initially logged into an Excel
spreadsheet. Screening outlier data was performed prior to
statistical analysis, leaving 465 data of individual trees of
17 families. The following linear model was used to
describe the observed values, including ﬁxed and random
factors, appropriate for the mixed-model methodology:
Y = Xβ + Zµ+ e

(BVHS)= 2 GCA

.................................................... (4)

Where:
BVHS : Family breeding value
Individual breeding value (IBV) was calculated by
combining parental and family breeding value components.
Linear model of the equation was described by Xiang and
Li (2001):
IBV = BVHS + Aw...................................................... (5)
Where:
Aw : Deviation within family, calculated by the
following formula:

................................................... (1)
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] σ ................................................. (2)
R

......................................... (3)

Variance components of each trait were estimated by
REML procedure (Lynch and Walsh 1998). G and R were
estimated by BLUP procedure which provides the best
linear unbiased estimator (βˆ) of β and the best linear
unbiased predictor (µˆ) of µ. Values random effects
(family) were predictive value GCA (General Combining
Ability) the family.
Family breeding value was calculated by the following
equation (Falconer and Mackay 1996):

Aw =

Where:
Y - n × 1 vector of observations,
X - n × p design matrix for fixed effects,
β - p × 1 vector of fixed effects,
Z - n × q design matrix for a q × 1 vector of random
effects µ ~ N (0, G),
e ~ N (0, R) - n × 1 vector for residuals,
and
u
G
Var [ ] = [
e
0

Y ~ N (Xβ, R + ZGZ’)
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3σ2f
σ2e

(y-Xβˆ- Zuˆ)................................................ (6)

Where:
σ2f : Variance component of family
σ2e : Variance component of error
3σ2f
σ2e

= within family heritability .................................. (7)

Estimation of individual heritability (narrow-sense
individual heritability) determined by use of the following
formulae (Zobel and Talbert 1984):

Where:
G, R : Positive definite variance-covariance matrices
σ2
: Positive constant
Consequently, Y is n × 1 vector of observations and it is
assumed to be distributed:

h2i =

4σ2f
2
σe +σ2fb +σ2f

................................................................ (8)

Where:
hi2 : Individual heritability
σ2f : Variance component of family
σ2fb : Variance component of family x block interaction
σ2e : Variance componen of error

Table 1. Details of the seed source of Ficus variegata in West Nusa Tenggara Province, Indonesia
Seed source

Geographical position

Altitude
(m asl)
413-1100

Soil type

Andosol and brown
S 08 22’44” - 08 32’19”;
regosol
E 116 14’01” - 116o 33’52”
Note: The climate is according to Schmidt and Ferguson classification (1951); *) BKSDA NTB (2010)
West Nusa Tenggara

Annual rainfall
(mm)
1500 - 2000

Climate
C- D *)
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Genetic correlation between traits are determined by
following formulae (Zobel and Talbert 1984):
𝑟𝐺 =

𝜎𝑓 (𝑥𝑦)
2
2
𝜎𝑓(𝑦)
√𝜎𝑓(𝑥).

Where:
rG
:
σf (xy) :
σ2f (x) :
σ2f (y) :

.......................................................... (9)

Genetic correlation
Covariance components of x and y traits
Variance component of family for x traits
Variance component of family for y traits

Prediction of genetic gain
Given the ranking of both BVHS and IBV, it is possible
to predict genetic gain under scenarios of selection.
Selection strategy was based on families and within family
selection. Average of individual breeding values of selected
trees from selected families were considered as genetic
gain.
The effective population size (Ne) was estimated as
follows (Resende 2002):
Ne=

4Nf.kf
2

σ
[kf+3+( kf )]

.......................................................... (10)

kf

Where:
Nf : Number of selected family;
kf : Mean of selected individual trees per family;
σ2kf : variance of number of selected individual trees
per family

Inbreeding rate per generation (ΔF) was calculated
using Falconer and Mackay (1996):
∆F =

1
2Ne

.................................................................. (11)

RESULTS AND DISCUSSION
Results
The estimation of variance component and heritability
for height and stem diameter is presented in Table 2.
Variance component of family for height contributed to
6.72% of total variance, while only 5.18% for diameter.
Individual heritability for height (0.27) and diameter
(0.21) There is strong genetic correlation between height
and diameter (0.90).
Genetic gain prediction
Only diameter traits were used in BLUP analysis due to
strong genetic correlation between diameter and hight
(rG=0.9). BLUP analysis has predicted both family and
individual breeding value (Figure 1).
There are seven families which breeding value below
population meanwhile 10 families are above (Figure 1).
Family rank presented in Figure 2 shows that family no.
3, 6 and 2 are the best three of family dominating
individual number (78 of 200 individual trees or 39%).
The combination of family selection continued by
individual selection is presented in Table 3.

Table 2. Variance component, heritability and genetic correlation for height and stem diameter of Ficus variegata
Traits

σ2f

σ2fb

σ2e

hi2

Height
Diameter

0.0788 (6.72%)
0.33 (5.18%)

0.1762 (15.02%)
1.02 (16.01%)

0.9181 (78.26%)
5.02 (78.80%)

0.27
0.21

rG
0.9

Family breeding value

Note: σ2f : Variance component of family; σ2fb : Variance component of family and block interaction; σ2e : Variance component of
residual; hi2 : individual heritability; rG : genetic correlation

253 individual trees
above population mean

212 individual under
population mean

Figure 1. Family breeding value (left) and individual breeding value (right) for stem diameter of Ficus variegata
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Table 3. Genetic gain based on family and individual selection for stem diameter of Ficus variegata at 3 years
Nf

J/F

N

X1 (cm)

G (cm)

G (%)

Ne

ΔF (%)

15

15
10
5
15
10
5
15
10
5

225
150
75
150
100
50
75
50
25

8.33
8.47
8.65
8.76
8.90
9.07
9.04
9.18
9.35

0.50
0.64
0.82
0.93
1.07
1.24
1.21
1.35
1.52

6.38
8.17
10.47
11.88
13.66
15.83
15.45
17.24
19.41

50.00
46.10
37.50
33.33
30.76
25.00
16.66
15.38
12.50

1.00
1.08
1.33
1.50
1.62
2.00
3.00
3.25
4.00

10

5

X0=7.83 cm
Nf: number of selected family; J/F: number of individual trees per family; N: number of selected individual trees; X 1: average of selected
individual trees within selected family; G: genetic gain; X0: average of population; Ne: effective population size; ΔF = change
inbreeding per generation

Figure 2. The number of individual trees per family of the best
200

Discussion
The estimation of variance component for height and
stem diameter approximately 5%. It means that genetic
contribution of height and diameter of F. variegata is
approximately 5%. This value is lower than the genetic
contribution of other species such as ± 10% for
Eusideroxylon zwageri Teijsm. & Binn. (the Lauraceae
family) (Prastyono and Susanto 2015), ± 10% for Alstonia
scholaris R.Br (the Apocynaceae family) (Mashudi and
Baskorowati 2015), ± 16% for Melaleuca cajuputi Powell
(the Myrtaceae family) (Susanto 2008) but slightly higher
than Falcataria mollucana (Miq.) Barneby & J.W. Grimes
(the Fabaceae family) 4% as reported by Susanto et al.
(2014) and Anthocephalus macrophyllus Roxb. (the
Rubiaceae family) 4.8% as reported by Surip et al. (2017).
Heritability is the proportion of variation in the
population that is attributable to genetic differences among
the individuals. Heritability is of key importance in
estimating gains that can be obtained from selection
programs (Zobel and Talbert 1984). Individual heritability
for height (0.27) and diameter (0.21) calculated is
categorized as moderate (Cotterill and Dean 1990).
Furthermore, White et al. (2007) mentioned that heritability
estimation based on one location trial for stem growth is
0.1-0.3. In tree improvement program, the appropriate
selection method for plant with moderate heritability is

family selection, within family selection or both
combination. (Matheson and Raymond 1994; Matziris
2005; Fries and Ericsson 2006).
There is strong genetic correlation between height and
diameter (0.90). It can be assumed that improving diameter
will concurrently improve height and vice-versa. This
correlation is higher than that reported by Weng et al.
(2007) on 5 years old of Pinus banksiana Lamb (the
Pinaceae family) (0.78), Adinugraha et al. (2013) on 5
years old Tectona grandis L.f (the Verbenaceae family)
(0.83) ) and Sumardi et al. (2018) on Melaleuca cajuputi
subsp. cajuputi Powell (the Myrtaceae family ) (0.57) but
slightly lower than Anthocephalus macrophyllus Roxb. (the
Rubiaceae family) on 40 months (0.99) as reported by
Surip et al. (2017).
Genetic gain prediction
Genetic gain is response due to selection activities.
Genetic gain was calculated based on the average
population before and after selection was performed. The
selection is based upon the principle that the average
genetic value of selected individual will be better than the
average value of individuals in the population as a whole
(Zobel and Talbert 1984).
Only diameter traits were used in BLUP analysis due to
strong correlation between diameter and hight (rG=0.9).
BLUP analysis has predicted both family and individual
breeding value show that there are seven families which
breeding value below population meanwhile 10 families.
This indicates that 58.82% of families from West Nusa
Tenggara are likely to inherited good traits to their
offspring. Breeding value of family is determined by
General Combining Ability (GCA). It means that proper
crossing among families in natural habitat exists, hence the
offspring have good quality in diameter. This is probably
due to the high outcrossing rate of this species (tm = 1), so
able to maintain genetic diversity in offspring
(Nurtjahjaningsih et al. 2019). Distribution of family and
individual breeding value for stem diameter has a similar
pattern. But, the amount of individual number that has the
breeding value more than population is 54.40% of total
individual tested. This shows that the families that have an
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average value above the average population are not
necessarily all descendants of the tree has a value above the
average breeding population in the descent test. This
condition is due to within family heritability. The
heritability is 0.20 means genetic variation within families
is high. The variation is gained from outcrossing system
among families that compatible verified from previous
GCA calculation.
Family rank presented in Figure 2 shows that if the
selection is based on individual rank, the next generation
will be dominated by small number of family with high
inbreeding potential. Using information from family
members implies that members of the same (good) family
have more chance to be jointly selected (Belonsky and
Kennedy 1988). This will impact to choose a strategy
relating to effective population size and tolerable
inbreeding rate. Breeding level needs to be maintained for
long term breeding strategy because the higher in breeding
level, the higher risk of genetic variation lost for next
generation and the potential of inbreeding depression
(White et al. 2007), therefore it is very important to
maintain between genetic gain and relatedness.
Further selection (in Table 3) is to undertake the family
selection continued by individual selection within family
with the same number per family (Cotterill and Dean
1990). The combination of family selection continued by
individual selection is more accurate and resulted high
genetic gain compare to among family selection, whether
within family selection or mass selection (Magnussen and
Yeatman 1990; Filho and Vencovsky 2000). Selection of
the best 15 families and family size of 15 individual trees
has the lowest inbreeding level (1%) per year, even though
genetic gain obtained is low (6.38%). Selection of the best
10 families with 5 individual trees of family size is the best
option because of genetic gain resulted in 15.83% with
inbreeding level 2% per generation. Despite selection from
the best five families with 5 individual of family size
contributed to the highest genetic gain, but inbreeding level
up to 4 % per generation. Keiding (1993) mentioned that
the average of inbreeding 1-2% are accepted. Genetic gain
of diameter will significantly increase stem volume of F.
variegata due to the strong correlation between diameter
and volume is 0.96 (Qirom and Supriyadi 2013).
In conclusion, genetic improvement for F. variegata is
possible with the estimation of genetic variance
components families (height and diameter) ± 5 % total
variance while individual heritability of height and
diameter are moderate. Selection is quite easy to do in
diameter. BLUP analysis for properties in diameter trait
results in selection of the best individuals from the best
families with restrictions 10 families with 5 individual/tree
per family is an optimal choice with the prediction of
genetic gain of 15.83 % with a 2% rate of inbreeding per
generation.
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