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19%, for the number of bunches per plant, with a Δg 
of 18.7%, and for the oil to bunch with a Δg of 6%. 
Low environmental influences were observed in the 
phenotypic variation for the different traits evaluated. 
Finally, high heritability values were observed for 
genetic traits such as height increase, with 93%, and 
average bunch weight, with 85%. The development of 
new progenies using elite dura-type female parents 
derived from these evaluated populations, with excel-
lent yields of fresh fruit, bunch components, and slow 
growth, will be the future of oil palm cultivation. In 
the meantime, progeny trials must focus on improv-
ing the ability to select outstanding parents for the 
best DxP progenies.

Keywords  Genetic traits · Heritability · Genetic 
variance · Response to selection

Introduction

The oil palm (Elaeis guineensis Jacq.) is the crop 
with the highest production in metric tons of oil 
among all oilseed crops, representing more than 
36% of the total production of edible oils (USDA 
2020). It is the species with the highest oil extrac-
tion per unit area, producing up to 10 t ha−1 under 
optimal agronomic management conditions and 
highly productive improved cultivars (Romero et al. 
2021). However, oil palm is the second largest oil-
seed cropland in the world after soy, with more than 

Abstract  The success of breeding programs 
depends on the available genetic variability and the 
adequate selection of parents to produce seeds that 
generate added value to the developed cultivars that 
solve limiting problems of the crops. The determi-
nation of genetic gain is a powerful tool to advance 
the selection of outstanding progenitors that are sub-
sequently used to obtain improved cultivars for traits 
of interest. With the main objective of calculating the 
genetic gain in different cycles, this research evalu-
ated the yield, vegetative parameters, and oil produc-
tion components in two oil palm populations identi-
fied as C0-Monterrey and C1-Vizcaina. The analysis 
was carried out using the analysis of variance. Genetic 
variation and heritability coefficients for all the evalu-
ated traits were also calculated to obtain the compo-
nents of phenotypic, genotypic, and environmental 
variation. Genetic gains (Δg) were more representa-
tive in the yield traits of fresh fruit bunches, with 
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23 million hectares cultivated worldwide (Annual 
2021). Colombia ranks fourth worldwide, behind 
Indonesia, Malaysia, and Thailand, and first in Latin 
America in palm oil production. In Colombia, oil 
palm is one of the most developed agricultural sec-
tors in national agriculture; currently, 595,722 hec-
tares are planted (Sispa 2021).

The oil palm is a diploid, monoecious, and cross-
pollinated species. Although oil palm has high vari-
ability and allelic diversity in the available genetic 
resource, most commercial cultivars have a narrow 
genetic base. Furthermore, their origin is limited 
to a small number of palms. Thus, the female pro-
genitor Deli dura comes from the four palms of the 
Bogor Botanical Garden planted in 1848. The pollen 
source of a male pisifera parent descends from a lim-
ited number of plants (Al-Khayri et al. 2019). In the 
breeding of oil palm, there are three types of palms 
by their fruit form, dura, pisifera, and tenera, which 
differ by the thickness of the endocarp (Beirnaert and 
Vanderweyen 1941; Reyes et  al. 2015; Singh et  al. 
2013).

For the commercial production of seeds, dura 
palms or A group population, which are always used 
as a female parent, are crossed with a pisifera palm as 
a male parent or B group population, resulting in ten-
era or DxP-type seeds, which have higher oil contents 
due to the reduced thickness of their mesocarp (Raja-
naidu 2016). In palm breeding, the dura and pisifera 
populations are worked independently (Al-Khayri 
et  al. 2019). Recurrent reciprocal selection (RRS) 
allows the breeding of the two populations, A and 
B, to occur independently and in each trait of inter-
est. Later, the two populations are combined, where 
progeny tests are established to evaluate the breeding 
value of the parents in combination with the other 
heterotic group; based on those results, the evalua-
tion and selection in a new breeding cycle are made. 
Thus, a high degree of genetic variation is maintained 
within the populations.

On the other hand, the strategy of making fam-
ily and individual selections using the family and 
individual palm selection (FIPS) method in oil palm 
allows the identification of dura palms as female par-
ents to produce commercial tenera (dura × pisifera) 
cultivars. Here the selection of candidate parents can 
be based on the behavior of the progenies or at the 
level of individual palms. Individual selection empha-
sizes the evaluation of traits with high heritability. 

Meanwhile, traits with lower heritability are evalu-
ated through the behavior of family or progeny tests 
(Ngando-Ebongue et al. 2012).

The success of breeding programs depends on 
genetic variability; in practice, the utility of genetic 
gain through selection allows for better breeding cri-
teria for selecting genetically superior individuals 
(Gomes Junior et  al. 2021). In evaluating, selecting, 
and developing individuals who show genetic supe-
riority in agronomic traits, estimating genetic gains 
becomes essential for the industry’s success for dif-
ferent crops (Pavlotzky and Murillo 2014; Rocha 
et al. 2021).

Genetic gain is a universal concept applied in 
quantitative genetics in plant breeding, which is used 
to evaluate the progress over time of a breeding pro-
gram (Batte et  al. 2021). According to Rutkoski 
(2019), genetic gain or response to selection refers to 
the change made or expected in the genetic value of 
a population between breeding cycles. In this sense, 
when a change is made between generations through 
natural or artificial selection, a selection differential 
is established that integrates the association of traits 
and biological efficacy (fitness) (Falconer and Mac-
kay 1996). Genetic gain is also known as the breeder 
equation that predicts the evolutionary change of a 
trait. When performing an artificial selection for a 
given trait, populations diverge over time according to 
the number of generations of selection (Kelly 2011).

In a perennial species such as oil palm, the estima-
tion of genetic gain per unit of time (productive life 
cycle or the time to carry out a breeding cycle) can 
identify the efficiency of the methods used in a breed-
ing program (Lustri et al. 2021). The available reports 
of the values of genetic gains (Δg) for oil palm are 
scarce.

Taking into account the importance of oil palm for 
agribusiness, the description of genetic advancement 
within its improved populations, and the scarcity of 
specific reports of the Δg between breeding cycles 
in traits not only of production but also of variables 
related to bunch components, oil production and veg-
etative traits, this research aimed to report the Δg 
and genetic parameters related to the traits of inter-
est in oil palm using a dura-type population for two 
breeding cycles. This population was created to gen-
erate dwarf progenies due to its slow stem growth 
in combination with the high production of bunches 
and oil content. The population is derived from Deli 
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dura palm genotypes (Bastidas 2003) that were intro-
gressed with germplasm from Africa (Tupaz-Vera 
et al. 2021).

Materials and methods

Plant material

This study was conducted on two oil palm popula-
tions. Although the populations evaluated corre-
spond to successive cycles of selection that began in 
Southeast Asia and passed through Central America 
and Colombia, there was no phenotypic information 
on previous cycles of recurrent selection. Therefore, 
the initial population of this study corresponds to 
C0-Monterrey, a dura-IFA type population planted 
in the municipality of Puerto Wilches (Santander-
Colombia) in the Monterrey plantation located at 
65 m.a.s.l., with an average temperature of 28 °C and 
average annual accumulated rainfall of 2869 mm. The 
palms were planted in the ’60 s.

The second population, C1-Vizcaina derived from 
C0-Monterrey, is a trial composed of dwarf dura 
progeny planted in 2005 in the Palmar de La Viz-
caina Experimental Field (CEPV) of the Colombian 
Oil Palm Research Center (CENIPALMA), located 
in the municipality of Barrancabermeja (Santander-
Colombia), at an elevation of 102 m.a.s.l., an average 
temperature of 29.3 °C and an average annual rainfall 
of 3472 mm. For C0-Monterrey, measurements were 
made between 1996 and 2002, and for C1-Vizcaina, 
measurements were taken between 2008 and 2020. 
For the C1-Vizcaina population, the management and 
agronomic practices were performed under the man-
agement standards of the CEPV, which included bal-
anced fertilization in kilograms per plant of N (1.23), 
P (0.50), K (2.51), Mg (0.34), S (0.21) and B (0.05) 
according to the foliar and soils analyses.

For the C0-Monterrey population, 127 plants were 
evaluated and selected for presenting a promising phe-
notype. The palms had good bunch crowns, totally 
green palms without deficiencies or pest attacks, and, 
in particular, they were dwarf palms. The selected 
palms came from three commercial plots of dura-IFA 
cultivars, which occupied 63  ha (approximately 9000 
palms). Out of the 127 palms, 13 were chosen for dif-
ferent genetic traits. From this selection, seven crosses 
were made that gave rise to the second improved 

population  C1-Vizcaina dura palms. This population 
was developed to introgress yield traits (fresh fruit 
bunches and oil contents) with traits of dwarf palms 
(reduced stem growth). The C1-Vizcaina population 
was evaluated for 12 years in the CEPV under a ran-
domized complete block design (RCBD), with three 
blocks and 12 plants for each experimental unit.

Phenotyping of yield and vegetative traits and bunch 
components

For the two populations C0-Monterrey and C1-Viz-
caina, yield phenotyping measurements such as FFB: 
fresh fruit bunches (kg palm−1), BNO: number of 
bunches (palm bunches−1), ABW: average bunch 
weight (kg) were made. In C1-Vizcaina, yield records 
were taken in each palm of the experimental unit dur-
ing two or three production cycles every given month:

The values of these traits were obtained as follows 
(Corley and Tinker 2016):

where n represents the number of cycles of produc-
tion expressed in kg.

In the case of the C1-Vizcaina population, five 
growth measurements were performed on the vegeta-
tive traits between 2009 and 2020. Using the meth-
odology proposed by Corley and Breure (1981), the 
traits of rachis length (RL), leaflet width (LW), and 
the number of leaflets (LN) were calculated. Palm 
height (HT) was measured from the ground level to 
the base of the leaf 41 according to the phyllotaxis. 
HT was calculated using the formula:

where t is the age of the palm expressed in years, 
from the date of planting to the moment of a given 
measurement (Corley and Tinker 2016).

FFB (kg palm−1 year−1) =

n
∑

i−1

BWTi

BNO (bunches palm−1 year−1) =

n
∑

i−1

BNOi

ABW (kg) =
FFB

BNO

HT per year (Height increase∕year)

= (height in year t)∕(t − 2),
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The bunch components and oil content were esti-
mated according to Corley and Tinker (2016) and 
modified by Prada and Romero (2012). Two to three 
bunches of each palm were sampled between 2008 
and 2020, with a general average of 24 bunches per 
progeny for each evaluation period. The bunch com-
ponents that were calculated were mean fruit weight 
(MFW), oil to bunch (OB), normal fruits to bunch 
(NFB), mesocarp to fruit (MF), kernel to fruit (KF), 
and shell to fruit (SF).

Statistical analysis

The genetic parameters were calculated in the 
C1-Vizcaina population. The data collected were sub-
jected to an analysis of variance (ANOVA) under a 
generalized linear model, which is presented below:

where Yik: is the phenotype of the ith palm in the 
progeny and the kth block; µ: is the general average; 
Gi: is the effect of the ith progeny; Bk: is the effect 
of the kth block; εik: is the effect of the experimental 
error.

The variance components were calculated, and 
broad sense heritability and coefficient of genetic 
variation for each trait were estimated (Falconer and 
Mackay 1996).

Heritability in the broad sense

where σ2g: genotypic variance; σ2f: phenotypic 
variance.

Coefficient of genetic variation

where σ2g: square root of the genotypic variance; µ: 
general mean of the population.

Genetic gains (Δg) were calculated according 
to the formula by Cruz and Carneiro (2003) for the 
yield, vegetative measures, and oil production com-
ponents traits.

Yik = � + Gi + Bk + �ik

H2
B
=

�
2g

�2f

CVg =

√

�
2g

μ
× 100

Δg = H2
B
DS = H2

B

(

XS − X0

)

where DS: selection differential between Xs and 
X0; XS: mean of the selected palms; X0: mean of 
the palms of the original population; H2

B: broad 
sense heritability.

For the case of this research, the percentage of 
selected palms (Xs) corresponded to 10% of the total 
population.

GENES software and ggplot2, Agricolae, and Per-
formance packages of the statistical software R Stu-
dio version 4.1.0 were used to perform the analysis 
of variance (ANOVA), the calculation of the genetic 
parameters, and the genetic gains.

Results

Estimation of genetic parameters

The slow-growing dura population or dwarf progeny 
of Cenipalma was generated from a drastic selection 
focused on palms with a low stem growth rate. The 
initial population was developed from 9000 dura IFA 
palms. 1.4% of the palms were considered dwarf and 
selected for a total of 127 plants. The palms were 
healthy, with a good number of bunches at the time 
of selection. This population of palms was consid-
ered the C0 population of Monterrey, and from the 
evaluation of different morpho-agronomic traits of 
the C0 population, the 13 best palms gave rise to 
the C1-Vizcaina population. Figure  1 compares the 
traits of interest that presented the highest coefficient 
of genetic variation (CVg), comparing the original 
population (X0) and the mean of the selected palms 
(Xs). In most of the traits of interest, the values of 
the palms that were selected (Xs) were higher than 
the original population (X0). For the FFB trait, the 
selected individuals (Xs) had an average of 177  kg 
palm−1  year−1 compared to the population mean X0 
with 135 kg palm−1 year−1. For the trait of BNO, the 
selected individuals had an average value of 7.6; for 
the original population, the average value was 6.1 
BNO. For the KF trait, the average value of popula-
tion X0 was 11.0, and for XS, the average value was 
9.1.

In contrast, for the height (HT) increase trait, 
there was no significant variation between the 
populations X0 and XS. However, the values for 
the height increase in the stem were significantly 
reduced in the two populations, facilitating the 
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selection and the expected response to selection. 
The selection pressure on this trait had been previ-
ously performed to create the original population 
X0.

From the phenotypic data collected between 
2009 and 2020, the genetic parameters of 13 mor-
pho-agronomic traits of interest were estimated 
(Table  1). The variance decomposition for the C1 
population showed a strong influence of the genetic 
component and a low influence of the environmen-
tal component. HT was the trait least influenced 
by the environment, with a σ2g of 94%, followed 
by the KF, with a σ2g of 87.1%, and OB, with a 
σ2g of 80%. On the other hand, lower values were 
presented for MFW, with a σ2g of 53.8%, for SF, 
with a σ2g of 58.8%, and 62.3% for FFB. The broad 
sense heritabilities ranged between 0.53 and 0.93, 
the latter value for the genetic trait of HT. HT 
showed the highest coefficient of genetic varia-
tion with a value of 15.61%, followed by the KF 
with 10.19%. BNO, ABW, and FFB showed 8.94%, 
7.10%, and 7.10%, respectively.

Fig. 1   Box plot for the main morpho-agronomic traits com-
paring the original population evaluated (127 palms), C0-Mon-
terrey (red), and the 13 palms selected from C0 (blue) to 
generate RRS cycle 1 in the C1-Vizcaina population. a FFB: 
fresh fruit bunches (kg palm−1), b BNO: number of bunches 
(bunches palm−1), c ABW: average bunch weight (kg), d HT: 
height increase (m year−1), and e KF: kernel to fruit (%). The 
red diamond represents the general average in the box plots, 
and the horizontal line represents the median
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Genetic gain

The calculated Δg was determined considering 
the H2

B and the selection differential of the two 
breeding cycles studied. However, we expected 
that H2 in C0 population is similar to C1, despite 
the de absence of statistical design and different 
agronomic management in C0; thus Δg presented 
in this document is approximate. The calculations 
were performed for 13 morpho-agronomic traits of 
greater relevance in oil palm cultivation. Between 
the two evaluated populations, X0 (C0-Monterrey) 
and X1 (C1-Vizcaina), the Δg for FFB was 18.87%, 
equivalent to an annual increase of 1.26% in yield 
increase. For the BNO trait, Δg was 18.69%, cor-
responding to a 1.25% gain per year, and finally, 
for the ABW trait, Δg was 5.94%, equivalent to an 
annual gain of 0.40% (Table 2).

For the bunch components, MF had a Δg of 
1.11%; KF had a Δg − 15.03% and 5.61% for OB 
from C0 to C1 cycles. The Δg for SF presented a 
negative value of − 3.84%, which is explained by 
the fact that the shell to fruit was reduced in the 
improved C1-Vizcaina progeny compared to the 
C0-Monterrey population. For the vegetative traits 
of the crop, the genetic gain (Δg) in the increase in 
height (HT), rachis length (RL), and the number of 
leaflets (LN) showed negative values of − 3.44%, 
− 3.35%, and − 1.16%, respectively.

Performance of the best individuals within each 
progeny

The family and individual palm selection (FIPS) 
methodology was used in selecting the best individu-
als who will be part of the female parents for the 
commercial production of DxP seeds and which will 
be crossed for a new cycle of dura parent breeding. 
However, the selection of the outstanding palms is 
not enough because have to be evaluated in progeny 
tests (DxP or DxT), where combining ability (general 
or specific) between group A and B is tested, and best 
combination addressed the parent selection for com-
mercial production.

As a truncation point or threshold of selection for 
FFB, a minimum value of 200  kg palm−1 was set. 
The P3 progeny presented the highest average at the 
family level, with a value of 209 kg palm−1 of FFB. 
This family had individual palms with values higher 
than the selection value, with yields between 258 kg 
palm−1 and 341 kg palm−1 (Fig. 2a). However, in oil 
palm, breeders are more focused in bunch number 
(BNO) and average bunch weight (ABW) to achieve 
the minimum FFB selection threshold (> 200 kg palm 
per year), the progenies evaluated in C1 presented two 
features; progenies with a high number of bunches, 
but with low ABW, such as P5 and P3, had aver-
ages of 16.2 and 15.7 bunches palm−1, respectively. 
In these progenies, there were individuals with more 
than 18 and up to 24 bunches palm−1. In contrast, 
the progenies P1 and P6 had the highest averages of 

Table 2   Genetic gain for different genetic traits in two oil palm breeding cycles

X0: mean of the initial population, Xs: mean of the selected plants, X1: improved population mean, DS: selection differential, Δg: 
genetic gain, Δg (%): percentage genetic gain, Δg year−1: expected genetic progress, Δg year−1 (%): expected percentage genetic 
progress, FFB: fresh fruit bunches (kg palm−1  year−1), BNO: number of bunches (palm bunches−1), ABW: average bunch weight 
(kg), RL: length of the rachis (cm), LW: leaflet width (cm), LN: number of leaflets, HT: height increase (m year−1), MFW: mean fruit 
weight (gr), OB: oil to bunch (%), NFB: normal fruits to bunch (%), MF: mesocarp to fruit (%), KF: kernel to fruit (%) and SF: Shell 
to fruit (%)

Symbol FFB BNO ABW RL LW LN HT MFW OB NFB MF KF SF

X0 135.70 6.10 22.90 4.90 8.30 170.00 0.27 8.60 18.30 68.50 53.20 11.00 31.70
Xs 177.00 7.60 24.50 4.70 8.40 167.50 0.26 8.50 19.60 69.00 54.00 9.10 33.80
X1 181.10 13.80 15.30 4.46 8.28 153.12 0.38 9.50 19.25 65.13 55.63 14.87 29.50
DS 41.30 1.50 1.60 -0.20 0.10 -2.50 -0.01 -0.10 1.30 0,50 0.80 -1.90 2.10
Δg 25.61 1.14 1.36 -0.16 0.09 -1.98 -0.01 -0.05 1.03 0.40 0.59 -1.65 1.22
Δg year −1 1.26 1.25 0.40 -0.22 0.07 -0.08 -0.23 -0.04 0.37 0.04 0.07 -1.00 0.26
Δg (%) 18.87 18.69 5.94 -3.35 1.04 -1.16 -3.44 -0.62 5.61 0.58 1.11 -15.03 -3.84
Δg year−1 (%) 1.71 0.08 0.09 -0.01 0.01 -0.13 0.001 0.003 0.07 0.03 0.04 -0.11 0.08
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ABW, but low BNO, with 17.1 and 17.0 kg, respec-
tively. They reached the selection values with palms 
that produce 18 and 21 kg per bunch on average.

For oil to bunch (OB) in dura parents, the mini-
mum selection threshold was 20%. On average, the 
P2 presented a value of 20.2%; at the individual level 
in this progeny, eight palms stood out for having aver-
ages above the selection value, and the values of the 
best individuals oscillated between 22 and 26% of 
OB. On the other hand, the P4 progeny presented a 
general average of 20.1% of OB, where six palms (36 
palms in total) showed OB values between 22 and 
25% (Fig. 2b).

The annual height increase (HT) presented the 
highest heritability in the broad sense (H2

B = 93%) 
and the highest coefficient of genetic variation 

(CVg = 15.6%) in the dura × dura progenies evalu-
ated in this study. The general averages ranged 
from 0.28 to 0.45  m  year−1 of height increase of 
the plant. The best progenies were P6 and P7, with 
average height increments of 0.28  m  year−1 and 
0.36 m year−1, respectively. Individual plants grew 
on average 0.22 m year−1 or less in both progenies. 
Besides the dwarfs’ palms presented in progenies 6 
and 7, were identified outstanding palms with FFB 
close to 220 kg plant−1, and OB ranged from 22 to 
25% (Fig. 2c).

Fig. 2   Box plot for a production of fresh fruit bunches (FFB) 
in the different progenies and palms evaluated, b percentage of 
oil to bunch (OB) in the different progenies and palms evalu-
ated, and c height increase trait (HT) in the different progenies 

and palms evaluated. The red diamond represents the general 
average, and the horizontal line in the boxplot represents the 
median of the data
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Discussion

The artificial selection of a trait its expected change 
in successive breeding populations and could lead 
to transgressive segregation. Obtaining superior 
cultivars of oil palm depends on selecting parents 
with good traits, stability over time, and low envi-
ronmental influence (Swaray et al. 2020b).

The breeding programs in oil palm emphasize 
the selection of high-yield progenies focusing on 
traits such as FFB, BNO, ABW, and OB (Swaray 
et  al. 2020b; Myint et  al. 2021). However, in our 
study population, the RRS cycles led to the dwarf 
progenies dura × dura C1-Vizcaina, which allowed 
the introgression not only of yield traits, but also of 
vegetative traits such as slow growth of the stem or 
dwarf palms that are of great interest in the cultiva-
tion of oil palm, but being aware of possible unde-
sired effects in other key traits such as, BNO, MF, 
OM, etc. In the C1-Vizcaina population, outstand-
ing families were identified for obtaining improved 
cultivars and genetic sources for new breeding 
cycles.

Using the family and individual palm selec-
tion (FIPS) strategy (Ngando-Ebongue et  al. 2012) 
allowed the identification of the best progenies 
(DxD) and individual palms within dura progenies, 
further, outstanding dura must be proven in progeny 
test (DxP or DxT) in order to evaluate general and 
specific combing ability, where breeders select best 
parents base on their progenies performance.

The selection of female parents is expecting to 
increase the oil potential in future dura × pisifera 
progenies. Research carried out in dura × dura 
crosses with origins from Zambia, and Cameroon 
highlights the high values obtained in the MF and 
OB traits and how they can improve the bunch com-
ponents in future progenies. Also, their importance 
within oil palm breeding programs as the founda-
tion for the progress in breeding cycles is reinforced 
(Pedapati et al. 2021).

In oil palm, the percentage of shell to fruit (SF) 
in palms with dura fruits varies between 25 and 
65%. However, to produce a greater amount of 
MF, which impacts higher oil contents in the fruit, 
genotypes with lower SF can be selected, where the 
desirable values of SF should ideally be below 25%. 
In the present study, the Δg for this trait was − 4%, 
the initial population had a general average of 32% 

SF, and through selection, it was possible to reduce 
this value to 29.5%.

According to Vencovsky (1987), the most signifi-
cant gain by selection occurs when the CVg/CVe ratio 
tends to one or values higher than one because the 
genetic variation is high. The present study showed 
this behavior in several traits, such as HT, KF, and 
BNO. In itself, the highest CVg and heritability val-
ues indicate the potential to make a possible selection 
in the genotypes analyzed (Salaya-Domínguez et  al. 
2012). The highest coefficient of genetic variation 
(CVg) with 15.9% and the highest values of heritabil-
ity associated with a lower environmental influence 
were presented in the HT. Thus, for HT, there is the 
possibility of made the selection with greater preci-
sion since the phenotypic value is more reliable (Cruz 
and Carneiro 2003). Several studies report a high 
genetic weight for the expression of this trait, such 
as those carried out by Swaray et  al. (2020a), who 
report an 82.5% genetic influence for this trait. The 
low annual growth rate of the stem in oil palm prog-
enies is a desirable characteristic to increase crops’ 
productive and economic life. Research in the world 
is focusing on breeding this characteristic. Studies by 
Arolu et  al. (2017) highlight the high heritability of 
this trait, which is used to obtain compact and high-
yielding progenies.

Different studies in oil palm have demonstrated 
the advantage of estimating the values of heritability 
and the coefficient of genetic variation (CVg). In the 
research carried out by Gomes et al. (2021), high val-
ues of heritability and coefficient of genetic variation 
were found to improve oil production traits in palm 
cultivation.

The values of heritability reported in this study 
(Table  3) were in some traits, congruent to those 
reported by several studies from Malaysia, Nigeria, 
Zaire, and Cameroon (Arolu et  al. 2017; Noh and 
Rafii 2014; Swaray et  al. 2020a; Nor Azwani et  al. 
2020). These authors reported HT values between 
0.37 and 0.90; for KF, the values ranged between 0.33 
and 0.65; and for the ABW trait, the recorded values 
were between 0.32 and 0.78.

The genetic gain (Δg) reported for yield traits is 
comparable with the results obtained by Swaray et al. 
(2020a), where they reported Δg of 27% for FFB, 
29% for BNO and 24% for ABW for the entire breed-
ing cycle. The result of obtaining high Δg in select-
ing a genetic trait of interest suggests the possibility 
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of identifying genotypes carrying genes of interest 
for good transmission (Fellahi et al. 2020). Research 
conducted by Gomes Junior et al. (2021) in oil palm 
cultivars reported a Δg of 6% for oil to bunch (OB) 
and the production of fresh fruit bunches (FFB). 
Studies carried out in Ecuador in dura × dura crosses 
recorded genetic gains for bunch number (BNO) of 
5.8% and for FFB of 1.4% for the entire breeding 
cycle (Cedillo et al. 2008). The low Δg presented in 
this study for HT can be explained by how the initial 
population of this study was generated (C0-Monter-
rey). The selection of the base population had a high 
selection pressure toward dwarf palms (127 palms 
selected from 9000 initial palms); for this reason, 
the changes for this trait were marginal (< 0.01% per 
year) between the C0 and C1 populations.

When we compare the Δg achieved in this study 
for yield (FFB), that was 1.3  kg  year−1 or 1.7% per 
year is highly comparable to different crops, for 
instance, in soybeans the Δg was 43  kg  ha−1, cor-
responding to 1.1% of Δg per year−1 (Rotundo et al. 
2016); for maize, Δg in grain yield was 111.4 kg ha−1 
(0.62% year−1) (Liu et  al. 2021); and for wheat, Δg 
was 33.9 kg  ha−1, representing an increase of 1.28% 
per year (Woyann et  al. 2019). In all studies, these 
increases result from rigorous breeding processes, and 
in recent years, the use of genomic tools has allowed 
further increased in the Δg. In other crops, such as 
bananas, emphasis is placed on the importance of 
estimating Δg for the selection of superior parents for 
the production and development of hybrids, taking 

into account that the success of breeding programs 
lies in the precise and correct selection of the parents 
(Batte et al. 2021).

Reports of oil palm genetic gains (Δg) are very 
scarce for the yield parameters, vegetative traits, and 
bunch components. The description of the specific 
genetic advancement for these traits is restricted. 
Thus, the importance and novelty reported in this 
research for palm cultivation include 13 traits of 
agroindustrial interest, which will be a tool for com-
parison and decision-making in oil palm breeding 
programs.

In general, plant breeding programs have marked 
success in their genetic variability and in selecting 
progenitors that offer an excellent genetic combi-
nation for the different traits of agronomic interest 
(Agaba et al. 2021). In this sense, this research dem-
onstrated the precise selection of female parents in oil 
palm, with good genetic combinations in their prog-
enies and high values of genetic gain in different traits 
of interest for world palm cultivation. These results 
would lead to the creation of progenies that use elite 
dura-type female progenitors in the successive breed-
ing cycles that meet several traits of interest for the 
agroindustry of the crop.

Conclusions

Through the method of recurrent reciprocal selec-
tion (RRS) and the family and individual selection 

Table 3   Report of several authors for the estimation of heritability in a broad sense in different genetic traits of interest in oil palm

H2
B: heritability in the broad sense, na: not applicable, FFB: Fresh fruit bunches (kg palm−1), BNO: Number of bunches (palm 

bunches−1), ABW: Average bunch weight (kg), RL: Rachis length (cm), LW: Leaflet width (cm), LN: Number of leaflets, HT: Height 
increase (m year−1), MFW: Mean fruit weight (gr), OB: Oil to bunch (%), NFB: Normal fruits to bunch (%), MF: Mesocarp to fruit 
(%), KF: Kernel to fruit (%) and SF: Shell to fruit (%)
a This Study
b Swaray et al. (2020a; b)
c Nor Azwani et al. (2020)
d Arolu et al. (2017)
e Noh and Rafii (2014)

Symbol FFB BNO ABW RL LW LN HT MFW OB NFB MF KF SF

H2
B –

a 0.62 0.76 0.85 0.82 0.86 0.79 0.93 0.53 0.79 0.79 0.74 0.87 0.58
H2

B –
b 0.67 0.74 0.78 0.74 0.35 0.63 0.82 0.42 0.51 0.43 0.55 0.50 0.53

H2
B –

c 0.20 0.23 0.32 0.81 0.54 0.57 0.37 na 0.48 0.24 0.97 0.65 1.0
H2

B –
d 0.17 0.37 0.47 0.72 0.64 0.52 0.90 0.56 0.36 0.19 0.56 0.55 na

H2
B –

e 0.60 0.68 0.66 0.81 0.20 0.44 0.52 na 0.25 0.06 0.55 0.33 0.49
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(FIPS) strategy for the cultivation of oil palm, 
genetic gains were achieved that allowed the 
advancement between generations of breeding, 
accompanied by high genetic variation for traits 
of yield, such as FFB and BNO, amount of oil and 
height increase (HT), all these traits of great inter-
est for the crop. In this study, yield traits, vegetative 
parameters, and oil production components with 
less environmental influence and high values of 
heritability were identified, maintaining reasonable 
projections for future breeding cycles in the crop.

Genetic gains (Δg) were positive for yield traits, 
such as fresh fruit bunch production (FFB), and 
the number of bunches produced per plant per year 
(BNO) was above 18% for the entire cycle, which rep-
resents an annual increase of 1.3% for these traits. On 
the other hand, Δg for the bunch components, such as 
the total oil to bunch (OB), was 6% for the entire crop 
cycle, and these parameters together determine the 
high productivity of the crop. The genetic gains rep-
resent a good advance through the different breeding 
cycles in these slow-growing progenies that will be 
used as female parents to obtain the commercial culti-
vars dura × pisifera, in this case improving the GCA 
within the female population, focused on HT and oil 
production. However, progeny tests are mandatory to 
obtain the combining ability of the parents to obtain 
promising and outstanding progenies.

Traditional breeding techniques, based mainly on 
phenotypic selection, are very effective; however, 
the limitations for complex traits have been a cur-
rent challenge. Techniques such as molecular mark-
ers, marker-assisted selection (MAS), genomic tools 
(genomic selection-GS, GWAS, etc.), transformation, 
and genetic editing are the tools of the present and the 
future to continue advancing in the breeding of the 
cultivation of oil palm. They would lead to greater Δg 
between breeding cycles (for example, through GS), 
either due to an increase in selection intensity or the 
decrease in the time elapsed between the cycles.
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