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ABSTRACT
The spread of bud rot disease in oil palm-growing regions of South America has led to the uptake of
interspecific hybrids which show some resistance to the disease, but require assisted pollination. A study was
carried out to assess pollen viability from commercial oil palm species (Elaeis guineensis (G), interspecific
hybrids (OxG)) and Elaeis oleifera (O) from the Pacific coast and Amazon regions of Ecuador. Elaeis
guineensis consistently produced pollen of high viability in the Amazon region (95.0%) and Pacific coast
(94.0%), while pollen from E. oleifera had high viability when produced in the Amazon region (93.7%)
but lower viability from the Pacific coast (53.2%). Pollen from oil palm hybrids had very low viability on
the Pacific coast. Another objective was to determine the impact of applying pollen from E. guineensis
and hybrids on fruit set and parthenocarpy by means of assisted pollination trials in both regions. The
application of E. guineensis pollen resulted in a higher fruit set in comparison with assisted pollination
using hybrid’s pollen. A low fruit set was compensated by greater production of parthenocarpic fruits in the

hybrids, which increased the final bunch weight. The study provides a guide to pollination in both regions.
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INTRODUCTION

Oil palm (E. guineensis) is an important commercial
crop in humid tropical regions for the production of
vegetable oil. The plant requires deep soils, stable
high temperatures and high humidity throughout
the whole year (Verheye, 2010). There are two
geographical origins of Elaeis species: 1) the tropical
Americas, and 2) West Africa (Durand-Gasselin et
al., 2009; Hayati et al., 2004). In Latin America, the
most important producers of oil palm are Brazil,
Colombia, Costa Rica, Venezuela and Ecuador
having a total plantation area of around 257 120 ha
(Fedepalma, 2021).
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Oil palm production in Latin America is
currently threatened by the spread of bud rot
disease (BRD), known locally as ‘pudricion del
cogollo® which is causing severe losses of plants in
commercial crops in Ecuador, Colombia, Brazil,
Panama and Suriname (Durand-Gasselin et al., 2009;
Miiller et al., 2006). A well-documented review was
published by Meléndez and Ponce (2016). Hybrids
of E. oleifera x E. guineensis (OxG) can show good
agronomic characteristics and tolerance to BRD
(Franqueville, 2001), which seems to be inherited
from E. oleifera, the oil palm native to America
(Barba and Baquero, 2012). Hybrid research has
been carried out since 1953 (Botelho and Rocha,
1983), with many breeding options studied using
Ecuadorian, Panamanian and Brazilian genetic
materials (Barba and Baquero, 2012; Teixeira, 2013;
Vieira and Lopes, 2010). Hybrid productivity has
been shown to be superior to E. guineensis species;
some hybrids have achieved fresh fruit bunch (FFB)
yield of 20 - 30 t ha™ yr™' with an oil rate extraction
of between 18% and 20% (Vieira and Lopes, 2010)
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or even up to 10 t oil ha™ yr' (Romero and Ayala,
2021). Nevertheless, nutritional studies have been
performed to improve yield (Rosero et al., 2013)
and more studies covering field management
to improve bunch yield and quality have been
published (Astorkia et al., 2019; Ochoa-C and
Palacio-Mahecha, 2021; Romero et al., 2021; Ting et
al, 2020). The OxG hybrids could be a promising
solution for oil palm production; however, they
have limitations through poor fruit set due to
a lack of pollen fertility or low level of insect
pollination in commercial plantations (Kumar
et al., 2015; Swaray et al., 2021). This problem has
been overcome by assisted pollination by hand
and using phytohormones (Daza et al., 2020).
Nevertheless, these practices have high costs for
commercial production and need high numbers
of workers that are not always available or well-
trained (Li et al., 2019; Ruiz-Alvarez et al., 2021).
In Ecuador, commonly used assisted pollination
is based on the application of E. guineensis pollen
to achieve commercial fruit sets; nonetheless, the
current use of hybrids raises opportunities to study
the compatibility of alternative donor sources and
female plant material.

Assisted pollination has been adopted as a
systematic practice for increasing productivity in
commercial oil palm plantations. Protocols and
pollen dosage for increasing yields have been
described by Arnaud (1980). However, a low fruit
set and productivity of hybrids on commercial
plantations have led to pollen studies comparing
E. gquineensis, E. oleifera and their interspecific
hybrids OxG. A study presented by Sanchez and
Romero (2013) showed that the pollen of OxG
hybrids achieved only 21.9%-26.3% germination,
attributed not only to weather conditions but also
to morphological and physiological aspects of the
hybrid’s pollen grains. In contrast, pollen from
E. guineensis and E. oleifera showed 88% germination
(Sdnchez and Romero, 2013). The current effect of
environmental conditions or the effect of climate
change on pollen germination remains to be
investigated by the scientific community.

Pollen has been evaluated for its capacity to
fertilise female flowers and produce fruit sets.
Commercial plantations of the hybrid OxG have
always used E. guineensis as the pollen donor for
assisted pollination, even though there has been
limited research on alternatives, such as E. oleifera
or OxG hybrids, as pollen donors and their effects
on fruit set. Previous studies in Latin America on
the influence of weather on pollen viability and its
capacity to fertilise female flowers were inconclusive
(Corrado, 1984). In Asia, pollination using an
introduced insect, Elaeidobius kamerunicus, increased
fruit set and the production of seeded fruits of
E. quineensis in commercial plantations (Swaray et
al., 2021; Syed, 1986).

The pollination of OxG hybrids in commercial
plantations in Ecuador has depended on pollen
provided by E. gquineensis and hand pollination
(Alvarado et al., 2013; Prasetyo et al, 2014).
Alvarado et al. (2013) mention that the “Amazon”
hybrid in Central America depends on the pollen
input of ancient E. guineensis palms nearby. Pollen
compatibility can be evaluated after the manually
assisted pollination of adult palms. Alvarado et
al. (2013) also showed that the fruit set was higher
using E. quineensis as the pollen donor compared
with using an Amazonian hybrid as the pollen
donor. Their research demonstrated the importance
of pollen quality and viability and showed that
pollen viability of between 15% and 20% limited
fertile fruits in the fruit bunch.

The introduction of the bud rot disease has led
to research for new resistant/tolerant hybrids, and
growers have been encouraged to replant with
OxG hybrids, but this is exacerbating the problem
of poor fruit set and raises the need for urgent
research to address the problem. With high genetic
variability among the new hybrids, there is a lack
of information about their behaviour and their
responses to pollen compatibility. As new hybrids
are used for commercial production, there is a need
to understand pollen compatibility between species
to avoid dependence on only one source of pollen:
E. quineensis.

The present study was carried out to assess
pollen percentage germination rate in vitro, from
commercial oil palm species (E. guineensis (G),
interspecific hybrids (OxG) and E. oleifera (O) from
the Ecuadorian Amazon region and Pacific coastal
region.

In this research, the objective was to determine
the effect of different pollen sources on pollination
and oil palm yield was examined with experiments
in two locations: The Pacific coastal plains and
Amazon region headwaters, where flowers from
a selection of OxG hybrid oil palm were treated,
by assisted pollination, with pollen from different
sources. The knowledge of fruit set behaviour
submitted to different pollen sources will allow us
to understand the impact of assisted pollination and
analyse present agronomic management practices in
commercial oil palm production. It is expected that
the results of this study will guide the selection of
donors for artificial pollination for hybrid oil palms
in Ecuador and other regions where hybrids are
grown.

MATERIALS AND METHODS
Location of Experimental Sites

Studies of pollen germination and compatibility
were established in two distinct geographical regions.
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Site 1 was the Ecuadorian Amazon region (El Coca,
Francisco de Orellana province) at Palmar del Rio
plantation of 10 000 ha (GPS location: 0° 19” S, 77°
04" W at 290 masl, 3392 mm of annual precipitation,
1327 light hours, maximum temperature: 33.4°C,
and minimum temperature: 18.2°C). Site 2 was
the Ecuadorian Pacific coast, specifically a 3000 ha
site at Energy & Palma plantation, located in San
Lorenzo, Esmeraldas province (GPS location: 1° 07°
N, 78° 45" 50” W at 500 masl, with 1500-1800 mm
of annual precipitation, 1380 light hours, 400 W
m? of irradiation, maximum temperature: 34.0°C,
and minimum temperature: 27.0°C). Both sites had
a plant density of 146 plants ha™ for E. guineensis,
E. oleifera and OxG hybrids. These two regions were
chosen due to the prevalence of bud rot disease
(BRD) in oil palm plantations where many growers
are cropping OxG hybrids as a possible solution to
control the disease. This research was developed
with commercial and native species of five-year-
old palms in both regions. In the first phase of
this study, pollen germination percentage was
evaluated in OxG hybrids with commercial oil palm
species (E. guineensis and E. oleifera) as controls.
In the second phase, pollen compatibility, fruit
set, and production were compared within OxG
hybrids.

Determination of Pollen Grain Germination in
OxG Hybrids

The pollen germination (%) of three hybrids in
Site 1: Coarf x LaMé (CxL), Taisha x AVROS (TxA),
and Taisha x LaMé (TxL) and three hybrids in Site 2:
Coari x LaMé (CxL), Taisha x AVROS (TxA) and
Unipalma - were evaluated. Unipalma is only
cultivated in the Pacific coastal region, and (TxL)
only in the Amazon region. Male inflorescences from
each of E. guineensis, E. oleifera and hybrid plants
(Taisha x AVROS, Taisha x LaMé and Coari x LaMé)
were selected during the first spate of the opening
stage, early on and before the anthesis, corresponding
to stage 607 BBCH scale (Moreno and Romero, 2012).
No insects were present on the male inflorescences,
which avoided contamination with foreign pollen
grains from other palm species. The inflorescences
were isolated using a double-layer bag (MANGLAR
GP-004 (63x83 cm), Green Putumayo) and tied at the
peduncle base with a cotton thread (Arnaud, 1980).
The bag was revisited every two days to adjust its
tightness to the inflorescence peduncle when needed.
The male inflorescences were collected during the
anthesis phase, then immediately transported to the
laboratory located in the plantation site and placed
in a chamber at 22°C, 33% RH for 4 hr. After storage,
spikes were cut off and gently shaken to liberate
pollen. The collected pollen was placed in envelopes
and dried in an oven at 37°C for 12 hr. The pollen was
sieved through a 40 ym mesh to separate impurities

and then packed in glass tubes (10 mL) and stored
for less than two weeks at -20°C, according to the
methodology described by Turner and Gillbanks
(1974). To evaluate germination, pollen grains were
scattered onto Petri dishes containing a simple
culture medium (saccharose: 11 g; agar: 1.2 g; distilled
water 100 mL). Petri dishes were incubated at 37°C
for 12 hr. After incubation, 100 pollen grains were
observed under the microscope per sample (Optical
Olympus microscope BX51 model), photographed
with a camera attached to the microscope (Infinity
2, applying 1:10 fold), and assessed for the presence
of a pollen tube emerging from the grain, indicating
germination (Myint et al., 2012). Pollen germination
was determined for each palm species and the
hybrid plants. Pollen was considered germinated
when the pollen tube was equal to or greater than
the size of the pollen grain.

Statistical Methods

To analyse the germination percentage of pollen
grains, a completely randomised block design
(CRBD) was applied and an analysis of variance
with 95% of reliability was performed. The results
were obtained in the statistical software MINITAB
2016. A total of 18 male inflorescences from each
species and hybrid were isolated to collect pollen in
Site 1, and 25 male inflorescences from each species
and hybrid were isolated in Site 2 for comparison.
Germination was compared between species and,
in the case of E. guineensis, E. oleifera and (TxA),
the differences were estimated according to the
sampling region as well. Tukey’s test (5%) was
performed where appropriate when statistical
differences were presented in the Analysis of
Variance.

Determination of Fruit Set in OxG Hybrids by
Selective Assisted Pollination

Selective assisted pollination was carried out
in the two regions (Amazon region and the Pacific
coast). In both regions, there are specialised people
who work daily only in pollination activities,
using standardised practices, and they contributed
to this study with their skills. Pollen from selected
hybrids (Site 1: Taisha x AVROS, Taisha x LaMé,
Coari x LaM§¢; Site 2: Unipalma, Taisha x AVROS
and Coari x LaMé) and E. guineensis were applied
to female inflorescences from oil palms hybrids
(OxG) as shown in Tuable 1.

Female flowers were bagged (MANGLAR GP-
004 (63x83 cm), Green Putumayo) individually and
pollen was applied according to the standard method
for assisted pollination of OxG hybrids described by
Turner and Gillbanks (1974). Female flowers during
pre-anthesis I (Hormaza et al., 2012) were treated
with pollen (10 g of pollen and talcum powder in
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a 1:10 mixture), applied with a sprayer inside the
bag, which was then sealed. After hand pollination,
female inflorescences remained bagged for 110 days.
On Site 1, three female flowers from different plants
were pollinated with each male treatment; a total of
12 bunches were evaluated. On Site 2, five female
flowers were pollinated with pollen from each donor
to evaluate a total of 20 bunches.

The total weight of the bunch was recorded on a
digital scale, then the fruits were extracted from the
bags and classified into seeded, parthenocarpic, and
undeveloped fruits. Seeded fruits had seeds, and
contained a nut made up of a shell, a kernel, and a
mesocarp, while parthenocarpic fruits were formed
without pollination, so they did not present an
almond. Finally, undeveloped fruits were considered
those with white pigmentation, no almond, and no
mesocarp, or were one of those that fell from the
cluster (Corley and Tinker, 2016; Hormaza ef al.,
2012). The weight of each category was measured to
differentiate the proportions of useable fruits.

Statistical Methods

To compare the results of the fruit set, a
randomised complete block design (RCBD) in
factorial arrangement 3x4 (female flowers and
pollen donors) was carried out on each site and
later an analysis of variance (ANOVA) with
95% reliability was performed. The results were
obtained using the statistical software MINITAB
2016. A total of 5 male inflorescences from each
species were isolated to collect pollen from Site
1 and Site 2 to use as pollen donors for female
flowers from oil palm species and hybrids. Three

female inflorescences in the anthesis of each oil
palm species, present in each site (1 and 2), were
used as pollen receptors (Table 1). The analysis was
performed to compare total bunch weight along
with the percentage of normal, parthenocarpic,
and undeveloped fruits according to the pollen
donor. If the ANOVA (p<0.05) presented statistical
differences, Tukey’s test (p<0.05%) was performed
to determine groups of similar behaviour.

RESULTS AND DISCUSSION
Pollen Germination Rate

The germination rate of pollen collected from
commercial oil palm species in the Amazon region
was high, with 95.0% germination recorded for
E. guineensis and 93.7% for E. oleifera (Figure 1).
High germination percentages (75%-85%) for
pollen from these species collected from the
Amazon region have also been reported by Myint
et al. (2012).

Pollen germination rates for OxG hybrids
(TxA (12.2%), CxL (9.7%) and TxL (16.9%)) were
significantly lower than for the species (Figure 1),
although TxL pollen germination was significantly
higher than the other hybrids. Low pollination
germination from hybrids was also found in Brazil
by Sénchez (2008) and Alvarado et al. (2000).

Pollen germination rates from commercial and
hybrid materials grown on the Pacific coast are
also presented in Figure 1. The pollen germination
rate of E. guineensis was 94.0%, similar to that
attained in the Amazon region, whereas the pollen

TABLE 1. POLLEN APPLIED AS TREATMENTS TO FEMALE OIL PALM HYBRID (OxG) INFLORESCENCES

Pollen Donor E. guineensis

Taisha x AVROS

Taisha x LaMé Coari x LaMé Unipalma

Female inflorescences

Amazon region (Site 1)

Taisha x AVROS (TxA) x E. guineensis

Taisha x LaMé (TxL) x E. guineensis

Coari x LaMé (CxL) x E. guineenis

(TxA) x (TxA)
(TxL) x (TxA)

(CxL) x (TxA)

(TxA) x (TxL)  (TxA)x (CxL) -

(TxL) x (TxL) (TxL) x (CxL) -

(CxL) x (TxL) (CxL) x (CxL) R

Pacific coast (Site 2)

Taisha x AVROS (TxA) x E. guineensis

Coari x LaMé (CxL) x E. guineensis

Unipalma

Unipalma x E. guineensis

(TxA) x (TxA)

(CxL) x (TxA)

Unipalma x (TxA) -

- (TxA) x (CxL) (TxA) x Unipalma

- (CxL) x (CxL) (CxL) x Unipalma

Unipalma x (CxL) Unipalma x Unipalma

Note: Oil palm hybrids: Taisha x AVROS (TxA); Taisha x LaMé (TxL); Coari x LaMé (TxL). Coari- pure oleifera from Brazil; Taisha- pure
oleifera from Ecuador; LaMé- L10T x L2T; AVROS- SP 540 (Compact Seeds and Clones ASD, 2004; INIAP, 2013).
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Figure 1. Oil palm pollen germination before storage for commercial species or hybrids in the Amazon region and Pacific coast (Tukey grouping CI 95%).

germination of E. oleifera was significantly lower
(53.2%). These results agree with those reported by
Criollo and Dominguez (2018), where E. guineensis
showed better pollen quality. Pollen germination
from the three hybrids on the Pacific coast was
very low (TxA: 1.9%; CxL: 1.1% and Unipalma
0.7%) when compared to the Amazon region. The
results indicate that there is a higher percentage
of pollen germination in the Amazon region than
on the Pacific coast, possibly due to the interaction
between climate and genetic composition of plant
material, as suggested by Lin et al. (2017) and
Davarynejad et al. (1995) and this study. While the
Amazon is consistently humid (annual average
precipitation of 3392 mm), the Pacific coast’s
humidity and temperature can oscillate widely,
and rainfall is lower with 1500-1800 mm yr™
(INAMHI, 2016).

The low germination rate for pollen produced
from hybrids indicates the need for manual
pollination (Haniff and Noor, 2002) and illustrates
the importance of choosing a good pollen donor.
One indicator of pollen germination potential might
be the morphology of pollen grains and genetic
characteristics (S4nchez and Romero, 2013), which
was observed by microscopy (Figure 2 and 3). Pollen
grain was considered germinated when the pollen
tube was longer than the diameter of the grain
(Figure 2).

The 10-fold increase in size is due to the
microscope settings allowing a better resolution
in the measurements. If this is considered, the
pollen size is similar to those published by Forero
et al. (2012) and Sanchez and Romero (2013),
ranging from approximately 30.0 to 39.1 pm
(Figure 3) in size from both species and hybrids,

Figure 2. Oil palm pollen germination under optical microscope observation: (a) E. guineensis; (b) E. oleifera; and
(c) Hybrid OxG. Scale bar in black = 2 mm.
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Figure 3. Size and morphology of Hybrids OxG pollen grains 100x: (a) Unipalma, (b) CxL and TxA, and (c) E. oleifera.

nevertheless, the morphology of oil palm pollen
varied. Hybrids pollen was triangular in shape:
Figure 3a and 3b in comparison with E. oleifera,
which produced elliptical pollen grains (Figure
3c). Similar pollen morphology characteristics in
E. quineensis were reported in other studies (Myint
et al., 2012; Sdnchez and Romero, 2013; Tandon et al.,
2001). However, pollen from hybrids presented a
mixture of pollen shapes and shared morphological
attributes from E. oleifera and E. Quineensis, which
was also found by Sdnchez and Romero (2013).
This might suggest a level of incompatibility
between parental plants, which would affect
germination.

Fruit Set and Yield Obtained After Oil Palm
Cultivar Pollination with Hybrid and E. guineensis
Materials

In the Amazon region, palm flowers from three
hybrid palm cultivars (TxA, TxL, and CxL) were
treated with four pollen sources (E. guineensis,
TxA, TxL, and CxL) (Table 1). The highest bunch
weight was obtained in the CxL variety (10.79
kg), but all hybrid varieties had high proportions
of parthenocarpic and undeveloped fruits.
The highest proportion of fertilised fruits was
obtained in the TxL hybrid, with 37.9% seeded
(Table 2).
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TABLE 2. THE EFFECTS OF FEMALE FLOWERS AND POLLEN DONORS ON BUNCH CHARACTERISTICS IN THE AMAZON
REGION

Female flower effect on

Bunch Seeded fruits  Parthenocarpic fruits Seeded + parthenocarpic fruits Undeveloped fruits
weight (kg) (weight %) (weight %) (weight %) (weight %)

CxL 10.79 a 17.82b 42.04Db 14.34b
TxA 8.9 ab 2425b 3494 c 2292a
TxL 7.15b 3792a 57.62a 11.35b
Pollen donor effect on

E. guineensis 10.41 a 43.47 a 10.55b 54.02 a 10.79 b
CxL 9.39 ab 27.7b 2194 a 49.64 a 15.44 a
TxL 8.89 ab 204Db 18.77 ab 39.17 b 19.82 a
TxA 719b 15.08 b 21.55a 36.62 b 18.77 a

Note: Means followed by the same letter are not significantly different using Tukey’s test (p=5%).

When pollen source is considered, pollen
from E. gquineensis produced the greatest bunch
weight, but this was not significantly (p<0.05)
greater than that obtained from CxL and TxL
pollen donors (Table 2). While bunches treated
with E. guineensis pollen contained significantly
(p<0.05) more fertilised (seeded) fruits and less
undeveloped fruits, bunches treated with hybrid
pollen compensated for fertilisation failure by
producing greater proportions of parthenocarpic
fruits (18.77%-21.94%), contributing to the overall
bunch weight (Table 2).

On the Pacific Coast, flowers from the hybrid
palm varieties (TxA, CxL, and Unipalma) were
treated with four pollen sources (E. guineensis,
TxA, CxL, and Unipalma) (Table 1). A significantly
(p<0.05) high bunch weight was obtained
with the TxA variety (11.68 kg), as shown in
Table 3, whereas for the rest of the studied
variables, there were no statistical differences.
Pollen from E. guineensis produced the highest
proportion of seeded fruits by weight (34.84%),
significantly (p<0.05) greater than CxL (21.24%)
(Table 3).

TABLE 3. THE EFFECTS OF FEMALE FLOWERS AND POLLEN DONORS ON BUNCH WEIGHTS AND SEEDED FRUIT IN
THE PACIFIC COAST

Female flower type Bunch weight (kg) Seeded fruit (weight %) Parthenocarpic fruits (weight %)
TxA 11.68 a 28.42 24.52

CxL 8.05b 27.91 20.15

Unipalma 6.03b 25.51 22.72

Pollen donor

E. guineensis 9.56 34.84 a 18.03

TxA 7.31 27.17 ab 23.72

Unipalma 8.24 25.88 ab 26.09

CxL 9.25 21.24b 22.01

Note: Means followed by the same letter are not significantly different using Tukey’s test (p=5%). Means without letters belong to the

same statistical group.
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For oil palm, successful commercial production
depends on achieving adequate fruit bunch weight
and oil extraction. Both factors are affected by
pollination in the Amazon region and the Pacific
coast. Pollen germination percentage is an essential
factor in determining seeded fruit production (Ruiz-
Alvarez et al., 2021), and seeded fruits present an
advantage in weight over parthenocarpic fruits
(Daza et al., 2020). A higher percentage of seeded
fruits is also a desired characteristic for industry, as
it facilitates the oil extraction process (Ferndndez,
2013).

Pollination is a challenge in Ecuador, where
the bud rot disease (named PC, for its abbreviation
in Spanish) is causing enormous damage to
E. guineensis commercial plantations. Hence the
species is being replaced by the OxG hybrid,
which may result in a lack of E. guineensis pollen.
However, the hybrids require assisted pollination
and alternatives to E. guineensis pollen are sought.

This study shows that E. gquineensis pollen
achieved the best commercial performance in both
the Amazon region and the Pacific coast. As shown
in Table 2, 3 and 4, E. guineensis is always the best
pollen donor in order to obtain a good percentage
of seeded fruits and useful commercial fruits. Our
results suggest that CxL and TxA could be good
candidates for replacing E. guineensis as a pollen
donor for commercial plantations in the Amazon
region, as long as yield is maintained. If there were
a lack of availability of E. guineensis pollen on the
Pacific coast, TxA and Unipalma could be a good
alternative pollen donor, as they maintained a high
percentage of seeded fruits without significant yield
loss, aided by parthenocarpic fruits (Kumar et al.,
2015).

On the Pacific coast, the highest yield was
obtained from TxA hybrids. In contrast, in the
Amazon region, CxL was one of the best materials.
Possibly the Brazilian origin of the hybrids CxL

and Unipalma explains their better adaptation
to local weather conditions, as these were the
first OxG hybrids planted in the Ecuadorian
Amazon region (Arias, et al.,, 2015; Barba et
al., 2010), and nowadays is the most prevalent
one.

When examined by region, the interaction
between female flower and pollen donor (Table 4)
shows that high proportions of industrially useable
fruits (Seeded + parthenocarpic fruits) can be
produced in the Amazon region, but the results are
highly variable (67.9% to 23.4% of useable fruits),
indicating pollen incompatibility. The highest
proportions of useable fruits were achieved from
hybrids treated with E. guineensis pollen. This can
be seen in two crosses: (TxL) x (E. guineensis) with
67.9% and (CxL) x (E. guineensis) with 53.57%. In the
Coastal region, bunch weight presented statistical
differences between treatments: (TxA) x E. guineensis
with 15% in comparison with Unipalma x Unipalma
and Unipalma x (CxL) with 4.74% and 5.80%,
respectively.

However, there are no differences in the other
two parameters (Seeded + parthenocarpic fruits and
Seeded fruits), these results suggest that the pollen
donor does not influence the percentage of seeded
fruits.

The behaviour of oil palm plants depends
upon the genetic variability of the parents and the
effect of the environmental conditions in each site
(Rosero and Santacruz, 2014). Pollen viability and
pollination success are probably affected by weather
conditions (temperature) and other abiotic aspects
that characterise each region, such as relative
humidity, the availability of water and sunshine,
and soil type (Murugesan ef al., 2017), as suggested
by various results from the Amazon and Pacific
coastal regions. Hence, the information presented in
this article is vital for future applications carried out
by the industry.

TABLE 4. EFFECT OF THE INTERACTION BETWEEN DIFFERENT OIL PALM MATERIALS WITH VARIOUS POLLEN DONORS
ON PRODUCTION (SEEDED + PARTHENOCARPIC FRUITS) IN THE AMAZON REGION AND PACIFIC COAST

Female flowers x Pollen donors ~ Bunch weight (kg) Seeded + parthenocarpic fruits (weight %) Seeded fruit (weight %)
Amazon region

(TxL) x (E. guineensis) 8.17 67.9 a 60.52 a

(TxL) x (CxL) 6.65 55.48 ab 36.19 abc

(TxL) x (TxA) 6.58 54.95 ab 25.75 be

(CxL) x (E. guineensis) 11.03 53.57 ab 40.24 ab

(TxL) x (TxL) 7.23 52.15 ab 29.23 be

(TxA) x (E. guineensis) 12.04 48.28b 29.65 bc

(CxL) x (TxL) 11.73 41.97 bc 21.80 be
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TABLE 4. EFFECT OF THE INTERACTION BETWEEN DIFFERENT OIL PALM MATERIALS WITH VARIOUS POLLEN DONORS
ON PRODUCTION (SEEDED + PARTHENOCARPIC FRUITS) IN THE AMAZON REGION AND PACIFIC COAST (continued)

Female flowers x Pollen donors ~ Bunch weight (kg) Seeded + parthenocarpic fruits (weight %) Seeded fruit (weight %)
Amazon region

(TxA) x (CxL) 9.87 40.6 b 29.65 bc
(TxA) x (TxA) 6.25 2747 cd 10.64 be
(CxL) x (TxA) 8.75 2745 cd 8.84 be
(TxA) x (TxL) 7.71 234d 10.18 be
Pacific coast

(TxA) x (Unipalma) 12.84 ab 27.81 27.0
(Unipalma) x (TxA) 6.38 ab 26.79 23.44
(TxA) x (CxL) 10.15 ab 25.85 22.35
(CxL) x (Unipalma) 7.13 ab 25.56 27.46
(TxA) x (TxA) 8.73 ab 25.34 26.0
(Unipalma) x (Unipalma) 4.74b 24.92 23.15
(Unipalma) x (CxL) 5.80b 23.61 17.54
(CxL) x (E. guineensis) 6.47 ab 19.46 28.34
(TxA) x (E. guineensis) 15.00 a 19.07 38.27
(CxL) x (TxA) 6.82 ab 19.02 32.0
(CxL) x (CxL) 11.74 ab 16.56 23.83
(Unipalma) x (E. guineensis) 7.20 ab 15.57 3791

Note: Means followed by the same letter are not significantly different using Tukey’s test (p=5%). Means without letters belong to the

same statistical group. SE: standard error.

CONCLUSION

The germination rate was high for E. guineensis
pollen collected from both the Amazon region
and the Pacific coast (95% and 94%) and E. oleifera
pollen collected from Amazon region (93.7%),
whereas E. oleifera pollen collected from the Pacific
coast site showed a lower germination rate (53.2%).
The germination of pollen collected from hybrids
was low in both regions. In the Amazon region,
germination from hybrids ranged from 9.7% to
16.9%, while on the Pacific coast, the germination
was even lower at 1%-2%. The results indicate that
the production of viable pollen from E. oleifera or
hybridsis challenging on the Pacific coast, but viable
pollen can be collected in the Amazon region from
hybrids, although at lower levels of germination.
The results showed that especially for E. oleifera
and hybrids, the Pacific coast was detrimental to
pollen viability, which might be due to climatic
conditions. This has important implications for
assisted pollination and the selection of pollen
donors on the Pacific Coast. Nevertheless,

further studies are needed to confirm the climate
hypothesis.

Pollination and bunch yield are affected by
both the female flower and the pollen donor.
Without assisted pollination, the rate of fruit set in
oil palm hybrids is poor. In these trials, the assisted
application of E. guineensis pollen produced the
highest fruit set, but the lack of pollination was, to
some extent, compensated for by the production of
parthenocarpic fruit. When E. guineensis pollen is
unavailable, due to the death of plants caused by
E. gquineensis susceptibility to bud rot, our results
suggest that new pollen sources such as CxL in the
Amazon region and TxA in the Pacific coast could be
used to assist pollination in commercial plantations,
by virtue of the tolerance that they present to bud
rot and the fact that they induce good levels of fruit
set at same pollen doses as E. guineensis. Moreover,
the capacity of oil palm to produce parthenocarpic
fruits permits it to have a commercially acceptable
bunch weight. This alternative should be analysed
to offer new agronomic management alternatives to
oil palm producers.
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