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Abstract: Controlled pollination, involving the transfer of pollen from Tagnanan Tall palm (male parent) to the Malayan Yellow or
Red dwarf (female parent) is essential for producing MATAG coconut hybrids. However, the pollen from Tagnanan Tall (TAGT), used
in hybridization, has been reported to have a germination percentage of less than 40%. This is further complicated by Tagnanan Tall
varieties varying in color, TAGT Orange, TAGT Gold, and TAGT Green. TAGT Orange is claimed to have lower pollen viability than
TAGT Gold and Green. Hence, a study was conducted to compare inflorescence characteristics, pollen yield, size, viability, and vigor
of three Tagnanan tall (TAGT) cultivar. The best-performing cultivar was used to compare pollen viability at different positions on
the rachis and rachilla. The results showed that pollen viability of TAGT Gold was 10% higher than TAGT Green and Orange. Pollen
viability was influenced by the position of the male flower on the rachis. Pollen collected from the top and middle parts of the rachis
(TMRS) had higher pollen vigor and achieved a viability of 61%, whereas mixing pollen from the whole inflorescence only resulted in
39% viability. Therefore, this study which aimed at optimizing pollen quality suggests that pollen should be harvested from the top and

middle part of the rachis (TMRS).
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1. Introduction

Coconut (Cocos nucifera L.) of the family Arecaceae
is cultivated in over 90 countries worldwide (Reddy
et al., 2017) and is widely distributed in Asia and along
the Pacific Ocean (Omar and Fatah, 2020). The global
coconut production was approximately 62 million tons in
2020, with Indonesia being the largest producer, followed
by India, the Philippines, Brazil, Sri Lanka, Vietnam,
Papua New Guinea, Mexico, Thailand, and Malaysia.
Coconuts have been acknowledged for a considerable
time as the most beneficial plant variety for human use.
Every part of the coconut palm appears to have active
economic use; therefore, it is referred to as the ‘tree of life’
It is a unique source of various natural products for the
development of medicines and provides food to millions
of people, especially in the tropical and subtropical regions
(DebMandal and Mandal, 2011).

Presently, there has been an increase in the use of
coconut-based products and byproducts, such as virgin
coconut o0il (VCO) and coconut milk, after the revelation of
the facts and advantages on the issue of coconut milk and
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coconut oil myths (Long, 2017; Yon, 2017; Widianingrum
et al., 2019). This is expected to drive the market for
coconut products in the future, thereby increasing the
demand for coconut production. Nevertheless, global food
demand is also expected to increase tremendously owing
to climate change, and population growth, and will exert
more pressure on agricultural land and other resources
(Abberton et al., 2016; Razzaq et al., 2021; Singh and
Prasad, 2021; van Dijk et al., 2021).

The ultimate solution for higher production and
valorization of improved crop plants is the utilization
of hybrid crops. Most hybrid crops have significantly
increased yield potential and production stability, leading
to good insights into the science of hybridization. In
coconut hybridization, the combination of two general
types of coconuts, Tall (T) and Dwarf (D), is very common.
T x D and its reciprocal (D x T) coconut hybrids as well
as certain T x T and D x D hybrids have comparable
potential. Coconut hybrids are early bearing, intermediate
in height, and have a higher yield, that is, the number of
nuts, copra weight, copra yield, whole nut weight, husked
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nut weight, oil content, husked nut diameter, and meat
thickness (Nampoothiri and Parthasarathy, 2018). To
produce hybrids in allogamous species, the crossing of two
superior parents is mandatory and is normally performed
by controlled pollination of the selected female parent
using the desired pollen from a selected male parent with
complementary traits. Controlled pollination is important,
given that natural hybridization is generally associated with
shortcomings such as short-lived pollen, differences in the
male and female phases of the parents, unstable flowering
stages, and the production of hybrids with doubtful yields
(Youmbi et al., 2012; Youmbi et al., 2015).

During hand pollination, the quality of the coconut
pollen is one of the major components that plays an
important role in determining the success rate of the
fruit set. The quality of the coconut pollen is typically
determined by its viability and vigor. Pollen viability
is measured by observing the pollen germination and
pollen tube growth using a suitable growth medium in the
laboratory (Karun et al., 2014; Hebbar et al., 2018), whereas
pollen vigor refers to the speed of the pollen germination
and pollen tube growth (Sulusoglu and Cavusoglu, 2014).
Viable pollen is crucial for directed plant breeding, species
dispersal, fitness, survival of the next plant generation,
and consequently, crop improvement (Impe et al., 2020).
Pollen is sensitive to minor fluctuations in atmospheric
variables (Hebbar et al., 2018). Several studies found that
pollen viability is influenced by cultivars and varieties, and
the position of the pollen-containing male flowers on the
inflorescence (Nampoothiri, 1970; Ranasinghe et al., 2010;
Sunilkumar et al., 2017; Mesnoua et al., 2018).

The Tagnanan Tall (TAGT) has been among the
common male parents used in hybridization since
Gemperle and Fremond (1978) first reported its promising
potential. Hybrids such as PCA 15-2, PCA 15-4, and
PCA 15-9 in the Philippines, and Malayan Yellow Dwarf
or Malayan Red Dwarf crosses with TAGT (MATAG) in
Malaysia are among the famous hybrids produced using
TAGT as the male parent (Rivera et al., 2008). Three
TAGT cultivars (TCv) are available and registered under
Malaysia’s National Crop List, as Tagnanan Green (CN7),
Tagnanan Orange (CN8), and Tagnanan Gold (CN9). To
support the national food security agenda, the Malaysian
government has promoted replanting programs, and
MATAG is the most recommended type of coconut. This
has resulted in a huge demand for MATAG seedlings from
the private sector, individuals, and even public players
(Ministry of Finance Malaysia, 2017). Therefore, the
production of MATAG must be intensified; hence, it is
necessary to optimize the hybridization protocol. Because
pollen quality is a contributing factor, there has been
revived interest in studying TAGT pollen. Currently, the
Commodity Development Centre Teluk Bharu, one of the

main TAGT pollen production centers (only two centers
produce TAGT pollen) under the Malaysian Department
of Agriculture (DOA), uses TAGT Gold and Green as the
source of pollen in producing MATAG, whereas TAGT
Orange is claimed to have lower pollen quality. However,
no detailed reports are available.

Konan et al. (2005) reported that the pollen viability
of seven Tall coconut varieties ranged between 39.7%-—
42.3%. Meanwhile, in their study of in vitro pollen
germination of six different Tall and Dwarf coconut
varieties, Ranasinghe et al. (2010) recorded a germination
percentage of 11.9%-31.6%. In addition, Hebbar et
al. (2018) found that the average pollen germination
percentage of 12 coconut genotypes belonging to Talls,
Dwarfs, and hybrids was 48.5%. For the TAGT cultivar
used in the production of the MATAG hybrid program,
all male flowers on the inflorescences were used for pollen
collection, with approximately 40% germination (Konan
et al., 2005). Whereas in vitro pollen germination of other
common palms such as Elaeis guineensis (oil palm, variety
Pisifera) and Dypsis lutescens (areca palm) can result in a
germination percentage of up to 72% (Youmbi et al., 2015)
and 90% (Liu et al., 2013), respectively. It is possible to
obtain coconut pollen with a germination percentage of
more than 50%; however, this is often not achieved. For
example, coconut pollen of the San Ramon variety collected
from the top and middle parts of the rachis achieved more
than 60% germination (64% for the middle part and 78%
for the top part); however, with pollen from the bottom
part of the rachis, only 33% germinated (Ranasinghe et
al., 2010). Thus, the low pollen viability of TAGT can be
improved by understanding the nature and variation of
the pollen quality within the inflorescence. According
to Nampoothiri (1970) and Ranasinghe et al. (2010), the
pollen at the distal end of the rachis is more viable than
that at the proximal end. Nonetheless, there are no reports
on the viability of coconut pollen at different positions on
the rachilla, since the opening of male coconut flowers
commences from the apex of the rachilla and extends
downward (Niral and Jerard, 2018).

In this study, the aims were to: 1) compare the physical
characteristics of inflorescences and the quality of the
pollen collected from TAGT Gold, Green, and Orange; 2)
determine the influence of the positions of the male flower
on the rachis on the quality of the pollen; and 3) determine
the influence of the position of the male flower on the
rachilla on the quality of the pollen.

2. Materials and methods

2.1. Study site and source of the pollen

The experiment was conducted at the Commodity
Development Centre (Pusat Pembangunan Komoditi) in
Teluk Bharu, Perak, Malaysia. The soil was classified as
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riverine alluvial, with a pH of 5.6. TAGT coconut palms
in the Centre were around 11 years old (planted in 2010).
A total of 120 inflorescences were collected each year from
certified and healthy TCv, namely TAGT Gold, Green,
and Orange (Figures la-1c) for pollen collection. For this,
40 palms each of TAGT Gold, Green, and Orange were
randomly selected. The experiments were conducted in
both March 2021, with an average temperature of 28.26
°C and 85.2% humidity, and March 2022, with an average
temperature of 28.68 °C and 86.02% humidity, yielding
consistent results across both years. Consequently, this
paper presents the average values of the results.

2.2. Physical characteristics of the inflorescence

To avoid pollen shedding, TAGT inflorescences were
harvested at 8:30 a.m. on the first day after the natural
opening of the spathe (Hebbar et al., 2018). The physical
characteristics of TAGT inflorescences, including the
rachis length (RSL), total number of rachillae (NRA) on
the rachis, rachilla length (RAL), and fresh weight of the
male flowers (FWMF), were determined. The RSL was
measured from the bottom of the first rachilla to the last
rachilla at the top of the rachis using a measuring tape
(Figure 1d). The rachillae of TAGT Gold, Green, and
Orange were divided equally based on the length to the top

Middle

Figure 1. Inflorescence of the TAGT coconut cultivar and the positions of with male
flowers on the rachis and rachilla. (a) Inflorescence of TAGT Gold, (b) TAGT Green,
(c) TAGT Orange. (d) The RSL was measured from the bottom of the first rachilla to
the last rachilla at the top of the rachis. (e) Rachis of TAGT Gold was divided equally
into the top (T), middle (M) and bottom (B) parts. Rachillae on the respective parts
were cut and divided into the top part of the rachis (TRS), middle part of the rachis
(MRS), and bottom part of the rachis (BRS). (f) Rachillae of the TAGT Green and
TAGT Orange (g) were also equally divided according to the RAL. (h) The rachilla
length (RAL) was measured from the last male flower at the bottom of the rachilla to
the bottom end of the male flower at the tip of the rachilla. (i) Rachilla was divided
equally into the TRA, MRA, and BRA according to the RAL.
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part of the rachis (TRS), middle part of the rachis (MRS),
and bottom part of the rachis (BRS), as shown in Figures
le-1g. The NRA at different positions on the inflorescences
was recorded. RAL was measured from the bottom end of
the last male flower at the bottom of the rachilla to the
bottom end of the male flower at the tip of the rachilla,
as shown in Figure 1h. Male flowers were separated from
each part of the rachilla, collected in a tray, labelled, and
weighed. The FWMF was expressed as g/rachilla.

2.3. Processing of the pollen

The procedures for processing coconut pollen followed
the guidelines of DOA Malaysia. Male flowers that were
removed from the rachillae were dried for 48 h in a drying
room with an average temperature of 35.7 °C (minimum
30.5 °C, maximum 39.8 °C) until all the perianth parts
were separated, resulting in the shedding of pollen on the
tray. The dried male flowers were gently crushed using a
rolling pin to allow more pollen to fall onto the tray. The
crushed male flowers were sieved, and the pollen was
collected, weighed, and stored in a glass vial.

2.4. Pollen viability and pollen size measurements at
different positions on the rachis

To compare the viability of pollen from different positions
on the inflorescence, pollen from TAGT Gold, Green, and
Orange was divided into parts of the rachis, that is, TRS,
MRS, BRS, a mixture of top and middle parts (TMRS),
and a mixture of top, middle, and bottom parts (TMBRS).
In vitro germination was used to test the TAGT pollen
viability as it is more reliable than the staining viability test
(Sunilkumar et al., 2011; Mosquera et al., 2021). In vitro
germination was conducted using a germination medium
consisting of 10% sucrose, 0.3% agar, 0.01% boric acid,
and distilled water (Hebbar et al., 2018). All the media
components were dissolved in boiling water, poured
into 35-mm Petri dishes, and allowed to cool. Pollen
was dusted onto the surface of Petri dishes containing 2
mL of germination medium using a watercolor brush.
Then, the covered Petri dishes were incubated at ambient
temperature (29.5-32 °C) for 2 h as maximum pollen
germination of TAGT was observed after this incubation
period in preliminary experiment. The Petri dishes were
observed under a light microscope equipped with a Dino-
Eye AM7025X Edge eyepiece. The germination percentage
was obtained using four replicates, accomplished in
four random visual areas at 80 x magnification for each
replicate, consisting of at least 100 pollen grains each.
The pollen grains were considered viable in the presence
of pollen tubes. The percentage of pollen viability was
calculated using the following formula: % pollen viability
= (number of germinated pollen grains / total number of
pollen grains) x 100. The pollen tube size and pollen tube
length were evaluated using DinoCapture 2.0 (version
1.5.43; AnMo Electronics Corp. Sanchong Dist., New
Taipei City, Taiwan) software.

2.5. Pollen viability at different positions on the rachis and
rachilla

This experiment was conducted using the TAGT cultivar
that performed the best according to the results obtained,
as the TAGT pollen had to be sparingly used to produce the
MATAG hybrid. The rachis of the best performing TAGT
cultivar (TAGT Gold) was divided into different parts, that
is, TRS, MRS, and BRS, as mentioned earlier. Rachillae
from each part was later divided into the top (TRA), middle
(MRA), and bottom parts (BRA), as shown in Figure 1i. Male
flowers were processed to obtain pollen, and pollen viability
was determined.

2.6. Data analysis

All the experiments were performed as factorial experiments
in a completely randomized design with four replicates. Data
were subjected to analysis of variance (ANOVA) and where
the F value indicated significance, means were compared with
the least significance difference (LSD) test at p < 0.05 using
SAS 9.4 (SAS Institute, Cary, NC). Pollen viability (%) was
arcsine-transformed, whereas the fresh weight (g/rachilla) of
the male flowers were square-root-transformed.

3. Results

3.1. Physical characteristics of the TAGT inflorescence
There was no interaction between different TCv and the
position on the rachis (PRs) for the RSL, NRA on the rachis,
RAL, and fresh weight of the male flowers (FWMF), as shown
in Table 1. Therefore, the results were interpreted based on
the main effects (TCv and PRs). The RSL for TAGT Gold,
Green, and Orange ranged from 29.00 to 33.38 cm, with
around 27-38 rachillae (ranged from 3.57 to 3.72 cm long) on
the rachis. The fresh weight of the unprocessed male TAGT
flowers (before drying) was approximately 20.0-24.6 g/
rachilla. The NRA at the TRS, MRS, and BRS was 10, 11, and
13, respectively. Despite the RAL at different positions on the
rachis being different (Figures le-1g), no statistical difference
was found in the RAL (the TRS was 3.38 cm, while the MRS
and BRS were both around 3.80 c¢cm). There was also no
significant difference in the FWMFs at different positions on
the rachis. Approximately 21.0 g/rachilla of fresh male flowers
could be collected from the TRS, whereas both the MRS and
BRS could achieve approximately 23.0 g/rachilla. In general,
none of the TCv or different positions on the rachis prevailed
in terms of the physical characteristics of the inflorescence.

3.2. Pollen yield, pollen size, and pollen performance of
TAGT Gold, Green, and Orange at different positions on
the rachis

Statistical analyses of the TCv and PRs showed no interaction
with the amount of pollen collected, pollen size, pollen
viability, or pollen tube length after incubation for 2 h at
room temperature (Table 2). By examining the single factors,
TAGT Gold, Green, and Orange showed no differences
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Table 1. Main and interaction effects of the TAGT cultivars (Gold, Green, and Orange) and the PRs (TRS, MRS, and BRS) on the RSL,

NRA, RAL, and FWME

Treatment RSL (cm) NRA RAL (cm) FWMEF (g/rachilla)
Cultivar (TCv)

Gold 33.38 £2.56 37 +£3.07 3.72+0.13 19.98 £ 1.30
Green 33.38+1.14 38 £4.27 3.57+£0.13 24.60 = 0.98
Orange 29.00 £2.92 27 £ 2.58 3.61 = 0.90 22.00 + 1.64
PRs

TRS - 10 £0.48 3.38 £ 0.10 20.50 £ 1.73
MRS - 11 £0.81 3.75+0.10 2294+ 1.29
BRS - 13+ 1.24 3.76 £0.12 23.14+1.13
Significance level

TCv NS NS NS NS

PRs - NS NS NS

TCv x PRs - NS NS NS

Results are presented as the mean + standard error. NS: no significant difference at p < 0.05 and -:not relevant.

Table 2. Main and interaction effects of the TAGT cultivars (Gold, Green, and Orange) and the PRs (TRS, MRS, BRS, TMRS, and
TMBRS) on the amount of pollen obtained (APO), pollen size (PS) after rehydration, pollen viability (PV), and pollen tube length (PTL)
after 2 h of incubation. The initial PS (before rehydration) was around 0.035 mm for TAGT Gold, Green, and Orange.

Treatment APO (g/10 g FW male flower) PS (mm) PV (%) PTL (mm)
Cultivar (TCv)

Gold 0.75 £ 0.04 0.060 £ 0.001 47.39 £ 2.78a 0.665 = 0.03
Green 0.57 £ 0.02 0.057 £0.001 38.34 + 2.64b 0.638 + 0.03
Orange 0.69 £ 0.03 0.057 £0.001 37.47 + 1.61b 0.681 £ 0.03
PRs

TRS 0.26 £ 0.02a 0.058 £ 0.002 50.61 £2.82a 0.732 £ 0.03a
MRS 0.22 £ 0.01ab 0.058 + 0.001 44.59 £ 2.90ab 0.764 + 0.03a
BRS 0.19 +0.02b 0.059 £ 0.001 23.88 £ 2.95¢ 0.608 + 0.04b
TMRS - - 49.46 £ 2.28a -

TMBRS - - 37.10 £ 2.23b -
Significance level

TCv NS NS * NS

PRs * NS - -

TCv x PRs NS NS NS NS

Results are presented as the mean * standard error. -: not relevant; NS: no significant difference at p < 0.05 using the LSD test; *:
significant differences at p < 0.05; **: highly significant differences at p < 0.01. Means with the same letter within a factor and column
are not significant different at p < 0.05 using the LSD test.
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in the amount of pollen collected, size of pollen, or pollen
tube length after 2 h of incubation, except for the viability
of the pollen. Around 0.6-0.8 g of pollen was collected from
10 g of fresh male flowers (separated from the rachilla) for
the TAGT Gold, Green, and Orange. The initial pollen size
(before rehydration) for TAGT Gold, Green, and Orange
was approximately 0.035 mm. After 2 h of incubation on the
germination medium, the pollen size increased to 0.057-
0.060 mm. In terms of pollen performance, the viability
of the TAGT gold pollen (47.4%) was significantly higher
than TAGT Green (38.3%) and Orange (37.5%). However,
no difference was observed in the pollen tube length after 2
h of incubation (0.638-0.681 mm) in TAGT Gold, Green,
and Orange.

In contrast, pollen collected from different positions on
the rachis showed different pollen yields, pollen viability,
and pollen tube lengths after 2 h of incubation. A greater
amount of pollen was collected from the TRS than from
the BRS, although the initial FWMF was not statistically
different, as shown in Table 1. However, the amount of pollen
collected from the MRS showed no difference compared
to the TRS and BRS. The amount of pollen from the TRS
was approximately 0.07 g (per 10 g of fresh male flowers)
more than the BRS. Meanwhile, pollen collected from the
TRS and MRS was significantly more viable (44.6%-50.6%)
compared to the 23.9% viability of the pollen collected from
the BRS. The mixture of pollen from the TMRS showed
approximately 50% viability, whereas the mixture of pollen
from the TMBRS showed only 37%. A comparison of the
pollen viability based on the microscopic visualization of the
different parts of the rachis is shown in Figure 2. Moreover,

pollen from the TRS and MRS had higher pollen vigor as
the pollen tube length was 0.12-0.16 mm longer than the
pollen collected from the BRS after 2 h of incubation on the
germination medium.

3.3. Pollen viability of TAGT Gold at different positions on
the rachis and rachilla
Figure 3 shows the pollen viability of TAGT Gold at different
positions on the rachis and rachilla. TAGT Gold was chosen
for this experiment because its pollen performed better than
TAGT Green and Orange pollen. A significant interaction
was found between the position of the TAGT Gold pollen on
different parts of the rachis and rachilla. Up to 68% pollen
viability was achieved using the TRS x TRA, TRS x MRA,
TRS x BRA, MRS x TRA, and MRS x BRA. In addition to
the significant difference found between the TRS x TRA
and MRS x MRA, no difference was found between the TRS
x TRA, TRS x MRA, TRS x BRA, MRS x TRA, and MRS
x BRA (45%-68%). Meanwhile, pollen collected from the
BRS x TRA, BRS x MRA, and BRS x BRA had significantly
lower pollen viability (13%-22%) than those collected
from other parts of the rachis and rachilla. Looking at the
graph distribution, pollen at the TRS and MRS was always
significantly higher in viability than the pollen at the BRS
at every part of the rachilla (TRA, MRA, and BRA). Pollen
at the TRS and MRS was approximately two to three times
more viable (TRS: 52%-68%; MRS: 45%-59%) than that at
the BRS (13%-22%). The viability of the TAGT Gold pollen
at different positions on the rachis is shown in Figure 4.
Figure 4 shows the pollen viability of TAGT Gold at the
TRS, MRS, BRS, and the TMRS, and the TMBRS. It can
be clearly seen that pollen from the TRS (67%) and MRS

Figure 2. Germination (viability) and pollen tube growth of pollen collected from different TAGT cultivars and positions
on the rachis after 2 h of incubation on the germination medium. Pollen with a tail indicates viable pollen. No interaction
was found between the TAGT cultivars and the positions on the rachis; however, it can be clearly seen that pollen viability
was higher in the TRS and MRS compared to the BRS for TAGT Gold, Green, and Orange. Moreover, the mixture of pollen
from the TMRS showed higher viability than that from the TMBRS despite the type of TAGT cultivar.
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Figure 3. Viability of the TAGT Gold pollen collected from different positions
on the rachis and rachilla. B = bottom; RS = rachis; M = middle; T = top;
RA = rachilla. Means with the same letter in each source of variation are not
significantly different at p < 0.05. Vertical bars indicate + standard error.

N

100 -
90 -
;\?80- a
2 70 1
= 60 - a
S 50 A
7 40 -
2 30 -
£ 20 -
10 -
0-
TRS MRS

c
BRS

TMRS TMBRS

Position of pollen on the rachis

Figure 4. Viability of the TAGT Gold pollen collected
from different PRs (TRS, MRS, and BRS) and the mixture
of TRS and MRS, and TRS, MRS, and BRS. Means with
the same letter are not significantly different at p < 0.05.
Vertical bars indicate + standard error.

(54%) was more viable than that collected from the BRS
(17%). However, mixing the TAGT Gold pollen collected
from the TMRS (61%) was approximately 22% higher in
viability than mixing the pollen from the TMBRS (39%).

4. Discussion

Information obtained on the physical characteristics of
the inflorescence and pollen performance can be used
as a reference in the selection of suitable TCv and in
determining suitable position on the rachis for pollen
collection. Generally, there were no differences in the
physical characteristics such as the RSL, rachilla number,
RAL, and FWMF in TAGT Gold, Green, and Orange.
Meanwhile, other than the differences in pollen viability,
the amount of pollen collected, pollen size after 2 h of
incubation, and pollen vigor were the same for TAGT
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Gold, Green, and Orange. Before rehydration, there was
no difference in the size of the TAGT pollen among the
different TCv. According to Thomas and Josephrajkumar
(2013), coconut pollen is spherical when fresh but
shrinks rapidly after shedding and becomes ellipsoidal
with a longitudinal structure. The pollen immediately
becomes hydrated, regaining its spherical shape, and the
sutures disappear when placed in water. Generally, the
pollen lands on the stigma, absorbs water, and undergoes
rehydration. If the pollen is compatible, intense metabolic
activity is induced, which triggers the growth of pollen
tubes (Bosch and Wang, 2020). Pollen size is also often
used as a biological parameter to estimate the viability of
mature pollen grains (De Storme et al., 2013).

The present study showed that the viability of pollen
collected from the entire inflorescence of TAGT Gold,
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Green, and Orange was between 37% and 47%. However,
the pollen viability of TAGT Gold was 10% higher than
that of TAGT Green and Orange, despite having the same
physical characteristics of the inflorescence. This was
different from the pollen viability of the different Malayan
Dwarf varieties. According to Chaturvedi et al. (2017), the
pollen viability of Malayan Green Dwarf, Malayan Orange
Dwarf, and Malayan Yellow Dwarf (MYD) was 31%,
30%, and 26% respectively and did not show significant
difference. In coconuts, the Talls and the Dwarfs generally
differ in their modes of pollination. The Talls are naturally
cross-pollinating, and thus, the populations show varying
degrees of heterozygosity, whereas the dwarfs are naturally
self-pollinating, resulting in predominantly pure lines that
are more homogenous and display more similar features
(Kamaral et al., 2014). On the other hand, the statement
saying ‘pollen quality was lower in TAGT Orange’ was not
true, as TAGT Orange and Green performed the same
according to the results obtained. Other than having
lower pollen viability than TAGT Gold, TAGT Green and
Orange were ideal sources of pollen to produce MATAG.
In addition to the selection of TCv as the source of pollen,
the color of TAGT is important for determining the colors
of the hybrid produced to fulfill market demand. For
example, crossing the Malayan Red Dwarf with TAGT
Orange will result in MATAG Orange, whereas crossing
the MYD with TAGT Orange will result in MATAG Gold.

A significant interaction was found between the
position of the pollen on different parts of the rachis and
the rachilla. It is recommended to use TAGT Gold pollen
collected from the TRS x TRA, TRS x MRA, TRS x BRA,
MRS x TRA, MRS x MRA, and MRS x BRA to achieve
68% higher pollen viability compared to the initial 39%
when pollen from the whole inflorescence was mixed.
Higher pollen viability is important because pollen is
strongly related to prezygotic success (Alonso et al., 2013;
Arceo-Gomez and Ashman, 2014). For example, high-
quality pollen can improve both fruit set and nutritional
properties in almonds (Brittain et al, 2014; Klein et
al., 2015). Additionally, the results showed that the
proportion of viable TAGT pollen differed significantly
along the rachis. The amount of TAGT pollen collected
from the TRS and MRS was higher than that collected
from the BRS. Consequently, the mixing of pollen from
the TMRS resulted in 12% more pollen than that with
the conventional pollen harvesting method (mixing all
the pollen on the inflorescence). This suggests that, if
circumstances do not permit the use of TAGT Gold solely
asasource of pollen, TAGT pollen should be collected from
the TMRS to increase pollen viability. Unlike the pollen of
Butia (family Arecaceae, palms that produce edible fruits),
the viable pollen was not significantly different along the
rachis. For instance, B. odorata and B. yatay showed 56%,

59%, and 56%, and 50%, 47%, and 46% of pollen viability
when collected from the apical, medium, and basal parts of
the rachis, respectively (Mourelle et al., 2015). According
to Perera et al. (2010), flora ontogenesis of coconut was
acropetal proceeding from the bottom to top of the rachilla.
Interestingly, flower maturation was basipetal, occurring
from the top to the bottom. Thus, the difference in pollen
viability of TAGT was due to pollen maturity. In addition,
the pollen of coconuts must be dispersed at different times
so that all the female flowers can be pollinated naturally.
Similar results were reported by Nampoothiri (1970) and
Ranasinghe et al. (2010), who found that pollen at the
distal end of the rachis was more viable than that at the
proximal end. In contrast, pollen vigor was also found
to be higher in more mature pollen. Higher pollen vigor
increases the chance of delivering male gametes into the
female gametophytes for fertilization. Thus, pollen from
the desired zones of the inflorescence can be used for in
vitro germination and fertilization studies. Because the
viability of the TAGT pollen was higher when harvested
from the TMRS, it is important to choose only male flowers
from the selected zones of the inflorescence for controlled
pollination purposes.

5. Conclusions

This study clearly showed that none of the TCv prevailed
in terms of the physical characteristics of the inflorescence,
the amount of pollen collected, pollen size, or pollen
vigor. Thus, the selection of suitable TCv cannot be based
on these characteristics. However, the pollen viability of
TAGT Gold was 10% higher than those of TAGT Green
and Orange. Nevertheless, TAGT Green and Orange
are also recommended for use as a source of pollen in
producing coconut hybrids, if pollen is collected from
the recommended zones on the inflorescence. Based on
this study, pollen from TAGT at different positions on the
rachilla was not the key to determining pollen viability, but
the position of the pollen on the rachis influenced pollen
viability. Pollen collected from the TMRS was always
significantly more viable than that collected from the BRS.
Mixing pollen from the TMRS increased pollen viability
by 13%-22% to achieve 50%-61% viability compared to
37%-39% when pollen from the whole inflorescence was
mixed. This detailed study on TAGT pollen provides a
precise reference for the selection of suitable TCv and for
determining the suitable pollen PRs and rachilla as the
source of pollen in producing coconut hybrids.
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