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Abstract

BACKGROUND: Coconut genetic resources are threatened by pests and pathogens, natural
hazards and human activities. Cryopreservation is the only method allowing the safe and cost-
effective long-term conservation of recalcitrant seed species such as coconut. OBJECTIVE:
The objective of this work was to test the effect of cryopreservation and of cryostorage
duration on coconut pollen germination and fertility. MATERIALS AND METHODS: Pollen of
two coconut varieties (West Coast Tall [WCT] and Chowghat Orange Dwarf [COD]) was
collected in March-May over three successive years, desiccated to 7.5% moisture content
(FW) and cryopreserved by direct immersion in liquid nitrogen. RESULTS: Germination and
pollen tube length (PTL) of desiccated and cryopreserved pollen were not significantly
different for both WCT and COD over the three harvest months of the three consecutive years
of study. Pollen germination ranged from 24 to 32% in desiccated pollen whereas it was
between 26 and 29% in cryopreserved COD pollen. In the case of WCT, germination ranged
from 30 to 31% in desiccated pollen, while it was between 28 and 32% in cryopreserved
pollen. PTL of cryopreserved pollen ranged between 224-390 um and 226-396 um for COD
and WCT, respectively. Germination of COD pollen varied between 29.0 and 44.1% after 4
years and 1.0/1.5 years cryostorage, respectively. Germination of WCT pollen did not change
significantly between 0 and 6 years cryostorage, being comprised between 32 (24 h) and 40 %
(1.5 years). Germination and vigour of cryopreserved pollen were generally higher compared
to that of pollen dried in oven and non-cryopreserved. Normal seed set was observed in COD
and WCT palms using pollen cryostored for 6 months and 4 years. Cryopreserved pollen of
five Tall and five Dwarf accessions displayed 24-31% and 25-49% germination, respectively.
CONCLUSION: These results show that it is now possible to establish pollen cryobanks to
contribute to coconut germplasm long-term conservation.
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INTRODUCTION currently passing through a challenging
phase because of the low productivity of

Coconut (Cocos nucifera L.), popularly  ageing plantations and the occurrence of
known in India as “Kalpa Vrisha”, provides  new pests and diseases. This induces a low
mankind with all the necessities of life.  and fluctuating income generation for
Nevertheless the coconut industry is  farmers who are compelled to shift land use
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for more profitable crops. Consequently,
coconut  genetic  diversity  decreases
gradually, thus hampering its utilization for
breeding purposes. As coconut seeds are
recalcitrant, the traditional approach for ex
situ  conservation of coconut genetic
diversity is field genebanks. Field genebanks
allow ready availability of plant material for
characterization, evaluation and use.
However, genetic resources are exposed to
pests, diseases and other natural hazards
such as drought, weather damage, human
error and vandalism (45). In addition, they
are not in a condition that is readily
conducive to germplasm exchange because
of the great risks of disease transfer through
the exchange of vegetative material. Field
genebanks are costly to maintain and, as a
consequence, are prone to economic
decisions that may limit the level of
replication of accessions, the quality of
maintenance and even their very survival in
times of economic stringency. Hence there is
an urgent need to develop complementary
methods to ensure the conservation of the
genetic diversity present in the existing main
coconut varieties/cultivars threatened with
genetic erosion or loss, or with special
traits/genetic markers.

Cryopreservation is the only method
allowing the safe and cost-effective long-
term conservation of recalcitrant seed
species such as coconut (14). In the case of
coconut, most cryopreservation studies have
used zygotic embryos as explants (15).
Pollen is another valuable source of diverse
alleles within a gene pool. Pollen
cryopreservation is being used for various
species (43). Under natural conditions, the
life span of fresh coconut pollen is only a
few days (34). Coconut pollen can be
conserved for short periods by freeze-drying
and storage at room temperature or in a
refrigerator (36, 44). The reports on coconut
pollen cryopreservation showed that liquid
nitrogen (LN) storage for 24 h did not affect
in vitro germination (5, 24).

At ultra low temperature storage most of
the molecular reactions in the cells are
retarded and viability may extend to
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hundreds of years. But in some plants like
Hevea, pollen viability declined from 20%
in vitro germination after 1 month to 2%
after 5 months LN storage (18).

Hence,  before  coconut pollen
cryostorage can be routinely employed as a
complementary  technique to  field
conservation, the effect of various
parameters, including the period of pollen
collection and the LN storage duration, on
viability and fertility and the genotypic
effect have to be evaluated. In this study,
pollen of two coconut varieties [West Coast
Tall (WCT) and Chowghat Orange Dwarf
(COD)] was collected during the months of
March, April and May over three
consecutive years and tested for germination
after LN exposure. Pollen germination of
these two varieties was measured after
cryostorage periods between 24 h and 6
years. Hand-pollination of female flowers
was performed using WCT and COD pollen
cryostored for 6 months and 4 years and
seed set was measured. Finally, the
cryopreservation protocol was validated by
measuring the in vitro germination of pollen
of five Tall and five Dwarf coconut
accessions.

MATERIALS AND METHODS

Plant materials

To test the effect of cryopreservation and
of  cryostorage duration on pollen
germination and fertility, five WCT and
COD palms were selected randomly from
the palms used as male parents for
hybridization studies at the Central
Plantation Crops Research Institute,
Kasaragod, Kerala (India).

Pollen collection

Pollen was collected from WCT and COD
palms from 2007 to 2009 in March, April,
and May to evaluate the effect of pollen
collection period on cryopreservation. Pollen
from these palms was also used to evaluate
the effect of LN storage duration on
germination and on seed set between 2007
and 2013. After the complete emergence
from the leaf axils (once every 20-25 days)



and just before the natural opening of the
male flowers, inflorescences were bagged to
prevent contamination by foreign pollen.
After 6 to 7 days, spikes were collected on a
bright sunny day between 8 — 10 am when
the male flowers started opening from the
tip. Male flowers were stripped off from the
spikes and placed in Petri dishes lined with
aluminium foil, which were stored for 24 h
in an oven set at 40°C (44). The dried male
flowers were sieved (mesh size - 0.2 mm) to
collect  pollen  for  cryopreservation
experiments and also for testing the moisture
content using moisture analyzer (A & D
Company Ltd, Japan, MF 50) set at 70°C
and the moisture content was found to be
7.5% after a period of 11 months.

Pollen cryopreservation procedure

The desiccated pollen (20 mg) was
wrapped in aluminium foils, which were
inserted in 2 ml cryovials and plunged
directly in LN. The vials were retrieved
from cryogenic storage after different
periods (24 h, 6 months, 1, 1.5, 2, 3, 4 and 6
years). For rewarming, cryovials were
placed at room temperature for 1 h. Pollen
was then used for viability testing by in vitro
germination or for controlled hand-
pollination in the field.

In vitro pollen germination

For germination of non-cryopreserved and
cryopreserved pollen, the medium employed
consisted of 8% sucrose, 1% agar, 1%
gelatin and 0.01% boric acid (25). A
microscopic slide with pollen evenly
distributed on the medium surface was
incubated in a Petri dish lined with moist
filter paper at 32 = 2°C for germination.
Pollen germination was observed under the
microscope after 90 min incubation. Pollen
grains were considered to have germinated
when pollen tube length (PTL) was at least
equal to or greater than the pollen grain
diameter (21). A minimum of 400-500
pollen grains were counted in 10 randomly
selected microscopic fields for measurement
of germination percentage. Photographs of
each field were taken using a Leica camera
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(DFC 250). Pollen tube length was measured
using the Leica Q Win software. Mean
pollen tube length was calculated as the
average length of 100 to 150 pollen tubes in
10 randomly selected microscopic fields.

Fertility assessment of cryostored pollen

Pollen from WCT and COD palms
cryostored for 6 months and 4 vyears,
respectively was utilized for pollination
experiments. After rewarming,
cryopreserved pollen was mixed with neutral
talc (1:9 ratio) and used for pollination
following the standard CPCRI procedure
(7). One palm each of WCT and COD with a
minimum of 25 female flowers was selected
for  fertility  studies using  pollen
cryopreserved for different durations. The
pollinated bunches were marked by giving
an unique number to each pollination. The
percentage of nut set in each cross was
recorded. Cryostored pollen from WCT
palms was utilized for crosses with COD
palms as the seed parent and vice versa. The
resultant nuts were harvested, embryos were
excised, inoculated in vitro and their
germination was tested using the CPCRI
embryo culture protocol (26).

The cryopreservation protocol developed
was validated in 2010 using pollen from five
Tall [Laccadive Ordinary Tall (LCT);
Andaman Giant Tall (AGT); Philippine
Ordinary Tall (PHOT); Java Tall (JVT);
Cochin China Tall (CCNT)] and five Dwarf
accessions [Malayan Yellow Dwarf (MYD);
Cameroon Red Dwarf (CRD); Kenthali
Orange Dwarf (KTOD); Gangabondam
Green Dwarf (GBGD); Chowghat Green
Dwarf (CGD)].

Statistical analyses of data

The results of viability tests (in vitro
pollen germination and pollen tube length)
were subjected to one-way ANOVA and
significant differences were evaluated by
DMRT using the SPSS 15.0 software.



RESULTS

Effect of pollen collection period on
cryopreservation

After dusting pollen on germination
medium, pollen started swelling and
produced tubes within 30 min, whereas none
of the pollen germinated without rehydration
in humid environment in the vicinity of the
pollen.  Different stages of pollen
germination are shown on Fig. la and b.
Germination and PTL of desiccated and
cryopreserved pollen were not significantly
different for both WCT and COD over the
three harvest months of the three
consecutive years of study (Table 1). Pollen
germination ranged from 24 to 32% in
desiccated pollen whereas it was between 26
and 29% in cryopreserved COD pollen. In
case of WCT, germination ranged from 30
to 31% in desiccated pollen, while it was
between 28 and 32% in cryopreserved
pollen. PTL of cryopreserved pollen ranged

between 224-390 um and 226-396 um for
COD and WCT, respectively.

Effect of cryostorage duration on viability
and vigour of pollen
There was no effect of LN storage duration
on germination of WCT pollen (Table 2). In
the case of COD, germination was similar
for all LN storage durations tested except for
1.0 and 1.5 years, where it was significantly
higher. However, significant cultivar*LN
storage duration interaction was observed
for pollen germination. Among the two
cultivars, WCT pollen cryostored for 1.5
years  showed  significantly  higher
germination compared to all other storage
durations studied (P=0.001). There was no
effect of LN storage duration on COD PTL.
By contrast, in case of WCT, PTL was
significantly higher after 1.5 years LN
storage compared to other storage durations
as well as between cultivars (P=0.0001).

The percentage of pollen with different

Table 1. Effect of desiccation (-LN) and of cryopreservation (+LN) on germination (G, %) and

pollen tube length (PTL, um)
consecutive years (2007-09).

of COD and WCT pollen collected in March-May during three

COD WCT COD WCT

Harvest G (%) G (%) PTL (um) PTL (um)
month

-LN +LN -LN +LN -LN +LN -LN +LN
March 26.7 30.0 29.0 334 249.0 271.0 249.8 253.8
2007 +9.8 +10.8 +13.6 +10.9 +46.7 +49.6 +56.6 +31.3
April 21.4 28.8 34.9 25.1 240.1 358.3 351.8 313.8
2007 +13.4 +5.0 +8.1 +12.6 +106.2 +41.4 +68.0 +86.0
May 2007 23.8 20.1 29.6 31.7 249.3 223.5 280.6 286.5

+7.6 +11.9 +12.7 +114.3 +5.9 +69.4 +89.9 +118.5
March 25.2 26.2 29.3 29.7 261.9 255.0 334.4 294.4
2008 +7.0 +8.5 +5.4 +88.9 +40.8 +40.8 +19.6 +107.2
April 39.3 36.0 37.4 29.2 375.1 390.0 408.0 396.2
2008 +13.1 +10.8 +15.0 +15.4 +65.7 +43.5 +128.6 +174.1
May 2008 32.9 25.7 26.9 26.4 411.2 372.7 390.9 381.0

+6.0 +11.4 +5.5 +5.9 +67.4 +87.2 +52.9 +13.7
March 27.5 28.0 31.6 35.3 376.6 319.6 366.1 342.3
2009 +6.4 +4.2 +10.6 +12.5 +165.5 +107.7 +143.9 +131.1
April 27.7 21.3 20.9 24.7 328.8 364.3 249.7 225.5
2009 +6.3 +5.8 +3.3 +5.7 +117.4 +104.8 +40.5 +59.3
May 2009 42.2 34.7 38.8 34.4 367.2 369.1 456.44 293.2

+19.7 +6.8 +11.7 +8.5 +107.7 +188.2 +89.3 +59.5

P =0.90 P =0.62 P =0.80 P=0.52

P represents the probability values between desiccated and cryopreserved pollen samples
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Figure 1. Different stages of viability / fertility studies using desiccated / cryopreserved
coconut pollen: (a) Protrusion of pollen tube after 30 min incubation; (b) Germination of
pollen cryostored for 6 years; (c) Nut set in COD palm using WCT pollen cryopreserved for
4 years; (d) Embryo cultured plantlets from hybrid nuts produced using cryopreserved

pollen.

PTL ranges was low in pollen cryopreserved
for 6 months, 1.5, 3 and 4 years but the
maximum PTL exceeded that of oven-dried
pollen (Fig. 2). For other durations (24 h and
1 year) pollen with different ranges of PTL
were found in low percentage compared to
other conditions. There was no interaction

between storage duration and range of PTL
in cryopreserved WCT pollen.

In the case of COD pollen, the storage
period did not influence PTL over the
interval studied (Table 2). In oven-dried
pollen from COD palms, even though the
percentage of fast growing pollen was high,

Table 2. Effect of LN storage duration on germination (G, %) and pollen tube length (PTL,
pm) of COD and WCT pollen. In columns, values (£SD) followed by the same letter are not

significantly different (p = 0.05).

LN storage COD WCT

duration G (%) PTL (um) G (%) PTL (um)
0 (Ovendried) 33.5+10.0° 257.7 + 49.6° 33.3+£27%°  239.1+12.7°°
24 h 326+7.6° 257.7+117.0° 321+27*°  228.6+16.2%
6 months 29.4+7.1° 207.1+126.2°  33.3+2.7° 193.2 + 11.0°
1 year 441 +10.2*  213.7+29.7% 322+27°  4245+223®
15y 441 +10.2*°  204.4 +85.6° 40.1 + 2.7° 436.6 + 23.1%
30y 30.1+5.1°  220.1+1135* 34.0+27°  250.0+13.2%
4.0y 29.3+7.2° 228.8+41.6° 38.1+25°2 376.7 +16.2°
6.0y - 38.2+25%  283.0+12.0°
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Figure 2. Percentage of pollen having diverse tube lengths (um) from pollen samples

(WCT) cryostored for different periods.

it had a shorter length compared to pollen
cryostored for 6 months, 1.5 and 3 years

(Fig. 3).

Fertility of cryopreserved pollen

Pollen cryostored for 4 y could be stored
for up to 4 d at room temperature after
rewarming without any significant decrease
in germination and PTL in case of WCT,
whereas in COD significant differences were
noticed after day one (Table 3). Both

parameters decreased dramatically after
longer  storage durations at room
temperature.

Fertility of COD and WCT pollen was
slightly higher after 6 months cryostorage
compared to 4 years cryostorage (Table 4).
Seed set after hand-pollination using
cryostored pollen was found similar to that
produced under natural conditions with
palms selected for the study (Figs. 1c). One
hundred percent germination was observed
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Figure 3. Percentage of pollen having different tube lengths (um) from pollen samples

(COD) cryostored for different periods.
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Table 3. Effect of storage period (days) at ambient temperature after rewarming on
germination (G, %) and pollen tube length (PTL, um) of varieties (var) WCT and COD
pollen cryostored for 4 years. In rows, values (xSD) followed by the same letter are not

significantly different ( P = 0.0001).

Var Storage period after rewarming (days)
1 2 3 4 5 7
G (%) 30.1 34.2 29.4 29.7 17.7 13.1
wer +5.1° +528  +45°  +95°  +36°  +58°
PTL 224.3 23423  217.96 23125 13561  124.43
M) 43622 12742 1274 426.0°  +15°  +10.3°
G (%) 34.0 26.2 29.5 27.4 15.4 12.8
coD +6.8" +4.28 +418 +10° +6° +3¢
PTL 250.6 209.6 22571 22926  140.87  112.47
Hm) 356 +42.0°8 352" 457"  1285°  +14.8°

in embryos extracted from hybrid nuts
produced with cryostored pollen and plantlet
development was normal (Fig.1d).

Cryopreservation of pollen of Tall and
Dwarf accessions

In case of Tall accessions, there were no
significant differences in germination of
desiccated (-LN) and cryopreserved (+LN)
pollen within and between accessions (Table
5). However, significant differences in PTL
were observed between accessions, PHOT
showing higher PTL values and CCNT
lower values compared to the other three
accessions. LN exposure significantly
decreased PTL for three (AGT, PHOT and
LCT) out of the five accessions tested.

In Dwarf palms, germination of
desiccated pollen was significantly higher in
MYD and CRD compared to CGD and

CBGD (Table 5). After cryopreservation,
germination was significantly higher in
MYD compared to the other accessions.
Cryopreserved pollen displayed significantly
higher germination in CGD, CBGD and
MYD compared to desiccated pollen. PTL
was significantly higher in CRD and CGD
accessions compared to the other three
accessions. After cryopreservation, CRD
PTL was significantly lower compared to
the other four accessions. Cryopreservation
significantly decreased PTL in the case of
CRD.

DISCUSSION

Pollen collection and processing are of
critical importance for the establishment of a
pollen bank (20). In coconut, maximum
pollen production in individual male flowers
as well as in the inflorescences occurred

Table 4. Germination (G, %) and fertility (seed set, %) of WCT and COD pollen cryostored

for 6 months and 4 years.

LN storage period  Pollen Seed G (%) Seed set (%)
parent parent
6 months WCT COD 33.3 28.0
6 months COD WCT 29.4 20.5
4 years WCT COD 44.3 20.0
4 years COD WCT 39.7 12.5
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Table 5. In vitro germination (G, %) and pollen tube length (PLT, ym) of desiccated (-LN) and
cryopreserved (+LN) pollen of five Tall and five Dwarf coconut accessions. In rows, values
followed by different lower case letters indicate significant differences within accessions (p =
0.05). In columns, values followed by different upper case letters indicate significant differences
between accessions (P = 0.05).

G (%) PLT (um)
Accession -LN +LN -LN +LN
Tall
AGT 2358 +1.9%3"A 247+33*" 2852+1547®® 2298+ 18.5°C
IVT 2492 +1.9%" 24.1+18*" 287.9+12.86%% 282.3+10.3%B
PHOT  27.68+1.9°" 27.2+1.8*" 503.5+12.98*" 340.2 + 9.9°A
CCNT  26.22+1.9** 305+1.8*" 188.4+13.94%¢ 186.6 + 9.3%P
LCT 31.81+1.9%* 309+1.8*" 208.8+11.85°% 207.9+8.6°°°
Dwarf
CRD 29.2 +2.8°%  31.6+3.1%" 310.4 + 12.924 201.4 +9.3°€
CGD 19.3+2.8°8  31.1+49%8 307.3 + 18.8%4 289.9 + 21.43A
GBGD 19.4+2.8°8  252+3.1°%B 222.2+19.6°¢  250.6 + 10.8%"®
KTOD  27.3+2.8%"% 208+3.1%® 236.3+15.3°5¢ 2248+ 124238
MYD 35.6 +2.8°* 489+ 3.1 281.3+17.4%"% 2892+ 12237

during the summer season starting from
February to May (17). Hence this study was
undertaken to verify the effectiveness of
pollen collection, processing and
cryopreservation during the summer months.
It is also prudent to collect pollen during
periods of low relative air humidity, during
which it can be expected that the amount of
water to extract from pollen before its
cryopreservation will be lower (3). Water
content of pollen grains at the time of
dispersal varies among different plant
families in the range of 15 to 35% FW (19).
In the majority of cases, partial desiccation
of pollen is necessary to retain its viability
after LN storage (2). Drying of coconut male
flowers in the oven at 40 °C for 24 h reduced
MC to 7.5%, which was crucial for
maintaining its viability and fertility after
LN exposure. Indeed, in vitro germination
was nil when pollen was cryopreserved
without previous drying. In tomato,
desiccation of pollen to 6.8 to 9.3% MC
prior to cryogenic storage enhanced its
germination ability (56.8 to 57.4%)
compared to fresh pollen with 10.6% MC
for which germination percentage was lower
(52.7%) (24). Excessive pollen dehydration
before cryopreservation may lead to viability
loss as reported with Rosa and Dioscorea
species (11). Cooling and warming rates
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have been shown to be critical in preserving
enzymatic activity of cryogenic stored
pollen (29). Sedgley (37) reported that rapid
cooling of Persea pollen was successful
because there was less possibility of ice
crystal damage compared to cooling at a
lower rate. In the present study, rapid
cooling combined with slow warming at
room temperature had no adverse effect on
coconut pollen ability to germinate in vitro.
Pollen germination in vitro is routinely
used for assessment of pollen viability and it
is often correlated with its fertilizing ability
(1). In agreement with Karun et al. (25),
coconut desiccated or cryopreserved pollen
collected from WCT and COD palms
germinated well on medium containing
sucrose and boric acid under high humidity.
It was also observed that rehydration of
partially desiccated coconut pollen was
necessary for its germination. Similar
observations were made earlier in coconut
(4) and in tomato pollen (24). There are also
other reports stating that hydration of dried
pollen results in an overall improvement in
germination (8, 9), which suggests that
inadequate hydration may result in a false
indication of low viability. While mature
coconut pollen is tricellular, it behaved like
bicellular pollen in its response to
desiccation and in vitro germination. Franchi



et al. (16) classified coconut as having
recalcitrant seeds and orthodox pollen. Even
though in vitro pollen germination has been
reported to be difficult in tricellular pollen
(40) coconut pollen germinated easily on a
simple medium supplemented with sucrose
and boron.

Pollen of other palm species including
date palm (27) and oil palm (42) has been
successfully cryopreserved. The coconut
pollen  cryopreservation protocol was
developed by Anitha et al. (25) utilizing
nine palms from WCT variety of coconut.
Germination of cryopreserved pollen from
these palms was found to be significantly
less compared to fresh pollen but on par
with incubator-dried pollen. Moreover
overall pollen tube length was significantly
higher when pollen were incubator-dried
(190.8um) or cryopreserved (192.5um)
compared to fresh pollen (140.8um). The
results of the present study are consistent
with the earlier report (25). In this work, the
retention of WCT and COD cryopreserved
pollen viability above a mean value of 25%
over three consecutive years confirmed the
high potential of pollen to contribute to
long-term  conservation  of  coconut
germplasm.

Germination of pollen is expected to
remain stable for extended cryostorage
durations. However, there are contradictory
reports of modifications of pollen viability
after cryostorage. In vitro germination of
Hevea pollen decreased from 20% after 1
month to 2% after 5 months LN storage
(18). By contrast, in some Prunus mume
cultivars, pollen germination increased
significantly after 1-4 years cryostorage
compared to fresh pollen without storage
(45). Such changes may be due to
differences in pollen sample preparation,
resulting in different MCs and/or to
difficulties in assessment of pollen viability,
for example (41). Over the cryogenic storage
periods investigated in the present study (up
to 6 years in case of WCT), no significant
changes were seen in pollen germination of
the two coconut varieties studied.
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Assessment of pollen vigour in addition to
pollen germination is essential for in vitro
pollen germination studies since viability
and vigour are considered as important
factors influencing gametic selection in the
style (32). In Nicotiana tabacum and
Tradescantia virginiana, pollen storage
stress resulted in a reduction in pollen tube
vigour before any reduction in its viability
(41). The results of the present study
indicate that vigour of pollen stored in LN,
as assessed by mean as well as maximum
pollen tube length, improved over the years
of storage. In Crotalaria and Brassica, there
was no reduction in pollen tube vigour when
storage was confined to a limited period of 7
days for Crotalaria and 16 days for Brassica
(28). But beyond the optimal period, the
stored pollen showed a significant reduction
not only in germination percentage but also
in tube length. A correlation between pollen
tube growth speed and weight of the
resultant seeds and seedlings has been
reported in Zea mays pollen (12, 13). Studies
by Ottaviano et al. (30) have shown that the
progeny derived from pollen selected for
faster tube growth resulted in increased
seedling vigour, kernel weight, and root
growth in vitro.

Pollen germination is routinely used to
assess Vviability of cryopreserved pollen.
However, the ultimate proof of pollen
cryopreservation efficiency should be the
production of viable seeds after fertilization
of female flowers with pollen cryostored for
various durations. In mango and litchi (6),
successful seed set was observed by using
pollen cryostored for 4 years. Gladiolus
pollen cryostored for 10 years retained high
levels of in vitro germination and seed set
(35). Sugar beet pollen stored for 17 years in
LN was able to produce viable seeds (33).
By contrast, cryostored broccoli pollen
displayed high viability but the seeds
produced exhibited reduced vigour and
rapidly lost germinability (10). In our
experiments, the formation of viable mature
seeds after hand-pollination of receptive
female flowers with coconut pollen
cryostored for 6 months and 4 years



confirmed the efficiency of the established
cryopreservation protocol.

It has been observed in Prunus mume
pollen that environmental conditions at the
time of pollination may affect seed set (46).
In case of coconut, our experiments showed
that viability of cryostored coconut pollen
was maintained for 4 days after rewarming.
This will allow the maximal use of
cryostored pollen as hand-pollination can be
performed over the few days of the receptive
stage of female flowers in inflorescences
and can be delayed in case of adverse
weather conditions.

Differences in cryopreserved pollen
germination and PTL were observed among
the Tall and Dwarf coconut accessions
studied. The differences noted in
germination and PTL of different Prunus
spp. reflected its genotypic variability (23).
Differences in germination and PTL
between cultivars and genotypes have been
reported in a number of species including
peach, plum, prune, sour and sweet cherry,
almond and apricot (38, 39). Studies have
shown that pollen cytoplasmic
carbohydrates and sucrose are involved in
protecting pollen viability during exposure
and dispersal (31). The genotypic
differences in germination and PTL in
cotton pollen could be due to differences in
pollen carbohydrate concentration (22).
Further studies are thus needed to
investigate the differences in pollen
germination and PTL of the Tall and Dwarf
coconut accessions employed in this study.

The present study is the first report of
successful long-term cryostorage of coconut
pollen. In vitro germination and fertility of
pollen of two coconut varieties remained
unchanged after 4 years LN storage. This
work confirmed that trinucleate coconut
pollen is tolerant to desiccation and LN
exposure and that its viability can be easily
assessed by in vitro germination on a simple
medium enriched with sucrose and boric
acid. Pollen can be efficiently collected
during its maximum production period
(March-May), partially desiccated and
cryostored. The establishment of pollen
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cryobanks to complement field collections
will significantly improve the conservation
of coconut genetic resources and contribute
to further breeding efforts.
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