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A study was conducted to investigate pollen viability of three polleniser mango cultivars, viz. ‘Sensation’,
‘Tommy Atkins’ and ‘Janardan Pasand’ up to 24 weeks under four storage conditions (room temperature,
—4°C,—-20°Cand —196 °C). Three methods of pollen viability testing, viz. in vitro germination, fluorescein
diacetate (FDA) and acetocarmine staining were used. Storage methods and interaction between storage
methods and days of storage had highly significant effect on pollen viability (p <0.0001). Room tem-
perature storage of pollen in the three mango cultivars showed very low pollen viability after 4 weeks
- of storage, after which pollens were not viable. Irrespective of mango genotypes, cryo-stored (—196°C)
Pollen viability .. . s o .
In vitro germination pollens showed significantly higher viability as compared to all the other storage conditions. The differ-
FDA ential results obtained by using different pollen viability assay confirmed that in vitro germination test
was more reliable compared to FDA or acetocarmine tests, where germination was often overestimated.
From the present study, we suggest storage of pollen at —20°C for pollination among cultivars having
non-synchronized flowering in a season. However, for long term storage cryo method proved to be the
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best for pollen storage in mango.
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1. Introduction

Mango (Mangiferaindica L.) belonging to family Anacardiaceae is
one of the commercially important fruit crop of India originated in
the Indo-Myanmar region. Mango breeding programme is under-
way at several research institutes of India and several new releases
have been reported over the last few decades. Indian Agricultural
Research Institute, New Delhi is notable among them credited with
the development of some commercially important mango hybrids
with desirable traits for domestic as well as overseas markets. Exist-
ing diversity of mango with respect to important traits provides
huge scope for breeding new cultivars with desirable characters
(Ram and Rajan, 2003). Flowering period in mango in India range
from November to April depending on agro-climatic zones and
mango breeding programmes are on several occasions hampered
by spatial and temporal isolation of the parents (Chaudhury et al.,
2010).

Red peel colour is an important trait from export point of
view and attentions have been paid to develop red peeled mango
hybrids at .A.R.I., New Delhi over the last 3-4 decades. In mango
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breeding programme, ‘Amrapali’ is employed as female parent due
to its dwarfness, regularity and better fruit quality. For impart-
ing red colour in the peel, mango cultivars such as ‘Sensation’,
‘Tommy Atkins’ and ‘Janardan Pasand’ are preferentially used as
male donor parents due to their better combining ability with
‘Amrapali’. Mango blooming season in north India starts in February
and lasts through March, whereas the regular harvesting season
extends from June to August. The problem of asynchronised flow-
ering in certain mango cultivars restricts their use as parent in
breeding programme and circumstances usually make it necessary
to store the pollen from male donor parents for later pollination of
the desired female parents. Thus, in order to optimize the pollina-
tion for both early and late blooming cultivars it would be necessary
to conserve pollen from early flowering cultivars for pollination in
late season in late blooming cultivars and vice versa. Mango pollen
is characterized by short viability and high sensitivity to desicca-
tion, consequently, conservation is problematic (Issarakraisila and
Considine, 1994).In the presentinvestigation, an attempt was made
to determine the pollen viability of some polleniser mango cul-
tivars under different storage conditions and to standardize the
storage method(s) for short and long term pollens storage. The effi-
cient storage of pollens from mango cultivars having asynchronised
flowering would be highly useful in attempting strategic breeding
for the development of desirable genotypes.
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2. Materials and methods
2.1. Plant material

Three important mango pollen parents, viz. ‘Sensation’, ‘Tommy
Atkins’ and ‘Janardan Pasand’ were selected at the Main Orchards
of Division of Fruits and Horticultural Technology, IARI, New Delhi.
Trees of these pollen parents were fairly old (20-25 years), healthy
and free from diseases and pests.

2.2. Pollen collection

Pollens were collected between 8.00 and 10.00 h in the morn-
ing. Panicles were selected and open flowers were removed and
then bagged in the afternoon. In the next morning, fresh open male
flowers with red or purple anthers were collected. These pollens
were subjected to four storage conditions and six storage periods
with three replications in each treatment. For each replication, a
minimum of 50 flowers were placed in petri dish lined with moist
filter paper disc and brought immediately to the laboratory. The
flowers were then placed under sun to induce dehiscence and pol-
lens were collected in small cryo vials and kept into desiccators for
3-4h. After desiccation, the cryo vials were sealed and transferred
to respective storage conditions.

2.3. Storage conditions

Pollens collected in cryo vials were subjected to four storage
conditions (room temperature, —4°C, —20°C and —196°C). For
room temperature storage, the sealed vials were kept at clean
and dry place free from any light exposure (which served as con-
trol treatment). For storage at —4°C, refrigerator was used with
constant temperature maintenance. Storage at —20°C was also
achieved through refrigeration. Storage of pollens at —196 °C (cryo-
storage) was achieved through dipping the cryo-vials in sealed
liquid nitrogen cylinders. Pollens collected in cryo-vials were stored
for six different time intervals, viz. 4, 8, 12, 16, 20 and 24 weeks
under different storage conditions. Pollen samples were taken out
from the lot and tested for viability using in vitro germination
(Stanley and Linskens, 1974), fluorescein diacetate (FDA) (Helpson-
Harrison and Helpson-Harrison, 1970) and acetocarmine (Nassar
et al., 2000) tests.

2.4. Pollen germination and viability tests

In vitro pollen germination was assessed by using hanging drop
technique as suggested by Stanley and Linskens (1974). The liquid
germination medium contained 150 g1~ polyethylene glycol (PEG
4000), 4.88g1-! N-morpholinoethanosulfonic acid in potassium
hydroxide buffer (MES-KOH, pH 6.4), 200 mg1-! MgS04, 100 mg1-!
KNO3,100 mg1-1 H3BO3,700 mg1-! Ca(NO3), and 200 g1~ sucrose
at pH 5.5 (modified Vivian-Smith et al., 1992). A minimum of 100
pollen grains per slide were randomly counted under a light micro-
scope (Leica DM 1000) at 20x magnification. Pollen was adjudged
as having germinated when the length of the pollen tube was equal
to, or exceeded the pollen diameter.

Fluorescein diacetate (Helpson-Harrison and Helpson-Harrison,
1970) and acetocarmine (Nassar et al., 2000) tests were used to
assess the viability of fresh as well as stored pollen from different
mango cultivars. In FDA test, preparations were observed under the
fluorescent microscope (Leica DM 5000B) with fluorescence filters.
Pollen grains showing bright fluorescence were taken as viable and
scored. In acetocarmine test, pollen grains were observed through
an optical microscope (light microscope 20x magnification). Pol-
lens grains that presented visibly abnormal size, light colouring and
reduced and/or absent protoplasm were considered non-viable,

while those that presented intact exines and strongly coloured pro-
toplasm with homogeneous distribution were classified as viable.

2.5. Statistical analysis

Data were analyzed by using Repeated Measure Technique. For
the analysis of data, mixed procedure in SAS 9.2 has been used.
Mixed procedure takes care of correlated structure of the error
variance-covariance matrix. In mixed procedure, data was ana-
lyzed using the iteration procedure and ANOVA has been obtained.

3. Results and discussion

Germination of fresh pollens of three mango cultivars was
examined using in vitro germination, FDA and acetocarmine tests.
Regardless of cultivars, different viability tests showed differen-
tial results. Comparatively higher pollen viability was observed
using acetocarmine test; however, in vitro germination test showed
low pollen germinability. In the present study, the cultivars dif-
ference for pollen germinability and viability was found to be
non-significant for fresh pollen (p > 0.05). Similarly, the interac-
tion effect of cultivar and pollen viability testing method was also
found to be non-significant (p > 0.05). Pollen viability tests also
proved that fresh pollen in mango cultivars had higher viability. The
maximum in vitro germination of fresh pollens was found in ‘Sensa-
tion’ followed by ‘Tommy Atkins’ and ‘Janardan Pasand’, which had
non-significant differences. Fresh pollen in vitro germination and
pollen viability when confirmed by acetocarmine test in all three
mango cultivars was non-significant (p > 0.05). However, viability
of fresh pollen observed using FDA test showed significant differ-
ences among mango cultivars (p <0.05) and ‘Sensation’ had the
highest pollen viability followed by ‘Janardan Pasand’ and ‘Tommy
Atkins’ (Table 1). Earlier, Martinez-Gomez and Gradziel (2002) also
reported higher germination of freshly collected pollen in almond.

The analysis of variance (ANOVA) clearly indicated that storage
methods, days of storage and interaction between storage meth-
ods and days of storage had highly significant effect (p <0.0001)
on pollen viability as confirmed by in vitro germination, FDA and
acetocarmine tests. Furthermore, the effect of mango cultivar and
interaction between mango cultivar and storage method on in vitro
pollen germination was significant at p <0.01 level of significance
(Table 2).

Pollen storage at room temperature showed only 2.11, 1.80 and
1.03% pollen germination in ‘Sensation’, ‘Tommy Atkins’ and ‘Janar-
dan Pasand’, respectively up to 4 weeks of storage as confirmed by
in vitro pollen germination test, after which the germination per-
centage declined to zero at later stages of storage (Fig. 1A). Similar
trend was also observed when pollen viability was examined using
FDA and acetocarmine assay methods (Fig. 1E and I). Irrespective of
the three different tests and mango cultivars, pollen viability was
found to be 0.0% at 8, 12, 16, 20 and 24 weeks after storage at room
temperature (Fig. 1A, E and I).

Pollen storage at —4 °C showed non-significant differences for
pollen viability among three mango cultivars on all observation
dates as confirmed by FDA and acetocarmine tests. However,
pollen viability determined by in vitro germination test showed
significant variation among pollen parents (p <0.05). In all mango
cultivars, the pollen viability was found to be decreasing signifi-
cantly (p <0.05) with the increase in storage period as confirmed
by all three pollen viability tests. In ‘Sensation’, the fresh pollen
viability was found to be 50.14% (in vitro germination test), 88.27%
(FDA test) and 87.71% (acetocarmine test), which reduced to 6.75,
14.77 and 21.01%, respectively after 24 weeks of storage at —4°C.
Similarly in ‘Tommy Atkins’, the fresh pollen viability was found
to be 48.78% (in vitro germination), 83.42% (FDA test) and 88.28%
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Table 1

In vitro germination and pollen viability of fresh pollens as confirmed by fluorescein diacetate (FDA) and acteocarmine tests in polleniser mango cultivars.

Cultivar Pollen viability test
In vitro germination FDA Acetocarmine
‘Sensation’ 50.14 + 4.06 (45.06) 88.27 + 0.93 (69.95) 87.71 + 4.01 (69.62)

‘Tommy Atkins’
‘Janardan Pasand’

48.78 + 3.64 (44.28)
4730 + 7.75 (43.43)

CD at 5%

Method of viability test 3.94
Cultivar ns
Method of viability test x cultivar ns

83.42 + 1.59 (65.96)
85.48 + 0.57 (67.58)

88.28 + 4.47 (70.21)
90.25 + 3.58 (71.96)

Values in the table show mean & SD. values in parentheses are angular transformed values. ns, not significant (p < 0.05).

(acetocarmine test), which further reduced to 6.52, 12.00 and
20.32%, respectively after 24 weeks of storage at —4°C. ‘Janar-
dan Pasand’ showed almost similar trend and fresh pollen viability
was reduced to 5.49% (in vitro germination), 15.73% (FDA test) and
16.43% (acetocarmine test) after 24 weeks of storage at —4°C as
compared to the viability of fresh pollen (47.30, 85.48 and 90.25%,
respectively) (Fig. 1B, Fand ]).

Pollen storage at —20°C showed almost similar trend as
observed in case of —4 °C storage. The only difference noticed was
the percentage viability as it was high in all three cultivars at all
observation dates compared to pollen storage at —4°C. In ‘Sensa-
tion’, pollen viability after 24 weeks of storage at —20°C showed
decrease of 79.23% in vitro germination (Fig. 1C), 79.04% by FDA
test (Fig. 1G) and 62.15% by acetocarmine test (Fig. 1K) compared
to fresh pollen viability. Similarly, in ‘Tommy Atkins’ and ‘Janardan
Pasand’, the decrease in pollen viability after 24 weeks of stor-
age at —20°C was 74.94 and 76.57%, respectively as depicted by
in vitro germination test (Fig. 1C). Fluorescein diacetate and aceto-
carmine tests also confirmed decrease in viability of pollen stored at
—20°C. Decrease in pollen viability of ‘Tommy Atkins’ was 75.90%
as determined by FDA test (Fig. 1G) and 61.62% by acetocarmine
test (Fig. 1K). In ‘Janardan Pasand’, the decrease was 78.07% (FDA
test) and 60.46% (acetocarmine test) as compared to fresh pollen
viability (Fig. 1G and K).

Storage of pollens at —196 °C showed significantly higher via-
bility percentage as compared to all the other storage conditions as
confirmed by in vitro germination, FDA and acetocarmine tests of
pollen viability (Fig. 1D, H and L). Pollens of ‘Sensation’ showed a

Table 2

significantly higher in vitro germination percentage than ‘Janardan
Pasand’ and ‘Tommy Atkins’ at all stages (Fig. 1D). Similarly, FDA
pollen viability test also confirmed highest pollen viability (66.00%)
in case of ‘Sensation’ after 24 weeks of storage (Fig. 1H). In contrast,
results obtained from acetocarmine test showed highest pollen via-
bility (78.15%) in ‘Janardan Pasand’ compared to pollen viability
of other two cultivars stored at —196°C on all observation dates
(Fig. 1L).

Rate of reduction in pollen viability in all three mango culti-
vars was minimal in case of —196°C storage compared to other
methods which makes it most suitable technique for both short as
well as long term pollen conservation in mango. Pollen viability
under —196°C storage condition as confirmed by in vitro germi-
nation test for the three mango cultivars showed non-significant
differences between 4 and 24 weeks of storage. Similarly, pollen
viability depicted by FDA and acetocarmine tests showed similar
trend with few exceptions. In case of FDA test, the pollen viabil-
ity of ‘Sensation’ cultivar decreased between 4 and 8 weeks and
after 8 weeks non-significant decrease was noticed. Likewise, in
case of ‘Tommy Atkins’, the pollen viability tested using aceto-
carmine showed significant decrease in pollen viability between
4 and 8 weeks; however, after 8 weeks pollen viability did not
differ significantly up to 24 weeks. Results suggest that freshly
collected pollens of all three cultivars had high pollen viabil-
ity and upon storage at room temperature had viability up to 4
weeks. The decrease in pollen viability at room temperature dur-
ing first 4 weeks might be attributed to high sensitivity of mango
pollen to existing high temperatures and low relative humidity. The

ANOVA showing effect of four storage methods and six storage periods on in vitro germination and pollen viability as confirmed by fluorescein diacetate (FDA) and acetocarmine

tests in three polliniser mango cultivars.

Effect Numerator degree of freedom Denominator degree of freedom F-Value Sig.

In vitro germination
Cultivar (C) 2 4 20.16 0.0081
Storage method (SM) 3 6 1348.22 <0.0001
Days (D) 5 10 63.95 <0.0001
CxSM 6 12 4.41 0.0139
CxD 10 20 0.43 0.9141
SM x D 15 30 20.98 <0.0001

FDA test
Cultivar (C) 2 4 0.25 0.7872
Storage method (SM) 3 6 2640.09 <0.0001
Days (D) 5 10 181.54 <0.0001
CxSM 6 12 1.22 0.3602
CxD 10 20 0.99 0.4804
SM x D 15 30 48.75 <0.0001

Acetocarmine test
Cultivar (C) 2 4 1.61 0.3069
Storage method (SM) 3 6 2416.84 <0.0001
Days (D) 5 10 100.10 <0.0001
CxSM 6 12 2.02 0.1413
CxD 10 20 0.64 0.7663
SM x D 15 30 26.85 <0.0001
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Fig. 1. (Panel A-L) Pollen viability of three polliniser mango cultivars stored at room temperature, —4°C, —20°C and —196 °C as evidenced by in vitro germination test (A-D),
fluorescein diacetate test (E-H) and acetocarmine test (I-L). Vertical bars indicate +standard error, n=5.

differential rate of reduction in pollen viability stored at different
temperature regimes may be because of rate of metabolic activities
in pollen is temperature dependent. Mango pollen is known to be
highly susceptible to desiccation and there is rapid moisture loss
when maintained at a temperature above 25-27 °C. The metrologi-
caldataobserved during April month suggest that the average mean
minimum temperature ranged between 17.6 and 22.3°C while
mean maximum temperature ranged between 37.7 and 42.2 °C fur-
ther support the present findings. Earlier, Khan and Praveen (2009)
while studying the germination capacity of three mango cultivars
up to 48 weeks under different storage conditions, suggested that
both freezer and freeze-dried conditions showed better results. In
another comparative study between pollen viability and germina-
tion of ‘Tommy Atkins’, ‘Kent’ and ‘Keitt’ mango cultivars clearly
indicated these parameters to be genotype dependent (Abourayya
et al., 2011). The findings of Abourayya et al. (2011) were in agree-
ment with those of previous findings of Singh (1954), Dahshan
(1971), El-Kady (1973), Desai et al. (1986), EI-Masry (2001) and
Abd El-Hadi (2006) that pollen grain viability differed due to geno-
types. Gehrke-Velez et al. (2011) reported that pollen showed
acceptable viability (70-85%) and germination (14.5 and 1.75%) in
hermaphrodite and male flowers. The results of present investiga-
tion are in agreement with the earlier reports of Chaudhury et al.
(2010) on mango, and Vivian-Smith et al. (1992) in litchi and other
species like cherimoya (Lora et al., 2006), Zea mays (Inagaki, 2000),
and Brassica campestris (Mulcahy and Mulcahy, 1988).

The different pollen viability tests such as in vitro germination,
FDA and acetocarmine revealed that significantly higher pollen
viability was maintained due to storage at —196°C followed by

—20°Cand —4°Cirrespective of observation dates in all genotypes
and the trend continued up to 24 weeks. Pollen longevity has been
reported to be extended by using lower temperatures such as 5°C,
—20°C, —80°C and —196 °C and low moisture content (Towill and
Walters, 2000). Pollen viabilities at 5°C, —20°C and —80°C stor-
age differed considerably among species and genotypes (Mishra
and Shivanna, 1982). The pollen once cryo-stored at temperature
below —160 °C would theoretically have infinite period of longevity
(Stanwood, 1985). The differential results obtained by using dif-
ferent pollen viability assays confirmed that in vitro germination
test was more reliable and accordingly the results obtained fol-
lowed by FDA and acetocarmine tests could be overestimated. This
might be attributed to the fact that these assays principally test
the integrity of plasmalemma of the cell and subjected to various
limitations. Helpson-Harrison etal. (1984 ) reported that a close cor-
relation between FCR and germinability can only be expected when
pollen is mature and medium is optimum. Similarly, they found
that staining test is poorest guide to germinability. The tendency
throughout is for an overestimation of the potential, false positive
being given for immature, heat and DMSO treated pollens. Similar
overestimation was observed with fresh mango pollen and after
storage under various conditions (Chaudhury et al., 2010; Shivanna
and Helpson-Harrison, 1981).

4. Conclusion
Present study revealed that at —196 °C cryo-storage of mango

pollen could be best long term storage strategy for efficient
conservation of genetic resources and for pollination both for
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commercial fruit production and breeding. However, pollen can
be efficiently stored for short periods at —20 and —4°C tempera-
tures for few weeks. In mango, blooming season start from February
and lasts up to March under north Indian conditions, consequently,
pollen collected and stored under different storage conditions in
February and March can be used for pollinations throughout the
blooming season. Low temperature storage of pollen of differen-
tially blooming mango parents ensures availability of pollen during
the same season and also in the succeeding seasons.
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