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ABSTRACT
In vitro pollen germination of three tropical tree species, viz. Spathodea campanulata,
Bauhinia purperia and B. racemosa was done to know the effect of growth regulators and
time on pollen germination. Three concentrations, i.e. 100, 200 and 300 ppm of four
growth hormones (IAA, IBA, GA3 and Kinetin) and sucrose (5 and 10%) alone were used
as germination medium. The results revealed that pollen germination under control
condition is very low and oscillating between 4.6±1.2 and 17.8±3.2%. The growth
hormones and sucrose was found effective inducing pollen germination. IAA and IBA
were found effective for both species of Bauhinia whereas GA3 and kinetin were found
suitable for Spathodea campanulata. Maximum germination was recorded in the initial
24h of setting experiment, which further declined in 48h and was recorded very less and
even 0.0% after 72 hours of treatment. There was significant (< 0.0001) effect of time,
hormone and species on pollen germination. Sucrose has shown good response (43 to
64%) in all selected tropical tree species. All the three tree species are cross pollinated,
which depend on the variety services of pollinators. Low % in vitro pollen germination in
control condition in Spathoda campanulata and Bauhinia purpurea reflects that both
species are prone to pollination and fertilization failure if appropriate pollinators and
receptive stigmas are unavailable to them early after anther dehiscence.
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respect to species, composition of medium,
temperature, relative humidity and time
(Stanley and Liskens, 1974), pollen
longevity and sucrose level (Pacini, 1996).
Pollen grains develop inside the anther then
they dehisce in the environment at the time
of anther maturity in a dehydrated and
metabolically inactive state. In cross
pollinating tree species the pollen needs to
be transferred on compatible, receptive
stigma via pollinating agents within a
limited period of time until pollen grain has
a sufficient level of viability. In vivo pollen
germination on stigmatic surface is an
integrated complex process; therefore to
attempt a study on such complex situation

INTRODUCTION

In vitro pollen germination is of practical
importance as it can unravel the
physiological and biochemical conditions
required for the successful pollen
germination and pollen tube development.
Pollen conditions such as reserved food
material, conditions of membrane and rate of
conversion could be judged by in vitro
pollen germination (Heslop-Harrison, 1979).
Pollen viability has been correlated with in
vitro pollen germination (Schori et al., 1992;
Shivanna et al., 1991) and in many species it
revealed good correlation with fruit and seed
setting. Pollen germination varies with
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with respect to physiological requirement of
pollen is rather difficult but also
technologically demanding. Henceforth, in
vitro pollen germination of tree species is an
important method to know the differential
physiological requirements for pollen
germination and its development at least to a
certain degree. In vitro pollen germination
would be a precisely accurate and
comparatively easy protocol if optimum
conditions were standardized (Taylor and
Helper, 1997). Though in vitro pollen
germination may be lower or higher
compared to in vivo germination under
various physical and chemical stimuli but
still indicates its biological potential of
pollen for pollination and fertilization. In
vitro pollen germination is a better technique
than vital staining to assess the pollen
viability.
Pollen germination is also regulated by
water, amino acids, sugars, boron (Johri and
Vasil, 1961), calcium (Pfahler, 1967) and
growth regulators such as gibberellins
(Singh et al., 2002), auxins and kinetin.
Soluble sugars such as sucrose, glucose,
fructose and acidic polysaccharides are
major constituents of stigmatic exudates in
many plant species (McConchie and Knox,
1989). Gibberellins (GAs) are vital
endogenous plant growth hormones that play
a crucial role in plant growth and
development such as seed germination, stem
and leaf elongation, floral induction, anther
development
and
fruit
and
seed
development. Several studies have cited the
effect of GAs on in vivo and in vitro pollen
germination and GAs have also been traced
in developing pollen grain after anthesis
(Singh et al., 2002). Indole-3-Acetic Acid
(IAA) plays an essential role in sexual
reproduction of plants viz., regulating
development of gynoecia, ovary, stamen and
egg cells (Nemhauser et al., 2000). IAA
promotes the possibility of pollen tube
growth as concentration of IAA increased in
pistil after pollination (Aloni et al., 2006). In
Torenia fournieri, IAA has been found to
stimulate pollen tube growth and mediates
the modification of its wall composition and

structure in in vitro culture system (Wu et
al., 2008).
The important aspects of reproductive
biology of tropical tree species are
pollination, pollen production and pollen
germination.
Pollen
production
and
germination is often correlated with fruit and
seed setting which reflects the species’
reproductive
potential.
Quantitative
attributes such as total pollen production per
tree and qualitative attributes such as pollen
germination under differential physical and
chemical stimulus and their response shall
bring new insights in understanding the
reproductive ability and adaptability of
tropical tree species. Pollen germination,
viability and longevity are matters of
concern and research particularly in cross
pollinated tree species because their pollen
is dispersed by a variety of abiotic and biotic
agents in space and time. So, retention of
pollen germination ability and viability with
respect to time and what physical and
chemical factors are governing these shall
help in understanding the developmental
perspectives of pollen grain and tree species.
In tropical tree species few studies have
been reported on pollen germination
compared to their proportion and diversity,
which is very high in tropics. Therefore, the
present study was conducted in three
important ornamental tropical tree species
namely Spathodea campanulata, Bauhinia
purpurea and B. variegata of Indo-Burma
hot-spot region to know the effect of growth
hormones and time on pollen germination
which will be helpful to formulate the
breeding strategy on the aforesaid species to
increase
their
ornamental
value.
Furthermore, the study would augment the
knowledge of pollen physiology of
investigated tree species with respect to
growth and development.
MATERIALS AND METHODS
This study was conducted during 2009 on
three tropical species, viz. Spathodea
campanulata, Bauhinia purpurea and
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Bauhinia variegata, of Mizoram, the North
Eastern Hill region (NEH) of India. The
details of the study species are as follows:
1. Spathodea campanulata P. Beauv.
(Family: Bignoniaceae, Common Name:
African tulip tree), is a medium size
ornamental evergreen tree species native of
tropical Africa. The flowers are large and
bell shaped with a brilliant orange flame
colour,
bisexual,
zygomorphic
and
hypogynous. S. campanulata is bird
pollinated (Faegri and van der Pijl, 1979)
and also insect pollinated. Flowering period
in India varies from January to March with
peak flowering in mid February (Nalawadi
et al, 1980). In the study sites (Aiawl,
Mizoram), this species blooms during
November to December. The fruit is capsule
and dehiscent type.
2. Bauhinia purpurea L. (Family:
Caesalpiniaceae, Common Name: Butterfly
tree): It is a moderate size ornamental
deciduous tree preferred mostly on road side
plantation. Flowers are conspicuous,
scented, coloured rose-purple, bisexual and
zygomorphic. Leaves are shallowly cordate.
Flowering and fruiting period ranges from
September to April (Singh et al., 2002).
Style is long with capitated stigma. It is
pollinated by insects and birds (Ali, 1933).
Pods are oblanceolate-subfalcate. Locally,
wood is used for firewood and charcoal
making. Flower-buds and fruit are eaten as
vegetable and the leaves are used as cattle
fodder (Sawmliana, 2003). Flowering in this
species was observed in October and
November in the study region.
3. Bauhinia variegata L. (Family:
Caesalpiniaceae, Common Name: Kachnar):
It is a medium size deciduous tree planted as
street or shade trees. Flowers are large,
white or purple colour, bisexual and
zygomorphic. Leaves are broadly ovatesuborbicular, deeply cordate, glabrous and
dull green. Flowering and fruiting period
ranges from February to September (Singh
et al., 2002). However, flowering was
recorded in February and March in the study
site. It is pollinated by birds and insects.
Pods are dark brown, flat, subfalcate, lignose

and glabrous. Tender fruits, leaves, flower
buds are locally used as a vegetable.
Decoction of the bark and leaves are useful
in diarrhoea. The leaves are broadly used as
cattle fodder (Sawmliana, 2003).
Methods
The sampling of the analyzed species was
done at the time of peak flowering viz.
Spathodea campanulata (mid November),
Bauhinia purpurea (October) and Bauhinia
variegate (early March). Five trees of each
species were selected and five flowers from
each tree with a total of twenty five flowers
for each species were harvested in order to
estimate the number of pollen grains per
flower. The number of pollen grains per
anther was estimated on five anthers from
different flowers of the selected tree of each
species. The anthers were obtained from
closed flowers prior to anthesis, placed in a
small vial containing five drops of glycerine
50%, smacked, and the pollen grains were
suspended. From this concentrate, five 10
µL droplets were removed and pollen grains
were counted under the microscope.
Production of pollen grains per flower was
estimated by multiplying the number of
pollen grains per anther by the number of
anthers per flower. The mode of anther
dehiscence was observed by using hand lens
(X20).
The effect of growth hormones on pollen
germination was done on four different
hormones viz., Indole-3-Acetic Acid (IAA),
Indole-3-Butyric Acid (IBA), Gibberellic
Acid (GA3), and Kinetin. For each hormone
the concentration was selected as 100, 200,
and 300 mg L-1. The in vitro pollen
germination was done by taking pollen from
freshly dehisced anthers from different trees
in each species. Pollen grains from these
anthers were filtered by a 100 micron Sieve
and were germinated in optimized media
composition. Basically the method used was
that of Brewbaker and Kwack (1963). A
factorial experimental design (Tuinstra and
Wedel, 2000) was used to evaluate the effects
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of sucrose, IAA, IBA, GA3, and Kinetin
against the control (distilled water) on pollen
germination. Sucrose has been proved to be
the key substrate for pollen germination in
other species (Raina et al., 2003). Sucrose
was tested at 5 and 10%. The experiment was
blocked in time with five replications in a
randomized complete block design. Bulk of
pollen was distributed onto germination
media in cavity slides and placed at a room
condition. Room temperature was measured
with thermo-hygrometer and the average
temperature was recorded as 18±1.14°C. The
progress of germination was recorded at the
interval of 24, 48, and 72 hours after planting
the pollen grains. Germination was quantified
as the evaluated percentage of germinated
pollen grains per 100. Pollen grains were
considered germinated when the pollen tube
length was greater than the diameter of the
pollen grain (Tuinstra and Wedel, 2000).
The effect of time (24, 48 and 72 hours),
growth hormones, sucrose and species on the
germination of pollen was examined using
ANOVA, with time, growth hormones and
species as fixed effects – independent
variables. ANOVA was performed using the

SPSS package. Counts were log-transformed
in order to improve normality of residuals
and to reduce heteroscedasticity (Sokal and
Rohlf, 1995).
RESULTS
The number of pollen grains per anther in
each species varied considerably. The
maximum number was observed in Bauhinia
purpurea (2,0416±1,590 pollen/anther) and
minimum in Spathodea campanulata
(1,3280 pollen/anther). The mode of anther
dehiscence in all species was Longitudinal
slit (Table 1). It is evident from the results of
pollen grain germination of selected tropical
tree species under various growth regulators
that the sucrose and distilled water (control)
show a differential response with respect to
varied concentration of growth regulators
and sucrose in a time frame. All three
species viz., Spathodea campanulata,
Bauhinia variegata and Bauhinia purpurea
show very less percentage (%) of pollen
germination under control (4.6, 17.8 and 6.0,
respectively) in the first 24 hours (Figure 1),

Table 1. Pollen outlay in three tropical species.a
Species

Pollen/Anther

Anther/ Flower

Spathodea campanulata
Bauhinia purpurea
Bauhinia variegata

13280±1040
20416±1590
17246±1296

4
3
5

a

Pollen/Flower
53053.33±2529.01
60140.4±3042.2
85830.7±2809.4

Mode of anther
dehiscence
Longitudinal slit
Longitudinal slit
Longitudinal slit

Results are shown as Mean±SEM.

Figure 1. Effect of sucrose concentration on In-vitro pollen germination in three tropical species.
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which indicates low germination ability and
viability among them. All selected species
showed a comparatively better in vitro
pollen germination in 5% sucrose than 10%
sucrose in the first 24 hours, furthermore it
declines with time i.e., at 48 hours (Figure
1). It may be attributed that sucrose is a
respiratory substrate vital for induction of
pollen germination in all analysed species.
Bauhinia variegata and Bauhinia purpurea
have shown better % in vitro pollen
germination in 100, 200, and 300 mg L-1
IAA, the value was 45.2, 49.0and 34.4%,
respectively in B. variegata and 59.0, 78.6
and 68.8%, respectively in B. purpurea
(Table
2).
However,
Spathodea
campanulata has shown only 11.8, 6.2, and
2.2% germination in 100, 200, and 300 mg
L-1 of IAA, respectively, which is very low
compared to B. variegata and B. purpurea.
Pollen grains of Spathodea campanulata
have reflected poor germination response to
IBA in the first 24 hours, which was
comparatively high in B. variegata and B.
purpurea (Table 2). Spathodea campanulata
proclaimed the highest percentage of in vitro
pollen germination of 61.8, 80.6, and 52.0,
respectively in 100, 200, and 300 mg L-1 of
GA3 in the first 24h, which was followed by
Kinetin (43.8, 53.0, and 34.0, respectively).
B. variegata has shown a fair response of
pollen germination percentage to GA3 in
100, 200, and 300 mg L-1 with a value of
46.8, 39.8, and 22.4 respectively. Both
Bauhinia species have been found to have
ineffective responses to kinetin. All selected
tropical tree species have shown a general
trend of decrease in the percentage of in
vitro pollen germination with time.
Maximum germination was recorded in the
initial 24 hours, which further declined in
48h and was recorded very less and even
0.0% after 72 hours of treatment. There was
significant (< 0.0001) effect of time,
hormone and species on pollen germination
(Table 3). In short, sucrose has shown good
response in all selected tropical tree species,
Auxin has a better response to Bauhinia
variegata and Bauhinia purpurea and GA3
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Table 3. ANOVA of the effect of time, hormones and species on pollen germination.
Response variable
Time
Hormones
Species

df
2
3
2

MS
32.45
42.60
28.60

and kinetin have shown considerable effect
on in vitro pollen germination of Spathodea
campanulata in the initial 24 hours of
treatment.

F
3.42
5.26
3.56

P
< 0.0001
< 0.0001
< 0.0001

has stimulated better in vitro pollen
germination in B. variegata and B. purpurea
compared to S. campanulata. IAA promotes
cell elongation in several plant species by
H+-ATPase activity via transport of H+ into
the cell wall, which results in acidification
and loosening of wall leading to expansion
of cell. IAA promotes and regulates pollen
tube growth in Torenia fournieri by the
aforesaid mechanism (Wu et al., 2008). IAA
is also reported to promote pollen tube in
Pinus roxburghii (Konar, 1958) and vital for
pollen germination in Pinus austrica (Smith,
1939). Gibberellic Acid (GA3) has induced
high in vitro pollen germination in
Spathodea campanualata compared to B.
variegata and B. purpurea. Gibberellins
(GAs) induce germination via promotion of
amylase activity. GAs plays a crucial role in
several plant growth and developmental
processes, particularly flower induction, leaf
and stem elongation and fruit and seed
development (Sun, 2004). It is also reported
to induce pollen tube growth under in vitro
conditions in Pistacia vera (Acar et al.,
2010). GAs plays a role in pollen viability
and pollen tube growth in Arabidiopsis and
rice (Singh et al., 2002; Chhun et al., 2007).
IBA and kinetin were found to enhance
pollen tube growth in Calotropis procera,
(Malik, 1977), as these hormones play an
important role in activating the catalytic
activity of peroxidase, an enzyme essential
for pollen germination and pollen tube
growth (Parui et al., 1998). Kinetin was
reported to promote pollen germination and
the elongation of the pollen tube length in
Pinus roxburghii (Konar, 1958). Both
hormones, however, were less effective to
all three analyzed species in this study.
Application of kinetin at low concentrations
has been reported to improve pollen
germination and pollen tube lengths in

DISCUSSION
The very low percentage of in vitro pollen
germination in control condition in
Spathodea campanulata and Bauhinia
purpurea (4.6 and 6.0%, respectively)
reflects that both species are prone to
pollination and fertilization failure if
appropriate pollinators and receptive stigmas
are unavailable to them early after anther
dehiscence. In vitro Pollen germination
under sucrose (5 and 10%) has a fairly good
response to all three analyzed tropical tree
species. Stigmatic soluble sugars such as
sucrose, glucose and fructose are major
fractions of stigmatic exudates in many plant
species. Sugar in stigmatic exudates acts as a
source of carbon for pollen tube growth and
also acts as an osmoprotectant (Kroh et al.,
1970). Though, pollen has endogenous
limited reserve of carbohydrates but it will
only suffice for initiation of pollen
germination after hydration. In later stages
of pollen germination, pollen requires
exogenous source of soluble carbohydrate
for its growth and development as in case of
in vivo conditions it is supplied by stigmatic
exudates. Sugar, particularly sucrose is an
important regulatory factor for pollen
germination and pollen tube growth in in
vitro conditions in many plant species. Plant
growth regulators are involved to regulate a
variety of plant developmental processes.
Differential response of pollen germination
in selected tropical tree species towards
different plant growth regulators exhibits
physiological variability among them. IAA
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Prunus armeniaca¸ however, the high
concentrations
reduce
pollen
tube
enlargement (Bolat and Pirlak, 1999). In
Prunus dulcis, GA3 has shown the highest
pollen germination and pollen tube growth
and the least was observed with Kinetin
(Sotomayor et al., 2012). Gibberellins have
been reported to have a high impact on
pollen viability and pollen tube growth (Ye
et al., 2010). GA3 was also found effective
to increase the root yield of Angelica
dahurica (Hou et al., 2013) and plant growth
(Emam and Moaied, 2000).
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اﺛﺮ ﺗﻨﻈﻴﻢ ﻛﻨﻨﺪه ﻫﺎي رﺷﺪ و زﻣﺎن در ﻣﺤﻴﻂ آزﻣﺎﻳﺸﮕﺎﻫﻲ ﺑﺮ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده ﺳﻪ ﮔﻮﻧﻪ درﺧﺖ
زﻳﻨﺘﻲ ﮔﺮﻣﺴﻴﺮي
ك .ﺳﺎﻧﺠﺎي ﻛﻮﻣﺎر ،و .ﭘﺮاﺳﺎد ﺧﺎﻧﺪوري ،ك .ﻛﺎر ،چ .ﻣﻬﺎن ﺷﺎرﻣﺎ ،و م .ﻛﻮﻣﺎر
ﭼﻜﻴﺪه
در ﻣﺤﻴﻂ آزﻣﺎﻳﺸﮕﺎﻫﻲ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده ﺳﻪ ﮔﻮﻧﻪ درﺧﺖ زﻳﻨﺘﻲ ﮔﺮﻣﺴﻴﺮي ﺑﺎ ﻧﺎﻣﻬﺎي
ﻋﻠﻤﻲ Bauhinia purperia ،Spathodea campanulataو  B. racemosaﺑﻪ ﻣﻨﻈﻮر
ﺷﻨﺎﺧﺖ ﺗﺎﺛﻴﺮ ﺗﻨﻈﻴﻢ ﻛﻨﻨﺪه ﻫﺎي رﺷﺪ و زﻣﺎن ﺑﺮ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده اﻧﺠﺎم ﮔﺮﻓﺖ .ﺳﻪ ﻏﻠﻈﺖ ﺑﺮاي ﻧﻤﻮﻧﻪ
ﻫﺎي  200 ،100و  ppm 300از ﺟﻬﺎر ﻫﻮرﻣﻮن رﺷﺪ ) (IAA, IBA, GA3 and Kinetinو
ﺳﺎﻛﺎروز  5و  10درﺻﺪ ﺑﻪ ﻋﻨﻮان وﺳﻴﻠﻪ ي ﺟﻮاﻧﻪ زﻧﻲ اﺳﺘﻔﺎده ﺷﺪﻧﺪ .ﻧﺘﺎﻳﺞ ﻧﺸﺎن دادﻧﺪ ﻛﻪ ﺟﻮاﻧﻲ زﻧﻲ داﻧﻪ
ﮔﺮده در ﺷﺮاﻳﻂ ﻛﻨﺘﺮل ﺷﺪه ﺑﺴﻴﺎر ﭘﺎﻳﻴﻦ اﺳﺖ ،ﻛﻪ ﺑﻴﻦ  4.6±1.2و  17.8±3.2درﺻﺪ در ﻧﻮﺳﺎن ﺑﻮد.
ﻫﻮرﻣﻮن ﻫﺎي رﺷﺪ و ﺳﺎﻛﺎروز )ﻗﻨﺪ( در ﺗﺤﺮﻳﻚ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده ﻣﺆﺛﺮ ﺑﻮدﻧﺪ IAA .و  IBAﺑﺮاي
ﻫﺮ دو ﮔﻮﻧﻪ ي  Bauhiniaﻣﺆﺛﺮ ﺑﻮدﻧﺪ ،در ﺣﺎﻟﻲ ﻛﻪ  GA3و  Kinetinﺑﺮاي Spathodea
 campanulataﻣﻨﺎﺳﺐ ﺷﻨﺎﺧﺘﻪ ﺷﺪ .ﺑﻴﺸﺘﺮﻳﻦ ﺟﻮاﻧﻪ زﻧﻲ در  24ﺳﺎﻋﺖ اوﻟﻴﻪ آزﻣﺎﻳﺶ ﺛﺒﺖ ﺷﺪ ،ﻛﻪ در
 48ﺳﺎﻋﺖ ﺑﻌﺪ ﻛﺎﻫﺶ ﻳﺎﻓﺘﻪ و ﺣﻨﻲ ﺑﻌﺪ از  72ﺳﺎﻋﺖ ﺑﻪ ﺻﻔﺮ درﺻﺪ ﻫﻢ رﺳﻴﺪ .زﻣﺎن ،ﻫﻮرﻣﻮن ﻫﺎ و ﮔﻮﻧﻪ
ﻫﺎ ﺗﺄﺛﻴﺮ ﻗﺎﺑﻞ ﻣﻼﺣﻈﻪ اي ) (<0.0001ﺑﺮ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده داﺷﺘﻨﺪ .ﺳﺎﻛﺎروز ﭘﺎﺳﺦ ﻣﻨﺎﺳﺒﻲ ) 43ﺗﺎ 64
درﺻﺪ( در ﺗﻤﺎﻣﻲ ﮔﻮﻧﻪ ﻫﺎي درﺧﺘﺎن ﮔﺮﻣﺴﻴﺮي ﻧﺸﺎن داد .ﻫﺮ ﺳﻪ ﮔﻮﻧﻪ ي درﺧﺘﺎن ﮔﺮده اﻓﺸﺎﻧﻲ ﻣﺼﻨﻮﻋﻲ
دارﻧﺪ ﻛﻪ ﺑﻪ ﺗﻨﻮع ﮔﺮده اﻓﺸﺎن ﻫﺎ ﺑﺴﺘﮕﻲ داﺷﺖ .درﺻﺪ ﭘﺎﻳﻴﻦ ﺟﻮاﻧﻪ زﻧﻲ داﻧﻪ ﮔﺮده در ﺷﺮاﻳﻂ ﻛﻨﺘﺮل ﺷﺪه
در  Spathoda campanulataو  Bauhinia purpureaﻧﺸﺎن ﻣﻴﺪﻫﺪ ﻛﻪ اﻳﻦ دو ﮔﺌﻨﻪ در ﻣﻌﺮض
ﺷﻜﺴﺖ در ﮔﺮده اﻓﺸﺎﻧﻲ و ﻟﻘﺎح ﻫﺴﺘﻨﺪ ،اﮔﺮ ﮔﺮده اﻓﺸﺎن ﻣﻨﺎﺳﺐ و ﻳﺎ ﻛﻼﻟﻪ ي ﭘﺬﻳﺮﻧﺪه ﺑﻼﻓﺎﺻﻠﻪ ﺑﻌﺪ از ﺑﺎز
ﺷﺪن ﺑﺴﺎك در دﺳﺘﺮس ﻧﺒﺎﺷﺪ.
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