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Present investigation deals with the effect of different nutrients like Sucrose, Boric acid (H;BOs) and
salts like Calcium nitrate [Ca(NOs3),], Magnesium sulphate (MgSQO,) and Potassium nitrate (KNO;)
on in vitro pollen germination of Borassus flabellifer L.(Arecaceae), a plant with immense
economic importance. It flowers during March to May which open in early morning (05:30hrs -
06:30hrs).Considerable pollen germination (65%) and tube development (990um) occurred in 8%
Sucrose solution while 100 ppm Boric acid showed 55% germination along with 394um long pollen
tube. However, maximum germinating pollen (80%) along with pollen tube development (1350pm)
was observed in 8% Sucrose solution supplemented with 100 ppm Boric acid. Among the salts,
maximum 50% pollen germination along with 270pum long pollen tube developed in 200 ppm
Magnesium sulphate solution following 41% pollen germination along with 198 um pollen tube in
200 ppm Calcium nitrate and 32% pollen germination along with 126 um long pollen tube in 100
ppm Potassium nitrate solution.
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INTRODUCTION

Pollen grains carry the male genetic material to the female part
of a flower, thus plays a vital role in reproduction and help in
successful fruit-set. Pollen fertility and viability have a
paramount importance in hybridization programme as high
crop yield generally depends on viable pollen grains.

Though, stigma provides suitable site for pollen germination,
but studies on in vivo are not easily feasible due to the
complications in the pistillate tissues. However, it is possible to
germinate pollen grains of a number of taxa using rather a
simple nutrient medium and to achieve a reasonable length of
tube growth. The knowledge on physiology and biochemistry
of pollen germination and tube growth comes largely from in
vitro studies.

Pollen germination and pollen tube growth are essential
processes that ensure the productivity of flowering plants. The
complex processes involve a number of signaling events;
including cell-environment interaction, intercellular
communication and intracellular signaling (Taylor and Hepler,
1997; Franklin-Tong, 1999). Physiological and molecular
mechanisms of regulation of pollen germination and pollen
tube growth have been extensively studied in the past (Heslop
Harrison, 1989; Taylor and Heplar, 1997; Franklin —Tong,
1999).

*Corresponding author: Subrata Mondal

In vitro pollen germination is an effective technique for
understanding the basic (Heslop Harrsion, 1989; Mascarenhas,
1993) and applied aspects of pollen biology (Herreo, 1991;
Kristen and Kappler, 1990). Such studies have provided
considerable information on the physiology and biochemistry
of pollen germination and pollen tube growth (Johri and Vasil,
1961, Shivanna and Johri, 1989; Heslop Harison, 1989). Pollen
germination studies involve assessment of several nutrients
which are stimulants for pollen germination and pollen tube
growth (Brewbaker and Kwack, 1963; Imani et al., 2011)
suggested that, the culture medium should contain in addition
to Carbohydrates germination-stimulating substances such as
Boric acid, Calcium nitrate, Potassium nitrate, Magnesium
sulphate etc. So, in-vitro pollen germination assay was
conducted to determine the effect of different nutrients like
Sucrose, Boric acid, Calcium nitrate, Magnesium sulphate and
Potassium nitrate at various concentrations on pollen
germination of Borassus flabellifer L.

Borassus flabellifer L. is a plant of various economic
importance and is used to produce beverage, sweet sap, gur etc.
which are mainly from the sweet sap obtained by tapping or
cutting the tip of the inflorescence. The naturally fermented
sweet sap is used as a beverage. Fruit is stomachic, aphrodisiac,
tonic, laxative, alexiteric;, improves taste and allays thirst.
Milky juice from immature fruit checks hiccup sickness. Pulp
from the immature fruit is diuretic, demulcent and nutritive.
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The juice of the young leaves mixed with water is given in
cases of dysentery. Root is cooling and restorative and useful in
leprosy (Chopra et al., 1956; Karuppusamy et al., 2011)

MATERIALS AND METHODS

For the study of in vitro pollen germination, fresh flowers of
Borassus flabellifer L. were collected in the morning (06:00 hrs
-07:00 hrs). Standard solutions of different concentrations of
Sucrose (1% -25%), Boric acid (50ppm- 500ppm) and salts
solution (50-500ppm) of Calcium nitrate, Potassium nitrate and
Magnesium sulphate were prepared. The pollen samples were
sown on several grooved slides containing solution of Sucrose,
Boric acid, Calcium nitrate, Potassium nitrate and Magnesium
sulphate at different concentrations. Slides were then kept in
petridishes lined with moist filter paper and examined under an
Olympus microscope at different time intervals to record the
germination percentage and pollen tube length following
standard method (Shivanna and Rangaswamy, 1992). A pollen
grain was considered as germinated, if pollen tube length at
least becomes twice the diameter of the pollen grain (Gupta et
al., 1989).

RESULTS AND DISCUSSION

Studies on in vitro pollen germination after anthesis revealed
that 65% germinating pollen along with 990 pm long pollen
tube development occurred in 8% Sucrose solution (Table-1).

Table-1 Effect of Sucrose on in vitro pollen germination

of Borassus flabellifer L.

After 1 hr. After 3 hrs. After 6 hrs.
Conc. Tube Tube Tube
(%) Germination Germination Germination
(%) length (%) length (%) length
(um) (um) (um)
Distilled
water B B B
2% 12 70 18 130 22 160
5% 21 108 43 270 53 432
8% 20 270 41 594 65 990
10% 10 90 23 126 45 270
15% 5 54 11 72 24 180
20% 4 36 7 54 15 90
Table -2 Effect of Boric acid on in vitro pollen
germination of Borassus flabellifer L.
After 1 hr. After 3 hrs. After 6 hrs.
Conc.
(ppm) Germination Tube Germination Tube Germination Tube
(%) length (%) length (%) length
(um) (nm) (um)
50 12 54 21 121 31 171
100 21 108 35 270 55 394
200 13 72 31 180 45 245
300 15 54 22 144 34 180

germinating pollen along with 1350 pm long pollen tube
developed in 8% Sucrose solution supplemented with 100 ppm
Boric acid (Table-3, Figure-1).

Among the salts, maximum 50% pollen germination along with
270 um pollen tube development was observed in 200 ppm
Magnesium sulphate solution following 41% pollen
germination along with 198 pum pollen tube in 200 ppm
Calcium nitrate and 32% pollen germination along with 126
um long pollen tube in 100ppm Potassium nitrate (Table-4).
Both Magnesium and Calcium showed good results, however
Magnesium sulphate was the most effective.

R

Figure 1 In vitro germinating pollen

Pollen grains are known to be packed with biochemicals like
sugar, starch, lipids and phytic acid. These storage products get
metabolized upon pollen germination and elongation of pollen
tube. Thus, they play an important role in germination and in
initial stages of pollen tube growth. Intake of the culture
medium by the pollen grains initiates mobilization of the stored
substances resulting into germination of pollen grains
(Bertin, 1988; Wetzel and Jensen,1992; Stephenson et
al.,1994). Energy required for the germination of pollen grains,
formation of cell wall components and callose in angiosperms
is provided by the nutrient reserves like starch, sugar and lipids
stored in pollen grains (Baker and Baker, 1979).

Externally supplied sucrose maintains the osmotic pressure and
acts as a substrate for pollen metabolism (Johri and Vasil,
1961; Shivanna and Johri, 1989). The effect of either sucrose or
boric acid individually showed good results, but sucrose in
combination with boric acid promoted pollen germination as
well as tube development, because boron makes a complex

Table-3 Effect of Sucrose and Boric acid on in vitro pollen germination of Borassus flabellifer L.

Conc. of Sucrose (%) After 1 hr. After 3 hrs. After 6 hrs.
* ]i‘;::fnzc'd Ge”?o'/f)')“‘""“ Tube length (um) Ge”?o'/f)')"‘""“ Tube length (um) Ge”?,'/:]‘;'t“’“ Tube length (um)
5+100 21 108 43 270 63 432
8+100 30 450 55 684 80 1350
10+100 20 270 41 594 65 990
15+100 10 90 23 126 45 270
20+100 5 54 11 72 24 108

Individually, 100ppm Boric acid showed 55% germination
along with 394um long pollen tube (Table-2). Maximum 80%

with sugar and this sugar-borate complex is known to be
capable of better translocation than non-borate, non-ionized
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sugar molecules (Gauch and Dugger, 1953; Vasil,1964; Sidhu
and Malik, 1986).

pollen germination along with pollen tube development in
Morus indica (Mondal et al., 1997),

Table -4 Effect of Ca(NOs),, KNO;and MgSO4on in vitro pollen germination of Borassus flabellifer L.

Salts Conc After 1 hr. After 3 hrs. After 6 hrs.
( mi Germination Tube length Germination Tube length Germination Tube length (um)
PP (%) (um) (%) (um) (%) gl
50 - - - B B B
100 4 18 10 54 25 90
Ca(NO), 200 I9a 36 21 126 41 198
300 2 11 5 36 10 54
50 - - - - - -
100 10 54 21 90 32 126
KNO, 200 6 18 11 54 21 90
300 2 10 4 36 11 72
50 - - - - - -
100 5 54 11 72 24 108
MgS04 200 14 72 30 180 50 270
300 2 12 5 36 10 72

The role of boron has been established in pollen germination
and pollen tube development in vascular plants (Lewis, 1980;
Bhandal and Malik, 1985; Sidhu and Malik, 1986). Boron
takes part in pollen tube development as it is directly involved
in pectin synthesis and thus indirectly involved in development
of pollen tube membrane (Stanley and Loewus, 1964) and it
also exert a protective effect in preventing excessive
polymerization of sugars at sites of sugar metabolism
(Scott,1960). Naturally, water, sugar and amino acids are
supplied by the stylar tissue for nourishing the growing pollen
tube. Boron is also provided by stigmas and styles for
facilitating sugar uptake and pectin production in the growing
pollen tube (Richards, 1986). Boron in the form of boric acid
is required at concentration of 100 ppm for most species for
pollen germination and tube growth (Brewbaker and
Majumder, 1961). Brewbaker and Kwack (1963) reported the
induced role of Calcium and Boron on in vitro pollen
germination. Flowering and fruiting process of Pistachio is
enhanced by the use of boric acid (Brown et al., 1994) and its
deficiency results low pollen viability, poor pollen germination
and reduced pollen tube growth (Nyomora and Brown, 1997).
Thus, boron plays a vital role in pollen germination and pollen
tube development for successful fertilization of flowering
crops. Boron added in the form of boric acid, is very much
important for the in vitro pollen germination from most species
as elimination of boric acid from the culture medium often
leads to tube bursting (Dabgar and Jain, 2001; Acar et al.,
2010).Wang et al. (2003) studied the effect of boron on the
localization of pectins and callose in the wall of pollen tubes in
Picea meyeri. Acar et al. (2010) also reported the stimulatory
effect of boron on in vitro pollen germination of Pistacia vera.

Salts like Calcium nitrate, Potassium nitrate and Magnesium
sulphate were used to study their effects on in vitro pollen
germination. The results indicated that Magnesium was the
most effective to influence the pollen germination followed by
Calcium and Potassium.

Externally supplied K+ ion is very important to enhance the
rate of pollen germination as well as pollen tube growth in
Arabidopsis (Fan et al.2001), while Mg~ and NO® ~ also
promoted the tube growth of in vitro germinating pollen of
sugarcane (Moore and Jung, 1974). The stimulatory role of
Magnesium in germinating pollen and tube development in
Nicotiana (Loguercio, 2002) and Gossypium (Burke et al.,
2004) has been established. Magnesium also plays a key role in

Luffa aegyptica (Prajapati and Jain, 2010) and Withania
somnifera (Ghanta and Mondal, 2013) like Calcium, Potassium
and Nitrate.

Calcium is an inorganic substance with notable effect on pollen
tube growth and the role of Calcium ions in growth of pollen

tube has been established as Ca++ is an essential requirement of
pollen tube growth and it also controls the permeability of
pollen tube membrane. It is also known that, Calcium deficient
medium results in loss of internal metabolites (Dickinson,
1967; Shivanna, 1979; Bednarska, 1989; Ge et al, 2007).
According to Brewbaker and Kwack (1963) Magnesium ions
enhance the effect of Calcium ions resulting in vigorous growth
of pollen tube.

Thus, the present experiment gets support from Pal et al.
(1989), Mondal et al. (1991), Bhattacharya el al.(1997),
Bhattacharya and Mandal (2004), Biswas et al. (2008), Mondal
and Ghanta, (2012), Choudhury et al. (2012,2013), Dutta Mudi
and Mondal (2014) and Ghanta and Mondal (2016).
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