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(Baloch & Lakho, 2001). 
Most of the studies conducted on C. alata L. are on its ther-

apeutic properties. Leaves of C. alata L. contain anthraquinone 
derivatives which exhibit antimicrobial, antitumor, antioxidant, 
cytotoxic and hypoglycemic activities (Alalor, Igwilo, & Jeroh, 
2012). Crude extracts of the plant are being used to treat various 
skin diseases (Balinado, & Chan, 2017) and are effective against 
Staphylococcus aureus and Bacillus subtilis (Alalor, Igwilo, & 
Jeroh, 2012). Also, C. alata L. based soap was proven effective 
against opportunistic yeasts (Esimone, 2007). 

Preliminary investigation of the developmental morpho-anat-
omy of the male gametophyte of C. alata L. was already conducted 
(Tolentino, 2011), but limited information is known regarding its 
sugar metabolism and investigating this will immensely contribute 
to the extensive cultivation of the plant taking into consideration 
its medicinal properties. This study, therefore, would add light to 
the developmental biology of C. alata particularly to its pollen ger-
mination and pollen tube growth. 

The study specifically aims to determine the effect of varying 
sugars and sugar concentrations on the in vitro pollen germina-
tion and tube growth of C. alata by calculating the germination 
percentage and measuring the pollen tube length after exposure to 
different sugars. In numerous studies on in vitro pollen germina-
tion of different plant species, sucrose exhibited strong stimula-
tory effects (Baloch, & Lakho, 2001; Patel, 2017; Zhang, & Croes, 
1982), together with glucose and lactose (Ismail, 2014); thus, may 
also promote pollen germination in C. alata. Maltose and fructose, 
on the other hand, were reported to have varied effects on pollen 
germination of various plant species (Ismail, 2014; Okusaka, & 
Hiratsuka, 2009; Nakamura, & Suzuki, 1985).  

INTRODUCTION
The total count of pollen grains on a stigma usually surpasses the 
number required to fertilize all ovules; thus, the process of pollen 
growth in the carpel is highly competitive (Okusaka & Hiratsuka, 
2009). In higher plants, the elongation of pollen tube is extremely 
fast making the pollen tube the plant cell with the fastest growth 
rate. Accordingly, this swift growth of pollen tubes is essential for 
male reproductive success (Okusaka, & Hiratsuka, 2009) and for 
the subsequent plant development.

Pollen development and tube growth (due to its high growth 
rate) are high energy-requiring processes (Selinski, & Scheibe, 
2014). Carbohydrates act as energy source during the two pro-
cesses (Okusaka, & Hiratsuka, 2009). The storage compounds and 
sugars stored in mature pollen can adequately sustain survival of 
pollen and germination; however, the rapid pollen tube elongation 
requires secretions of carbohydrates (exogenous sugars) from the 
stylar canal to proceed (Reinders, 2016). Exogenous sugars also 
provide and maintain suitable osmotic environment not only for 
germination of pollen but also for sustained pollen tube growth 
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RESULTS
Examination of Pollen Germination
Humid chambers containing germination slides with pollen 
grains were incubated for a total of three hours. The total num-
ber of germinated pollen grains per sugar concentration was ob-
tained as shown in Figure 1. As presented, pollen grains only 
germinated in media containing glucose (i.e. 2.50%) and lactose 
(i.e. 2.50% and 7.50%) and all concentrations of sucrose (with 
100% germination in 5.00-10.00% sucrose concentrations). On 
the other hand, germination was not observed in solitary pollen 
grains exposed to fructose and maltose.

As shown in Table 1 and Figure 2, pollen tube growth of C. alata 
L. was only observed in 2.5- and 7.5-% lactose concentrations. In-
crease in pollen tube length under 7.5-% concentration was found 
to be directly proportional to increasing time of incubation and was 
significantly different from other concentrations.
In addition, as presented in Table 2 and Figure 3, C. alata pol-
lens only responded to 2.5-% glucose concentration. Pollen tube 
lengths increased as incubation time also lengthened. No pollen 
tube length was observed in glucose concentrations higher than 
2.5%.
Varying sucrose concentrations differently influenced pollen tube 
growth, results were statistically significant (Table 3, Figure 4). In 
all concentrations, an increase in pollen tube length was observed 
in response to increasing time of incubation. A representative pho-
tograph of pollen tube growth on germination medium with su-
crose is shown in Figure 5.

METHODS
Pollen Collection
Cassia alata L. flowers at anthesis were collected randomly from 
Cavite State University, Indang, Cavite during daytime. Flowers 
were immediately transported to the Department of Biological Sci-
ences of the same institution for the conduct of the experiment. 
Pollen grains were collected by carefully tapping and brushing the 
anthers of each flower on a clean petri dish. 
Preparation of Pollen Germination Medium
A Brewbaker and Kwack medium was used as pollen germina-
tion medium. It was composed of 100mg 1-1 boric acid, 200mg 
1-1 magnesium sulfate, 100mg 1-1potassium nitrate, 300-mg 1-1 
calcium nitrate, 1% agar and sugars (Jayaprakash, & Sarla, 2000). 
Five sugars were utilized, namely; fructose, glucose, lactose, malt-
ose and sucrose. For each sugar, four different concentrations were 
prepared: 2.5%, 5.0%, 7.5%, and 10.0%. A medium with no sugar 
added was used as negative control. The resulting medium was 
finally autoclaved to maintain sterility.
Preparation of a Humid Chamber and Germination Slides
A filter paper was placed in each petri dish before pouring distilled 
water sufficient enough to obtain a moist environment for the pol-
len. A glass slide with several (two to three) drops of hot liquid 
pollen germination medium at the center was then placed in each 
petri dish. This allowed the agar to completely cool and harden. 
With the aid of a nylon brush, pollen grains were transferred onto 
the solidified agar medium. Resulting petri dishes were then incu-
bated in the dark for a total of three hours. This was performed in 
triplicate.
Observation of Pollen Germination and Pollen Tube Growth
Observation for signs of pollen germination and pollen tube 
growth was done by microscopy thrice at one-hour interval. A 
single field of view per replicate that contained at least 30 solitary 
pollen grains was observed and photographed. A pollen grain was 
considered germinated when its tube length doubled the diameter 
of the pollen grain.  The total number of pollens that germinated 
was determined and percent germination was calculated using the 
following formula. 

Pollen tube lengths were then measured (in μm) with the aid of 
ImageJ free software using the images obtained from microscopy.
Statistical Treatment
Descriptive statistics, such as means and percentages, were uti-
lized in determining pollen germination percentage and mean pol-
len tube lengths. One-way Analysis of Variance (ANOVA) was 
used to determine the significant differences in pollen tube growth 
among sugar concentrations.

(1)

Figure 1. Mean number of germinated pollen grains per sugar con-
centration after 3 h of incubation.
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Glucose Concentration 
(%)

Time (h)
1 2 3

2.5 0.7300 μm 0.8800 μm 0.0300 μm
5.0 0.0000 0.0000 0.0000
7.5 0.0000 0.0000 0.0000
10.0 0.0000 0.0000 0.0000

(-) control 0.1351 0.1407 0.1518
Fconc                                                                  8.7312
p = 0.007                                                       Significant

Sucrose Concentration 
(%)

Time (h)
1 2 3

2.5 0.4300 μm 0.0474 μm 0.0474 μm
5.0 0.0645 0.0701 0.0701
7.5 0.0514 0.0613 0.0613
10.0 0.0547 0.0582 0.0707

(-) control 0.1351 0.1407 0.1518
Fconc                                                                  8.6464
p = 0.006                                                       Significant

DISCUSSION
Varying sugars and sugar concentrations differently influenced 
pollen germination and pollen tube growth of C. alata L. Pollens 
successfully germinated in the sugar sucrose and acted more ef-
fectively than glucose and lactose; while fructose and maltose 
strongly inhibited germination on agar medium.
The observation that glucose permitted pollen tube growth could 
be explained by the fact that glucose is natural pollen constitu

Lactose Concentration 
(%)

Time (h)
1 2 3

2.5 0.0000 μm 0.0000 μm 0.0690 μm
5.0 0.0000 0.0000 0.0000
7.5 0.0790 0.1500 0.1767
10.0 0.0000 0.0000 0.0000

(-) control 0.1351 0.1407 0.1518
Fconc                                                               12.1244
p = 0.002                                                       Significant

Figure 2. Graph showing mean pollen tube lengths (in μm) in re-
sponse to increasing lactose concentrations.

Table 1. Mean pollen tube lengths (in μm) in response to increasing 
lactose concentrations.

Figure 3. Mean pollen tube lengths (in μm) in response to increasing 
glucose concentrations.

Table 2. Mean pollen tube lengths (in μm) in response to increasing 
glucose concentrations.

Table 3. Mean pollen tube lengths (in μm) in response to increasing 
sucrose concentrations.

Figure 4. Mean pollen tube lengths (in μm) in response to increasing 
sucrose concentrations.



JYI June 2017 | Vol. 33 | Issue 1
© Lagera et al. 2017 45

A R T I C L E      RESEARCHJournal of Young Investigators
   Celebrating 20 years of undergraduate research 

This study therefore adds information on the developmental biol-
ogy of pollens of C. alata L., a known ornamental and medicinal 
plant in the Philippines, which can further be used for its extensive 
cultivation in the country.
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ent, together with other sugars, such as arabinose and galactose 
(Loo & Hwan, 1944). This sugar acts as an essential signaling 
molecule that controls plant growth and development and gene 
expression (Zhou et al., 1998). In addition, the effect of lactose 
in this study was similarly reported by Bishop (2009) and Ismail 
(2014). Most significant pollen tube growth on lactose compared 
to other sugars was also observed by Takao et al. (2006). Bishop 
(2009) even suggested that a higher concentration of lactose could 
be used as substitute for the normally used sucrose. The positive 
influence of sucrose to pollen germination and growth, on the oth-
er hand, could be attributed to the condition it provides to pollen 
that is similar to the condition of the stigmatic tissue of a flower; 
this stigma that secretes a fluid substance to rehydrate the pollen 
(Zhang, & Croes, 1982). Sucrose is the most common sugar form 
found in the translocation stream and is transported to other non-
photosynthetic plant tissues, such as flowers, for direct metabolic 
use (Hopkins, & Huner, 2009).The growth of pollen tube on sug-
ar-free medium, in addition, could be attributed to the use of en-
dogenous carbohydrates of the pollen without the influence—be it 
stimulatory or inhibitory—of other sugars present in the medium.

Similarly to the results obtained by Nakamura and Suzuki 
(1985), maltose strongly inhibited pollen tube growth in Camella 
japonica. Okusaka and Hiratsuka (2009), in addition, reported that 
fructose causes pollen inhibition. It was suggested that the pollen 
on fructose medium predominantly uses other sugars (e.g. sucrose 
and glucose) as respiration substrates and cannot maintain the 
constant level of these sugars.

This study reveals that different sugars have a considerable 
influence on pollen germination and pollen tube growth in C. 
alata L. Pollen tube growth is influenced by glucose, lactose and 
sucrose sugars; the latter being the most effective. Maltose and 
fructose were, on the other hand, found inhibitory of germination. 

Figure 5. Pollen germination on sucrose.




