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Abstract 

Utilization of spores to screen potential of certain species of ferns is not new in the field of phytoremediation. 

However, for Pityrogramma calomelanos this is not yet done thus, in this study spores were used to investigate 

capability of this species to tolerate lead. This species has been documented to hyperaccumulate arsenic in the 

environment hence its capacity to accumulate other heavy metals is of interest. This study aims to assess the 

spore germination of silver fern (P. calomelanos) exposed to different concentrations of lead nitrate. Spores were 

collected by scraping the sori and sowed in sterile soil with various lead nitrate concentrations- T0-control, T1-

100ppm, T3-150ppm and T3-200ppm.  Result of the study showed that P. calomelanos spores germinated in all 

treatments. Germination of spores occur 7 days after sowing both in control and in various concentration of lead 

nitrate used. However, at T3 fewer rhizoids developed and a smaller prothallus was observed. Prothallial 

development is normal in all treatments exhibited by multiseriate and green in color similar to the control. Our 

result indicate that P. calomelanos may be a potential accumulator of lead. Utilization of spore in screening 

potential of plant species in phytoremediation could lessen the use of mature fern plant.  This is a practical 

strategy in any conservation effort involving ferns species utilized in the field of phytoremediation. 
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Introduction 

Environmental pollution affects the quality of our 

environment and it has increased quickly in recent 

years. Soil pollution due to increasing demands and 

resource utilization has unprecedently increased in 

recent years (He at al., 2015). Rapid technological 

advancement and increasing industrial activity 

throughout the last century means heavy metal 

contamination of the environment has become a 

serious problem (Drăghiceanu et al., 2014; Prabhu et 

al., 2016). Removal of heavy metal contamination 

either in soil or water using plants is increasingly 

being adopted due to its being cost effective and user 

friendly compared with traditional methods 

(Irudayaraj et al., 2011). 

 

Plant groups such as pteridophytes have been found 

to hyperaccumulate metal such as Chromium (Cr), 

Cadmium (Cd), Arsenic (As), and Lead (Pb) 

(Woolhouse, 1983; Zhang et al., 2002; 

Rathinasabapathi et al., 2006;  Baldwin and Butcher, 

2007; Lone et al., 2007; Tu and Ma, 2012; 

Baskaranand Jeyachandran, 2012; Borjaet al., 

2016).Fern species Adiantum philippinense L. and 

most species of the genus Pterishave been recently 

found to accumulate elevated levels of heavy metal 

from soil and water(Srivastava et al.,2005; Kamachi 

et al., 2005; Salido et al., 2005; Oloyede et al., 2011).   

 

The fern species Pityrogramma calomelanos was 

also documented to hyperaccumulate arsenic with 

approximately 2% phytoremediation potential in 

arsenic contaminated per year (Cheruiyot, 2008). 

Study on the capacity of P. calomelanos in 

remediating copper contaminated soil had already 

been initiated to further exploit its potential in the 

field of phytoremediation Evaluation on the capacity 

of this species in remediating soil contaminated by 

other heavy metals such as Copper was already 

initiated to further explore the utilization of P. 

calomelanos in the field of phytoremediation (Bansa, 

2016; Borja et al., 2016; Dahilan and Dalagan, 2017). 

Unlike angiosperms hyperaccumulators, ferns have 

evolved with inherent biological characteristics that 

could be exploited in the phytoremediation strategies 

aimed at decontaminating polluted sites (Hansa et al., 

2013).  Ferns could present new adaptations in the 

action of stress factors because they are of wide 

geographic distribution and have the ability to adapt 

to diverse habitats (Dahilan and Dalagan, 2017).   

 

The use of spores to understand the capacity of some 

fern species in phytoremediation were previously 

explored (Hansa et al., 2013; Biswas et al., 2015; 

Apuan et al., 2016). Although, the use of spores from 

P. calomelanos, which is a commonly occurring 

species remains under studied. Thus, the result of this 

study will provide important information on the 

potential of P. calomelanos spores to tolerate the 

effect of lead and evaluate its effect on spore 

germination. Thus, the study aimed to assess the 

ability of P. calomelanos spores to tolerate the effects 

of lead and morphologically describe the effect on 

spore germination as exposed to varying 

concentrations.  Furthermore, it may provide the 

basis of utilizing this species in phytoremediation of 

lead-contaminated soils and lessen the utilization of 

mature plant in screening for phytoremediation thus 

promoting conservation of this important species of 

plant. 

 

Materials and methods 

Pityrogramma calomelanos is commonly called 

“silver fern”. It is common in the tropics. It can grow 

as tall as 40 cm, at the abaxial side of the fertile frond 

are sori with silvery colour thus the common name 

was taken. P. calomelanos fertile leaves were 

collected from the Central Mindanao University 

fernery.  The spores were removed from the fertile 

frond by scraping the brownish sori using a dissecting 

needle. Spores were separated from the sporangia by 

sieving with a fine mesh cloth.  

 

Preparation of soil 

Garden soil was used in the study. The soil was 

sterilized in an oven at 1800 centigrade for 2 hours. It 

is important to sterilize the germination mixture 

before sowing the fern spores so as to kill the spores 

of fungi and other plants that may germinate and 

crowd out the developing fern prothalli. 
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It was allowed to cool down and then transferred to 

microwavable cups. Each cup contained 50 grams of 

sterilized soil. 

 

Sowing Method 

Spores were sparsely sprinkled on the sterilized soil 

with varying concentration of lead nitrate   

approximately 20ml to each treatment (T0 control- no 

lead nitrate, T1-100ppm, T2 - 150 ppm and T3 - 

200ppm). Each treatment has three replicates.  After 

the spores were sown, the containers were covered 

and kept at around 20 oC and fluorescent tube is the 

only source of light until germination occurred. 

 

Incubation and data gathering 

All the cultures were kept in a closed cabinet and 

exposed to 20 watts fluorescent tubes (Phillips) for 24 

hours until germination is visible. Samples for 

microscopy were taken twice, first on the 7th day after 

sowing and the second was 15 days later. Spore 

samples were taken and mounted on a slide then 

examined under a microscope for the presence of 

rhizoid and the prothallial development was observed 

carefully. 

Micro-morphological developments were observed 

and recorded using a simple compound microscope. 

Data on the number of rhizoids, occurrence of 

germination and rows of cells in the prothallus were 

recorded. 

 

Results and discussion 

Spores of P. calomelanos are light brown with dark 

brown ridges and are tetrahedral-globose (Fig. 1). The 

spores started to germinate 7 days after sowing.  

 

The occurrence of germination was exhibited by the 

swelling of the spore and the cracking of the spore 

wall and the intine and the emergence of a germ tube 

(Fig. 2).  

 

This result is the same when spores of Pteris vittata 

was exposed to 10ppm of  chromium (Hansa et al., 

2013) even exposure to lead chloride, cadmium 

chloride and mercuric chloride with 0.1 ppm/L, 

0.01ppm/L and 0.001ppm/L (Biswas et al., 2015).  

However, it took a longer period for Pteris confusa 

and Pteris argyraea (10 days) to germinate when 

exposed to zinc (Irudayarajet al., 2011). 

 

Table 1.Characteristics of Spore germination of Pityrogramma calomelanos in varying concentrations of lead 

nitrate after 15 days of incubation. 

Treatments Rhizoid 

(present/absent) 

No. of Rhizoids Germination Prothallus Stage of Prothallus 

development 

Rows of cells Color of cells  

Control Present minimum of 12 + multiseriated Green Cordate 

100ppm Present minimum of 10 + multiseriated Green Spatulate 

150ppm Present minimum of 10 + multiseriated Green Cordate 

200ppm Present but fewer less than 10 + multiseriated Green Spatulate 

 

The responses of the spores in varying concentrations 

of lead nitrate (T0- no lead nitrate, T1-100ppm, T2 - 

150 ppm and T3 - 200ppm) were observed twice with 

an interval of one week. An indication of spore 

germination was observed as the water in the medium 

change into green colour due to the formation of 

green prothallus. Spore germination is manifested by 

the appearance of a green film across the surface of 

the germination tray or the formation of pale green 

filaments on the medium (Irudayaraj et al., 2011; 

Hansa et al., 2013; Apuan et al., 2016).  

In the present study, 7 days after sowing, germination 

was observed in all treatments. In the process of 

germination, the spore wall splits, primary rhizoids 

start to emerge, followed by the development of the 

prothallus with rhizoids and consequently the 

appearance of the gametophyte.  
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Fig. 1. a. Habit, b. fertile frond and c. spore (400x magnification) of Pityrogramma calomelanos. 

The development of the prothallus was normal 

(Oloyede et al., 2011). The appearance of rhizoids was 

observed to be happening in all treatments (Fig.3). 

Rhizoid of P. vittata was already noted after as early 

as 7 days which was also observed in 10ppm and 

20ppm chromium treated spores (Hansa et al., 2013). 

At 25-100ppm copper concentrations, undamaged 

rhizomes and rhizoids of P. calomelanoswere 

observed, however, deformations were observed at 

200-400ppm (Borja et al., 2016). 
 

 

Fig. 2. Spore of P. calomelanos undergoing the initial stage of germination (400x). 

Multiseriate prothalli were also observed to be 

normal even after 15 days of sowing (Fig. 4 A, B, C 

and D). However, morphological variations were 

observed in T3 such as slow growth of the prothallus 

as manifested by its smaller size compared to the 

other treatments (T0, T1, and T2), and the rhizoids 

present were noted to be few. The colour of the cells 

found in the prothalli was the same in all the 

treatments.  

The gametophyte of Cyathea medullaris as exposed 

to less than 500 μMPb showed various morphological 

changes including stunted growth, browning or 

brown patches, shrinkage and stress (Wanninayake, 

2007) which was not manifested in the gametophyte 

of P. calomelanos in this study.  
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Fig. 3. Initial stage spore germination of P. calomelanos (7 days after sowing): a. T0 – control, b. T1 – 100ppm, 

c.T2 – 150ppm and  d. T3 – 200 ppm. 

Spore germination in Athyrium yokoscense was more 

tolerant to lead (Pb), compared to that in other fern 

species, such as Pteridium aquilinum, Lygodium 

japonicaum and P. vittata (Lombiet al., 2002). In 

1ppm concentration of PbCl2, CdCl2 and HgCl2 

become lethal for the spores of Pteris vittata and no 

germination took place (Biswas et al., 2015). No 

germination of spores of Pteris vittata at higher 

concentrations (� 20���) of chromium treatment 

(Hansa et al., 2013).   In addition, the early 

gametophyte development of Athyrium yokoscense 

was not much affected by 10 M Pb2+, as evaluated 

from the prothallial growth and rhizoid development 

(Salido et al., 2003). Gametophytes are able to grow 

normally in a medium containing 20mM arsenate and 

accumulate 2.5% of their dry weight as arsenic 

(Gumalius et al., 2004). Spatulate stage and cordate 

gametophyte – the two important stages in the 

development of P. vittata, developed in 10ppm and 

20ppm chromium concentration but alterations in 

the anatomical organizations were noticed (Hansa et 

al., 2013).  There is considerable genetic variation in 

the abilities of various species to tolerate otherwise 

toxic amounts of non-essential lead, cadmium, silver, 

aluminum, mercury, tin and other metals 

(Woolhouse, 1983).Plants have both constitutive and 

adaptive mechanisms for coping with the elevated 

metal concentrations. The adaptive mechanism 

differs from species to species (Mehrah, 1994). 

 

The result of the present study showed that P. 

calomelanos can be a good phytoremediator for lead 

as shown in Table 1.  At concentrations of T1 - 100ppm 

to T3 - 200ppm, spores of P. calomelanos germinated 

same as T0. However, at T3 rhizoids developed but 

were fewer. Though T3 is multiseriate but with fewer 

rows compared with other treatments. Furthermore, 

morphological characteristics of the cells in the 

prothallus in T3 manifested some variations compared 

with other treatments such as lighter in colour, which 

might be due to fewer chloroplast present. These 

morphological appearance of P. calomelanos treated 

with various concentrations of lead nitrate were 

observed 15 days after sowing.  

 

In the study conducted by Hansa et al., they observed 

that in more than 20ppm concentration of chromium, 

spatulate gametophyte of P. vittata developed late 

with some changes in the anatomical structures and 

cordate gametophyte is totally absent. 
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Thus, result of this study showed that spores of P. 

calomelanos can germinate in soil with up to 200ppm 

of lead nitrate which might be a good indicator of its 

tolerance towards said heavy metal. 

Furthermore, it might be an indication of its potential 

of surviving in a lead contaminated soil thus a 

possible candidate species in the field of 

phytoremediation.  

 

Fig. 4. Prothallial development after 15 days of incubation: a. T0-no lead nitrate, b. T1-100ppm, c. T2-150ppm and 

d. T3- 200ppm. 

Conclusion and Recommendation 

The spores of Pityrogramma calomelanos exposed to 

various lead nitrate concentration showed that it 

could tolerate said heavy metal up to 200ppm which 

might be an indicator that this fern species could be 

utilized in accumulating lead-contaminated soil. 

However, it is recommended that higher amount of 

lead will be used in order to establish the maximum 

amount of lead that can be tolerated or can affect the 

development of the spores.  
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