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ABSTRACT 

The aim of this research was to study the influence of lead acetate on spore 

germination and gametophyte differentiation in the pteridophyte species Athyrium 

filix-femina, Dryopteris affinis and Dryopteris carthusiana. The study was conducted 

to determine the lead tolerance level of these species.The experimental variants were: 

Control - Knop solution, V1-100 ppm lead acetate and V2-500 ppm lead acetate. The 

spores were cultivated in 50 ml of experimental solutions. The culture vessels were 

kept in the growth room in controlled conditions. The percentage of spore germination 

was determined after two weeks. Microscopic observations were performed on 

gametophyte development after 3, 7 and 15 weeks, respectively from the initiation of 

cultures. Lead acetate influenced both spore germination and gametophyte 

differentiation. As regards the germination process, Athyrium filix-femina was the 

least influenced by the lead acetate added to its culture medium. In addition to the 

decline in germination percentages, we also recorded a delay in the process of 

gametophyte differentiation and necrosis of prothallic cells. In the V2 variant we 

noticed the inhibition of cell division in the germinated spores; no further gametophyte 

differentiation occurred. Athyrium filix-femina is a more tolerant species to this 

substance as compared with Dryopteris affinis and Dryopteris carthusiana. 

KEY WORDS: pteridophytes, lead acetat, gametophyte, Athyrium filix-femina, 

Dryopteris affinis, D. carthusiana. 

 
INTRODUCTION 

Experimental research on pteridophytes is four centuries old. In 1934, 
Vlădescu mentioned the research conducted by Morison in the 17th century; as a result 

of this research, the latter concluded that ferns reproduce by spores. Pteridophyte 
spores, gametophytes and sporophytes have been used in many experimental 

pteridology studies. Among them, it is important to mention those studies that were 
focused on the exogenous factors which influence gametophyte differentiation in 

pteridophytes, such as temperature (Pangua et al., 1994), light (Mohr, 1956a,b, 1963, 
Sugai & Furuya, 1967; Sugai et al., 1984, Towill & Ikuma, 1973; Huckaby et al., 
1982; Wayne & Helper, 1984, Sugai et al., 1977; Tomizawa et al., 1982, 1983), 

pesticides (Keary et al., 2000, Droste et al., 2010, Sheffield, 2002, Luo & Ikeda, 2007, 
Cassanego et al. 2010), nutritional conditions (Korpelainen, 1994), acid rain (Evans & 
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Bozzone, 1978), heavy metals (Ma et al. 2001, Sela et al., 1989, Kamachi et al., 2005, 

Nishizono et al., 1987), etc. As regards heavy metals, many pteridophyte species 
tolerate them in their living environment and some species are even 
hyperaccumulators.  

The aim of the research: to study the influence of lead acetate on gametophyte 
differentiation of some leptosporangiate pteridophyte species and to determine their 

tolerance level. 
 

MATERIAL AND METHOD 

Biological material: spores collected from Athyrium filix-femina, Dryopteris 

affinis, D. carthusiana (Pteridophyta). Spores were collected from individuals in the 
Vâlsan Valley (Argeș county, Romania). The collected spores were preserved in the 
refrigerator (4°C). The experimental variants are presented in Table 1.  

 
TABLE 1. Experimental variants 

Experimental variants Lead acetat concentration 

Control (C) Knop solution 

V1 10mg/100ml solution Knop  

V2 50mg/100ml solution Knop  

 
The Knop solution (1865) used had the following composition: 1.00 g·l-1 

Ca(NO3)2, 0.25 g·l-1 MgSO4, 0.25 g·l-1 KH2PO4, 0.25 g·l-1 KNO3. Spores were 
cultivated in 50 ml of experimental solutions, in culture vessels sealed with Parafilm 
and kept in the growth chamber under controlled temperature (25/15°C day/night), 

humidity and light conditions (16-hour photoperiod, 16:8 h L:D). After two weeks the 
spore germination percentage was determined by counting under the microscope 100 

spores for each experimental variant. For each experimental variant we calculated the 
average and the standard deviation (SD). After 3, 7 and 15 weeks, respectively from 
the cultivation of spores, we performed microscopic observations on gametophyte 

development. The photos were taken through an Optika B-275 microscope, using a 
Canon PowerShot A630 camera. The experiment was conducted in triplicate. 

  
RESULT AND DISCUSSION 

Spore germination under the influence of the lead acetat. The results 
obtained in the spore germination test show that the lead acetat had influenced the 

germination process. In the species Athyrium filix-femina there is a 87% difference 
between the germination percentages obtained for the C variant and for the V2 variant, 

in Dryopteris affinis the difference is 89.67% and in D. carthusiana the difference is 
36%. The tests also revealed that there is a negative correlation between the 
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germination percentage and the lead acetat concentration. The calculated correlation 
index (R) was - 0.9760 in Athyrium filix-femina, -0.6522 in Dryopteris affinis and -

0.9048 in Dryopteris carthusiana.  

 
TABLE 2. The germination of pteridophyte spores under the influence of the lead acetat 

Experimental 

variants 
Germination percent (mean±±±±SD) 

Athyrium filix-femina Dryopteris affinis Dryopteris carthusiana 

Control 94,66±2,51 94,33±1,15 37,66±0,57 

V1 97,66±2,51 4,33±1,52 16,33±1,15 
V2 7,66±2,08 4,66±1,15 1,66±1,52 

R -0.9760 -0.6522 -0.9048 

 
The influence of lead acetate on gametophyte differentiation  

Gametophyte differentiation in Athyrium filix-femina. Microscopic 

examinations of the gametophyte performed after 3, 7 and 15 weeks emphasized a 
series of variations regarding its differentiation (TABLE 3, PLATE I). While in the V1 

variant gametophyte differentiation is less influenced (after 15 weeks the chordate 
prothallus was formed), in the V2 variant the gametophyte was at the stage of 
germinated spores. 

 
TABLE 3. Gametophyte differentiation under the influence of the lead acetat 

Experimental 

variants 

*Stage of gametophyte differentiation  

 

 Athyrium filix-femina 

 3 weeks  7 weeks 15 weeks  

 

Control 

prothallic blade young cordate prothallus 
with anteridia 

cordate prothalli with 
anteridia 

V1 prothallic blade prothallic blade cordate prothalli 

V2 germinated spores germinated spores germinated spores 

 Dryopteris affinis 

 

Control 

prothallic blade young cordate prot 
hallus 

cordate prothalli with 
sporophyte 

V1 prothallic filament  necrotic prothallic blade necrotic prothalli 

V2 germinated spores germinated spores germinated spores 

 Dryopteris carthusiana 

 3 weeks  7 weeks 15 weeks  

 

Control 

formation of  
prothallic blade 

young cordate prothallus cordate prothalli with 
tracheids 

V1 prothallic filament → 
prothallic blade 

necrotic prothallic blade  prothallic blade  

V2 germinated spores germinated spores germinated spores 

*Stage for most gametophyte 
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PLATE I Gametophyte differentiation in Athyrium filix-femina. FIG. 1 Prothallic blade (C-3w., x100). FIG. 2 
Prothallic blade (V1-3w., x100).FIG.3 Young cordate prothallus with anteridia (C-7w., x40). FIG. 4 Prothallic blade 
(V1-7w., x100). FIG. 5 Cordate prothallus with anteridia (C-15w., x40). FIG. 6 Cordate prothallus (V1-15w., x100) (w-
week). 
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PLATE II Gametophyte differentiation in Dryopteris affinis. FIG. 1 Prothallic blade (C-3w., x100). FIG. 2 
Prothallic filament (V1-3w., x100). FIG. 3 Cordate prothallus (C-7w., x100). FIG. 4 Necrotic prothallic blade (V1-7w., 
x100). FIG. 5 The first leaf of the sporophye (C-15w., x40) (w-week). 
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PLATE III Gametophyte differentiation in Dryopteris carthusiana. FIG. 1 Formation of  prothallic blade (C-3w., 
x100). FIG. 2 Prothallic filament (V1-3w., x100). FIG. 3 Young cordate prothallus (C-7w., x40). FIG. 4 Prothallic 
blade (V1-7 săpt., x100). FIG. 5 Cordate prothalli with tracheids (M-15w., x40). FIG. 6 Prothallic blade (V1-15w., 
x100).  
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Gametophyte differentiation in Dryopteris affinis. Gametophyte 
differentiation in this species was even more affected than in the previously mentioned 

species (TABLE 3, PLATE II). Thus, after 3 weeks, the prothallic blade was present in 
the Control variant, the V1 variant was in a transition stage, from filament to prothallic 

blade, and the V2 variant presented germinated spores. After 7 weeks, in the V2 
variant, which formed the prothallic blade, the cells became necrotic. After 15 weeks 
the gametophyte remains viable only in the Control variant; the sporophyte was also 

differentiated. 
Gametophyte differentiation in Dryopteris carthusiana. During the analyzed 

period, in the witness variant, the gametophyte went through different stages: 
formation of prothallic blade (3 weeks), young chordate prothallus (7 weeks) and 
chordate prothallus with tracheids (15 weeks) (TABLE 3, PLATE III). In the V1 

variant, gametophyte differentiation was slower than in the Control variant; thus, after 
15 weeks, some prothalli reached the stage of prothallic blade. As in the previously 

mentioned species, in the V2 variant the gametophyte was not differentiated.  
Some pteridophyte species are tolerant to the presence of some metals in the 

medium, while others are hyperaccumulators. PbCl2 in 10 and 100 ppm concentration 
does not influence gametophyte differentiation in the species Athyrium filix-femina, 
Asplenium scolopendrium și Polypodium vulgare (Soare et. al., 2013) Gametophytes 

of Pteris vittata, gametophytes and sporophytes of Athyrium yokoscense were shown 
to tolerate and accumulate lead (Nishizono et al., 1987, Kamachi et al., 2005). The 

aquatic fern Salvinia minima accumulated a high concentration of lead in its organs 
(Hoffman et al., 2004; Estrella-Gomez et al., 2009). 

 
CONCLUSIONS 

Taking into account the results of our research we can conclude that lead 
acetate influences both spore germination and gametophyte differentiation. As regards 
the germination process, of the three tested species, Athyrium filix-femina was the least 

influenced by the lead acetate added to its culture medium. In addition to the decline in 
germination percentages, we also recorded a delay in the process of gametophyte 

differentiation and necrosis of prothallic cells. In the V2 variant we noticed the 
inhibition of cell division in the germinated spores; no further gametophyte 
differentiation occurred. Athyrium filix-femina is a more tolerant species to this 

substance as compared with Dryopteris affinis and Dryopteris carthusiana. 
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