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ABSTRACT 

 
Lichens are formed by symbiosis between a fungus (mycobiont) and an alga (photobiont, chloroficeae and or 

cyanobacteria). The radiosensitivity in lichens is not in proportion to the symbiotic organisms, and the algae 

layer is more radiosensitive than the fungi. Thus, in order check to algae radiosensitivity, sought to quantify the 

levels of chlorophyll from C. verticillaris samples with different doses of gamma radiation, since the amount of 

this pigment is closely related to the percentage of living algal cells. Lichen samples were collected in Saloá-PE 

and Alhandra- PE, sites that have similar physiognomic characteristics, but with different altitudes. C. 

verticillaris samples (12 g) of both sampling sites were subjected to gamma irradiator (Co
60

 - irradiator, 

Gammacell 200 Excel, dose rates 7.795 kGy) at 0, 10, 50, 100, 500, 1.000, 5.000 and 10.000 Gy. Lichens 

samples were collected (1.5 g) and stored separately for further analysis. The results indicated that the total 

production of chlorophyll in all samples exposed to gamma radiation was lower than non-irradiated samples, 

demonstrating that way that gamma radiation causes likely to damage/changes in physiological characteristics 

C. verticillaris. 

 

mailto:barrosleny@hotmail.com
mailto:monicabarmartins@hotmail.com
mailto:lissa_fer@hotmail.com
mailto:nhsilva@uol.com.br
mailto:lenoquema@yahoo.com.br
mailto:wcolaco@ufpe.br


INAC 2013, Recife, PE, Brazil. 

 

1. INTRODUCTION 

 

 

Lichens are defined as association symbiotic between fungus, mycobiont and one or 

more species of photosynthetic the photobiont, which can be green alga or cyanocbacteria [1; 

2].  

 

The lichen has hygroscopic form of nutrition and for this reason absorbs and retains 

all elements dispersed in the air. Therefore can be used as environmental biomarker [3]. In 

this context, many works have been conducted using lichens as biomonitors of radioactive 

pollution, especially after the Chernobyl accident in 1986 [4, 5]. 

 

On the other hand very little has been studied about the effect of radiation on lichens. 

Changes in chemical and physiological lichens due to the influence of gamma radiation 

observed by Erbisch and Kalosis [4], Erbisch [6], Barstow and Erbisch [7], Nifontova et al. 

[8] and Silva et al. [9] after radiating different lichen species with doses of up to 50,000. 

 

 The objective of this research was to quantify and compare chlorophyll levels extracted 

from Cladonia verticillaris (Raddi) Fr. samples collecting in two different environments of 

the Brazilian Northeast, before and after submission to ionizing radiation (gamma). The 

choice of two different environments was due to some species thallus produce their lichen 

substances in different quantities depending on the altitude and climate conditions [10, 11, 

12]. 

  

2. MATERIALS AND METHODS  

 

2.1. Lichen Samples  

 

 Cladonia verticillaris samples were collected in sandy coastal hills, so called, tabuleiro 

vegetation in Saloá-PE (altitude 1086 m, Lat. 9 ° 25 'S, Long. 36 ° 79' W) and Alhandra-PB 

(altitude 107 m, Lat. 7 ° 27 'S, Long. 34 ° 57' W) (Fig. 1A and 1B, respectively). Cladonia 

verticillaris is endemic to eastern Brazil, found from the state of Paraíba to Paraná, and can 

form extensive colonies on sandy soils of tabuleiros (savannah like vegetation) at different 

altitudes in Brazilian Northeast, and at sandbanks in south and southeast of Brazil up to 1200 

m [13]. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1 - Cladonia verticillaris samples. 
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Some of the material was deposited in the Herbarium UFP, Department of Botany, Federal 

University of Pernambuco, voucher specimen No. 63 704 for lichens collected in Saloá and 

voucher specimen No. 63,705 for collected in Alhandra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - Map showing the collection sites of Cladonia verticillaris samples, where: (A) 

Alhandra-Paraíba; (B) Brejo Farm, Saloá-Pernambuco. 

 

 

2.2.  Exposure gamma (Co
60

)  

 

 Irradiated or not lichen samples (12g) were placed on the Petri dishes, and each one was 

sprayed with deionized water (2.5 ml) three times per week and collected (1 g) at 15, 30, 60, 

90, 120, 150 and 180 days for later analysis. The experimental design for all experiments was 

randomized 
 

 

2.3. Assembling the experiment 

 

Lichen irradiated or not (12g) were placed on the Petri dish. Samples from each Petri 

dish were sprayed with deionized water (2.5 ml) three times per week and collected (1 g) at 

15, 30, 60, 90, 120, 150 and 180 for later analysis. The experimental design for all 

experiments was randomized. 
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2.4 .Chlorophyll analysis  

 

The chlorophyll was extracted from the irradiated or not lichen thallus (500 mg) with 

acetone (10 mL at 80%). The material was kept at the dark for 48 h, filtered and the pigments 

were quantified by spectrophotometer analysis in a ® Biochrom Libra Model S 22 at 663nm 

and 645nm. The results were applied in specific formula for determining the chlorophill 

content. 

 

 

2.5 Statistical analyses 

 

 The data obtained were subjected to spectrophotometric analysis of variance, and then 

performed a regression analysis to estimate the concentration of chlorophyll in the extracts of 

C. verticillaris irradiated or not, by means of statistical software Sisvar ®, observing, 

concomitantly, the significance of the quadratic model and the coefficient of determination 

(R2). In addition, we calculated the standard deviation of the results obtained. 

 

 

3. RESULTS AND DISCUSSION 

 

Quantitation of total chlorophyll in samples from Saloá (Figure 2) and Alhandra (Figure 

3) irradiated with gamma rays, and its control samples demonstrate that this pigment 

concentration was higher in the control samples throughout the experiment and there is a 

decrease in their concentration with increasing collection time. 

 

 

 

Figure 2: Chlorophyll levels in C. verticillaris, collected in Saloá-Pernambuco after 

gamma irradiation at different sampling times. 
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The highest levels of chlorophyll found in samples from C verticillaris Saloá occurred 

after 90 days of experiment, in the treatment of 10 Gy, presenting only 0.20 times the control 

sample, ie, 80% reduction. For samples of the Alhandra, the highest production occurred in 

the samples collected after 60 days, also at a dose of 10 Gy, with levels of 0.66 times the 

control sample, ie, 34% reduction of the control sample. 

 

The lower chlorophyll levels were found in the samples collected after 180 days, with 

reduction of 87% compared to the control sample at 1000 Gy, and 88% reduction compared 

to the control sample at 100 Gy to Saloá and Alhandra, respectively. 

 

 

 
 

 

Figure 3: Chlorophyll levels of C. verticillaris, collected in Alhandra-Paraíba after 

gamma irradiation at different sampling times. 
 

 

The results can be ratified by Jones; Platt [14] postulated, Pollum; Erbisch [15]; Synder, 

Platt [16] and Erbisch [17] which assert the existence of producing pheophytin, resulting 

from degradation of chlorophyll by Cladonia sylvatica and C. verticillta irradiated with acute 

or chronic doses of gamma radiation. 

 

We observe also that the total levels of chlorophyll in irradiated samples from Alhandra 

at 10 Gy are presented in ascending order from 15 to 60 days of collection. This can be 

explained as the likely mechanism of DNA repair, or fotoreativation as suggested by Hall 

(2002) after observing  thallus of Cladonia arbusculosa hydrated after treatment with UVB 

and placed in cold (2 °C) decrease the accumulation  of dimers piridimin (CPD's). 

 

In addition, Unal et al. [18] and Kovacik et al. [19] found that the amount of chlorophyll 

decreases with increasing doses of UVA radiation in Physcia semipinnata, Xanthoria 

parietina. By other hand, Lasson et al. [20] observed changes in concentrations of total 

chlorophyll after UVB irradiation in Lobaria pulmonaria and Xanthoria aureola. 
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4. CONCLUSIONS  

 

Production of total chlorophyll was higher for non-irradiated samples of C. verticillaris, 

demonstrating thereby that gamma radiation causes probably lichen cell damage / changes in 

physiology characteristics regardless of the collection site. 
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