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Abstract  

Reactive oxygen species (ROS) are involved in various aspects of seed physiology. Their generation, which 

occurs during seed desiccation, germination and ageing, may lead to oxidative stress and cellular damage, 

resulting in seed deterioration. However, cells are endowed with detoxifying enzymes and antioxidant 

compounds that scavenge ROS and participate in seed survival. The detoxifying mechanisms play a key role in 

completion of seed germination and seed storability. The enzyme catalase has been employed for determining 

viability of seeds. The plan of the present work was to explore the relationship between catalase activity and 

germination of four Abies taxa. For this purpose, seeds which belong to four Abies taxa (Abies nordmanniana 

subsp. equi-trojani, A. cilicica, A. nordmanniana ssp. bornmuelleriana, A. nordmanniana ssp. nordmanniana) 

collected from different provenances in 2010 and 2011 harvesting years were used. Germination percentages and 

catalase enzyme activities of different Abies taxa were measured. Our results demonstrate that Abies seeds had 

different germination percentage and catalase enzyme activity. Abies nordmanniana subsp. equi-trojani seeds 

which are collected from Edremit-Gürgendag have higher germination percentage and catalase activity 

(P<0.05). Other populations of Abies did not differ from each other. In a conclusion, high activity of catalase 

enzyme refers to viability and quality of seed in Abies taxa. 
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Introduction 

Abies is the second largest genus of family 

Pinaceae after Pinus, and includes 51 species (Liu, 

1971). Abies species occur in the highlands of 

Asia, Europe, North and Middle America, and 

North Africa (Yang et al., 2008). Abies species are 

economically valuable because of many features 

like timber, paper pulp, oils and resins. In addition, 

some species are used as ornamentals (Anşin and 

Özkan, 1997; Esteban et al., 2010). There are six 

native Abies taxa growing in pure and mixed 

stands in Turkey. These are Abies cilicica subs. 

isaurica, Abies cilicica subsp. cilicica, Abies 

nordmanniana subsp. bornmüelleriana, Abies 

nordmanniana subsp. equi-trojani, Abies 

nordmanniana subsp. nordmanniana and Abies x 

olcayana. Four of these taxa, Abies cilicica subs. 

isaurica, Abies nordmanniana subsp. 

bornmuelleriana, Abies nordmanniana subsp. 

equi-trojani, Abies x olcayana are endemic and 

considered as low risk (LR) species according to 

IUCN criteria (Ekim et al., 2000). Firs are 

generally considered a group of species exhibiting 

great variability in morphological, anatomical and 

biochemical traits (Scaltsoyiannes et al., 1999). Fir 

seeds are usually low quality because of dead seed 

or abiotic and biotic factors such as insect, 

outbreaks, climatic conditions, storm and windfalls 

(Kolotelo, 1998). Seed is the first starting point of 

plantation. Therefore it is important to select and 

use high quality seed with good physiological, 

biochemical and phyto-pathological properties for 

forestry activities (Milosevic et al., 2010). 

Knowledge of seed is required for the success of 

plantations (Khurana and Singh, 2001). Seed 

viability is measured to maintain the germination 

efficiency of stored seeds and has economical 

implications (Demirkaya et al., 2010). Genetic and 

environmental factors influence seed growth and 

development. When environmental factors exceed 

tolerance of a plant, reactive oxygen species (ROS) 

are generated in the cell (Cai et al., 2011; Chau et 

al., 2011; Oprica, 2008). ROS affect various 

aspects of seed physiology. Antioxidants which act 

as ROS scavenger in seed biology play a very 

important role in the growth processes during seed 

development. Some protective mechanisms 

involving ROS scavenging enzymes, such as 

catalase (CAT), have been evaluated within the 

mechanism of seed (Ishibashi et al., 2008). Studies 

of relationship between antioxidative enzymes and 

germination of coniferous trees are rare.  

The aim of present study is to investigate the 

relationship between germination and catalase 

activity of Abies taxa form Turkey.  

 

Material and Method 

Seeds of four Abies taxa were collected from 

different provenances of Turkey. All data which 

include code and locations of population and 

harvest year were presented in Table 1. 
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Each germination experiment comprised 

experimental series of 3 x 25 seeds. In the climate 

chamber, filter-papers were used and a constant 

temperature (23±ºC) was maintained throughout 

the experiment. Germination tests were performed 

with the three replicates in a Petri dish (9 cm 

diameter lined with two discs of filter paper) under 

dark conditions. 

 

Table 1. Studied seeds of Abies population 
Population code Taxon Population Harvest year 

Caucasian Fir (CF1) Abies nordmanniana subsp. nordmanniana 

(Steven) Spach 

Koyulhisar-Sisorta 2010 

Caucasian Fir (CF2) Abies nordmanniana subsp. nordmanniana 

(Steven) Spach 

Şavşat-Yayla 2011 

Kazdağı Fir (KF1) Abies nordmanniana subsp. equi-trojani 

(Asch. & Sint. ex Boiss.) Coode & Cullen. 

Çan-Çan 2010 

Kazdağı Fir (KF2) Abies nordmanniana subsp. equi-trojani 

(Asch. & Sint. ex Boiss.) Coode & Cullen. 

Edremit- Gürgendağ 2010 

Toros Fir (TF) Abies cilicica (Ant. et Kotschy) Carr. Pozantı- Ulukışla 2010 

Bornmüllerian Fir (BF1) Abies nordmanniana  subsp. 

bornmülleriana Mattf. 

Akyazı-Dokurcun 2011 

Bornmüllerian Fir (BF2) Abies nordmanniana  subsp. 

bornmülleriana Mattf. 

Bolu-Kökez 2011 

Bornmüllerian Fir (BF3) Abies nordmanniana  subsp. 

bornmülleriana Mattf. 

Bursa-Uludağ MP 2011 

 

For enzyme extraction, 0.3 gr embriyos were 

homogenized in extraction buffer 50 mM 

sodium phosphate buffer (pH 7.6) 

containing 10 mM EDTA and 10% (w/v) 

PVPP. Homogenates were centrifuged at 

12,000 g for 15 minutes. Catalase activity 

(unit.mg
-1

) was spectrophotometrically 

determined. The decomposition of H2O2 was 

monitored by the decrease in absorbance at 240 

nm in a reaction mixture that contained 50 mM 

potassium phosphate buffer (pH 7.0), the sample 

and 10 mM H2O2. The assay was performed at 

25 °C in a 3 ml cuvette. The protein 

concentration was measured according to 

Bradford (1976) using bovine serum albumin as 

the standard.  

Data were subjected to analysis of variance 

(ANOVA) and with significant differences 

between means identified by Duncan's multiple 

range (P<0.05). To compare seed germination 

or catalase activity for two years (2010 and 

2011), paired data were analyzed using 

Student’s t test. 

 

Results  

As a result of analysis of variance on 

germination percentage, differences were 

observed between populations (P<0.05). The 

highest germination percentage with 78% was 

determined from seeds of population KF2 which 

were collected from Edremit-Gürgendağ (Table 

2). 

 

Table 2. Duncan test results on percentage of 

germination in populations 
Population N Germination proportion (%) 

BF1 3 39   

BF2 3 41   

BF3 3 44 44  

TF 3 45 45  

CF2 3 46 46  

CF1 3 50 50  

KF1 3  55  

KF2 3   78 

Sig.  0.081 0.062 1.000 

 

Germinations of Abies taxa were different. 

This difference was highly significant. The 

highest germination percentage was observed in 

seeds of A. nordmanniana subsp. equi-trojani 

(KF) which originated from Çan-Çan and 

Edremit-Gürgendağ in the 2010 seed harvest 

year (P<0.05) (Table 3). 

 

Table 3. Duncan test results on percentage of 

germination in Abies taxa 
Taxa N Germination proportion (%) 

BF 9 41  

TF 3 45  

CF 6 48  

KF 6  66 

Sig.  0.282 1.000 

 

Seeds of Abies populations from different 

region of Turkey were collected in 2010 and 

2011. The germination percentage of seeds 
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collected in 2010 was higher than of seeds 

collected in 2011 (Table 4). 

 

Table 4. Germination proportions of seeds 

collected in 2010 and 2011 
Germination 

proportion (%) 

N Mean Std. 

Deviation 

Std. Error 

Mean 

Harvest 

year 

2010 12 57.25 14.09142 4.06784 

2011 12 42.91 5.79119 1.67177 

 

CAT activity (unit.mg
-1

) was significantly 

different between populations. Two 

homogeneous groups were statistically different 

(P<0.05). KF2 had more activity of CAT when 

compared to other populations (Table 5). 

 

Table 5. CAT activity in Abies populations 
Population N CAT activity 

BF3 3 181.00  

BF2 3 225.06  

CF2 3 256.72  

BF1 3 257.40  

CF1 3 258.39  

KF1 3 273.13  

TF 3 286.41  

KF2 3  437.93 

Sig.  0.053 1.000 

 

When catalase activities of Abies taxa were 

observed, two homogeneous groups were 

statistically different (P<0.05). A. 

nordmanniana subsp. equi-trojani (KF) and 

Abies cilicica (Ant. et Kotschy) Carr. (TF) 

had similar CAT activity (Table 6). 

 
Table 6. CAT activity of Abies taxa 

Taxa N CAT activity 

BF 9 221.15  

CF 6 257.56  

TF 3 286.41 286.41 

KF 6  355.53 

Sig.  0,171 0,129 

 

As shown in Table 7, CAT activity of seeds 

collected in 2010 was higher than of seeds 

collected in 2011. 

 

Table 7. CAT activity of seed collected in 2010 

and 2011 
CAT 

activity Year 

N 

 

Mean 

 

Std. 

Deviation 

Std. Error 

Mean 

Harvest 

year 

2010 12 313.969 78.59216 22.68760 

2011 12 230.049 70.40547 20.32431 

 

 

 

Discussion and Conclusion 

Germination is a very complex process, and 

is affected by many factors (Shafii and Price, 

2001). Minimum accumulation of ROS and 

enhanced activity of enzymes affect seed quality 

thus germination potential (Rao et al., 2006). In 

addition to optimal environmental conditions, 

seed must be of quality for the beginning of 

germination (McDonald, 1998). One of the 

factors that determine seed quality is the 

presence of catalase enzyme (Bailly et al., 

2001). Antioxidant enzyme catalase which 

allows the tolerance of plant under stress 

conditions is also claimed to be effective in the 

physiology of germination (Scandalios, 1993; 

Reuzeau and Cavalie 1995; Bailly, 2004; 

Kibinza et al., 2011). CAT activity in seeds and 

seedlings is also involved in preservation of 

viability during storage and necessary for seed 

germination and early seedling growth (Bernal-

Lugo et al., 2000; Milosevic et al., 2010). 

Catalase activity in seeds may serve as a 

parameter that indicates the germination 

capacity (Prodanovic et al., 2007). There are 

several studies about changes of enzyme activity 

that is related to germination, development and 

tolerance of plant (Bailly et al., 2001; Cai et al., 

2011). It was shown that germination is closely 

related with the catalase activity (Jihong and 

Qing, 2009; Demirkaya et al., 2010).  

In conclusion, different percentage of 

germination and catalase enzyme activity were 

obtained from seeds of Abies nordmanniana 

subsp. equi-trojani collected from Edremit-

Gürgendağ in 2010, when compared to other 

Abies populations. Although these differences 

may be explained by having different genetic 

material, germination and catalase activity of 

Abies subsp. equi-trojani population from Çan-

Çan was lower than that collected from Edremit-

Gürgendağ. Collected from different locations 

and harvest year or different seed storage 

conditions may also cause losses of seed 

viability. Regardless of the outcome, the 

viability and quality of seed are linked to the 

activity of catalase enzyme. We conclude that 

seeds of Abies nordmanniana subsp. equi-

trojani have higher viability because of having 

higher catalase activity. Measurement of 

catalase activity may be a parameter to 

determine seed viability and germination.  
 

References 
Ansin R., Özkan Z. C. 1997. Tohumlu bitkiler. 

Odunsu  taksonlar. KTÜ Or. Fak. No:19. Trabzon 



Kastamonu Üni., Orman Fakültesi Dergisi, 2012, 12 (2): 185-188                   Ak et al. 

Kastamonu Univ., Journal of Forestry Faculty 

188 
 

Bailly C., Audigier C., Ladonne F., Wagner 

M.H., Coste F., Corbineau F., Côme
 

D., 2001. 

Changes in oligosaccharide content and antioxidant 

enzyme activities in developing bean seeds as related 

to acquisition of drying tolerance and seed quality . J. 

Exp. Bot. 52 (357): 701-708.  

Bailly C. 2004. Active oxygen species and 

antioxidants in seed biology. Seed Science Research 

14, 93-107.  

Bernal-Lugo I., Camacho A., Carballo A., 2000. 

Effects of Seed Ageing on the Enzymic Antioxidant 

System of Maize Cultivars. Chapter 14 (Edited by 

Black M., Bradford K.J., Vazquez-Ramos J., Seed 

biology Advances and Applications) CABI 

publishing, 151-160 Cambridge, USA. 

Bradford M.M. 1976. A rapid and sensitive 

method for the quantitation of microgram quantitities 

of protein utilizing the principle of protein dye 

binding. Analytical Biochemistry 72, 248-254. 

Cai F., Mei L-J., An X-L., Gao S., Tang L., Chen 

F. 2011. Lipid Peroxidation and Antioxidant 

Responses during Seed Germination of Jatropha 

curcas International Journal of Agriculture and 

Biology 13, 25–30. 

Chauhan D.S., Deswal D.P., Dahiya O.S., Punia 

R.C. 2011. Change in storage enzymes activities in 

natural and accelerated aged seed of wheat (Triticum 

aestivum). Indian Journal of Agricultural Sciences 81 

(11): 1037–40. 

Demirkaya M., Dietz K.J., Sivritepe H.Ö. 2010. 

Changes in Antioxidant Enzymes during Ageing of 

Onion Seeds. Not. Bot. Hort. Agrobot. Cluj 38 (1), 

49-52. 

Ekim T., Koyuncu M., Vural M., Duman H., 

Aytaç, Z., Adıgüzel N. 2000. Türkiye bitkileri 

kırmızı kitabı (Eğrelti ve Tohumlu bitkiler). Türkiye 

Tabiatını Kkoruma Derneği ve Van Yüzüncü Yıl 

Üniversitesi yayını. Barışcan Ofset. Ankara. 

Esteban L.G., Palacios P. De., Rodrı´Guez, L. 

2010. Abies pinsapo forests in Spain and Morocco: 

threats and conservation. Fauna & Flora 

International, Oryx, 44(2), 276–284 

Ishibashi Y., Yamamoto K., Tawaratsumida T., 

Yuasa T., Iwaya‑Inoue M. 2008. Hydrogen peroxide 

scavenging regulates germination ability during 

wheat (Triticum aestivum L.) seed maturation. Plant 

Signaling & Behavior 3:3, 183-188.  

Jihong Q.; Qing L. 2009. Impact of seasonally 

frozen soil on germinability and antioxidant enzyme 

activity of Picea asperata seeds. Canadian Journal of 

Forest Research, 39 (4)723-730. 

Khurana E., Singh J.S., 2001. Ecology of seed 

and seedling growth for conservation and restoration 

of tropical dry forest: a review. Environmental 

Conservation, 28, 39-52. 

Kibinza S., Bazin J., Bailly C., Farrant J.M., 

Corbineau F., El-Maarouf-Bouteau H., 2011. 

Catalase is a key enzyme in seed recovery from 

ageing during priming. Plant Science  181 (3), 309–

315. 

Kolotelo D., 1998. Abies Seed Problems. Proc. of 

the 1995, 1996, 1997 Forest Nursery Association of 

British Columbia Meetings., B.C. Ministry of 

Forests, Surrey, B.C., Canada. 

Liu T. S. 1971. A monograph of the genus Abies. 

Department of Forestry, College of Agriculture, 

National Taiwan University, Taipei, Taiwan, ROC, 

608. 

McDonald M. B. 1998. Seed quality assessment. 

Seed Science Research 8 (2) 265-276. 

Miloševic M., M. Vujakovic, D. Karagic 2010. 

Vigour tests as indicators of seed viability- Genetika, 

42 (1), 103 -118. 

Oprica L. 2008. The effect of saline stres on 

activity of some antioxidative enzymes during wheat 

seed germination. Analele Ştiinţifice ale Universităţii 

Alexandru Ioan Cuza”, Secţiunea Genetică şi 

Biologie Moleculară, TOM IX, 93-98.  

Prodanović O., Prodanović R., Bogdanović J., 

Mitrović A., Milosavić N, and Radotić K. 2007. 

Antioxidative enzymes during germination of two 

lines of Serbian Spruce [Picea omorika (PANČ.) 

PURKYNĚ] Arch. Biol. Sci., Belgrade, 59 (3), 209. 

Rao R.G.S., Singh P.M., Mathura Rai M., 2006. 

Storability of onion seeds and effects of packaging 

and storage conditions on viability and vigour. 

Scientia Horticulturae, 110 (1), 1–6. 

Reuzeau C., Cavalie G. 1995. Activities of free 

radical processing enzymes in dry sunflower seeds. 

New Phytol. 130, 59-66. 

Scaltsoyiannes A., Tsaktsira M., Drouzas A.D. 

1999. Allozyme differentiation in the Mediterranean 

firs (Abies, Pinaceae). A first comparative study with 

phylogenetic implications. Plant systematic and 

Evolution, 216, 289-307. 

Scandalios, J. G. 1993. Oxygen stress and 

superoxide dismutases. Plant Physiol. 101, 7-12. 

Shafii B.,  J. Price W.J, 2001. Estimation of 

cardinal temperatures in germination data analysis.  

Journal of Agricultural, Biological, and 

Environmental Statistics  6 (3), 356-366. 

Yang X-W., Li S-M., Shen Y-H., Zhang W-D. 

2008. Phytochemical and Biological Studies of Abies 

Species. Chemistry & Biodiversity 5, 56-81. 

http://jxb.oxfordjournals.org/search?author1=Catherine+Audigier&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Fabienne+Ladonne&sortspec=date&submit=Submit
http://www.ingentaconnect.com/content/nrc/cjfr;jsessionid=50wvq8bn0lu3s.victoria
http://www.ingentaconnect.com/content/nrc/cjfr;jsessionid=50wvq8bn0lu3s.victoria
http://journals.cambridge.org/action/displayJournal?jid=ENC
http://journals.cambridge.org/action/displayJournal?jid=ENC
http://www.sciencedirect.com/science/journal/01689452
http://www.springerlink.com/content/?Author=Bahman+Shafii
http://www.springerlink.com/content/1085-7117/
http://www.springerlink.com/content/1085-7117/
http://www.springerlink.com/content/1085-7117/6/3/

