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Short communication 

Application of different NaCl concentrations on seed germination of flax
 (linum usitatissimum l.) Cultivar 

S. Yaver, C. Pasa*

Namik Kemal University, Agricultural Faculty, Field Crops Department 59030, Tekirdağ, Turkey 

* e-mail: cpasa@nku.edu.tr

Abstract. This investigation was conducted at the Field Crops Department, Agriculture Faculty, Namik Kemal University Tekirdag, Turkey. The present 
research has studied the effects of NaCl of different concentrations on some characteristics of germination of flax. One flax (Linum usitatissimum L.) variety 
(Raulin) has been studied under four salinity treatments, including, 0, 50, 100 and 150 mM in the laboratory conditions. In the experiments, germination rate, 
plant fresh weight, hypocotyl and radicula length for all genotypes were decreased at the increase of salt dose. The evaluated flax variety was significantly 
different for germination speed and radicula length. Although the highest germination speed was recorded in 100 mM (100.0 %), 0 mM and 50 mM salt doses 
had the highest values for hypocotly and radicula length.
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on seed germination of flax (Linum usitatissimum L.) cultivar (Raulin) Introduction
and it has been studied under four salinity treatments, including, 0, 
50, 100 and 150 mM in the laboratory conditions. In the experiments, Throughout civilized history, environmental stress, due to highly 
germination rate, plant fresh weight, hypocotyl lenght and radicula concentrated ions of salt in soils has endured as one of the most 
lenght for all genotypes were decreased at the increase of the salt serious factors limiting productivity of agricultural crops, especially 
dose.those which are sensitive to soil salinity. Currently, elevated soil 

salinity affects agricultural production in a large proportion of the 
world's terrestrial areas (Zhang and Hodson, 2001). Among the 

Material and Methodscommon methods of cultivation in such regions tolerant cultivars are 
used, soil and water are reformed to meet the needs of crops and 
using transgenic plants (Puppala et al., 1999). Flax cultivar was provided by the Department of Field Crops, 

One of the most sensitive phases of a plant's life to salinity is Agriculture Faculty, Namik Kemal University, Tekirdag, Turkey. The 
that of seed germination. Absence of germination in salinity soil is flax cultivar (Raulin) seeds were sown on top filter paper in sterilized 
very often due to the high concentration of salt in the soil where the petri dishes (7cm diameter) and wetted with solution of different 
seeds are sown. The reason is that the salt solution moves upward, salinity concentrations (0, 50, 100 and 150 mM), in addition to the 
following the evaporation at soil level (Bernstein, 1974). Salt disturbs control, i.e. distilled water. The experiments were performed with 
both germination and plant growth (Fowler, 1991). The research has four replicates of each. Starting with the germinated seeds was 
shown that in response to soil salinity, seedlings growth, leaves taken out at 24 h intervals up to 12 days, root and shoot were 
area, root biomass and shoot biomass have all been reduced separated from the seeds. Germination rate, plant fresh weight, 
(Redmann et al., 1994). hypocotyl and radicula lengths were evaluated using ten seedlings. 

Linseed (Linum usitatissimum L.) is one of the most important The experimental data were analyzed by ANOVA and the differences 
oil crops for the extraction of oil and fibres. About 80 % of the linseed were compared by Least Significant Difference (LSD) test (p<0.05, 
oil goes for industrial purpose and the remaining 20 % is used for p<0.01). For all investigated parameters, analysis of variance was 
edible purposes. However, little is known about the response of performed using the MSTAT-C computer software program.
linseed to salt stres. It was, therefore, decided to evaluate the effect 
of different levels of salinity on linseed genotypes at different stages 
of plant growth to provide information on the significance of pro, CA Results and Discussion
and NR activities in response to salt stres and to determine the effect 
of salinity on growth, net photosynthetic rate and yield The results of this study reveal that salinity concentration 
characteristics (Khan et al., 2007). significantly affected germination speed and radicula length (Table 

The aim of the research was to characterize the effect of salinity 1). The differences between the means were compared by Duncan's 

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 1, No 3, pp 103 - 105, 2009

103



104

multiple range tests and are shown in Table 2. germination media often osmotic and specific toxicity, which may 
The results show that the maximum germination speed of 100 reduce or retard germination percentage (Waisel, 1972; Mohammed 

mM (100.0 %) was observed in a salt dose. The lowest germination and Seeni, 1990 and Basalah, 1991).
speed of 50 mM and 150 mM (93.75 %) were obtained in salt doses. Based on the results of correlation analysis on characterization, 
The results show that the maximum radicula lenght of 50 mM (2.65 the relationships between characters of flax were identified. 
cm) and 0 mM (2.34cm) were observed in salt doses. The lowest Radicula length and hypocotyls length were highly correlated. 
radicula length 150 mM (0.82 cm) was obtained in a salt dose. Hypocotyl length and germination rate were of the lowest 
Similar observations were reported by Maas and Hoffman, (1977) correlation. It was found that between all characterizations positive 
and  Huggen (1987). Increasing salinity concentration in correlated  (Table 3).  

Table 1. Source of variance, degrees of freedom (D.F.), mean squares (M.S.) and probability (F) of studied factors for 
seed germination speed, germination rate, radicula and hypocotyls length, plant fresh weight. 

 

Salt Dose Germination rate 
(%) 

Radicula length 
(cm)* 

Variation  D.F. 
Source 

Repeat 3 

Salt Doses 3 

Error  9 

Overall 15 

Germination speed 
(%)* 

F 

3.182ns 

7.545**

M.S. 

0.729 

1.729 

0.229 

0.629 

M.S. F 

0.333 0.857ns 

 0.167 0.429ns 

0.389 

0.333 

Hypocotyl length 
(cm)* 

M.S. F 

0.139 0.185ns 

 2.330 2.353ns

2.971  

5.440  

Plant fresh weight 
(gr) 

M.S. F 

0.012 0.579ns 

 0.056 1.000ns 

0.092  

0.123  

F 

0.611ns 

4.119**

0.396 

2.721 

M.S. 

0.648 

1.012 

Table 2. Physical measurements of flax seeds during germination

** Differences among the parameters are statistically significant at P<0,01 if they have no equal letter

 

98.75  ab** 100.0 2.34  a** 0.67 

93.75    b 98.75 2.65  a 1.30 

100 .0 a 97.50 1.520 ab 0.63 

93.75    b 98.75 0.82   b 0.24 

96.56 98.75 1.83 0.71 

1.100 - 1.287 - 

Means 

Salt Dose 

0 

50 

100 

150 

LSD 

CV 7.64 6.87 10.72 14.29 

0.030 

Germination speed 
(%) 

Germination rate 
(%) 

Radicula length 
(cm) 

Hypocotyl length 
(cm) 

Plant fresh weight 
(g) 

0.023 

0.028 

0.028 

0.027 

- 

11.42 

Table 3. Correlation analysis of characterization
 

Salt Dose Germination speed Germination rate Radicula length Hypocotyl length Plant fresh weight 

 

Germination speed 

Germination rate 

Radicula length 

Hypocotyl length 

Plant fresh weight 

1.000 

-0.109 

0.139 

-0.270 

0.218 

1.000 

-0.107 

-0.370 

0.144 

 

 

1.000 

0.489 

-0.210 

 

 

 

1.000 

-0.295 

 

 

 

 

1.000 



105

Naeem M, 2007. Salinity Induced Changes in Growth, Enzyme Conclusion
Activities, Photosynthesis, Proline Accumulation and Yield in 
Linseed Genotypes. World Journal of Agricultural Sciences 3, 5, Results showed that flax germination speed and radicula length 
685-695. were depressed when we increased NaCl concentration. Although 
Maas EV and Hoffman GJ, 1977. Crop salt tolerance-current further investigations are needed to ascertain the present result, 
assesment Journal of Irrigation and Division, 103, 115-134.some conclusions may be drawn from these findings. 
Mohammed S and Seeni DN, 1990. Germination behavior some 
halophytes in Indian Desert Journal of Expermental Biology, 28, 
545-549.References
Puppala N, Fowler JL, Poindexter L and Bhardavay HL, 1999. 
Evaluation of salinity tolerance of canola germination. p, 251-253. In. Bernstein L, 1974. Crop growth and salinitiy. p  39-54. In: J. van 
J. Jenick Perspectives on new crops and new uses. ASHS Press, Scdiffgard Drainage for agriculture. Agroomy. Monography, 17. ASA, 
Alexandria, VA.Nadison, WI.
Redmann RE, Qi MQ and Belyk M, 1994. Growth of transgenic and Basalah MO, 1991. Effect of salinity on germination and growth of 
standard Canola (Brassica napus) varieties in response to soil sequash (Cucurbita pepo L.) Arabian Gulf Journal of Scientific 
salinity. Canadian Journal of Plant Science, 74, 797-799.Research.
Waisel Y, 1972. Biology of halophytes. Academic Press, New York Fowler JL, 1991. Interaction of salinity and temperature on the 
and London.germination of Crambe  Agronomy Journal  83, 169-172. 
Zhang H and Hodson J, 2001. Engineering salt tolerance Brassica Huggen A, 1987. Salt tolerance through increased vigor in a flax line 
plants: haracterization of yield and seed oil quality in transgenic (STS-II) elected for salt tolerance in vitro. Theoretical and Applied 
plants with increased vacuolar sodium accumulation, PNAS, 48, Genetics,  74, 727-732. 
12832-12836.Khan MN, Siddiqui M, Mohammed F, Masroor M, Khan A and 



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



Volume 1, Number 3
December 2009

CONTENTS 

Genetics and Breeding
Comparative analysis of genome positioning of invert repeats of (AG) C and 9

(GA) C in bovinae and caprinae species9

V. Glazko, A. Kushnir, Т. Glazko

Path analysis of body weight and morphometric traits of Nigerian indigenous 
Muscovy ducks
A. Yakubu, I.S. Musa-Azara, V.E. Aya, R.E. Barde, H.K. Abimiku

A test for connectedness between the classes in two-way classification 
models
G. Dimov

Maternal variance of the traits characterizing body development of weaned 
Arabian foals 
I. Sabeva

The effect of pregnancy on milk yield in Bulgarian Murrah buffalo cows
P. Penchev, Y. Ilieva, Tz. Peeva

Loading of integrated fishponds with organic matter under different 
approaches of mule ducks (Anas platyrhynchos x Cairina moschata) feeding
L. Nikolova

The Effect of Zinc Application on the Yield and Zinc Uptake of Maize in 
Xerochrept and Haploxeralf Soils
K. Belliturk, B. Sozubek

Tomato leaf miner, Tuta absoluta (Povolny) (Lepidoptera: gelechiidae) – first 
record in Bulgaria 
V. Harizanova,  A. Stoeva, M. Mohamedova

Predicting the increase of pest infestation in storage of freshly harvested 
wheat
D. Kuzmanov, N. Dimitrov

Application of different nacl concentrations on seed germination of flax 
(linum usitatissimum l.) Cultivar 
S. Yaver, C. Pasa

Nutrition and Physiology

Production Systems

Agriculture and Environment

Quality and Safety

Short communication 

59

64

71

76

81

87

91

95

99

103




