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In some late years a number of fibre flax varieties and new breeding lines have been created and investigated at the 
Upytė Research Station of Lithuanian Institute of Agriculture (LIA). The fibre quality parameters of the new varieties of 
fibre flax are studied and compared with those of standard flax varieties. Flax was pulled at the stage of early yellow 
ripeness, warm water-retted, threshed, scutched and hackled. Long fibre content was calculated from the dry mass of 
unretted straw. Fibre quality’s parameters of some flax varieties (“Belinka” (standard), “Baltučiai”, “Ariane”) and new 
breeding lines (No. 01057-12, No. 1698-13a, No. 1864-24, No. 1963-3) grown in 2001 – 2003 are investigated. The 
main properties of flax fibre as fineness, flexibility, and tensile strength are measured, and the data obtained by common 
methods and some new modern methods are compared. The flax varieties producing the fibre of higher qualities are 
revealed. 
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1. INTRODUCTION∗

Flax fibre is a traditional and highly valuable raw 
material for Lithuanian textile industry, its quantity and 
quality is permanently at focus of both agricultural and 
textile specialists. Flax fibre has found its application on 
various products as apparel, household textiles and indus-
trial end-uses. High higroscopicity in conjunction with a 
relatively low fibre rigidity, the possibility of spinning 
suitably fine yarns from it are the basic advantageous 
characteristics of the long flax fibre stimulating demand 
for increased quantities of suitable fibre, especially for 
linen fabrics. These have a cool and pleasant hand, provide 
comfort in wear, are easy washable and non-allergenic, 
therefore are very popular among fashion designers and 
consumers [1, 2]. 

High fibre quality can primarily be achieved by 
creating new flax varieties, and using up-to-date breeding 
methods [1 – 7]. Flax cultivation techniques, weather and 
soil conditions as well as the flax straw processing 
(scutching, hackling) have a great effect on fibre quality 
[6, 7 – 9]. On the other side, flax variety should be  
high fibre-yielding and resistant to lodging and diseases 
[5, 10 –13].  

The most important criteria describing fibre quality are 
fibre divisibility and fineness, strength and flexibility. A 
number of modern methods and equipment for flax fibre 
testing have been developed [14 – 19]. 

In some late years a number of fibre flax varieties and 
new breeding lines have been created at the Upytė 
Research Station of Lithuanian Institute of Agriculture 
(LIA). The aim of the present study was to evaluate the 
fibre quality of the Lithuanian fibre flax varieties and new 
breeding lines, to compare fibre quality parameters with 
those of the standard fibre flax variety, and to compare the 
data of fibre quality parameters determined by different 
methods and equipment.  
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2. EXPERIMENTAL 
The trial was carried out during the years 2001 – 2003. 

The meteorological conditions during this period of time 
were diverse. In 2001 the weather conditions were adverse, 
especially in the second half of the growing season. Heavy 
precipitation lodged flax stand. The year 2002 was 
characterised by a shortage of moisture during the growing 
season. In 2003 because of the lack of precipitation in the 
first half of the growing season flax did not perform well, 
the end of the growing season was rainy and the flax stand 
was partially lodged. 

Flax was pulled at the stage of early yellow ripeness, 
threshed by a MS thresher. Stems were retted in warm 
water (33 ºC ÷ 37 ºC), then scutched by a flax breaker 
SMT-200. Long fibre content was calculated from the dry 
mass of unretted straw. Fibre was hackled by combs No. 9 
and No. 13.  

Part of the fibre samples was analysed using the 
newest testing methods. Breaking tenacity of the fibre was 
measured by Automatic Tensile Tester STATIMAT ME on 
6 mg ÷ 10 mg specimens, at 3 mm gauge length and by 
weighing of each individual specimen (the results were 
averaged of 5 individual measurements). Index of fibre 
fineness was obtained by the Air Flow Electronic Fibre 
Fineness Meter WIRA (on 1.200 g samples, each sample – 
in 3 replications; each replication was averaged of 3 
measurements). Fibre image analysis was used to assess 
the divisibility and fineness of fibres. The diameter of fibre 
bundle and single fibre was measured under Nikon light 
microscope at 500× magnification with computer using the 
MicroScan v. 1.3 (MicroScan Video Viewer 768-576) 
software. The fibre sections of 0.5 μm in thickness were 
prepared from the snippets of fibre (about 1 cm in length 
and 3 cm in diameter) packed into thin cigarette paper, and 
using Historesin (containing hydroxyethyl methacrylate) as 
a mounting medium. 20 measurements both of single fibre 
and fibre bundle were provided for each flax variety. The 
micrograph of fibre cross-section of variety “Baltučiai” 
with some measured elementary fibres and fibre bundles is 
shown in Fig. 1. 
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Fig. 1. The micrograph of flax fibre cross-section with 

elementary fibre and fibre bundle measurements of 
variety “Baltučiai” 

The other part of the samples was studied using fibre 
testing methods developed in former USSR [20]. Fibre 
flexibility and breaking strength were measured by meas-
ured by gravimetric method considering the fibre 
Flexometer G-2 and Fibre Dynamometer DK-60 
correspondingly   (30  measurements  of   fibre  specimens,  

divisibility (estimating 5 flax fibre specimens, i. e. fibre 
tufts, each of 1 cm length and 10 mg mass). As an 
integrated index of flax fibre quality the fibre durability 
was calculated using the formula [20]: 

pectin skin

fFyDY b 013.02.01.01.2 +++= , (1) 

where y is a fibre flexibility (in mm), Fb is a breaking 
strength (in kgf), and f is a fineness (in conventional units). 

3. RESULTS AND DISCUSSIONS 
Averaged data from 2001 – 2003 show that the variety 

“Ariane” and breeding line No. 1864-24 had the highest 
fibre content (19.2 % ÷ 19.5 %), and the lowest fibre 
content was identified for “Belinka” (15.8 %) and 
“Baltučiai” (16.0 %) flax straw. 

Fibre quality of the variety “Belinka” is known as the 
standard of good quality, thus for the evaluation of fibre 
quality in our trials the variety “Belinka” was chosen as a 
reference variety. 

After 3 years of study we have found that most 
flexible fibre was obtained from the variety “Baltučiai” 
(52.3 mm), which was by 24.5 % more flexible than the 
standard fibre “Belinka” (Table 1). Less flexible than the 
standard fibre was the fibre from the variety “Ariane” and 
from the breeding line No. 1864-24. 

Table 1. Long fibre flexibility and durability 

Fibre flexibility, mm Fibre durability 
Variety or breeding line 

2001 2002 2003 Average 2001 2002 Average 
“Belinka” (standard) 35.1 40.6 50.3 42.0 11.3 12.9 12.1 
“Baltučiai” 48,3 55.9 52.6 52.3 13.1 14.8 14.0 
“Ariane” 37.8 39.0 44.7 40.5 10.6 11.9 11.3 
01057-12 39.9 37.1 45.3 40.8 11.0 13.0 12.0 
1698-13a 38.1 54.6 42.3 45.0 10.8 13.6 12.2 
1864-24 35.6 34.7 41.6 37.3 10.9 12.7 11.8 
1963-3 43.0 54.2 37.0 44.7 12.0 13.7 12.9 

Table 2. Long fibre fineness 

Fibre linear density, tex Index of fibre fineness (IFS) 
Variety or breeding line 

2001 2002 Average 2001 2002 Average 
“Belinka” (standard) 4.00 3.60 3.80 75.7 64.6 70.2 
“Baltučiai” 3.95 3.75 3.84 80.0 67.0 73.6 
“Ariane” 4.17 4.65 4.41 113.4 99.3 106.4 
01057-12 5.18 5.53 5.35 89.3 86.6 88.0 
1698-13a 4.55 4.85 4.70 84.6 92.8 88.7 
1864-24 5.13 5.08 5.22 112.6 93.0 102.8 
1963-3 4.05 4.13 4.09 88.2 77.0 82.6 

Table 3. Long fibre strength 

Fibre breaking strength, N Coefficient of variation (v), % Fibre breaking tenacity, cN/tex 
Variety or breeding line 

2001 2002 Average 2001 2002 2001 2002 Average. 
“Belinka” (standard) 72.4 73.6 73.0 4.8 10.2 48.7 59.3 54.0 
“Baltučiai” 89.2 67.7 78.4 16.1 23.4 47.3 53.4 50.4 
“Ariane” 72.9 67.2 70.1 17.4 13.4 43.7 53.0 53.4 
01057-12 85.1 64.1 74.6 1.4 13.4 47.8 60.9 54.4 
1698-13a 84.0 81.6 82.8 15.2 3.8 42.0 60.0 51.0 
1864-24 73.0 67.0 70.0 17.3 6.8 47.6 69.8 58.7 
1963-3 67.8 52.8 60.3 15.6 8.6 46.2 54.3 50.3 
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Fibre breaking tenacity of breeding line No. 01057-12 
was approximately equal to that of the standard variety 
“Belinka”. Fibre breaking tenacity of variety “Baltučiai” 
and of breeding lines No. 1698-13a and No. 1963-3 was a 
little lower (by 5.6 % ÷ 6.9 %) than that of the standard 
variety. 

The fibre durability describes resumptive long fibre 
quality. Experimental results from 2001 – 2002 indicate 
that the best result was given by the variety “Baltučiai” – 
the durability was the highest (14.0 km) and by 15.7 % 
higher than that of standard “Belinka” (Table 1). 

The result of breeding line No. 1963-3 was close to the 
standard – the fibre durability was by 6.6 % higher than 
that of standard “Belinka”. The lowest data were of the 
variety “Ariane”, it was by 6.7 % lower than that of the 
standard “Belinka”. 

Flax fibre is of composite structure. It is fine when it 
can be divided into thin separate elementary fibres and 
when the content of single fibres in the analysed sample is 
high. Hence the fibre divisibility data reflect fibre fineness. 

Averaged fibre testing data from 2001 – 2003 suggest 
that only the fibre from the variety “Baltučiai” had 
approximately the same value of linear density as the fibre 
of “Belinka” (Table 2). The value of fibre fineness of 
breeding line No. 1963-3 was by 7.2 % lower, and the 
values of fibre fineness of the other varieties were much 
lower when compared with the standard “Belinka“. 

Fibre analyses also confirmed that the finest was fibre 
obtained from varieties “Belinka” and “Baltučiai” and 
from breeding line No. 1963-3 (fibre fineness index varied 
from 70.2 to 82.6) (Table 2). When comparing fibre fine-
ness data obtained by different methods the good congruity 
of the results (R2 = 0.97) was obtained for the same three 
accessions – “Belinka”, “Baltučiai” and No. 1963-3. Some 
disagreement appeared between fibre fineness data for 
varieties “Ariane“, and No. 01057-12. 

Data of long fibre strength and scattering of the results 
measured at INF are presented in Table 3. The highest 
fibre breaking tenacity was determined for the fibre of 
breeding line No. 1864-24; it was by 4.68 % higher than 
that of the standard “Belinka” (Table 3). 

Table 4. Diameter of long fibre bundle and of elementary fibre 

Variety or 
breeding 

line 

Diameter 
of fibre 
bundle, 
μm 

Coefficient 
of 

variation
(v), % 

Diameter of 
elementary 
fibre, μm 

Coefficient 
of 

variation
(v), % 

2001 
“Baltučiai” 134.0 21.4 19.8 30.2 
01057-12  143.5 27.8 18.3 32.5 
1698-13a  119.4 26.0 20.9 24.2 
1864-24 117.4 6.8 20.3 25.3 
1963-3  139.0 38.7 20.3 26.0 

2002 
“Belinka” 59.2 – 17.7 24.4 
“Baltučiai” 69.2 – 13.7 25.2 
01057-12 86.5 – 18.1 27.2 
1698-13a 62.4 – 16.0 25.5 
1864-24 170.5 – 15.9 31.7 
1963-3 104.1 – 16.6 30.9 

The measurements of the diameter of fibre bundles 
and elementary fibres confirmed that the quality of fibre 
samples tested in 2001 was not very high – the diameter of 
fibre bundle was very large (Table 4), some bundles still 
had pectin skin (Fig. 1). The diameter of elementary fibres 
was 18 μm ÷ 21 μm. In 2002 the diameter of fibre bundles 
as well as the diameter of elementary fibres was smaller.  

It is seen in Tables 1 – 4 that due to adverse weather 
conditions in 2001, quality indices of fibre are significantly 
lower than those from flax grown in 2002 and 2003. This 
resulted in higher data scattering. 

We also should concede that the fibre data obtained 
from two or even three year of flax growing and 
investigation were insufficient in quantity to determine 
more pronounced and reliable qualitative dependence 
between fibre yield and quality parameters as well as 
relationship between the quality parameters themselves. 
The attempts to provide regression analysis of the obtained 
data have shown the values of coefficient of determination 
varied in the range from 0.3 to 0.7. 

CONCLUSIONS 
The fibre flax variety “Baltučiai” showed the high 

level of long fibre quality: the values of fibre flexibility 
and durability were the highest, while the values of fibre 
fineness and breaking tenacity were very close to that of 
the standard variety “Belinka”. The Lithuanian early 
ripening flax fibre variety “Baltučiai”, despite its little less 
fibre-yield, should be definitely recommended to be 
overspread in Lithuanian agriculture.  

New breeding lines No. 1864-24, No. 1963-3 and 
No. 01057-12 distinguishing for high yield of long fibre 
(1.09 t/ha ÷ 1.15 t/ha) showed little lower quality than that 
of standard variety, however, the level of their main 
properties could be evaluated as acceptable. These 
breeding lines could be turned to the new varieties in 
future. 

Acknowledgments 
The financial support from the Lithuanian State 

Science and Study Foundation for the research and the 
participation in the activity of COST Action 847 “Textile 
Quality and Biotechnology” and carrying out National 
project “Investigation of long fibre quality of various fibre 
flax varieties” is greatly appreciated. 

REFERENCES 

1. Hann, M. A. Innovation in Linen Manufacture  Textile 
Progress   37 (3)   2005: pp. 1 – 42. 

2. Salmon-Minotte, J., Franck, R. R. Flax (in Bast and Other 
Plant Fibres, ed. by R. R. Franck). Cambridge: Woodhead 
Publ. Ltd., 2005: pp. 94 – 175. 

3. Heller, K., Rulskij, S. Biological Progress in the Flax 
Breeding and Agrotechnology  Breeding, Seed Production, 
Agriculture, Economy and Primary Processing of Flax. 
Trudy VNILL. Torzhok: VARIANT, 30, vol. 1, 2002:  
pp. 149 – 152 (in Russsian). 

4. Carr, D. J., Cruthers, N. M., Laing, R. M., Niven, B. E. 
Fibers from Three Cultivars of New Zealand Flax 
(Phormium tenax)   Textile Research Journal   75 (5)   2005: 
pp. 93 – 98. 

 173



5. Doronin, S. V. Dudina, A. N., Tikhivinsky, S. F. Fibre 
Flax Breeding for Fibre Quality   Natural Fibres   2   1998: 
p. 93. 

6. Grashchenko, M. G. On Flax Fibre Flexibility   Bulletin of 
Applied Botany, Genetics and Plant Breeding  Moscow-
Leningrad: Selkhozizdat 35 (3) 1963: pp.99 – 105 (in 
Russian). 

7. Wretfors, Ch. Cultivation, Processing and Quality Analysis 
of Fibres from Flax and Industrial Hemp – an Overview with 
Emphasis on Fibre Quality. Swedish University of 
Agricultural Biosystems and Technology: Report 139, 2005: 
pp. 1 – 37 (www.jbt.slu.se/publikationer/rapport/Rapport-
139.pdf)   

8. Karpunin, B. The Perspective Flax Line with Good Quality 
of Fibre   Breeding for Fiber and Oil Quality in Flax   
France, St. Valery en caux, 1995: pp. 57 – 63. 

9. Polonetskaya, L. M., Panifedova, L. M, Sakovich, V. I. 
Analysis of Gene Effects Controlling Elements of 
Productivity and Fiber Quality in Fiber Flax Cultivars    Bast 
Plants in the New Millennium (Proceedings of the 2nd 
Global Workshop, 3 – 6 June, 2001, Borovets, Bulgaria)  
2001:  
pp. 180 – 182. 

10. Rolski, S., Heller, K. Yielding Capacity of Different Flax 
Cultivars in Varied Environmental Condition   Natural 
Fibres   2   1998:  pp. 84 – 88. 

11. Trouve, J. P. L‘amelioration variatale du lin textile face aux 
besoins des marches   Comptes rendus de e‘academie 
d‘agriculture de France   82 (8)   1996: pp. 55 – 63. 

12. Wlaswinkel, L. Fibre Flax Breeding in Western Europe    
New Trends in the Use of Flax and its Waist, Minsk, 1994:  
pp. 35 – 39. 

13. Dylenok, L. A., Yatsevich, A. P., Kudelko, L. I. Genetic 
Analysis of Anatomomorphological Stem Parameters in 
Fibre Flax   Natural Fibres   2   1998: pp. 144 – 145. 

14. Sharma, H. S. S, Faughey, G. J. Comparison of Subjective 
and Objective Methods to Asses Flax Straw Cultivars and 
Fibre Quality after Dew-retting   Annals of Applied Biology, 
135 (2)   1999: pp. 495 – 501. 

15. Sharma, H. S. S., Faughey, G., Lyons, G. Comparison of 
Physical, Chemical, and Thermal Characteristics of Water-, 
Dew-, and Enzyme-retted Flax Fibres   Journal of Applied 
Polymer Science   74   1999: pp. 139 – 143. 

16. Faughey, G. J., Sharma, H. S. A Preliminary Evaluation of 
Near Infrared Spectroscopy for Assessing Physical and 
Chemical Characteristics of Flax Fibre   Journal of Near 
Infrared Spectroscopy   8   2000: pp. 61 – 69. 

17. Sharma, H. S. S. Thermogravimetric Analysis of Flax 
Fibres   Thermochimica Acta   132   1988: pp. 101 – 109. 

18. Ansari, I. A., East, G. C., Johnson, D. J. Structure-
Property Relationships in Natural Cellulosic Fibres. Part III: 
Flax – an Oil Sorbent   The Journal of The Textile Institute  
94 (1/2)    2003:  pp. 1 – 15. 

19. Kessler, R. W., Beckert, U., Kohler, R., Goth, B. Steam 
Explosion of Flax – a Superior Technique for Upgrading 
Fire Value   Biomass and Bioenergy   14 (3)   1998:  
pp. 237 – 249. 

20. Methodology for Technological Evaluation of Flax and 
Hemp Production. Moscow, 1961: 182 p. (in Russian). 

 

 174

http://www.jbt.slu.se/publikationer/rapport/Rapport-139.pdf
http://www.jbt.slu.se/publikationer/rapport/Rapport-139.pdf

	 
	Received 01 June 2005; accepted 22 April 2006 


