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Investigation of Yield and Yield Components of Some Flax (Linum usitatissimum L.) Varieties in
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Abstract: This study was carried out to determine the effects of some flax varieties on yield and yield components in Ankara ecological conditions in
2021. The study was established with 10 flax varieties 3 replications according to the Randomized Complete Block Design. In the study, plant height
(cm), first branch height (cm), number of branches per plant (pieces), number of seeds in the capsule (seed capsule™), 1000 seed weight (g), number of
encapsulated branches per plant (pieces), oil yield (kg ha), protein ratio (kg ha') and seed yield (kg ha?) traits were examined. As a result of the research;
There were statistically significant differences at the level of 1% between varieties in terms of yield and yield components. In the study, the highest seed
yield, oil yield and protein yield (1806 — 599.7 — 428.5 kg ha'') were obtained from Clli-1412 variety.
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Oz: Bu calisma, 2021 yilinda Ankara ekolojik kosullarinda baz1 keten gesitlerinin verim ve verim unsurlari {izerine etkilerinin belirlenmesi amaciyla
yiiriitiilmiistiir. Calisma, 10 adet keten gesit ile tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmustur. Calismada, bitki boyu (cm), ilk
dal yiiksekligi (cm), yan dal sayisi (adet), kapstiildeki tohum sayisi (tohum kapstil'), 1000 tohum agirhig: (g), bitki bagina kapsiillii dal sayisi (adet), yag
verimi (kg ha), protein verimi (kg ha") ve tohum verimi (kg ha") 6zellikleri incelenmistir. Arastirma sonucunda; cesitler arasinda, verim ve verim
unsurlari bakimmdan istatistiki olarak %1 diizeyinde énemli farkliliklar bulunmustur. Calismada, en yiiksek tohum verimi, yag verimi ve protein verimi
(1806 — 599.7 — 428.5 kg ha) Clli-1412 gesidinden elde edilmistir.
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INTRODUCTION

Flax (Linum usitatissimum L.) is an annual, herbaceous and highly (95%) self-pollinating species belonging
to the Linaceae family (Yildirim and Arslan, 2013; Oksiiz et al., 2015; habi et al., 2019; Keskin and et al.,
2020; Landoni et al., 2020; Talebi and Matsyura, 2021; Yasar, 2023). Its spread in the world is between the
Middle East, the North and Southwest of America and the Mediterranean basin, but its origin is reported
to be Ethiopia, Central Asia and India (Habibollahi et al., 2016; Choudhary et al., 2017; Singh et al., 2017).
Goudenhooft et al., 2018; Landoni et al., 2020; Nag et al., 2020; Xie et al., 2020; Talebi and Matsyura, 2021).

The oldest evidence of human use of flax in weaving is reported to be spun, dyed and knotted wild flax
fibers from 30,000 years ago found in Dzudzuana Cave in Georgia (Anonymous, 2010; Balter, 2009;
Kvavadze, 2009). However, it is thought that the cultivation of flax took place in Mesopotamia much later
(Fu, 2011). In this regard, it is reported that coarse-grained flaxseed found in the Tell Ramad region in Syria
and approximately 9000 years old linen fabric fragments in Catalhdyiik in Turkey (Fu, 2011; Anonymous,
2013). It is reported that it then spread to different parts of the world and reached as far as Switzerland,
Germany, China and India 5000 years ago (Barber, 1991; Cullis, 2007). It is known that there were floral flax
paintings on the temple walls of Ancient Egypt and that mummies were mummified using flax (Sekhri,
2011). Itis also reported that Egyptian priests at that time wore only linen, as it was considered a symbol
of purity (Wisseman and Williams, 1994). It is reported that Egyptian flax was first traded by the
Phoenicians in the Mediterranean and the Romans used fabrics and ropes obtained from linen on their
ships (Buchanan, 2012). After the decline of the Roman Empire, the demand for linen decreased, which led
to a decrease in its production. However, M.S. In the 8th century, the fabric and oil obtained from linen
began to be in demand again and its production became popular again (Wisseman and Williams, 1994).
With the discovery of America, flaxen was brought here as well and became popular (Cullis, 2007).
However, at the beginning of the 20th century, with the popularity of the cotton plant and due to the
increasing costs, the production shifted mainly to Russia (Anonymous, 2003). Today, France takes the lead
in fiber linen production with 141.350 ha, followed by Russia with 45.390 ha. Turkey's flax cultivation area
is very small and is 8 ha. According to the FAO data for 2020, the total cultivation area of fiber flax was
285.418 ha, while the average fiber yield was 3419 kg ha! and the production was 976.113 tons.

Flax (Linum usitatissimum L.) is a multi-purpose plant due to its many benefits in both human and animal
nutrition (Yasar and Yetissin, 2023). At the same time, the seeds are consumed by grinding directly, as well
as oil is obtained from the seeds. The seed or oil flax cultivation area was 3.5 million ha, the average seed
yield was 951.2 kg ha' and production was 3.4 million tons. Kazakhstan takes the lead in flaxseed
production with 1.1 million tons, followed by Russia with 788 thousand tons, Canada ranks third with 578
thousand tons (FAQO, 2020). It is seen that flax production is mostly done for seed production today. The
fact that flaxseed is used as a food supplement for weight loss, its oil is used in the wood and furniture
industry because it is in the class of drying oils, and it is included in bird feed mixtures increases the
demand for flaxseed.

Today, the reason why it is consumed directly is due to its high nutritional properties and because it is a
good diet product. It is reported that there are approximately 534 kilocalories of energy, 41 g of fat, 28 g of
fiber and 20 g of protein in 100 grams of ground flaxseed (Flax Council of Canada, 2022). The omega-3
(especially alpha-linolenic acid) ratio in its oil is high. Omega-3 fatty acid is one of the essential fatty acids
and is a fatty acid with high health effects (Sargi et al., 2013). The shelf life of flax oil is very short due to
the excess of unsaturated acids it contains. It should be consumed fresh as it oxidizes very quickly. In the
same way, if the seed is to be consumed by ground, it should be ground fresh and consumed without
waiting too long. Otherwise, the oil will undergo oxidation in a short time. It is also grown as an ornamental
plant due to its beautiful blue flowers.

Fiber flax performs particularly well in the temperate climate zone with abundant rainfall, while oil flax
performs better in regions with relatively warmer temperatures and sufficient rainfall. For fiber
production, especially in the Black Sea belt, if it is to be grown for oil or seed, it would be more appropriate
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to grow it in the inner regions. The flax cultivation area of our country, which has a high potential for both
flax types, is quite low.

The main purpose of this study is to see the effect of genotype and environment in terms of seed yield

obtained from Ankara ecological conditions in flax varieties, to determine stable varieties, and to both make

a variety suggestion and contribute to breeding studies.

MATERIAL AND METHOD
In the study, 10 varieties of flax were used as material. Some information about the varieties is given in
Table 1 (Yasar, 2023; Yasar and Yetissin, 2023), information about the location is given in Table 2 and climate

data is given in Table 3.

Table 1. Some information about the varieties.
Cizelge 1. Cesitler hakkinda bazi bilgiler.

Genotype name isg?giie((gi)s Flower Color Seed Color Oil Rate (%)  Orjin Growing Season
Sar1 85* 5.40 white yellow 37.7 Tiirkiye Spring
Larnaka* 5.40 blue darkbrown 37.3 Pakistan Winter
Milas* 6.20 blue lightbrown 36.2 Tiirkiye Winter
Newtiirk* 5.40 blue darkbrown 37.1 US.A Spring
Dillman* 5.20 Lightblue brown 323 US.A Winter
Clli-1351* 6.18 blue lightbrown 34.8 Tiirkiye Winter
Clli-1400* 6.18 blue brown 38.2 Tiirkiye Spring
Clli-1412* 6.15 lightblue brown 35.3 Tiirkiye Spring
Clli-1370* 5.69 blue brown 35.0 Tiirkiye Spring
Clli-1423* 5.76 blue brown 34.6 Tiirkiye Spring

*The seeds used in the experiment were supplied by the United States Department of Agriculture (USDA). Yasar, 2023 and Yasar ve Yetissin,

2023.

Table 2. Location information
Cizelge 2. Lokasyon koordinatlar:.

Location

Altitude (m)

Latitude

Longitude

TARM/ANKARA 840

39°57'19.58"K

32°48'51.31"D

Table 3. Climate data of the location.
Cizelge 3. Lokasyon iklim verileri.

Average Average Average Average
Months Temperature (°C) Temperature (°C) Precipitation (mm) Precipitation (mm)

2020-2021 2020-2021
October 16.8 11.5 22.2 22.7
November 5.4 5.7 3.8 29.1
December 4.7 0.9 19.2 37.7
January 2.0 -0.9 59.9 36.3
February 2.8 1.0 13.1 34
March 2.6 5.1 72.2 35.7
April 9.3 9.7 354 40.2
May 16.5 14.4 19.2 46.9
June 15.9 18.1 51.6 35.7
Total 296.6 318.3

Source: General Directorate of Meteorology-Ankara.

When the climate data from the experimental area is examined, there is not much difference between the

average temperature in the year of the experiment and the average temperature over many years. However.
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while the annual total precipitation for the long-term average was 318.3 mm the total precipitation amount
in the trial year was 296.6 mm.

Table 4. Trial area soil properties.
Cizelge 4. Deneme alani toprak ozellikleri.

Soil Constituency
Class

Organic Available Phosphorus

Depth (cm) Matter (%)  P:0s (kg ha)

pH  Salinity (dSm?) Lime (%)

0-40 CL 738 1.18 28 1.63 97

When the results in Table 4 are examined; the soil is clayey-loamy. poor in organic matter 1.63%. the
amount of available phosphorus is 9.7% it has a slightly alkaline (pH=7.7- 7.8) and calcareous soil (28%)
and the salt content is low (1.18 dS m).

The study was established in the field of Ankara Field Crops Central Research Institute in 2021 with 10
varieties according to the Randomized Complete Block Design with 3 replications (A¢ikgoz, 1993). In the
experiment row spacing was 20 cm plot length was 4 m and 6 rows were planted on April 5. 2021 (Tungtiirk,
2007). Trial sowing was done manually on the opened incisors. In the experiment. organomineral
fertilization was made at a rate of 100 kg per hectare. Weed hoeing was done when the plants were 10-12
cm. The experiment was irrigated twice, one as emerged and the other before flowering.

The harvest of the experiment was done on August 20. 2021. during the yellow ripening period. In the
harvest, one row from each side and 0.5 m from the ends of the parcels were not harvested as an edge effect
(Tungtiirk, 2007). In addition, 10 plants were taken from the harvest area of each parcel before harvesting,
plant height, first branch height, number of branches per plant, number of seeds in the capsule, 1000 seed
weight and number of encapsulated branches per plant were determined. Seed yield per hectare was
determined from the product obtained from the harvest area. The oil ratio to be used in the calculation of
the oil yield and the protein ratio to be used in the calculation of the protein yield were examined from the
seeds of 10 plants taken from the plots.

Fixed oil ratio analyses were performed using the Soxhlet device and protein ratio analyses were performed
using the Kjeldahl method. Statistical analyzes of the obtained values were made using the 'JTMP"' statistical
program and the differences between the averages were tested with the Duncan multiple comparison
method.

RESULTS AND DISCUSSION
The analysis of the variance table (Table 5) of the values of the properties examined in the experiment and
the table of the mean values and the formed groups (Table 6) are given below.

Table 5. Analysis of the variance table of the values of the traits examined in the trial.
Cizelge 5. Denemede imcelenen 6zelliklerin varyans analiz tablosu.

Number Number Number of .

.. First 1000 . .
Variation Plant of seeds of encapsulated Seed Oil Protein
Sources DF height in the branches branches per branch seed ield ield ield

8 PET height  weight 7 y y

capsule perplant plant

Replication 2 7.687** 0.132 0.3% 2.916* 4.908 0.022 2983 51.538 1.817
Varieties 9 30.039*  0.677* 0.59** 3.426™* 4.307 0.192  1213.42* 128.14 58.991*
Error 18 0.383 0.246 0.06 0.603 2.329 0.114 44774  53.146 23.14
Total 29 10.09**  0.372 0.24** 1.638** 3.121 0.132  675.06 76.311 32.796
CV (%) 1.08 4.16 5.82 2.82 6.02 6.38 14.57 1497 14.70

** p<0.01. *0.01<P<0.05. CV: coefficient of variation; DF: degrees of freedom
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When Table 5, where variance analysis values of the experiment are given, is examined, the difference
between the number of branches per plant and number of encapsulated branches per plant values of the
varieties is statistically significant at the level of 1%, the plant height, number of seeds in the capsule, seed
yield and protein yield values are statistically significant at the 5% level and the difference between the
values obtained from first branch height, 1000 seed weight and oil yield is significant, appears to be
statistically insignificant.

Table 6. Mean values of the traits examined in the experiment and the resulting groups.
Cizelge 6. Denemede incelenen Ozelliklerin ve elde edilen gruplarin ortalama degerleri.

Plant Number Number of Number of First Protein
.. . of seeds encapsulated branch 1000 seed  Seedyield Oilyield .

Varieties height in the branches branches per height weight(g) (kgha?) (kg ha?) yield

(cm) 1 per plant lant 4 ( g) gntis & & (kg ha)

capsule plan cm

Newtiirk 6352 12.7% 5.1@ 28.3 27.93 5.73 1313°¢ 463.9 303.3P
Clli-1370 613> 123 4.2 b 29.12 255 5.16 1520 & 510.4 294.9°b
Clli-1351 59.1¢ 11.8% 430 27.1 % 24.43 5.26 1400 be 467.6 341.4°
Sar1 85 56.849 123 3.8¢ 26.2°¢ 26.33 5.36 1540 @ 514.8 353.0%
Larnaka 555¢ 11.8% 4.2 bc 27.2 0 25.93 5.1 1216°¢ 391.2 288.7P
Clli-1423 555¢ 115% 4,00 27.4 0 24.36 4,96 1450 @° 478.7 306.3P
Clli-1400 55.3¢ 110° 3.9d 26.3°¢ 24.06 5.4 1736 @ 576.9 361.4%
Milas 549¢ 117% 430 289¢@ 24.6 5.33 1273°¢ 433.4 302.3P
Clli-1412 54.7¢ 115% 4,1 26.2°¢ 25.7 4.93 180.62 59.97 42852
Dillman 5427 120 5.02 27.9® 24.46 5.56 126.3°¢ 42.96 2920

When the values in Table 6 are examined, it is seen that there are six different groups in plant height values,
the highest plant height was obtained in Newtiirk variety with 63.5 cm, while the lowest plant height was
obtained in Dillman variety with 54.2 cm. When studies on flax are examined, it is seen that the plant height
is in the range of 30-70 cm (Gilbertson, 1993; Karaaslan and Tonger, 2001; Akgalican et al., 2003; Tungtiirk,
2007; Yildirim and Arslan, 2013; Giingor, 2020; Kushwaha et al., 2019; Aydin, 2020). In the study of Taddese
and Tenaye (2018) in Ethiopia to see the effect of nitrogen on flax fiber yield, the plant height was obtained
as 53.6-62.9 cm. It is seen that these obtained values give results at the same level as in the study. The values
of 38.9-47.4 cm were reported by Gilingor (2020) in the study carried out with the Sar1-85 variety by applying
different nitrogen and phosphorus levels. were obtained. Tungctiirk and Tungtiirk (2021) reported that plant
height in the Sar1-85 variety was between 36.9 and 44.1 cm when they investigated the effects of different
planting times and phosphorus doses on flax yield and quality traits. It is seen that the values obtained in
the studies are less than the values obtained in our study. It is reported that increasing plant height can
increase the yield of the plant and the quality of the product. as it increases the number of branches and
surface area in the plant and increases the production of dry matter in the plant due to the increase in the
surface where photosynthesis takes place (Fischer and Maurer, 1978; Salisbury and Ross, 1985). It is
reported that 50-70 cm plant height is suitable for oil flax (Karaaslan and Tonger, 2001). It is reported that
a plant height of 40-65 cm is more suitable for oilseed flax genotypes (Ali et al.. 2016; Maurya et al.. 2017).

Branching in oil flax is one of the traits that directly affect the seed yield (Endes, 2010; Kara, 2014). Although
branching is a genotypic trait in flax. It can vary depending on the sowing density. In dense sowing, plants
may compete with each other for growth and form less encapsulated branches. On the contrary. in sparse
sowing. If sufficient environmental conditions are available, the plant can create many branches in
accordance with its existing genetic potential (Endes, 2010; Ors and Oztiirk, 2018; Han, 2019; Aydin, 2020).
The highest branch number value of 5.1 per plant was observed in the Newtiirk variety. The lowest branch
number value was obtained from Sar1 85 variety with 3.8 per plant and all the values obtained were
statistically in four different groups. appears to have formed. The values obtained from the study were
higher than Tunctiirk's (2007) 3.4 -3.7 per plant, lower than the 6.1 -11.6 per plant value of Han (2019) and
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Glingor (2020) were found to be compatible with 3.9 -5.8 per plant and 4.4 -7.2 per plant for Kushwaha et
al. (2019).

Studies show that the number of encapsulated branches in the flax plant can vary between 1-43 and can
vary with the effect of genetic structure and environmental factors (Bazzaz and Harper, 1976; Gubbels,
1978; Elsahookie, 1978; Yildirim, 1998; Gabiana et al., 2005; Hall et al., 2016; Aydin, 2020). When the
environmental conditions are sufficient for the variety, the yield is expected to increase in parallel with the
increase in the number of encapsulated branches. When Table 6 is examined, it is seen that the number of
encapsulated branches is in parallel with the yield values. In the study, three different groups were formed
in the number of encapsulated branches per plant and the highest number of encapsulated branches was
obtained in Clli 1370 with 29.1 while the lowest number of encapsulated branches was obtained in Clli 1400
with 26.3. The obtained values support the studies carried out.

Seed yield is one of the most considered selection criteria for field crops grown for seed. Seed yield is a trait
that is affected by more than one factor. Many studies are showing that this situation is valid for the flax
plant (Bazzaz and Harper, 1976; Elsahookie, 1978; Khurana and Dubey, 1988; Yildirim, 2005; Tungtiirk,
2007; Smykal et al., 2011; Kara, 2014; Giingor, 20209; Han, 2019; Asadi et al., 2019; Kushwaha et al., 2019;
Aydin, 2020). The study found three groups of seed yield, with Clli 1412 variety having the highest yield
with 1806 kg ha-1, while the lowest seed yield was obtained in Larnaca variety with 1216 kg ha-1. Data
from the study, Ghatak et al. (1990) 311-579 kg ha!, Uzun (1992) 591-799 kg ha", Bassi and Badiyala (1992)
566-931 kg ha, Diri (1996) 234 -1235 kg ha' and Geleta (1999) 459-521 kg ha', Asadi et al. (2019) 315-945
kg ha', Giingor (2020) 244-460 kg ha'!, Han (2019) 729-1429 kg ha, Kurt et al. (2005) 1097-2747 kg ha™
values, Incekara (1979)'s 400-1500 kg ha!, Dorell (1973)'s 500-1400 kg ha‘!, Elsahookie (1978)'s 1261-1380 kg
ha!, Gubbels (1978)'s 1000- 1410 kg ha, Singh et al. (1985) 981-1930 kg ha!, Popa (1986) 1250-1850 kg ha-,
Tabara (1987) 1360-1750 kg ha, Khurana and Dubey (1988) 830 -1064 kg ha"!, Gubbels and Kenaschuk
(1989) 1100-1240 kg ha!, Awasthi et al. (1989) 868-1246 kg ha!, Khander and Sharma (1990) 800-1950 kg ha-
1, Yadav et al. (1990) 810-1270 kg hal. Dubey and Singh (1994) 1040-1590 kg ha'. Qiang and Mi (1996) 729-
1425 kg ha, Yildirim (1998) 400-1630 kg ha!, Kushwaha et al. (2019) 1333-1695 kg ha' and Aydin (2020)
573-1898 kg ha! It was consistent with the values.

Seed yield and oil ratio are two factors that together determine oil yield. Any factor that affects one or both
of these factors will also affect oil yield. Both seed yield and oil ratio are traits that are highly affected by
environmental conditions as well as genetic structure. In fact, the plant has a genetic capacity and this
capacity is fully revealed only with the effect of suitable environmental conditions. In other words, as
environmental conditions change in a negative way. These two traits are affected in the same way in
parallel. As a result, oil yield is negatively affected. When the values obtained from the study are examined,
it is seen that the oil yield varies between 391.2 kg ha! to 599.7 kg ha, although there was no statistical
difference between the varieties, the highest value was obtained from Clli 1412 variety and the lowest value
was obtained from Larnaca variety. Obtained oil yield values are higher than Tungctiirk (2007)'s 376 -399 kg
ha, Glingor (2020)'s 55 -173 kg ha' and Asadi et al.(2019)'s 108 -325 kg ha, It was found to be compatible
with Han (2019)'s value of 214 -601 kg ha.

Protein yield directly affects seed yield and protein ratio. Increasing either or both of these will naturally
increase the amount of protein yield to be obtained from the hectare. When evaluated from this point of
view, if the protein ratio of the variety with the highest seed yield is at an acceptable level, it is expected
that the protein yield will be high. When the protein yield values are examined, it is seen that the highest
value was obtained in Clli 1412 variety with 428.5 kg ha"!, the lowest value was obtained in Dillman variety
with 292.0 kg ha'! and the values obtained from the study statistically formed two different groups. The
obtained values were found to be higher than Tungtiirk's (2007) 215 -234 kg ha! and Aydin (2020) 221 -280
kg ha' values. This can be explained by the effect of genotype x environment interaction.

1000 seed weight is an important selection criterion in cultivated plants grown for their seeds and it is a
desired trait to be high (Vollman and Rajcan, 2009; Kara, 2014). Although 1000 seed weight is a genotypic
trait, it may decrease with the effect of insufficient environmental conditions or the effect of densing
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sowing. When the values obtained from the study are examined, it is seen that the highest 1000 seed weight
was obtained from Newtiirk variety with 5.73 g and the lowest 1000 seed weight was obtained from Clli
1412 varieties. although there was no statistical difference between the varieties. Data obtained from the
study, Ghanbari-odivi et al. (2013) 5.0-5.3 g Yildirim (2005) 3.5-7.2 g Diri (1996) 5.3-7.0 g and Aydin (2020)
4.8-7.1 g, It is compatible with values.

It is reported that the capsule of the flax plant is genetically composed of 2 compartments. each
compartment consists of 5 carpels. and a capsule can produce 10 seeds (Durrant, 1976; incekara, 1979). In
addition, it is reported that the number of seeds in the capsule of the flax plant can vary with the effect of
genetic structure and environmental conditions (Akgalican et al., 2003; Bozkurt and Kurt, 2007). According
to the results obtained from the study, three different groups were formed in the values of the number of
seeds in the capsule. and the highest number of seeds was obtained in Newtiirk variety with 12.7, while
the lowest number of seeds was obtained in Clli 1400 variety with 11.0. These values are 7.0-7.2 by
Elsahookie (1978), 6.0-8.0 by Crowley (1988), 6.1-7.1 by Khurana and Dubey (1988), Yadav et al. (1990) 6.1-
8.1 and Yildirim (2005) 8.0-9.0.

Although the height of the first branch differs according to the fiber and oil types. In general, in terms of
suitability for machine harvesting, the first branch height in oil flax is desired to be at a height where the
combined harvester table can harvest the encapsulated branches. On the other hand, an increase in the
number of branches in oily varieties will lead to an increase in seed yield due to an increase in the number
of capsules in fiber flax. On the other hand, since the aim is not seed yield, starting branching from above
is a desirable feature in terms of increasing the technical stem length (Yildirim and Arslan, 2013; Kara,
2014). Studies on oil flax show that the height of the first branch is between 12-45 cm (Gubbels, 197§;
Diepenbrock and Iwerson, 1989; Endes, 2010; Kara, 2014; Ors and Oztiirk, 2018; Aydin, 2020). Although
there was no statistical difference between the varieties, the highest number of branches was obtained in
the Newtlirk variety with 5.1 while the lowest number of branches was obtained in the Sar1 85 variety with
3.8. Although there was no statistical difference between the varieties, the highest number of branches was
obtained in the Newtiirk variety with 5.1 while the lowest number of branches was obtained in the Sar1 85
variety with 3.8. The first branch height is a genetic trait, but it is a trait that can be affected by
environmental conditions, especially dense sowing.

CONCLUSION

When the 10 flax varieties were evaluated as a whole in terms of the investigated traits in Ankara ecological
conditions, the highest seed yield (1806 kg ha), oil yield (599.7 kg ha') and protein yield (428.5 kg ha")
were obtained in Clli 1412 variety. This was followed by Clli 1400 cultivars with 1736 kg ha! seed yield,
361.4 kg ha! oil yield and 361.4 kg ha protein yield. However, it was concluded that all varieties used in
the study can be recommended in Ankara ecological conditions in terms of yield and yield components.

CONFLICT OF INTEREST
The author(s) declare that there is no conflict of interest under this title.

DECLARATION OF AUTHOR CONTRIBUTION
The author(s) contributed equally under this title.

REFERENCES

Acikgoz, N. (1993). Tarimda Arastirma ve Deneme Metotlari. Ege Universitesi Zirrat Fakiiltesi Yayinlar1. No: 478. Bornova.
Izmir. 310s. (in Turkish).

Akgalican, R. R,, Yiice, S., Aykut, F., & Furan, M. A. (2003). Ketende bazi agronomik ézelikler arast iligkiler. Tiirkiye 5. Tarla
Bitkileri Kongresi 13-17 Ekim 2003 Diyarbakair. (in Turkish).

Ali, M., Hasan, F. U., & Afzal, M. (2016). Response of Linola (Linum usitatissimum L.) to Different Spacings under
Rainfed Conditions. Cercetari Agronomice in Moldova. 2 (166): 87-96.

Anonymous, (2003). "The Oxford Encyclopedia of Economic History. Volume 1" Oxford University Press. p.303.

Anonymous, (2010). "These Vintage Threads Are 30.000 Years Old". NPR.org. NPR. Archived from the original on 2010-
12-04. Retrieved 2010-11-13.

Anonymous, (2013). Catalhdyiik 2013. Archive Report (Report).

——
Uluslararas: Tarim ve Yaban Hayat:1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

258



Mubhittin BAGCI, Yusuf ARSLAN , Mustafa YASAR , Berfin ISLER , Sefa UNAL

Asadi, S., Rezaei-chiyaneh, E., & Amirnia, R. (2019). Effect of planting pattern and fertilizer source on agronomic
characteristics of linseed (Linum usitatissimum L.) and chickpea (Cicer arietinum L.) in intercropping under rainfed
conditions. Iranian Journal of Crop Sciences. 21(1). 16-30.

Awasthi, U. S., Girish, J. H. A., Namdeo, K. N., Shukla, N. P., & Rohan, S. (1989). Response of Linseed (L. usitatissimum
L.) to Nitrogen and Rhospharus Levels. Indian Journal Agronomy. Vol. 34(4). p.432-433.

Aydin, D. (2020). Farkl: donemlerde yapilan sulamanin yaglik keten (Linum usitatissimum L.) cesitlerinde verim. verim unsurlar
ve kalite dzellikleri iizerine etkisinin belirlenmesi. [Doktora Tezi. Tarla Bitkileri Anabilim Dali. Eskisehir Osmangazi
Universitesi. Fen Bilimleri Enstitiisii]. (in Turkish).

Balter, M. (2009). "Clothes make the (Hu) Man". Science. 325(5946): 1329. doi:10.1126/science.325_1329a. PMID 19745126.

Barber, E. (1991) "Prehistoric Textiles: The Development of Cloth in the Neolithic and Bronze Ages with Special Reference to the
Aegean". Princeton University Press. p.12.

Bassi, K., & Badiyala, D. (1992). Effect of Seed Rate and Nitrogen on Fibre and Seed Yields of Linseed (Linum
usitatissimum) in Himachol Pradesh. Indian Journal of Agricultural Science. 62(5): 341-342.

Bazzaz, F. A., & Harper, ]J. L. (1976). Demographic Analaysis of the Growth of Linum usitatissimum. New phytologist.
78:193- 208.

Bozkurt, D., & Kurt, O. (2007). Effects of Sowing Time and Soil Temperature on Yield and Yield Components of Linseed
(Linum usitatissimum L.). Anadolu Journal of Agricultural Sciences (Turkey), 22 (1) : 20-25.

Buchanan, R. (2012) "A Weaver’s Garden: Growing Plants for Natural Dyes and Fibers". Courier Dover Publications. p. 22.

Choudhary, S. B., Sharma, H. K., Kumar, A. A,, Maruthi, R. T., Mitra, J., Chowdhury, I, & Karmakar, P. G. (2017). SSR
and morphological trait based population structure analysis of 130 diverse flax (Linum usitatissimum L.) accessions.
Comptes Rendus Biologies. 340(2): 65-75.

Crowley, D. N. (1988). Effect of Nitrogen and Phosphorus on Linseed. Field Crop Abstract. 33: 334-340.

Cullis, C. A. (2007). "Flax". In Kole. Chittaranjan (ed.). Oilseeds. Springer. p. 275. ISBN 978-3-540-34387-5.

Diepenbrock, W. & Iwerson, D. (1989). Yield development in linseed (Linum usitatissimum L.). Plant Research
Development. 30: 104-125.

Diri, U. O. (1996). Tohumluk Miktar: ve Azotlu giibre Dozlarinin Ketenin (Linum usitatissimum L.) Verim ve Verim Ogelerine
Etkisi. [Ankara Universitesi, Ziraat Fakiiltesi Tarla Bitkileri Boliimii. Tiiksek Lisans Tezi. Ankara]. (in Turkish).

Dorell, D. G. (1973). Effect of unusual field weathering on the quality of flax seed. Con. J. Plant Science. 53: 907-910.

Dubey, S. N. & Singh, T. P. (1994). Effect of irrigation. plant population and nitrogen application on yield and yield
attributes of linseed (Linum usitatissimum). Indian Journal of Agronomy. 39(2): 332-334.

Durrant, A. (1976). Flax and Linseed (Linum usitatissimum L.). Evolution of crop plants. Longman group Itd. New York.

Endes, Z. (2010). Konya sartlarinda bazi yaghk keten (Linum usitatissimum L.) cesit ve popiilasyonlarinda farkli ekim
zamanlarinin verim ve kalite iizerine etkisinin belirlenmesi. [Doktora Tezi). Selcuk Universitesi Fen Bilimleri Enstitiisii.
Konya].

Elsahookie, M. M. (1978). Effects of Varying Row Spacing on Linseed Yield and Quality. Canadian Journal of Plant
Science. 58: 935-937.

FAO. (2020). Crops and livestock products. https://www.fao.org/faostat/en/#data/QCL. The Food and Agriculture
Organization of the United Nations.

Flax Council of Canada, (2022). https://flaxcouncil.ca/.

Fischer, R. A., & Maurer, R. (1978). Drought resistance in spring wheat cultivars. I. Grain Yield Responses. Australian
Journal of Agricultural Research 29(5): 897 — 912.

Fu, Y. B. (2011). "Genetic evidence for early flax domestication with capsular dehiscence". Genetic Resources and Crop
Evolution. 58(8): 1119-1128. d0i:10.1007/s10722-010-9650-9. S2CID 22424329.

Gabiana, C., Mckenzie, B. A., & Hill, G. D. (2005). The influence of plant population. nitrogen and irrigation on yield
and yield components of linseed. Agronomy N.Z. 35: 44-56.

Geleta, N. (1999). Performance of improved linseed varieties in western Ethiopia. AgriTopia. 14: 2-5.

Ghanbari-odivi, A., Safari, A., Tahmasebi, B. K., Farroki, M., & Bahrampour, B. (2013). Effect of Delaying in sowing
date on growth. yield. yield components and oil content of two genotypes of Flaxseed (Linum usitatissimum).
Advances in Environmental Biology. 7(6): 1014-1018.

Ghatak, S., Sounda, G., & Chatterjee, P. (1990). Effect of Different Levels of Nitrogen and irrigation on Yield and Yield
Attributing Characters of Linseed (L. usitatissimum L.). Environment and Ecology. 8(1B): 383-386.

Gilbertson, H. G. (1993). UK Seed flax fibre. Agriculture progress. 65: 25-35.

Goudenhooft, C., Bourmaud, A., & Baley, C. (2018). Conventional or greenhouse cultivation of flax: What influence on
the number and quality of flax fibers?. Industrial Crops and Products. 123: 111-117.

Gubbels, G. H. (1978). Interaction of cultivar and seeding rate on various agronomic characteristics of flax. Canadian
Journal of Plant Science. 58: 303-309.

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri https://dergipark.org.tr/tr/pub/ijaws

259


https://dergipark.org.tr/tr/pub/ijaws
https://www.fao.org/faostat/en/#data/QCL

Investigation of Yield and Yield Components of Some Flax (Linum usitatissimum L.) Varieties in Ankara Ecological Conditions

Gubbels, G. H., & Kenaschuk, E. O. (1989). Effect of Seeding Rate on Plant and Seed Characteristics of New Flax
Cultivars. Canadian Journal of Plant Science. Vol.69: p.791-795.

Glingdr, M. (2020). Diyarbakir kosullarinda farkly azot ve fosfor seviyelerinin keten (Linum usitatissimum L.)de bazi agronomik
ve kalite ozellikleri iizerine etkisinin belirlenmesi. [Master's thesis. Fen Bilimleri Enstitiisii].

Habibollahi, H., Noormohammadi, Z., Sheidai, M., & Farahani, F. (2016). SSR and ESTSSR-based population genetic
structure of Linum L.(Linaceae) species in Iran. Genetic Resources and Crop Evolution. 63(7): 1127-1138.

Hall, L. M., Booker, H., Sitolo, R. M. P., Jhala, A.J., & Weselake, R. J. (2016). Flax (Linum usitatissimum L.). Industrial Oil
Crops. First Edition. 157-194.

Han, N. (2019). Diyarbakir kosullarinda farkli zamanlarda ekilen keten (Linum usitatissimum L.) genotiplerinde agronomik ve
teknolojik zelliklerin belirlenmesi. [Master's thesis. Fen Bilimleri Enstitiisii]. (in Turkish).

Incekara, F. (1979). Endiistri Bitkileri ve Islahi-Lif (Cilt:1). Ege Universitesi Ziraat Fakiiltesi Yaymlar1 No:65, izmir.
(in Turkish).

Kara, K. (2014). Lif Bitkileri Yetistiriciligi ve Islahi. Atatlirk Universitesi Ziraat Fakiiltesi Yayinlar1 No:239. S. 194-202. (in
Turkish).

Karaaslan, D., & Toncer, O. (2001). Diyarbakir kosullarinda bazi keten cesitlerinin adaptasyonu iizerine bir arastirma. Tiirkiye
4. Tarla Bitkileri Kongresi. 17-21 Eyliil. Tekirdag (in Turkish).

Keskin, N. C., Oztiirk, O., Egribas, Z. E., & Yilmaz, E. (2020). Baz1 yaglik keten gesitlerinde farkli sira araliklarinin verim
ve verim unsurlari {izerine etkilerinin belirlenmesi. Ziraat Fakiiltesi Dergisi, Tiirkiye 13. Ulusal, I. Uluslararasi Tarla
Bitkileri Kongresi Ozel Say1s1:109-120, 2020 ISSN 1304-9984. (in Turkish).

Khander, M. P., & Sharma. R. P. (1990). Effect of nitrogen and phosphorus on growth and yield of linseed (Linum
usitatissimum L.). Field Crop Abstract. 43: 4391.

Khurana, D. K., & Dubey, D. P. (1988). Response of linseed (Linum usitatissimum L.) to nitrogen and phosphorus. Indian
Journal of Agronomy. 34(1): 142-144.

Kurt, O,, Yilmaz, S., & Demir, A. (2005). Effects of timing of plant growth regulators and nitrogen fertilizer application
on yield, yield components and oil content of linseed. Anadolu Tarim Bilimleri Dergisi, 20(3), 16-22.

Kushwaha, S., Shrivastava, A., & Namdeo, K. N. (2019). Effect of sulphur on growth. yield and quality of linseed (Linum
usitatissimum L.) genotypes. Annals of Plant and Soil Research, 21(2): 162-166.

Kvavadze, E., Bar-Yosef, O., Belfer-Cohen, A., Boaretto, E., Jakeli, N., Matskevich, Z., & Meshveliani, T. (2009). "30.000-
Year-Old Wild Flax Fibers". Science. 325(5946): 1359. Bibcode:2009Sci...325.1359K. doi:10.1126/science.1175404.
PMID 19745144. S2CID 206520793.

Landoni, B., Viruel, J., Gémez, R., Allaby, R. G., Brennan, A. C., Pic, F. X., & Pérez- Barrales, R. (2020). Microsatellite
marker development in the crop wild relative Linum bienne using genome skimming. Applications in Plant Sciences,
8(5): e11349.

Maurya, A. C,, Raghuveer, M., Goswami, G., & Kumar, S. (2017). Influences of date of sowing on yield attributes and
yield of linseed (Linum usitatissimum L.) varieties under dryland condition in eastern uttar pradesh. International
Journal of Current Microbiology and Applied Sciences. 6(7): 481-487.

Nag, S., Mandal, R., & Mitra, ]. (2020). Exploration of genetic structure and association mapping for fibre quality traits
in global flax (Linum usitatissimum L.) collections utilizing SSRs markers. Plant Gene, 2, 100256.

Oksiiz, A., Bahadirli, N. P., Yildirim, M. U., Sarihan, E. O. (2015). Farkl1 keten tiir ve gesitlerinin besin bilesenleri. yag
asitleri ve mineral igeriklerinin karsilastirilmasti. Journal of Food and Health Science. 1(3): 124-134.

Ors, O., & Oztiirk, O. (2018). Determination of Yield and Some Agricultural Properties of Oil Flax (Linum usitatissimum
L.) Cultivars Under Konya Conditions. Selcuk Journal of Agriculture and Food Sciences, 32(3), 305-311.

Popa, F. (1986). Experimental Results on the Sowing Rate of Oilseed Flax on a Lowto Moderate Saline Soil. Field Crop
Abstracts. 42: 134.

Qiang, H. S., & M, J. (1996). A new flax cultivar Ba Ya 5. Crop Genetic Resources. No.1.5. 1996.

Salisbury, F. B., & Ross, C. W. (1985). Plant Physiology. Third Edition. Wadsworth Publishing Co.. Belmont. California.
pages 195-228.

Sargi, S. C,, Silva, B. C., Santos, H. M. C., Montanher, P. F., Boeing, ]. S., Santos Junior, O. O., & Visentainer, J. V. (2013).
Antioxidant capacity and chemical composition in seeds rich in omega-3: chia, flax, and perilla. Food Science and
Technology, 33: 541-548. doi:10.1590/S0101-20612013005000057.

Sekhri, S. (2011). "Textbook of Fabric Science: Fundamentals to Finishing". PHI Learning Private Limited. New Delhi. p. 76.

Singh, O. P., Saxena, A. K., & Jakhmola, S. S. (1985). Effect of dates of sowing and linseed varieties on the incidence of
bud fly, Dasineura lini Barnes and their yield. Agricultural Science. Digest 5(3): 1571-159.

Singh, N., Kumar, R., Kumar, S, Singh, P. K,, Yadav, V. K,, Ranade, S. A, & Yadav, H. K. (2017). Genetic diversity.
population structure and association analysis in linseed (Linum usitatissimum L.). Physiology and Molecular Biology of
Plants. 23(1): 207-219.

——
Uluslararas: Tarim ve Yaban Hayat:1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

260



Mubhittin BAGCI, Yusuf ARSLAN , Mustafa YASAR , Berfin ISLER , Sefa UNAL

Smykal, P., Bacova-Kerteszova, N., Kalendar, R., Corander, J., Schulman, A. H., & Pavelek, M. (2011). Genetic diversity
of cultivated flax (Linum usitatissimum L.) germplasm assessed by retrotransposon-based markers. Theoretical and
Applied Genetics. 122(7): 1385-1397. DOI 10.1007/s00122-011-1539-2.

Xie, Y., Yan, Z., Niu, Z., Coulter, J. A, Niu, J., Zhang, J., & Wang, L. (2020). Yield oil content and fatty acid profile of
flax (Linum usitatissimum L.) as affected by phosphorus rate and seeding rate. Industrial Crops and Products. 145.
112087.

Tabara, V. (1987). Iuantification of the Influence of Soil Condition and Sowing Density on Seed and Oil Yields in Oilseed
Flax cv. Midin. Field Crop Abstracts. 42: 680.

Taddese, G., & Tenaye, S. (2018). Effect of nitrogen on flax ( Linum usitatissimum L.) fiber yield at debre berhan area,
Ethiopia. Forestry Research and Engineering: International Journal. 2(5): 284-286. DOI: 10.15406/freij.2018.02.00061
Talebi, S. M., & Matsyura, A. (2021). Genetic structure of some Iranian, new and old worlds Linum usitatissimum L.

populations. Iranian Journal of Science and Technology, Transactions A: Science, 45, 1143-1153.

Tchoumtchoua, J., Mathiron, D., Pontarin, N., Gagneul, D., vanBohemen, A. 1., OtogoN"“nang, E., & Quéro, A. (2019).
Phenolic profiling of flax highlights contrasting patterns in winter and spring varieties. Molecules. 24(23). 4303.
Tunctiirk, M. (2007). Determination of Yield and Some Yield Components of Some Linens (Linum usitatissimum L.)

Cultivars in Van Ecological Conditions. Journal of Agricultural Sciences. 13(04). 365-371.

Tunctiirk, R., & Tungtiirk, M. (2021). The Effects of Different Sowing Dates and Phosphorus Doses on Yield and Quality
Characteristics of Flax (Linum usitatissimum L.). Journal of Agricultural Faculty of Bursa Uludag University, 35(1): 163-
180.

Uzun, Z. (1992). Ketende Ekim Zamani ve Ekim Sikliginin Verim ve Verim Ogelerine Etkisi. [Ankara Universitesi Ziraat
Fakiiltesi Tarla Bitkileri Boliimii. Yiiksek Lisans Tezi. Ankara]. (in Turkish)

Vollman, J., & Rajcan, I. (2009). Oil Crops. Volume 4. Springer Dordrecht Heidelberg London New York.

Wisseman, S. U., & Williams, W. S. (Eds.). (1994). Ancient technologies and archaeological materials. Taylor & Francis. p.
124. d0i:10.4324/9781315075396. ISBN 978-2-88124-631-9.

Yadav, L. N,, Jain, A. K,, Singh, P. P., & Vyas, M. D. (1990). Response of Linseed to Nitrogen and Phosphorus
Application. Indian Journal of Agronomy 35(4): p.427-428.

Yasar, M. (2023). Sensitivity of different flax (Linum usitatissimum L.) genotypes to salinity determined by GE
biplot. Saudi Journal of Biological Sciences. 30(4): 103592. DOI: https://doi.org/10.1016/j.sjbs.2023.103592

Yasar, M., & Yetigsin, F. (2023). Determination of Tolerances of Some Flax Varieties to Different Doses of Salt
Concentrations in Early Development Period. MAS Journal of Applied Sciences. 8(1): 144-157. DOL
http://dx.doi.org/10.5281/zenodo.7698369.

Yildirim, U. (2005). Secilmis alternatif keten (Linum usitatissimum L.) hatlarimin verim ve verim 06geleri bakimindan
karsilastirilmasi. [Ankara Universitesi Ziraat Fak. Tarla Bitkileri A.B.D. Doktora Tezi] (in Turkish).

Yildirim, M., & Arslan, N. (2013). Secilmis keten (Linum usitatissimum L.) hatlarmin bazi bitkisel 6zelliklerinin
karsilastirilmasi. Tarla Bitkileri Merkez Arastirma Enstitiisii Dergisi 22(2): 59-68.

Yildirim, M. U. (1998). Yabanct Kékenli Keten (Linum usitatissimum L.) Cesit ve Popiilasyonlarmin Bazi Bitkisel Ozellikleri.
[Ankara Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii. Yiiksek Lisans Tezi. Ankara] (in Turkish).

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri https://dergipark.org.tr/tr/pub/ijaws

261


https://dergipark.org.tr/tr/pub/ijaws

