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Abstract - Influences of different seeding dates on growth, seed yield, fatty acid composition and oil content were 
investigated in flax plants for two years. The results indicated that plant height in early seeding date was higher than that of 
delayed seeding dates during first season. Furthermore, seeding date also significantly affected the ripened seed rate and the 
rate increased with the delay in seeding date in first season. Seed yield in the first crop season was significantly higher than 
the second crop season. Palmitic acid showed variation in different seeding dates. Contrarily, stearic acid was stable and did 
not changed by different seeding dates. Linolenic acid was found in highest amount in all seeding dates consecutively in two 
cropping years. Highest oil content was recovered from the seeds of flax sown at 29 Apr. and May 9 in first and second 
cropping year respectively.
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Introduction

It is generally thought that the seeds of oilseed plant grown 
under warmer climate condition contain less highly unsaturated 
fat. In soybeans, linolenic acid is negatively correlated with 
high temperature (Collins and Howell, 1957). For flax, the 
most important environmental factor is temperature (Canvin, 
1965), with other environmental factors may also be involved 
(Dybing, 1964). The mechanisms by which environmental 
effects are produced have not been clearly defined. The 
technique of observing the changes in fatty acid levels which 
occur in developing seeds during the period from fertilization 
to maturity was used to assess the effects of temperature, 
photoperiod, and light intensity on fatty acid biosynthesis in 
flax. 

Flax (Linum usitatissimum L.) is an annual crop belongs to 
the family Linaceae (Simmonda 1976). Worldwide flax seeds 
are used for oil extraction and its skin of stem for fiber 
purpose. The defatted seeds are fed to animals as a protein 
supplement (Lennerts, 1983). Flaxseed meal contains 35 to 
40% protein, and together with cottonseed and sunflower 

supplies about 23% of the world's oilcake and meal (Hatje, 
1989). In our country, flax had been extensively cultivated as 
a fiber crop early 1960s. However, flax production has 
declined with the import of nylon and cotton since the 1970s. 
Recently, flax has been cultivated for its oil rich seeds. Flax 
seed oil has been used as a drying agent for paints, varnishes, 
lacquer, and printing ink. Recently there has been some 
interest in flax seeds as a health food because of its high 
amount of polyunsaturated fatty acids in the seed oil. It is 
thought that flax is an alternative cash crop, especially in 
some areas of Gyeongsangbuk-do Province. Though flax has 
been cultivated on the clay soils in the northern area of 
Andong, however, flax has also been adapted and is successfully 
grown in other areas of the Gyeongsangbuk-do Province. 
Flax production is always dependent on sowing time rather 
than planting density. In flax the tendency for highest seed 
yield is associated with early planting. This study was aimed 
at investigating the effects of seeding dates on early growth, 
seed yield, change in fatty acid composition, and oil content 
of flax seed for two cropping years.
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Materials and Methods

Plant material and general procedures
Seeds of flax (Linum usitatissimum L. cv. Hwanam) which 

was developed by a pure line selection at the Institute for 
Bioresources Research, Gyeongsangbuk-do Provincial Agricultural 
Research & Extension Services, Andong, Korea, were used in 
this study. 

A sowing date trial of four planting dates (April 9, April 
19, April 29, and May 9,) was laid out to investigate the 
appropriate sowing time of flax in 2009 and 2010 crop 
seasons. Flax seeds were hill-seeded with a spacing of plant 
to plant 30 cm and row to row 10 cm distance. respectively. 
Prior to planting, fertilizers Nitrogen, Phosphorus, and 
Potassium were applied at the rate of 100, 25, and 90 kg ha-1, 
incorporating as a basal and top dressing (7:3, w/w) to the 
soil. The experiments with three replications were laid out in 
randomized complete block design. 

Oil extraction and analysis of fatty acids
The total oil contents of flax seeds were determined by 

solvent extraction using n-hexane in a Soxhlet apparatus 
following the standard AOAC procedure (1984). Each 
sample was ground to a powder and dried under vacuum to a 
constant weight. To each specimen 0.1 mg of an internal 
standard (nonadecanoic acid) was added. The powder was 
extracted with chloroform/methanol (2:1, v/v) as described 
elsewhere (Chamberlin et al., 1993) and the solid, nonlipid 
material was removed by filtration. The total weight of the 
extracted lipid was determined gravimetrically after solvent 
removal in a stream of nitrogen. The samples were then 
redissolved in dry chloroform/methanol (19:1, v/v) and 
clarified by centrifugation. A 0.1-ml aliquot was withdrawn 
for transmethylation using 0.3 ml of 14% BF3 in methanol in 
a 2-ml Teflonlined screw-cap vial which was heated in a 
boiling water bath for 15 min. After cooling and addition of 
0.3 ml of water, the transmethylated fatty acids were 
extracted into hexane. A calibration mixture of fatty acid 
standards was processed in parallel. Aliquots of the hexane 
phase were analyzed by GC/MS. A Hewlett–Packard Gas 
Chromatograph (5890 Series II) with the Mass Selective 
Detector 5972A in scan mode was used to separate and 

quantify fatty acids. Aliquots (1 to 2 ml) of the hexane extract 
were injected in splitless mode onto a DB-225 column (30 m1 
0.25 mm I.D., 0.24 mm). The injector temperature was 
2507C, detector at 2807C, oven at 707C for 1 min, then 70–
1807C at 207C per min, 180–2207C at 37C per min, 2207C 
for 15 min. The carrier gas was helium and the flow rate was 
32 cm/s. Electronic pressure control in the constant flow 
mode was used. The internal standard nonadecanoic acid was 
used for quantification of fatty acids. Fatty acid calibration 
standards and nonadecanoic acid were procured from 
Alltech, Deerfield, IL. Solvents were purchased from EM 
Science, Gibbstown, NJ.

Statistical analysis
The standard deviation was calculated using Sigma plot 

2001 software (Jandel Scientific, San Rafael, CA, USA).

Results and Discussion

Growth characteristics and seeds yield
Growth characteristics and seed yields of flax plants grown 

under different seeding dates for two cropping years (2009 
and 2010) are given in Table 1. Overall, the flowering time in 
all seeding dates in the first crop season (2009) was delayed 
as compared to that of second crop season (2010). However, 
the possible reason for delay in flowering in first crop season 
is the prevailing low weather conditions as indicated in Fig.1. 
It is also concluded that the ambient mean temperature in first 
crop season (2009) is low as compared to second crop season 
(2010). Results of sowing dates effect on early flowering are 
quite in harmony with the findings of (Turhan et al., 2011) 
that has worked on sowing management trails and suggested 
that early sowing dates results in earlier flower than late 
sowing. In late sowing dates, flax plants get a short duration 
to flowering.

Plant height of flax was also significantly different for 
various seed sowing dates Table I. The plant height in early 
sowing date was recorded higher than those of late sowing 
dates in the first season. The flax plants from second season 
were longer than the flax plants from first season. Our results 
are in conformity with those obtained by Sankari (2000), who 
found that humidity and temperature differences caused a 
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Fig. 1. Changes in ambient mean temperature during seed development of flax for two cropping years, 2009-2010.

Table 1. Effect of different seeding dates on agronomic traits and yield and yield components of flax in two cropping years

Cropping year  Seeding
time

Flowering 
time

Plant 
height
(cm)

No. of capsule 
per plant

Ripened 
seed rate

(%)

1,000-seed
weight

(g)

Seed 
yield

(kg/10a)

2009

Apr 9
Apr 19
Apr 29
May 9

Jun. 7
Jun.18
Jun.27
Jul. 5

85.6a
81.4b

 79.3bc
76.5c

17.1c
18.9b

 20.2ab
21.5a

88.6b
93.7a
93.5a
94.1a

5.91c
6.30b
6.31b
6.42a

161c
179b

 185ab
196a

2010

Apr 9
Apr 19
Apr 29
May 9

Jun. 4
Jun.13
Jun.26
Jul. 1

87.2a
87.6a
84.3b
84.0b

16.8c
18.5b
21.1a

 20.7ab

86.7a
86.6a
85.2a
86.1a

5.76a
5.82a
5.73a
5.76a

155b
164a
168a
176a

The same letters in each column are not significantly different at 5% level by DMRT.

wide variation between flaxseed cultivars for mean plant 
height

Number of capsule per plants was significantly increased 
by delayed sowing dates, 29 Apr. and 9 May in both cropping 
years. The highest capsule numbers was observed and may be 
due to a temperature effect on pollination, ovary survival in 
delayed sowing dates which is in agreement with Mirshekari 
et al.(2012). 

Seeding date affected significantly the ripened seed rate. 
The late sowing dates yielded the more ripened seed and the 
rate of ripened seeds increased as the sowing dates was 
delayed in first crop season (2009). However, it was not 
affected by seeding date in second cropping year. In early 
sowing dates the plant growth may be inferior stunted due to 
low temperature in the beginning which decrease the uptake 

of essential nutrients and thus impaired the plant physiological 
function including flowering and ripened seed yield. This 
may also be attributed to early flowering in late sowing plants 
and more time for ripening the seeds. 

Thousand seed weight is an important yield contributing 
parameter. Different sowing dates significantly influenced 
thousand seed weight in first crop year (2009). In the first 
crop year (2009) thousand seed weight in flax at three seeding 
dates (19 Apr., 29 Apr., and 9 May) was significantly heavier 
(Table 1) as compared to the early seeding date (9 Apr.). 
However, the differences for thousand seed weight among the 
sowing dates were found non-significant in second crop year 
(2010). 

Seed yield is the basic parameter in all oilseed crops, and 
has been the key factor in all agriculture experiments. A 
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Fig. 2-1. Effect of different seeding dates on variation in contents of saturated fatty acid (palmitic and stearic acid) of flax for two 
cropping years, 2009-2010. Vertical bars represent the mean± SE (n=4). If not shown, error bars are smaller than the symbol size.

significant variation was found in seed yield (Table 1) of flax 
due to different sowing dates and crop year. Seed yield in the 
first crop season (2009) was significantly higher than that of 
the second crop season (2010). Highest seed yield were 
recorded in the late sowing date (May 9) followed by Apr 29 
and Apr 19 in first crop season (2009). For second crop year 
(2010) the difference in seed yield among the first sowing 
date (Apr 9) and the last three sowing dates (Apr 19, Apr 29, 
May 9) was also significant. However, the seed yield in 
second crop year (2010) in last three sowing dates was at par 
with each other. The highest seed yield in delayed sowing is 
due to highest number of capsule per plant, ripened seed rate 
and heavier thousand seed weight and these results are in 
conformity with Casaa et al.(1999). 

Changes of fatty acid composition and oil content
The content change in saturated fatty acids compositions 

i.e. palmitic and stearic acid, as affected by different seeding 

dates for two cropping years are presented in Figure 2.1. The 
content change in palmitic acid was up and down regulated in 
different seeding dates, whereas stearic acid remained 
unchanged in different seeding dates. The amount of palmitic 
acid ranged from 4.0 to 5.5 mg per g DW and stearic acid 
ranged from 4.0 to 4.5 5 mg per g DW, respectively. Palmitic 
acid increased in the first season and stearic acid increased 
only in second season in all seeding dates. This can be 
attributed to higher mean temperature in the second season 
during seed development (Fig. 1). Consequently, the content 
changes in two saturated fatty acids depends on ambient 
temperature during seed ripening and our results indicated the 
increase in stearic acid and decrease in palmitic acid content 
during higher temperature. 

Three unsaturated fatty acid contents were also influenced 
not by rather than seeding dates but ambient temperature 
during seed development in two cropping years (Fig. 2-2). 
Oleic acid was slightly increased with increasing temperature 
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Fig. 2-2. Effect of different seeding dates on variations of contents in unsaturated fatty acid (oleic acid, linoleic acid and linolenic 
acid) of flax for two cropping years, 2009-2010. Vertical bars represent the mean± SE (n=4). If not shown, error bars are smaller than 
the symbol size.

during seed ripening in second cropping year, whereas it was 
relatively decreased in first cropping year with lower 
temperature than that of second cropping year. Linoleic acid 
was always lower than that of oleic acid in all seeding dates at 
two cropping years. However, linoleic acid was always 
increased in first cropping year compared to the second 
cropping year. Interestingly, higher temperature during seed 
ripening significantly affected increased linoleic acid in all 
seeding dates in second cropping year (Fig. 2-1; Fig. 2-2). 
Among these unsaturated fatty acids, linolenic acid had a 
greatest content for all seeding dates in two cropping years. 
Its content was also highest at 29 Apr. in first cropping year.

It was reported that fatty acid composition was strongly 
affected by temperature in soybean and linoleic and linolenic 
acid decreased markedly whereas oleic acid increased as the 
temperature increased (Wolf et al., 1982). 

Oil content increased markedly (37%) as the temperature 
increased during seed ripening in first cropping year (Fig. 3). 
In the first cropping year, highest oil content was observed in 
flax seed sown on 29 Apr. (43.5% per 100 g DW) and was 
followed by 9 Apr., 19 Apr., respectively. Moreover, in 
second cropping year, highest oil contents were recorded in 
the late seeding date, 9 May. In our results, oil contents may 
depends on temperature which was relatively low during flax 
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Fig. 3. Effect of seeding time on oil contents of flax for two years, 2009 -2010. Vertical bars represent the mean ±SE (n=4). 

seed ripening ranged from 20 to 23℃. Similar results were 
reported and the researchers found that oil contents 
significantly increased in oat grain as the temperature lowers 
during the seed ripening compared to effect of low temperature 
in early growth stage (Saastamoinena et al, 1990; Thompson 
et al.. 1973).
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