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Abstract

The aim of this study was to determine the effect of the level of agronomic practice on the con-
tent of N, P, K, Mg, Zn, Cu, Mn, Fe and Ca in linseed seed cultivars (cv. Szafir and Oliwin)
sown at a row spacing of 15 cm or 25 cm. A field experiment was carried out in 2010-2012. on
mixed rendzina soil. The agronomic practice applied differed in the dosage of nitrogen (40, 60 or
80 kg N ha') and in weed control (A — without herbicides; B — with two herbicides, C — with
three herbicides). The cultivar Szafir was characterised by a significantly higher content of ni-
trogen than cv. Oliwin, which in turn had a higher manganese content. The content of potas-
sium, magnesium, zinc and manganese in seeds was higher when flax was sown at the narrower
row spacing (15 cm) compared to the 25 cm row spacing. A similar relationship was determined
for nitrogen, iron and calcium, but statistical verification did not confirm the significance of
these differences. The level of agrotechnology in linseed crop cultivation did not influence the
seed concentration of the elements. A slightly higher content of the elements in seeds was detec-
ted in the treatments where extensive (40 kg N ha'!, without herbicides) and medium intensive
technology (60 kg N ha"', Linurex 50 WP, Fusilade Forte 150 EC) were used, compared to inten-
sive technology (80 N ha’', Linurex 50 WP, Fusilade Forte 150 EC, Glean 75 WG). A slightly
higher content of Fe and Ca was determined in seeds harvested from the plots where the inten-
sive technology was used. Weather conditions significantly affected the content of K, Mg, Zn and
Mn in linseed seeds.
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INTRODUCTION

Common flax is thought to be one of the oldest domesticated plants. Flax
is grown in 64 countries of the world. Canada, China, India and the USA
have the highest shares in the global flaxseed production (HELLER, WIELGUSZ
2011, ZaJac et al. 2012).

Flax seeds have long been used in the treatment of digestive and res-
piratory system diseases. Linseed seeds added to bakery products emrich
their taste and dietetic qualities. Linseed oil is very rich in polyunsaturated
fatty acids — PUFA (HunTgER 1990, FATANEH et al. 2012). Alpha-linolenic acid
(ALA) contained in flaxseed reduces the cholesterol content and improves
cellular lipid metabolism (CUNNANE et al. 1994, Hu et al. 1999, HELLER et al.
2010, GANORKAR, JAIN 2013). Flaxseed is a rich source of valuable protein,
dietary fibre, lecithin, lignans, essential unsaturated fatty acids and miner-
als (BHATTY, CHERDKIATGUMCHAI 1990).

The demand for food of high nutritional value and high dietetic qualities
is continually growing. Consumers are increasingly interested in the use of
flaxseed in daily diet. Flax is a plant that provides raw material for the food,
chemical and pharmaceutical industries. Moreover, it is used in medical and
applied cosmetics and also as an additive to animal feed (ANTONIEWICZ, ZAJAC
2003, ZaJac et al. 2010, HELLER, WIELGUsz 2011).

Flaxseed yields show high variability. The up-to-date results of studies
on flax cultivation fail to provide a firm basis for precise agronomic recom-
mendations that will ensure high quality seed yields (ZaJac et al. 2012). Ad-
vances in flax cultivation technology will play an important role in satisfying
the growing domestic demand for edible linseed oil (Zajac et al. 2010). There-
fore, the chemical composition of flaxseed is important from the nutritional
point of view.

There is little information on the accumulation of nutrients in linseed
seeds depending on agronomic factors (HassaN, Lerrca 2000, HELLER, WIEL-
ausz 2011, KuiMeEk-Kopyra et al. 2013). The aim of the present study was to
evaluate the effects of different nitrogen fertilisation and chemical weed
control on the chemical composition of seeds of two linseed cultivars sown at
different row spacing.

MATERIAL AND METHODS

A field study was carried out in 2010-2012 at the experimental farm in
Bezek located near the town Chelm (51°19'N 23°26'E). The experiment was
established on mixed rendzina soil originating from chalk rock. The soil was
characterised by alkaline pH (pH in 1mol KCl — 7.35), a high content of
phosphorus (117.8 mg kg of soil) and potassium (242.4 mg kg of soil) as
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well as a very low magnesium content (19.0 mg kg! of soil). The organic car-
bon content was 24.7 g kg

The lowest total rainfall during the period from April to July) was re-
corded in 2012, when it fell much below the long-term mean (Table 1). At the
same time, in 2010 and 2011, the total rainfall over the same part of year

Table 1

Rainfalls and air temperatures in the months April-July of the years 2010-2012 compared
to the long-term mean value (1974-2010) according to the Meteorological Station at Bezek

Months
Years Total/Mean
Apr May Jun Jul
Rainfall (mm)

2010 20.4 72.4 94.4 156.0 343.2

2011 30.6 40.8 88.5 178.9 338.8

2012 47.3 42.9 66.5 31.0 187.7
Means for 1974-2010 37.9 57.4 76.9 81.6 253.8

Temperature (°C)

2010 9.0 14.5 17.6 20.8 15.5
2011 9.9 14.2 18.2 18.8 15.3
2012 9.3 15.1 17.2 21.5 15.8
Means for 1974-2010 7.8 13.5 16.3 18.2 14.0

was higher than the average for 1974-2010. The mean air temperature from
Aprilto July in each year was higher than the long-term mean.

A three-factor experiment evaluated the content of some elements in
seeds of two linseed cultivars (yellow-seeded cv. Oliwin and brown-seeded cv.
Szafir). Seeds of these cultivars were sown at row spacing of 15 cm or 25 cm.
The experimental also design included three levels of agricultural technology.
The extensive technology (treatment A) consisted of a dose of 40 kg N ha'l,
the medium-intensive technology (treatment B) supplied a dose of nitrogen
equal 60 kg ha', while the intensive technology (treatment C) provided 80 kg
N ha'l. At the same time, 20 kg P and 50 kg K ha' were applied in all exper-
imental treatments. In treatments B and C, immediately after linseed was
sown, soil was dressed with the herbicide Linurex 50 WP (linuron, a com-
pound from the group of urea derivatives — 50%) at a dose of 1.5 kg ha'!, and
when the plants had grown to the height of about 6-12 c¢m, at the 1-2 true
leaf stage, they were sprayed with the herbicide Fusilade Forte 150 EC
against monocotyledonous weeds (active ingredient content: fluazifop-p-butyl,
a compound from the group of arylphenoxy acids, in the amount of 150 g per
1 litre of the herbicide) at a dose of 1 1 ha''l. In the intensive production tech-
nology (treatment C), the herbicide Glean 75 WG for controlling dicotyledon-
ous weeds was additionally used (at 15 g ha, chlorosulfuron 75%, a com-
pound from the group of sulphonyl urea derivatives). After emergence,
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depending on the year of the study, the insecticide Karate Zeon 050 CS for
the control of the large flax flea beetle was used at a dose of 0.15 1 ha'!
(lambda-cyhalothrin, 50 g per 1 litre of the insecticide). Winter wheat was
the preceding crop for linseed. Tillage was performed and the soil was pre-
pared for seeding in line with good agricultural practices. Linseed was sown
in the third 10-day period of April.

In pooled samples from the treatments, the following were determined in
three replicates: N — Kjeldahl method, P — spectrophotometrically, K, Mg,
Cu, Zn, Mn, Fe, Ca — AAS.

The results were submitted to analysis of variance and least significant
differences (LSD) were calculated using the Tukey's confidence half-intervals
with an error rate of 5%. ARStat software of the Computing Centre of the
University of Life Sciences in Lublin was used for calculations.

RESULTS AND DISCUSSION

Seeds of the flax cultivar Szafir were characterised by a significantly
higher nitrogen content than those of cv. Oliwin, which in turn had a higher
manganese content (Table 2). Moreover, cv. Szafir accumulated a slightly

Table 2

Chemical composition of linseed seeds depending on cultivars
(means for the period 2010-2012)

Specification Cultivar LSD
Szafir Oliwin -
N (g kg!d.m.) 37.76 33.69 2.757
P (gkg'dm.) 3.88 3.88 ns*
K(gkg!'dm.) 8.41 8.59 ns
Mg (g kg'! d.m.) 2.24 2.23 ns
Ca (g kg'd.m.) 3.25 3.63 ns
Zn (mg kg'd.m.) 52.09 51.92 ns
Cu (mg kg'd.m.) 4.92 4.18 ns
Mn (mg kg'd.m.) 35.72 41.02 4.339
Fe (mg kg'd.m.) 24.99 23.32 ns

* not significant differences

higher content of zinc, copper and iron in its seeds, while cv. Oliwin pro-
duced seeds richer in potassium and calcium. Nevertheless, statistical verifi-
cation did not confirm the significance of these differences. Hamp1 et al.
(1971) report that the nitrogen content in flaxseed ranges from 35 to 38 g
kg'. In the present study, cv. Szafir was characterised by a similar level of
seed nitrogen content. The phosphorus and magnesium content in seeds of
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both flax cultivars was similar (Table 2). In the study of Knan et al. (2010),
the K content (from 11.4 do 19.2 g kg!) and P content (5.8-9.8 g kg'!) in seeds
of several flax cultivars were higher, the Mg content was lower (0.7-1.0 g kg!),
whereas the Ca content (3.1-4.6 g kg'!) was similar compared to the present
results. KHALIFA et al. (2011) report a similar content of nitrogen (25.6-
-35.2 g kg''), potassium (8.6-12.2 g kg'), calcium (2.0-6.1 g kg?') and zinc
(35.33-53.00 mg kg') in seeds of several flax cultivars. At the same time,
they found a distinctly higher content of Mg (4.7-7.0 g kg'), Fe (158.0-
-173.67 mg kg?') and Cu (12.00-12.67 mg kg?!), but a lower content of
P (2.6-2.9 g kg!) and Mn (16.33-20.67 mg kg'). On the other hand, Zajac
et al. (2002) found a higher content of Mg (3.20 g kg'), Fe (569.9 mg kg?),
Cu (10.22 mg kg') and Zn (69.6 mg kg?) in flaxseed than in the present
study, but a lower content of K (5.70 g kg!), P (2.2 g kg), Ca (1.00 g kg?)
and Mn (19.5 mg kg'). Comparing the concentrations of elements in flax
seeds and sprouts, NARINA et al. (2012) found the content of nitrogen, calci-
um, magnesium and sulphur to be higher in seeds, whereas the content
of phosphorus, potassium, iron, manganese and zinc was higher in sprouts.
In turn, when determining the elemental composition of linseed flour,
Hussaix et al. (2008) found differences in the contents of individual minerals
depending on samples. The differences in the elemental composition of flax-
seed can result from different soil and climatic conditions at cultivation sites,
which largely determine plant growth, but also from the properties of culti-
vars themselves (Casa et al. 1999, GrRanT et al. 1999, HassaN, Lerrca 2000,
KHAN et al. 2010, KHALIFA et al. 2011).

The row spacing and hence different crop architecture exerted a signifi-
cant effect on the content of some elements in flaxseed (Table 3). Flax seeds
obtained from plants sown at the narrower (15 cm) row spacing were marked
by a higher content of potassium, magnesium, zinc and manganese. A simi-

Table 3

Chemical composition of linseed seeds depending on row distance
(means for the period 2010-2012)

Specification Row distance LSD
15 cm 25 cm -
N (gkg!'d.m.) 36.62 34.84 ns*
P(gkg!'d.m.) 3.86 3.91 ns
K (g kg' d.m.) 9.12 7.88 0.650
Mg (g kg'! d.m.) 2.43 2.04 0.237
Ca (gkg! d.m.) 3.74 3.14 ns
Zn (mg kg'd.m.) 55.71 48.30 4.994
Cu (mg kg'd.m.) 4.34 4.76 ns
Mn (mg kg'td.m.) 42.14 34.60 4.339
Fe (mg kgtd.m.) 25.25 23.07 ns

* not significant differences
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lar trend was determined in relation to the seed content of nitrogen, iron and
calcium. This could have resulted from the fact that plants growing at higher
density produced lower biomass and consequenly accumulated a larger
amount of nutrients in seeds. HassaN and Leitrcu (2000) found that with in-
creased flax plant density the seed content of N, P, and K decreased. In the
present study, the phosphorus and copper contents were slightly higher in
flax seeds from the treatment with the wider (25 cm) row spacing (Table 3).

The level of mineral fertilisation and chemical weed control did not af-
fect significantly the contents of the elements in flaxseed (Table 4). At the
Table 4

Chemical composition of linseed seeds depending on agrotechnical level
(means for the period 2010-2012)

Nitrogen fertilisation and agrotechnical level
Specification A B c NIR .
N (gkg'!d.m.) 36.24 35.58 35.36 ns*
P(gkg!'dm.) 3.93 3.98 3.74 ns
K (gkg!dm.) 8.54 8.54 8.43 ns
Mg (g kgt d.m.) 2.37 2.30 2.03 ns
Ca (g kgt d.m.) 3.42 3.37 3.53 ns
Zn (mg kg'd.m.) 55.56 49.08 51.38 ns
Cu (mg kg'd.m.) 5.03 4.12 4.49 ns
Mn (mg kg*d.m.) 41.74 37.10 36.26 ns
Fe (mg kg'd.m.) 23.31 21.33 27.85 ns

* not significant differences, **A — 40 kg ha' N, B — 60 kg ha! N; Linurex 50 WP 1.5

kg ha''; Fusilade Forte 150 EC 11 ha'; C — 80 kg ha! N; Linurex 50 WP 1.5 kg ha';

Fusilade Forte 150 EC 11ha!; Glean 75 WG 15 g ha'!
same time, there is no clear relationship between the chemical composition
of flax seeds and seed yield as well as flax canopy architecture (ANDRUSZCZAK
et al. 2015). A tendency was revealed towards a higher content of nitrogen,
magnesium, zinc, copper and manganese in the treatment with the lowest
mineral fertilisation and without herbicide application (A). A similar trend in
relation to the phosphorus and potassium content was determined in the
treatments where herbicides were not used (A) and with two herbicides (B).
A slightly higher iron and calcium content was found in flax seeds harvested
from the treatments with the highest mineral fertilisation and three herbi-
cides (C) — Table 4. Using chemical weed control in flax crops which involved
pre-emergence application of the herbicide Afalon 50 WP (1.3 kg ha') and
post-emergence application of the herbicides Chwastox 750 SL (0.5 1 ha™!) or
Glean 75 WG (13-15 g ha'), HELLER and WIiELGUsz (2011) found a slight de-
crease in seed Cu content, but a similar Zn content compared to seeds har-
vested from the plots where herbicides were not used. HELLER et al. (2010)
obtained similar results with respect to fungicide application. KLIMEK-KoPYRA
et al. (2013) found that the level of mineral fertilisation and flax crop density
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did not influence the chemical composition of seeds. BAKRY et al. (2012a, b)
draw attention to the significant effect of macronutrient fertilisation, in par-
ticular with zinc and iron, on the growth of flax.

In the present study, differences were found in the contents of the ele-
ments evaluated in the successive years of observation. One of the reasons
could have been the high variation in the amount of rainfall in particular
months of the growing season, particularly in 2012. The highest phosphorus
and magnesium content in flaxseed was determined in 2011. The content of
potassium, zinc and manganese in 2010-2011 was higher than in the last
year of the study. Furthermore, a tendency was found towards accumulating
less nitrogen in flaxseed in the first year and of copper in the last year of the
study. Similarly, a slightly higher content of iron and calcium in flaxseed
was found in the last year of the study (Table 5). ANTONIEWICZ and ZAJAC
(2005) also discovered differences in the N, P, K, Ca, and Mg content in flax
seeds harvested in successive years.

Table 5
Chemical composition of linseed seeds depending on years of investigation
Specification Year LSD
2010 2011 2012 ’
N (g kgt d.m.) 34.44 36.57 36.18 *ns
P (gkg!dm.) 3.81 4.05 3.79 0.235
K (gkg!dm.) 8.79 9.43 7.29 1.021
Mg (g kg' d.m.) 2.20 2.67 1.83 0.372
Ca (g kg' d.m.) 3.22 3.34 3.76 ns
Zn (mg kg'd.m.) 52.80 59.58 43.64 7.84
Cu (mg kg'd.m.) 4.59 5.07 3.99 ns
Mn (mg kg'd.m.) 41.33 41.41 32.37 6.815
Fe (mg kg'd.m.) 23.54 22.50 26.44 ns

* not significant differences

CONCLUSIONS

1. In the present study, the brown-seeded flax cultivar Szafir was charac-
terised by a significantly higher nitrogen content but a lower manganese
content compared to the yellow-seeded cultivar Oliwin.

2. Sowing at the row spacing of 15 cm contributed to a significantly high-
er concentration of K, Mg, Zn and Mn in seeds compared to the row spacing
of 25 cm. At the same time, flax seeds sown at the narrower row spacing
were characterised by a slightly higher content of N, Fe and Ca (statistically
insignificant differences).
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3. The levels of mineral fertilisation and chemical weed control compared
in the experiment did not affect the macro- and micronutrient content in
seeds. Apart from Fe and Ca, the a general trend was found towards higher
contents of the other elements in the treatments with lower nitrogen fertili-
sation and without herbicide application.

4. The macro- and micronutrient content in flaxseed was largely depend-
ent on the conditions prevailing during the study period.
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