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EFFECTS OF Mo, Zn, Sr AND Ba LOADS ON THESE
ELEMENTS’ UPTAKE AND OIL CONTENT AND FATTY
ACID COMPOSITION OF RAPESEED

ABSTRACT: Studied in the present paper were the long-term effects of the applica-
tion of high Mo, Zn, Sr and Ba rates (0, 90, 270, and 810 kg ha—!) on rapeseed oil content
and oil fatty acid composition. The trace elements were applied in the spring of 1991, while
the rapeseed was sown on a calcareous chernozem soil in 2001. The trace elements differed
significantly in their rates of accumulation in rapeseed plants. Relative to the control, the
Mo content of the stem increased up to 1,000 times, that of the chaff over 100 times, and
that of the seed around 60 times. The levels of the other trace elements increased consider-
ably less relative to the control. The increases were typically twofold to threefold, depend-
ing on the plant part involved. The trace elements accumulated the most in the vegetative
plant parts, except for Zn, a major quantity of which was found in the seed as well. The ap-
plication of the high rates of Sr, Zn and, to an extent, Mo reduced the seed oil content of
rapeseed. However, the differences were not statistically significant. The application of the
trace elements had no significant effect on the fatty acid composition of the rapeseed oil, ei-
ther. The increased levels of the trace elements found in the rapeseed plants indicate that 11
years after application significant amounts of the applied elements are still present in the
soil in a form available to plants. However, the rates were not high enough to affect the
synthesis of oil and its fatty acid composition.
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INTRODUCTION

Rapeseed (Brassica napus L. ssp. oleifera) is a highly productive oil
crop. Brassica species constitute the world’s third most important source of ve-
getable oil at present. The nutritive value, oxidative stability and melting point
of vegetable oils depend on their levels of certain fatty acids (Beare-Ro-
gers, 1988; Galliard, 1980). Oil content and fatty acid composition are
quantitative traits of a plant. They are most often inherited intermediately and
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they are controlled by minor genes. Plants’ quantitative traits can be affected
by numerous external factors. The environmental factor with the largest effect
on fatty acid content is temperature during seed development (Beringer,
1971; Pleines and Friedt, 1988). Other factors found to have an effect
on this trait include light (Trémoliéres et al., 1982), oxygen concentra-
tion in the atmosphere (Dompert, 1976), frost damage (Daun et al,
1985), and agronomic practices (M ay et al.,, 1994).

The objective of this study was to determine how high rates of Mo, Zn,
Sr and Ba — trace elements having different physical-chemical properties and
physiological and environmental importance — affect the oil content and fatty
acid composition of rapeseed. Zn and Mo are biogenic, transition elements,
and, like all heavy metals, they are toxic at higher concentrations, which me-
ans they are potential environmental pollutants (Kiekens, 1990; Jones et
al., 1990). Sr and Ba are not biogenic elements, they belong in the group of
alkaline earth metals and have no major environmental impact. In addition,
these elements differ significantly when it comes to the intensity of their accu-
mulation and distribution in plants (M arschner, 1995).

Knowing how excess concentrations of heavy metals affect the chemical
composition of vegetable oils is particularly important not only from the aca-
demic standpoint but also from the point of view of actual agronomic practice
and the production of biologically valuable food. Knowledge of the effects of
environmental factors on the levels and composition of vegetable oils is also
necessary for the design of informative genetic experiments as well as for the
correct interpretation of the results of such experiments.

MATERIALS AND METHODS
Plant Material and Treatments

A small-plot field experiment was set up in the spring of 1991 on the
loamy-textured calcareous chernozem soil formed on loess at the NagyhGresdk
Experimental Station of the Research Institute for Soil Science and Agricultu-
ral Chemistry of the Hungarian Academy of Sciences, Budapest, to investigate
the effect of high trace element rates. The plowed layer of the growing site
contained approximately 5% CaCO, and 3% humus, was satisfactorily sup-
plied with available Ca, Mg, Md and Cu, moderately supplied with N and K,
and poorly supplied with P and Zn. The groundwater was at a depth of 15 m
and the area had a negative water balance tending toward drought. Salts of the
13 trace elements examined were each applied at four levels in the spring of
1991 prior to maize sowing. In 2001, the winter oilseed rape variety Doublal
was sown. The trace element levels were 0, 90, 270 and 810 kg ha—'. Studied
in the present paper were only the effects of Mo, Zn, Sr and Ba. These ele-
ments were applied as (NH,);MO,0,,, ZnSO,, SrSO,, and BaCl,, respectively.
All the plots received basic fertilization with 100 kg ha—! each of N, P,0, and
K,O in the form of ammonium nitrate, superphosphate and potassium chloride,
respectively.
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Plant Analysis

Mo, Zn, Sr and Ba levels were determined separately in the seed, stem
(stem plus leaves) and chaff. After breaking down the plant materials with cc
HNO, + cc H,0,, the levels were determined using the ICP technique. The to-
tal seed oil content was determined by extraction using petroleum ether accor-
ding to Soxhlet. In order to analyze the fatty acid composition, the oil was ex-
tracted by a hydraulic press, after which the preparation of fatty acid methyl
esters of the oil was carried out using trimethyl sulfonium hydroxide according
to Butte (1983). The qualitative and quantitative compositions of the mix-
ture of fatty acid methyl esters were determined by gas chromatography with
a flame-ionizing detector (HP 5890 with FID) and a capillary column (HP-
JINNOWax cat. No 19091N-133). The results were statistically processed by
calculating the least significant difference.

RESULTS AND DISCUSSION
Mo, Zn, Sr and Ba Contents, Accumulation and Distribution

Plants differ in their capacity for the uptake, accumulation, translocation
and use of different mineral elements. Among the trace elements studied, Mo
in particular has an especially high accumulation rate. The results shown in
Table 1 support this. The Mo content in the stem increased over 1,000 times
relative to the check treatment, in the chaff over 100 times, and in the seed
about 60 times. A significant characteristic of plant nutrition with Mo is a
wide variation between the critical deficiency and toxicity levels. These levels
may differ by a factor of up to 10* (Marschner, 1995). Molybdenum con-
tents above 5—10 mg kg—! dry wt are considered critical for humans and her-
bivorous animals. Values obtained in the present study significantly exceeded
this threshold value. The levels of the other trace elements — Zn, Sr and Ba
— increased to a considerably smaller extent as a result of their application, in
most cases as little as two to three times, depending on the plant part involved.
The zinc content of the vegetative plant parts was low, which may have been
due to the low level of available zinc in the soil. Despite the fact that the mo-
bility of Zn in plants is not large (Mengel and Kirkby, 1987), the seed
7Zn content was considerably higher than the Zn content of the vegetative plant
parts. Strontium is not an essential element for plants, and it is not considered
to be particularly toxic, either. Still, the uptake, distribution and accumulation
of Sr in plants is extremely important in the soil-plant-human system. This
problem has gained weight since the Chernobyl accident in 1986. In this con-
nection, it is important to know the effects of single factors on Sr accumula-
tion in plants. Agroecological factors have relatively little effect on the Sr con-
tent of rapeseed and wheat (Haneklaus, 1989). This is partly supported by
the results of the present study too. Sr levels increased to about the same ex-
tent relative to the control in all rapeseed plant parts under study. The mea-
sured levels were quite below the toxicity threshold for plants (500 mg kg—")
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and were also lower than the toxic concentration for food, especially in the
seed (150 mg kg—') (Pais, 1980). Similar Sr levels in rapeseed are reported
by Haneklaus (1989). Similarly to Sr, the Ba content in our study increa-
sed to aproximately the same extent relative to the check treatment in all the
rapeseed plant parts under investigation. Plant Ba levels vary across a wide
range and this element is considered to be more toxic to plants than Sr
(Scharrer, 1955).

Table 1. Effect of Mo, Zn, Sr and Ba loads on their levels in rapeseed

Rate (kg - ha—1)*

Plant part 0 % 270 310 LSD 5%

Mo content (mg Mo - kg—! DM)

Stem 0.1 73 144 137 42

Chaff 0.5 78 164 266 48

Seed 0.5 6 13 29 3
Zn content (mg Zn - kg—! DM)

Stem 35 8.0 9.6 13.0 1.2

Chaff 5.0 8.2 7.3 10.5 14

Seed 32.0 41.0 45.0 49.0 6.0
Sr content (mg Sr - kg—! DM)

Stem 58 56 72 94 6

Chaff 88 99 124 211 10

Seed 16 22 19 32 4
Ba content (mg Ba - kg—! DM)

Stem 6.0 7.0 11.8 20.1 2.7

Chaff 6.1 7.0 9.3 19.4 24

Seed 1.8 2.7 3.0 3.9 1.3

* The trace elements were incorporated into the soil 11 years before.

In some studies involving other crop species that had been carried out in
previous years in the same trial as our experiment, the trace elements concer-
ned were found to have similar effects on their levels in plants. In those studi-
es, too, there was a particularly large increase of Mo levels resulting from this
element’s application in the trial (Kdd4r and Prokisch, 2000b; Kad4r
et al.,, 2000a; Kdddr et al, 2000c, Kdd4r 2001).

The accumulation of the trace elements involved in our study varied (Fig-
ure 1). In relation to the check, Mo accumulated the most as a result of the
treatment, followed by Ba, Zn, and, lastly, Sr. In the check treatment, it was
Sr that accumulated the most, followed by Zn, Ba, and Mo. Rapeseed’s great
capacity for Sr accumulation was also confirmed by Haneklaus (1989),
who reported that the Sr content of rapeseed leaves was six times larger than
that of wheat leaves.

The large accumulation of the trace elements indicates that 10 years after
application the soil still contained a significant amount of them in the form
available to plants. Results of the 2000 soil analysis showed that the topsoil
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Figure 1. Accumulation of Mo, Zn, Sr and Ba in harvest unit of 100 kg grains and
corresponding quantities of straw in rape. Analyses were done on plants grown
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Figure 2. Distribution of Mo, Zn, Sr and Ba in stem (A), chaff (B) and seed (C)
of rape (in % of total content). Analyses were done on plants grown on the soil
loaded cleven years before with 0 ([T, control), 90 (&), 270 )
and 810 () kg of Mo, Zn, Sr and Ba per ha, respectively.



had 4—5% of Mo, 42—50% of Zn, 28—30% of Sr and 15—20% of Ba in a
readily soluble form (extracted by NH,-acetate + EDTA).

In rapeseed, storage lipids are synthesized in the seed tissue during sedd
development. The accumulation of the trace elements and their overall distri-
bution across the plant could therefore be of importance from the point of
view of oil content and the oil’s fatty acid composition (Figure 2).

The distribution of individual elements in plants is specific and dependant
on numerous biotic and abiotic factors. The seed can be very rich in Mo (Re -
bafka, 1993). In the control treatment, around 20% of the total accumulated
Mo were located in the seeds. The application of Mo led primarily to its accu-
mulation in the stem. Of all four elements, it was zinc that accumulated the
most in the seeds. Similar to what happened with Mo, the application of zinc
increased the zinc level in the stem. Strontium accumulated the most in the
stem, followed by chaff and, finally, the seeds. Similar distribution has been
reported in wheat as well (Kastori et al, 1992; Léasztity, 1996). The
application of Sr and Ba had no effect on their distribution, since their presen-
ce increased uniformly in the rapeseed parts concerned. Of the four elements,
Ba accumulated the most in the stem, while only a small amount of it (only
3% of the total amount accumulated) was found in the seeds.

The uneven accumulation of the trace elements in the seed suggests that
these elements potentially pose varying degrees of danger when it comes to
their entry into the food chain. In this connection, a question also arises of the
extent to which these trace elements actually end up in the products of rape-
seed processing.

Oil content and its fatty acid composition

The oil content and its fatty acid composition both change in the course
of plant growth and development and plant aging. Genetic, biotic and environ-
mental factors play an important role in these changes. Environmental factors
can affect plant lipid metabolism in several ways. They can cause changes
of adaptive nature (nonhereditary variability) and stress-induced degenerative
changes and affect biochemical processes that are not directly related to lipid
metabolism (N yitri, 1998). High concentrations of trace elements, especially
heavy metals, may induce stress in the plant and affect plant metabolism and
plant physiological processes (Kabata- Pendias and Pendias, 1984).
It is therefore reasonable to expect that their excessive accumulation in the
plant, especially the seeds, will cause changes in lipid metabolism and hence
affect the seed oil content and its fatty acid composition.

Among the environmental factors, there has been relatively little study of
the effects of mineral nutrition, particularly trace elements, on the levels and
chemical composition of vegetable oils (Yermanos et al., 1964).

Most of the studies concern the effects of nitrogen, whose application
most often reduces the oil content (Dybing, 1964, Yermanos et al.,
1964). In Beringer (1966), the application of nitrogen reduced the oil
content of oat grains to a negligible extent and practically had no effect on the
oil’s fatty acid composition. According to Kadar (2001), increasing nitro-
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gen rates decreased the oil content of poppyseed, while increased phosphorus
supply had no effect on this trait, although it reduced the oleic and linolenic
acid contents and increased the linoleic acid level. Szirtes and Lukdcs
(1980) reported that the foliar application of Mn, Cu and Zn had no major im-
pact on the oil content of sunflower seeds. As for the effect of these elements
on the oil’s fatty acid composition, there was an increase in the linoleic acid
content and a drop in the oleic acid one. In the absence of nutrient deficienci-
es, foliar applications of iron chelates did not affect the safflower and flax oil
contents of seed and the iodine value of oil (Yermanos et al., 1964).

Table‘ 2. Effect of Mo, Zn, Sr and Ba loads on oil content of rapeseed (%)

Rate (kg - ha-1)*

Element ) 9 270 310 LSD 5%
Mo 43.15 42.15 41.65 42.53 4.07
Zn 43.11 43.16 43.72 41.91 4.81
Sr 43.75 43.16 43.76 42.13 2.34
Ba 43.75 44.58 44.29 45.00 4.89

* The trace elements were incorporated into the soil 11 years before.

Table 3. Effect of Mo, Zn, Sr and Ba loads on the fatty acid composition of rapeseed oil (%)

Palmitic Stearic Oleic Linoleic Linolenic Eicosenic
'Il‘(rea}tlr’n_elm* acid acid acid acid acid acid
(kg ha”l) 16:0 18:0 18:1 18:2 18:3 20:1
Mo @ 3.89 2.04 65.17 17.25 10.02 1.50
Mo 90 3.81 1.99 65.99 16.76 10.12 1.44
Mo 270 3.87 2.01 66.20 17.06 9.85 1.42
Mo 810 3.86 2.01 66.05 16.92 9.80 1.46
LSD 5% 0.09 0.55 1.95 1.74 0.41 0.13
Zn @ 3.85 2.06 66.89 16.80 9.65 1.46
Zn 90 3.93 2.03 66.25 16.79 6.46 1.43
Zn 270 3.80 2.07 67.08 16.57 9.36 1.45
Zn 810 3.89 2.07 66.87 16.56 9.17 1.45
LSD 5% 0.14 0.09 1.20 0.38 0.50 0.13
Sr @ 3.86 2.10 66.92 17.02 9.84 1.44
Sr 90 3.96 2.14 67.35 16.37 9.40 1.42
Sr 270 4.07 2.07 66.78 16.35 9.27 1.40
Sr 810 3.93 2.06 66.15 17.04 9.31 1.42
LSD 5% 0.22 0.12 1.53 0.70 0.63 0.06
Ba @ 3.86 2.06 66.32 17.02 9.82 145
Ba 90 3.90 2.06 65.29 17.35 9.53 1.42
Ba 270 4.01 2.07 66.83 16.45 9.35 1.40
Ba 810 4.04 2.06 66.65 16.42 9.41 1.41
LSD 5% 0.19 0.11 2.27 0.93 0.89 0.13

* The trace elements were incorporated into the soil 11 years before.
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The application of high rates of Sr, Zn and, to an extent, Mo reduced the
seed oil content of rapeseed (Table 2). However, the differences were not sta-
tistically significant. The application of these trace elements had no significant
effect on the fatty acid composition of the rapeseed oil, either (Table 3). The
accumulation of the trace elements in plants indicates that 10 years after appli-
cation significant amounts of them are still present in the soil in the form avai-
lable to plants. However, the rates were not high enough to affect plant metab-
olism and hence plant growth and development itself. This is supported by the
fact that there were no significant differences between the yields in the trial
treatments and those in the check treatment. The application of high Mo, Zn,
Sr and Ba rates had no significant effect on the oil content of rapeseed and its
fatty acid composition, in spite of the significant accumulation of these ele-
ments in the plant.
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YTUUAJ ITPUMEHE BUCOKHUX JO3A Mo, Zn, Sr u Ba HA FbXOBO
YCBAJAGE, CAIPXAJ YJbA U CACTAB MACHUX KHUCEJIMHA Y
CEMEHY YJbAHE PEIMIIE

Pynond P. Kactopu,! Imre Kadar,?2 ITerap 'b. Cekynuh,!
Tujana M. 3epemcku-1lIkopuh!
I HayyHu MHCTUTYT 3a paTapcTBO M moBpTapctBo, Hosu Can,
Makcuma Topxor 30, Cpbuja u LipHa Topa
2 Research Institute for Soil Science and Agricultural Chemistry,
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Pe3nme

VYbaHa penuua je BUCOKO MPOAYKTMBHA yjbaHa OWJbKa W 1O 3Hauajy je tpeha y
cBeTy. Y paiy je MCIUTaH YTHMLAj MPOMYKEHOT NEjcTBA NMpPUMEHE BUCOKMX Jio3a Mo,
Zn, Sr u Ba (0, 90, 270 u 810 kg/ha) Ha cangpxaj y/ba M CacTaB MACHHUX KUCEIMHA y
ceMeHy yjbaHe penuile. MUKpoeieMeHTH ¢y nmpuMetbeHd 1991, roaune. Oraen je us-
BEJIEH Ha 3eMJbUIUTY TUIA YEPHO3EMa, Ha OTJIeAHOM nosby MHCTHTYTa 32 3eMIbULITE M
arpoxeMujy Mabapcke akagemuje Hayka. [IpuMereH MUKPOEJIEMEHTU Cy Ce y pasiiu-
YUTO] MEPU HaKyIUbau y YbaHoj penuiu. Hajsehe je 6mno Hakymbarbe Mo. Bucoke
no3e Sr, Zn ¥ noHeki1e Mo cMamuiie Cy Caapkaj yJba y CeMEHY yibaHe periuue. Hacra-
Jie pasiMKe Y OMHOCY Ha KOHTPOJY Y CaapiKajy y/ba M CacTaBy MAacHUX KUCEIMHA yiba
HuCy O6une curHugukadTHe. JlodujeHu pesynraty ykadyjy ga 11 roauHa nocsie npyume-
HE BUCOKMX 11032 Mo, Zn, Sr 1 Ba Ha 3eMJBULITY TUMA YEPHO3EMa joLl YBEK 3HayajHa
KOJIMYMHA OCTaHE Y NMPUCTYNayHOM oOJuKy 3a 6ubke. Ha TO ykasyje HUXOBO BEJUKO
HaKyTubame y 6usbkaMa. [Topen tora, Huje JOLWIO 0 3HAYajHUjEe MPOMEHE y canpxajy
y/ha W CacTaBy MacHUX KUCEIMHA U CEMEHY Y/baHe DErMile.
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