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Summary. Seeds of three double zero oilseed rape popuolatidtivars and 1 hybrid cultivar,
grown in two field experiment, made up the matefial our tests. The aim was to compare the
effect of agricultural waste products (FYM, slurand sewage sludge. In experiment 1, where
traditional fertilizers were applied (FYM, slurmpineral fertilizers), depending on a cultivar and
fertilization system, rape seeds contained on aeefeom 46.22 to 47.97% of fat. Each type of
organic as well as organic and mineral fertilizatiesulted in an increase of the oil concentration
in seeds. In experiment 2, seeds of winter oilsepé cv. Californium from objects fertilized with
10 t d.m. h& (2004) of sewage sludge composted with straw (Biphand sewage sludge alone
(Tyrowo) contained on average over 50% of crudeTtie crude oil yield depended on the volume
of seed yield. FYM fertilization as well as apptica of various sewage sludge-based composts
increased the yield of oil by over 2.5 t per haaerrage. Mineral fertilization, fertilization with
high rate of slurry or a single rate of sewage gduthcreased the ratio of saturated fatty acids. In
contrast, FYM and double application of sewage gduth rotation increased the proportions of
mono- and poly-unsaturated fatty acids.
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INTRODUCTION

Oilseed plants are not only one of the major sauatenergy found in human food
and animal fodder, but they are also a valuablematerial for many industrial products
[Rzepak... 2002].

In the world’s production of oilseed crops, oilse@gbe is the second to soybean
[Hulsbergen and Kalk 2001, Faber 2002]. The glahdaput of oilseed rape production,
according to the Oil World data, was over 48 millimns in 2005/2006 [Rosiak 2005].
In the EU, oilseed rape made up 73.1% of the witséed crops production in 2005. The
biggest producers of this crop are Germany andderawith Poland being the fourth
largest producer (1.45 million tons). Interest ilseed rape in the world is stimulated by
its possible use as diesel fuel, including fuetun compression-ignition engines [Rich-



44 Teresa Bowszys, Wiera@ej, Jadwiga Wierzbowska

ards 2000, Bartkowiak-Broda and Mikotajczyk 2009sEt al. 2003, Podkowka (red.)
2004, Jankowsket al. 2005, Kui 2006]. In the nearest future, the estimated denfiand
rape seed oil used to produce biodiesel fuel wlifcreasing by 3-4 tons annually.

Rape seed oil methyl esters, i.e. first generatiofuels, are used for a number of
reasons, such as: protecting natural environmecyrsg energy safety and searching
for new agricultural production areas and marketsafricultural produce [Kwiatkowski
and Zottowski 2003, Piekarski and Wawrzosek 2004]. Aégemt, legal solutions are
being introduced to regulate the use of fatty awathyl esters as fuel additives. The EU
directive issued in 2003 imposed the obligatiomse biofuels in transport from 5.75%
in 2010 to 20% in 2020 [Skret al. 2006)].

Both traditional fertilizers (mineral or naturalhjch bio-waste (sewage sludge, mu-
nicipal waste) are allowed to be used in cultivatid oilseed rape for non-consumption
purposes. The use of bio-waste in cultivation aijpsrfor technical purposes seems par-
ticularly recommendable in view of sustainable depment. Bio-waste utilization
makes it possible to eliminate or at least dralificaduce amounts of waste and to re-
duce unit costs of production of industrial cropgag¢zor et al. 2003a, b]. As regards
natural fertilizers, slurry can be applied to fiezé oilseed rape for technical purposes.
Utilization of slurry is an essential problem farde animal farms [Mazur anchd]
1999, Mazuet al.2002].

The aim of this paper was to assess the effectastevproduced on a farm (FYM,
slurry) and communal waste (sewage sludge) on d¢ieposition and yield of oil ob-
tained from oilseed rape grown for technical pugsofiofuels and bio-components) as
well as modifications in the composition of fattids.

MATERIAL AND METHODS

The material for our tests consisted of rape séeds double zero population (Ce-
res — 1990, Lirajet — 1997, Californium — 2006) dythrid (Kaszub E 2004) cultivars,
which were obtained from two field trials carriedt @t the Production and Experimental
Farm in Batcyny near Ostréda.

Experiment 1 was established in 1972. Its objeatias to compare the influence of
three fertilization systems; organic fertilizati@RYM, slurry), mineral fertilization and
mixed organic-mineral fertilization. Liquid manuneas applied in two rates. Each year,
rate | was balanced with FYM and mineral fertilzén terms of the amounts of nitrogen
introduced to soil. The volume of rate Il was detiered so as to maintain the quantity of
organic carbon added to soil on the same levehasmount of carbon comprised in a
rate of FYM. The experiment also included objectsnhich natural fertilization was
supplemented with phosphorus-potassium fertiliz&rge latter were applied at a rate
equivalent to half the content of those nutriemisoduced in the mineral fertilization
system. The quantities of nutrients introduceddib sith the fertilizers (annual means)
are reported in Tab 1. The crops in the above fedderiment were grown in a 7-year
rotation system. The paper contains the resulteefxperiment pertaining to the years
1990-2004.
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Table 1. Rates of organic fertilizers and componbhtg, K applied to soil with fertilizers
(means for 1972-2004)

Fertilization Rate N P K
t-ha' kg-ha

Slurry rate | 41.2 112 41.8 123.1
Slurry rate | + PK 41.2 112 61.2 174.8
Slurry rate Il 74.8 209 75.3 220.0
Slurry rate Il + PK 74.8 209 94.7 271.7
Farmyard manure 224 112 37.8 96.6
Farmyard manure + PK 224 112 57.2 148.3
NPK - 112 38.3 107.0

Experiment 2 was set up in 2004. Composts fromfgmaented sewage sludge
(Tyrowo), dried and granulated sewage sludge (Rabsr) and sludge mixed with straw
(Biohum) were used as fertilizers. The compostsevagplied in single treatments at a
rate of 10 t d.m. H&(2004) or in two treatments in a rotation systém,d.m. hd each
treatment. Comparisons were made with the conbjgab (without fertilization) and the
object fertilized exclusively with NPK. In all thebjects nitrogen rates were balanced by
supplementing amounts of this element from mindealilizers. In this experiment,
crops were grown in a 4-year rotation system. Sampf the composts were taken to be
averaged and used for determination of dry matter Id, P and K with the standard
methods (Tab. 2).

Table 2. Content of dry matter and macroelemenisarwaste (% d.m.)

Specification Biohum Polepszacz Tyrowo
d.m. 58.68 85.14 49.31
N 1.07 1.88 4.66
P 0.75 1.28 2.99
K 0.13 0.18 0.25

In both experiments, yield of seeds was assesded aifseed rape harvest. The
concentration of crude fat in seeds was deterniyddyht petroleum ether extraction on
a Soxlet apparatus. The extracted fat was usedttsrdine composition of fatty acids by
gas chromatography on a 6890N Agilent chromatogwsitth a flame ionizing deterctor
(FID). The results of the determinations (from epldt) underwent analysis of variance
to assess significance of differences between #iperamental factors at the level of
significance p = 0.05.
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RESULTS AND DISCUSSION

It is possible to improve yielding of oilseed ragmwn for non-consumption pur-
poses by cultivating hybrid varieties, introducirggistance to diseases, pests, drought,
frost and by modifying the plant’'s phenotype inartb reduce its susceptibility to lodg-
ing and shattering. Fertilization is another esaémiement of yield improvement, as
oilseed rape has very high nutritional and ferilian demands [Rzepak... 2002].

In experiment I, which was based on traditionatilfeers (FYM, slurry, mineral
fertilizers), rape seeds contained on average #6182 to 47.97% of fat, depending on a
cultivar and fertilization system. Each type of amg and organic-mineral fertilization
increased fat content, although a statisticallyificant increment was obtained only in
the cultivation of the hybrid variety Kaszub,KTab. 3).

Table 3. Composition and yield of fat in seeds tfesd rape supplied with natural
and mineral fertilizers, % d.m.

% fat Yield of fat_tha®
Years of investigation Years of investigation
Fertilization 100 égsgtiles 20 Mean 1950 Valrigegt;ls = Mean

Cereq Lirajet K?:‘EUb Ceres| Lirajet K?:‘EUb
I. No fertilization 45.44 48.31| 44.91 46.22 0.99 0.87 1.2¢ 1.04
1. Slurry rate | 47.07 48.71| 45.28 47.03 1.84 1.22 1.72 1.59
lll. Slurry rate | + PK | 46.26 49.05| 46.13 47.15 1.77 1.27 1.94 1.66
IV. Slurry rate Il 44,67 46.89 | 45.97 45.87 1.98 1.27 1.7 1.65
V. Slurry rate Il + PK | 45.27 47.32| 47.12 46.57 2.03 1.32 1.93 1.76
V1. Farmyard manure| 47.1148.57 | 47.14 47.61 2.32 1.7Q 2.31 211
VII. Farmyard manurePK| 47.20| 48.70 | 48.04 47.97 2.61 1.85 2.31 2.26
VIIl. NPK 45.20| 48.13| 45.12 46.15 1.76 1.49 2.1¢ 1.80
LSD p =0.05 1.62| 1.05 1.14 1.27 0.33 0.25 0.21 0.p6

Cultivars Ceres and Kaszuh,Fesponded more positively to FYM fertilization
than to slurry applied in rate | and balanced withnure in terms of nitrogen added to
soil. As for cv. Lirajet, the effect of both fertiers was comparable. The application of
slurry in rate Il, balanced with manure in termgted amounts of organic carbon added
to soil, resulted in a decrease in the contentude fat in rape seeds compared the effect
obtained after FYM application. This rate addedcewvas much nitrogen as the other
fertilizers, which seems to suggest that a high odtslurry depressed the concentration
of fat in seeds. A similar opinion was expressedoliyer authors [J®wski 2001,
Wojtowicz 2004].

In experiment 2, seeds of winter cultivar Califanmi harvested from objects fertil-
ized with 10 t d.m. H& (2004) composted with sewage sludge mixed withvstfBio-
hum) and sewage sludge alone (Tyrowo) containedav@rage over 50% crude fat

(Fig. 1).
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Fig. 1. Effects of sludge dose on fat contentfangield

On the other hand, dividing the rate of each comjms two rates (5 t d.m. Han
2004 and 5 t d.m. Haimmediately before oilseed rape) caused a dedtitiee fact con-
tent in seeds down to 47.63% on average. A sigmificlecrease in the content of fat
(46.7%) in seeds originating from Biohum-fertilizetljects could have been caused by
the need to balance the spring rate of nitrogemakiee correlation between the spring
rate of nitrogen and fat concentration in yield \as demonstrated by Jankowski et al.
[Jezowski 2001].

The yield of crude oil from any of the cultivarsogm in experiment 1 was clearly
dependent on fertilization. Compared to the contdgiect, any fertilization system re-
sulted in statistically proven increase in crudeymld (Tab. 3). When using fertilizers in
rates balanced with the amount of nitrogen addesbotly the highest yield of fat was
obtained following manure fertilization. The effaftslurry applied in rate Il was com-
parable to that achieved after fertilization witrsy in rate | and mineral fertilizers.

Also in experiment 2, in which sewage sludge waglia@, the yield of crude fat
was correlated with fertilization (Fig. 1). The aage yield from the objects where oil-
seed rape was grown three years after applicafiagheocomposts (10 t d.m. Haex-
ceeded 3.2 t per ha. In contrast, the immediatzetff fertilizing oilseed rape with any
of the composts caused a decline in the yield udewil by 29%.

The value of oilseed rape for non-consumption psegdbiofuels, bio-components)
can be improved not only by increasing the conegiotn of fat in its seeds, but also
through modification of the composition of fattyide The objective is to increase the
share of non-saturated fatty acids, which possiggehenergy value [Spasibionek 2002,
Bartkowiak-Broda and Mikotfajczyk 2003].
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Objects fertilization

A — saturated fatty acids — Ngi8— 0,09;
B— poly — unsaturated fatty acids — N4R- 0,51;
C- mono — unsaturated fatty acids — MR 0,80
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I — VIl objects fertilization explanations seebla 3:
A — saturated fatty acids — Ng&8— 0,06;

B — poly — unsaturated fatty acids — NR- 0,47;

C — mono — unsaturated fatty acids — MR 0,72

Fig. 2. Effect of manure, slurry and mineral fezdition on percentage of fatty acids in rape séed o

Our trials show that proportions of particular yattcids was mainly related to a
winter oilseed rape cultivar. Higher percentageaami-saturated (by 1.29% on average)
and poly-unsaturated fatty acids (by 0.24%) werébin cv. Lirajet seeds compared to
cv. Kaszub k. Reverse proportions were demonstrated in the afas®no-unsaturated
fatty acids. Fertilization modified the concenitvat of every group of fatty acids, al-
though the changes were not always statisticalbwem. The average content of satu-
rated fatty acids ranged between 5.40 and 6.14%. highest statistically significant
increase in the concentration of saturated fatigsawas obtained in both cultivars when
mineral fertilizers and slurry in rate Il were ajgpl, much lower percentage of those
acids occurred in seeds of rape grown on manutiéZed objects.

The share of mono-unsaturated fatty acids in aikedafrom 58.69 to 64.34% while
that of poly-unsaturated fatty acids ranged fromd84to 26.37% (Fig. 2). Manure in-
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creased the concentration of those acids in sefebstb tested cultivars more strongly
than the other types and rates of fertilizers. Aggpion of supplementary phosphorus-
potassium fertilization together with natural fiezgrs resulted in lower concentrations
of saturated fatty acids, and generally increadesl dontent of mono- and poly-
unsaturated ones.

10t 2x5t 10t 2x5t 10t 2x5t
Biohum Polepszacz Tyrowo

A — saturated fatty acids
B — poly — unsaturated fatty acids
C — mono - unsaturated fatty acid
Fig. 3. Effects of sludge dose on percentage of &atids in rape seed oil

The population cultivar Californium, as comparedcto Lirajet and Kaszub 4F,
was characterised by higher contribution of bothursded (7.33-8.11%0, mono-
unsaturated (64.01-65.49%) and mono-unsaturatéyl datds (26.51-28.58%) in seed
oil. As the demand for oil of modified proportion$ fatty acids is on the increase, it
seemed more profitable (within the limits of a istétal error) to apply the composts in a
rotation system rather than at one rate of 10 t Hah(Fig. 3).

Likewise in our experiment, Wéjtowicz and Jajor [ffédvicz and Jajor 2006], who
tested five oilseed rape cultivars, did not fing amteraction between nitrogen fertiliza-
tion or other agronomic factors and the compositbffatty acids. Spasibionek [Spasi-
bionek 2002] also concluded that induced metagemess far more important for modi-
fication of fatty acids in oil crops.

CONCLUSIONS

1. Fertilization significantly modifies the content afude fat in winter oilseed ra-
pe seeds, although the response of particulavardtican be varied. The lowest amounts
of fat are accumulated in seed of rape plantdiediwith manure and slurry in nitrogen bal-
anced rates, and by sewage sludge-based fertiigglied in a single rate of 10 td.m*ha

2. The volume of crude oil yield depends primarily @ged yield obtained from
oilseed rape. FYM fertilization as well as applioatof composts produced from sewage
sludge makes it possible to obtain on average @t5at per hectare.

3. The composition of fatty acids in oil produced froape seeds depends mainly
on cultivars. Mineral fertilization, application bfgh rates of slurry and single treatment



50 Teresa Bowszys, Wiera@ej, Jadwiga Wierzbowska

with sewage sludge increases the ratio of saturat@&t$ in crude oil. In contrast, farm-
yard manure and double application of smaller rafesewage sludge in a rotation sys-
tem increase the share of mono- and poly-unsatiifatey acids.
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