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BIO-FUEL FROM PURE SUNFLOWER OIL IN CENTRAL ITALY: FARMING SYSTEM INFLUENCE ON
YIELDS, OIL QUALITY AND ENERGETIC BALANCE.
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E-mail: enrico.palchetti@unifi.it

ABSTRACT: The research aimed at investigating the influence of different farming managements on sunflower oil
production in terms of oil yields and technological quality to be used in purity as bio-fuel, and at understanding the
possibility to reduce agricultural inputs to maximize the energetic balance. Two experimental fields were carried out by
comparing two farming systems, three different fertilization levels and four sunflower varieties. Conventional farming gave a
higher seed yield, Low oleic varieties resuited more productive than high oleic varieties in both farming management. Also
nitrogen positively affected the yield, especially under conventional management. However, in spite of a difference in yield,
input/output energetic analysis highlighted a less evident difference between conventional and organic management,
especially if correlated to the highest level of nitrogen. Mechanically extracted oil percentage was higher under organic
conditions. Fertilization levels and farming managements did not affect oif composition. The research confirms the highest
productive potential of conventional farming, even if it is possible to affirm that the reduction of inputs and the use of
alternative crop managements permit to save a significant amount of energy, without negatively affecting crop performances.
Moreover, some agricultural inputs, as nitrogen mineral fertilizers, seem fo reduce fruit oil content.
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first RK standard for PVQ use have been created for the
rapeseed oil (Fig. 1).

1. INTRODUCTION

The paper reports the results of a research, inserted in the

project “Pure Vegetable Oil as Bio-carburant” funded by LTV-Work-Session on Decentrat | In Cooparation wite
the Province of Florence, aimed at investigating the t H J Vegetable Olf Production, Weitensiephan |
influence of different farming managements on sunflower < Fuiat K -Crualltteatandard i
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oil production in terms of oil yields and technological i 0572000 3
quality to be used in purity as bio-fuel. Moreover, Propestios / Contents Unit  |Limiing Value| Testing Mothod
considering that an energetic crop to be competitive must mi., | max,
provide a positive energy return, part of the research sharciedstic properties for Rapeseed OF
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agricultural inputs in order to maximize the energetic
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Biomass energetic utilisation is today of strategic Calorific Value kikg  |3s000 DIN 655003
importance in relalltio_n to a significant reduction_of GHG inematic Viscosty (40 °C) - a8 DI EN 15O 3104
and other gas emissions [1] [2] [3] and to environment \ e
and rural sector safeguard, In fact, energetic crop LowTemperaiire Behaviowr I tea
exploftation is strongly linked not only to energetic Cetans Number Tontig mathod
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pollution reduction, soil conservation, rural development
and employment 4] [5]. Therefore biomass assumes a fodine Number gndGg 100 | 120 [omG%él
strategic role since it is a renewable, clean, versatile Sulphur Contert mgkg 20 [ASTM D5452.93
resource and, by means of specific conversion vartabie properties
technologies, can partially replace fossil fuels [6].
Today energetic crops represent an interesting alternative Contarmination mgkg 3% DN BN 12862
to food crops in different agricuitural area of Italy, st Value tng KOHIg 2.0 (0N EN IS0 880
especially in refation to the new.Eufopean scenarios. cidation Sty (11001 i o o0 6908
Vegetable oils can be used as fuel in diesel engine, both
as pure oil or previously converted in bio-diesel. Phasphorus Content ma/kg 15 | ASTM D368
Regarding the use of PV O (Pure Vegetable Oil) in diesel- Ash Content Mass-% 001 |DIN EN IS0 6245
modified engines, this special energy use represents,

f . . Water Content Mass-% G075 {prENISO 12937
rather than bio-diesel, an opportunity for the European i

farmers. The entire chain of production of this bio-fuel

can be in fact considered a real bio-fuel short chain:
starting from the crop cultivation, the mechanical
extraction of oil from the sceds and the direct use in
modified diesel engines allow the farmers to produce
themselves the fuel without the influence of any industry.
The engine conversion technology is actually well known
and set up for the use of pure rapeseed oil [7] {8]. The

Figure 1: Quality Standard norm for rapeseed oi as fuel

For many technical parameters the PVQ is similar to the
diesel but for some of them the differences are relevant;
for example the density, the cinematic viscosity and the
acidity of PVQ are greater than diesel.



For these reasons the engines need to be modified in
some parts and, during the project implementation, this
part was developed from the German partner VWP
(Vereinigte Woerkstatten fiir Pflanzendltechnologie,
Allersberg, Germany), the owner of this conversion
patent.

Actually rapeseed crop is mostly cultivated in the
notthern part of Europe and it represent the bigger
vegetable oil source for this EU) area, but it is less
suitable for the Itelian environment, mainly because of
the lack of rainfall compared with the north Europe
areas,

On the contrary, sunflower is one of the most important
oilseed cops, especially in southern European countries.
In ftaly, sunflower is mainly cultivated in the central part
of the country, where more than 75% of sunflower
cultivation area is located. Sunflower is commonly
cultivated under rainfed conditions, in clay loam soils
and inserted in rotation with winter cereals.
Unfortunately the technical properties of conventional
sunflower oil are different from the rapeseed oil in
refation with the RK standard, mainly due to the high
iodine number (Table I). The lodine number is a direct
measure of the number of double bonds along the fatty
acid carbon chain, representing a measure of the degree
of oil unsaturation. Obviously it is strictly refated with
the otl fatty acid composition.

The technological quality of the sunflower oil for non-
food application is a direct function of the amount of
oleic acid (C18:1) and linoleic acid (C18:2) that together
represents the 85-90% of the entire fraction of fatty acids.
The percentage of oleic acid in conventional varieties of
sunflower is around 20-30% while the linoleic acid
percentage is around 70%. This ratio leads to a high
iodine number due to the two double bonds of the
linoleic acid.

Tabie I: Technical characteristics of PVQ, diesel and
bio-diesel
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Rk Std: Standard RK for rapeseed; * CSCO: Conventional Sunflower Oil; *
HOSO: High Oleic Sunflower Qi * BHOSC, Biodiesel from High Qleic
Sunflower Oil; * RO:Rapesced Qil;  * DF: Diesel Fuel

Seeds of a special type of sunflower varieties, named
High Oleic (HO), are significantly rich in oleic acid (70-
90% of total fatty acid content).

The high oleic sunflower varieties are the most suitable
for PVO bio-fuel purposes since the characteristics of
their oil, containing more than the 80% of oleic acid, fit
the RK quality standards referred to rapeseed oil.

The oleic acid content and the related unsaturation degree
of the oil of the HO sunflower varieties seem also
influenced by cropping techniques and environmental
conditions [9]. In particular the percentage and ratio of
the two main fatty acids {oleic and linoleic) are strongly
affected by the climate and the environment, Their
biosynthesis is mainly controlled by the temperature level

during seed development physiological phase. In general,
high temperatures promeote the production of oleic acid,
while low temperatures lead to the production of linoleic
acid [10] [11]. This is mainly due to the activity of the
group of desaturase enzymes, the A-9 desaturase that
converts the stearic acid into oleic acid, and the A-12
desaturase that converts the oleic acid into linoleic [12].
Low temperatures enhance the A-12 desaturase enzyme
activity; therefore the oleic acid produced turns into the
linoleic acid.

In the HO varieties the A-12 desaturase enzyme is only
active during the first days of embryo development [13].
Moreover in the HO varieties the oleic/linoleic ratio can
be influenced by the temperature, and due to the
existence of a parallel metabolic way for the lincleic-
oleic acid conversion, even if this pathway seems to be
less efficient [13].

[14] in a long experimentation demonstrates that more
than 95% of the existing variability related to the
qualitative characters (fafty acid composition) between
10 different sowing times is due to the differences of
minimal temperature during the period between flowering
and physiological maturation, conciuding that in central
Italy the oleic acid percentage decreases with the delay in
sowing. However [15] observed an opposite behaviour.
Very interesting appears the possibility to obtain oil with
a high content of oleic acid sowing at the end of winter
season without a significative yield reduction in suitable
environments {e.g. South Italy, Portugal, Greece, North-
African Countries),

Regarding the influence of nitrogen fertilisation on the
HO sunflower varieties oil composition, only few
scientific works are available. [16] did not find
significative differences in oleic acid percentages in high
oleic sunflower cultivars.

In spite of the lack of scientific articles refated with the
agronomical experimentation on HO sunflower varieties
focused on the production of PVO and its direct use as
bio-fuel, the research aimed at investigating the role of
the main factors affecting the sunflower production in
central Italy, such as:

1) Develop a first varietal screening for the PVO bio-
fuel chain;

2) Evaluate the influence of fertilisation on PVOQ
technological properties;

3) Investigate crop environmental sustainability in
different  cropping  systems  (organic  and
conventional).

2. MATERIALS AND METHODS

The agricultural investigation was carried out in
coflaboration with the farms Buonamici and Mondeggi
iocated in the Province of Florence, where two
experimental ficlds were implemented in the cropping
season 2006 by considering the following factors: two
farming systems, conventional in the farm Mondeggi and
organic in the farm Buonamici; three different level of
fertilisation; four sunflower varieties, two high oleic
varicties (Trisun 860 and PR64H41) and two low oleic
varieties (Sanbro and Floralie). The trial was organised in
a split-split-plot  experimental design with three
replications considering the farming management as the
first main factor and the fertilisation leve! as the second



main factor, Each experimental field covered an area of
about four hectares. A framework of crop management is
reported in table H. The fertilisation was carried out by
distributing the following fertilisers: urea, ammonium
nitrate, triple perphosphate and potassium sulphate in
conventional farm, and borfanda Prodigy (sugar-beet
residues) in organic farm.

Table II: Crop management

K
Conventionnl Organie
Arei (g} 4 1.5
Previows crop Sel aside Set aside
Fertitisation (kg/ha)
Conysl - Level]  Lewstl Control - Level 1 Loved H

N ] &0 1060 L] ki it

P20 i s ol ¢

K0 ] il Gl 1]
Solt preparatlon Ploughing - Harrowing Houghing - Harrowing
Sowing

Date 1741506 05-05-006

PPlant deusity {pim™) 15 15
Weed contral Chamicsd al sowing time Hoeing
Harvest 05-10-06 25-09-06

Experimental trials were monitored following plant
growth by measuring the foliowing parameters: Plant
Height (PH), Leaf Number (LN), Stem Diameter (SD),
Inflorescence Diameter (ID), Plant Dry Weight (PDW),
Plant Seed Yield (PSY) and Plant Oil Yield (POY). Dry
weights were measured afier 2 treatment in an oven at
105°C for 72 hours. During crop cycle, plants were
monitored by checking plant density, pest and disease
attacks and weed presence.

The oil content of sunflower seed samples was detected
using a Soxhlet extractor. The extraction was carried out
starting from a milled seed sample. The oil composition
data were obtained by means of a gas-chromatograph.
The oil content of each full-field sunflower plot was
determined by means of a screw press.

Statistical analysis was performed as a mix model,
considering fertilisation as the random factor. Bonferroni
test was performed to evaluate the variability between
average values for each variation source. The correlation
mafrix was obtained by means of Pearson correlation
procedure.

Energetic balance calculation

Crop energetic balance was caleulated for each
experimental trial taking into account the different
sources of variation by means of a quantification of
inputs and outputs [I7] [18]. In the calculation, the
energetic costs relating to the construction of agricuitural
machine recovery buildings were not considered. The
energetic flux attributed to each agricultural practice wag
calculated on the basis of the following direct and
indirect costs: fuel, lubricant, product utilised (fertiliser,
seed, etc.), energetic cost amortization of agricultural
machines and of manpower [19]. Ir order to calculate the
amortisation values, was utilised the energetic cost
coefficient per weight unity and work hour obtained from
the ratio between the energetic cost of a brand new
machine plus the cost of maintenance and repairing and
its technical life duration [20].

3. RESULTS

Only the most significative results are reported below.

In both localities, plants showed a regular development
without  significant  difference  between farming
management. The highest fertilisation level determined a
more pronounced growth in height, with the variety
Sanbro raising the highest value (about 160 cm) at the
end of crop cycle.

A different trend was observed in inflorescence diameter.
At Mondegg! farm, no differences were detected between
varieties, with values ranging from 24.5 to 26 cm. On the
contrary, at Buornamici farm the development of
inflorescences was significantly different between
varieties: the two low oleic varieties arose average values
of 31 em, while the two high oleic varieties showed
inflorescences of 25 cm. Level of fertilisation did not
affect this variable.

Total dry biomass was affected by farming management.
Plants grown under organic system showed in general a
lower biomass, around 500 g per plant for the varieties
Floralie, PR84H41 and Sanbro and 310 g per plant for
the variety Trisun 860. Under conventional management,
plants arose a total dry biomass range of 470-590 g
Sanbro variety reached the highest value, while Trisun
860 the lowest. No difference were detected between the
fertilisation level 1 and II, while the control level showed
four each variety a reduction of about 25 g per plant.

In tables IH and IV are summarised the results
concerning seed and oil yields per hectare.

Table III: Seed yield (t/ha)

Farm Yarialy Seed Yickd {top/hu}
Lavel 1 Lavel § Control
Flornlie 5 b i2hb 0y ab
. : PRE4HA] i3 10 be [ER: 3]
Convontionat Frisin 860 10 ¢ 08 ¢ nE b
e SOOI 1 IR % NN AN
CAYERMES e
Flomlie i3 e Ll 08 mx
Grgni PRo4IMT 10 b 03 b 26 ns
i Trisun §601 499 b 07 b 06 ns
Sanbro ) 1.2 ab 0.9 ab &7 us
Averuge Ll 0y (4]

For each column means fo]lp_weé by a common letter are not significantly
different at the 5 % level, ™ = F test significant at 1% level, * F = test
significant at 5% level, ™ = F test not significant

Table IV: Oil yield (kg/ha)

Form Varlety Gil Yield (kg/tmy*
Lavel i} Levell Contrel
Flostic 5181 b 4345 b 350 ab
i PRA4EA] 4627 b 3544 be 2800 b
Camwontiare) Teivn 960 1620 ¢ MR < 800 b
.......... Bepbre 0 8T BLE 0 38500
Avérage e o oausz 1921 LY
Flotatie 4400 4 3890 a 20 B
Orpnd PRE4GHAL 3594 2M0b 2100 ns
Ranie “Trisun 860 3066 b 256.8 b 2100 ns
Senbro 400 b 345 b 250 hs
TANGERGR T T T T R L) KX

! Qit yield was caleutated considering an average oil content percentage of
33.3% for Mondeggi farm and 35.5% for Buonamici farm

For each column means followed by a common letter are not significantly
different at the 5 % level, = F test significant at 1% level,  F = test
significant at 5% level, ™ = F test not significant

Farming management significantly affected final yield
Conventional farming gave a seed yield up to 20% higher
than the yield registered under organic management, with
an average difference of 0.3 ton/ha. The two low oleic
varieties (Sanbro and Floralie) resuited more productive
than the two high oleic varieties (Trisun 860 and
PRE4H41) in both farming management: variety Sanbro
gave the highest yield (1.8 ton/ha) under conventional
management, variety Floralie in the organic farm (1.3
ton/ha). Also nitrogen positively affected yield. A more



pronounced gap was registered in conventional farm,
especiaily regarding the highest fertilisation level and the
other two, whilst, under the organic management, the
within-variety differences arose the same level between
the three level of fertilisation. However experimental
yields, both under conventional and organic management,
were significantly fower than average yields reported in
previous studies.

No significative variety difference was detected on oil
content rate: the percentage of oil chemically and
mechanically extracted from achenes arose an average
value of respectively 44% and 35%. A little but
significant difference was recorded between farms; the
percentage of mechanically extraclted oil was higher
(2.2%) in sunflower produced under organic
management,

Oil composition showed different level of significativity
in function of farm management, varicties and levels of
fertilisation, as summarised in table V. The two principal
fat acids, oleic and linoleic, resulted only affected, as
foreseen, by varicty, while no effect was detected for
fertilisation tevel and farm management, Variety affected
also the other minor fat acids. Farm management also
affected stearic and erucic acids, both increased under
organic farming. The interaction between farm
management and variety resuited only significant for the
arachidic and erucic acids. In general under the organic
management we observed a greater accumulation of these
two acids (Figure 2), even if variety Trisun 860 and
Sanbro showed an opposite trend respectively for
arachidic and erucic acids.

Table V: Fatty acid oil composition (%)

Yariety Farm
Oriazic

Pelmitic  Swanc Ofeie  Linoleie  Awmchidic  Brucic  Other
Fioralic L3} 3155 M.G7 56.94 Q.25 074 D43
PRO4IEAL N2 ] 423 Bl a4l Q32 1.0% 054
Trisun 566 120 142 BRI4 156 a.19 096 054
Sanbiro 488 426 38.54 050 0.24 08y 060

Conventionad

Pedwitie  Swearie Glele  Linokde  Awmchidic  Brwic  Gther
Floralic 433 349 InAY a4 o4 062 04
FRO4I4 158 280 BRI 547 .7 088 040
Trisun 64 151 304 997 in .5 082 060
Sanhro 478 4.3 3830 3100 .23 100 658

Beimitte  Stearie OHole  Liselele  Arwchidle  Eruck  Otber

Farming system (¥} ne » EY] " m A ax
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¥ x N iFarm) ng s ns o [ ny ns

** Fotest significant at p < 0,01, * Futest significant at p < 0.05; ns F-test
not significant
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Foritla Teaun 5560

Figure 2: Arachidic and erucic acid content (%) under
conventional and organic management

The results of output/input balance are summarised in

“table V1.

Total energetic cost referring to farming, transport and
extraction resuited significantly ~variable between field
managements (conventional and organic) and between
fertilisation levels as well. Under conventional farming
and with the highest level of fertilisation, total inputs
arose a value of 20.2 Gl/ha; for the other level of
fertilisation the reduction in the energetic cost is simply
linked to the energetic cost of fertilisation and relative
quantities of fertilisers.

Specifically, the two low oleic varieties (Sanbro and
Florglie)} reached interesting output/input ratios compared
with the HO varieties also in presence of a reduced level
of fertilisation. For the high oleic variety Trisun 860
under conventional farming system no differences were
detected between the highest level of fertilisation and the
control, and the output/input ratio obtained with the leve!
! resulted lower than the control. The differences detected
in organic farm are less pronounced in function of
fertilisation level.

Table VI: Encrgetic balance

Conventhusisl Organte

Twwelil vl Comtrnl Lewel 17 Lot Centrel
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Potential output was calcuiated multiplying oil and cake production for the
relative LHV (37,1 Mg and 22.3 MI/Kg)

4. DISCUSSION AND CONCLUSIONS

The experimental triais highlighted some interesting
aspects that need to be investigated.

The organic cropping system, in spite of a reduction in
seed vyield, leads to a slightly higher oil content
confirming the great adaptability of the sunflower crop to
low-input farming systems as reported in previous studies
[211[22].

Moreover farming system do not affect the oil quality in
terms of oleic (C18:1) and linoleic acid {C18:2), not
influencing probably the iodine number. Bespite farming
system influence on stearic (C18:0) and erucic (C22:1)
acid content, the total amount of these acids, given their
low percentage, do not affect total iodine number,
Therefore the agricultural system does not appear to be
significantly important for the PVO technical quality
(iodine number).

Nitrogen fertilisation, especially under the conventional
farming system, erhances crop performance, but this
yield improvement has to be evaluated taking carefully
into account the environmental cost and the energetic
output/input balance.

In fact, even if the experimental yields resulted not so
excellent, energetic output was always higher than
energetic input under every experimental condition.



However, the energetic analysis of input and output
highlighted that, in spite of a significant difference in
vield, the difference between conventional and organic
management is less evident {(around 2%), especially if
correlated to the high level of nitrogen. This result is
agreement with [21] that showed that in Italy a high
energy balance (5:1) was obtained under low input
farming management.

For the future, it is clear from the present
experimentation that with a correct management of the
organic farming system (e.g. applying correct crop
rotation technigues) it will be possible to exploit the
ability of sunflower crop to utilize the residual nitrogen
fertility in order to maximize the seed and oil yield in an
environmentaily sustainable way.
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