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Abstract

The utilization of biofuels is a possible altermatito fossil-based liquid fuels. Rapeseed oil is the
most exploited raw material for biodiesel produatio Europe. In Estonian growing conditions
winter turnip rape (WTR) is most suitable for tipmarpose. Good resistance to pests and plant
diseases is the advantage of WTR compared to spajmeseed. Thus, the cultivation of WTR is
inexpensive and environmentally friendly becauseth@ minimised usage of pesticides and
herbicides.

The oil yield of WTR per hectare is the most impatttrait for biodiesel productioWTR has
proved itself to Estonian farmers as an oil crop with lyighkd and very good quality.

Raw fat content, seed yield and raw fat yield of the two vas@nd seven perspective breeds were
estimated in a two-year experiment at the JogesatMreeding Institute. As a result, the most
promising breed for biodiesel production was JS\8051: seed yield in 2004 — 3,179*** kg ha
and in 2006 — 3,756*** kg hy raw fat content in 2004 — 449 gkgnd in 2006 — 446 g Kgraw

fat yield in 2004 — 1,427** kg haand in 2006 — 1,675** kg ha(all the data represented on
moisture content 75 g Ki}
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Introduction

Global energy demand increases rapidly. Accordinghéo International Energy Agency World
Energy Outlook reference scenario, economic growith iacreasing population will lead to an
increase in global energy consumption of 18% betv&0 and 2030. Utilization of reproductive
sources of energy is a possible alternative toilfbased liquid fuels. One opportunity is using
biofuels made from biomass (Cligi al, 2005).

Liquid biofuels can decrease the pollution levalsad in some microenvironments such as urban
centres by cars and other motor vehicles fuelledobgil fuels. At present about 30 billion litres
per year of biofuels are commercialised in Nortld &outh America, Europe and South Africa
(Clini et al, 2005). Vegetable oils have the potential to sew@ substitute for petroleum diesel
fuel. Of the more than 350 known oil bearing crops,aheih the greatest production potential are
sunflower, safflower, soybean, cottonseed, rapeseadlagaorn and peanut oil. The development
of vegetable oil as an alternative fuel would makmossible to provide energy for agriculture from
renewable sources located in the area close to whaelit be used (Peterson, 2002).

Europe currently imports 50% of its total energede In transport, which relies heavily on oil,
80% of the energy is imported. In 2003, the Eurogeariament and the Council have adapted the
Directive 2003/30/EC aiming to promote the useiofu®els for transport. Biodiesel is one possible
alternative fuel options that has the potentighétp to reduce oil dependence and global warming
pollution (Union of...).

Unlike the US where biodiesel is produced from sayh) the EU uses mainly rapeseed and to
some extent sunflower seed. Production of biodieselimope jumped by in 2006 — to 4.89 million
tonnes up from 3.184 million tonnes in 2005 accardio the European Biodiesel Board. This
follows a 65% record growth in 2005 over 2004 (EuropeadiBsel...).

Although natural fats and oils are among the madoilogical raw material for chemical and
technical application (the estimated annual consumiticcurope is about 2.6 million tons), only a
limited fraction (according to different estimat®hetween 15 and 25%) of the total vegetable oil
supply in the world are used in the industrial sestin non-food or technical applications (Riva
and Calzoni, 2003). First generation biofuels likkaaol from corn and biodiesel from rapeseed
have effects on food prices (Krenn, 2007).
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Cultivation of oil crops has increased in Estom@nf 45.500 ha in 2003 up to 72.500 ha in 2007
(Statistics Estonia, 2007). Spring oilseed rape ésrtfain cultivated oil crop in Estonia; winter
oilseed rape and winter turnip rape (WTR) are maged as alternatives (Narits, 2006 a). The
success of the cultivation of spring oilseed rappethds on plant protection, because rape is
attractive to a large number of insect species, Ibetheficial and pests (Winfered, 1986). The
winter hardiness of winter rape is very low in Esém climatic conditions (Norman, 1994);
therefore the cultivation of winter rape is not momically beneficial. WTR as an oil crop that has
achieved popularity among Estonian farmers. Thefaawontent and seed yield of WTR are equal
or in some years even exceed spring oilseed rapatgN006 b). WTR needs less plant protection
against pests and diseases, compared to springeailsgpe, which is its definite economical
advantage, both financially and environmentallys laiso of great importance that oil cake used as
an animal feed has no residuals of plant protection aadsni

The J6geva Plant Breeding Institute (J6geva PBI) statederation with the Svaléf Weibull AB

in WTR breeding in 1993. The WTR varieties Prisma &argo obtained in the cooperation are
registered in the Estonian Variety List. In the beginnihtihe cooperation winter hardiness was the
main breeding objective but currently high and lstataw fat yield is defined to be a more
important breeding task. The Sval6f Weibull AB tfensed all its WTR breeding material to the
Jogeva PBI in 2002. Samples of each breeding liearaintained in the genebank of the J6geva
PBI. Looking for alternatives to fossil fuels is @mportant activity all over the world, thus
researchers from Sweden, Norway, Finland and Canada tequested the WTR varieties and
breeds from the J6geva PBI for testing in their climatieditions.

The aim of this study was to estimate the seedlyiglw fat content and raw fat yield of WTR
varieties and perspective breeds and to determmenbst promising as raw material for biodiesel
production.

Materials and Methods

Experiments were conducted at the Jogeva PBI imgthwing seasons of 2003-2004 and 2005-
2006. The field trial with the WTR varieties Prismiad Largo and seven perspective breeds was
established on 10 m2 plots using NNA (nearest Eigh adjustment) randomised design in three
replications. Herbicide ‘Triflurex 480’ (trifluralinat 2 | ha and complex fertilizer ‘Kemira
Skalsa’ N5-P10-K25, of 300 kg havere applied before sowing. The sowing rate wag Gi&;
seeds were not treated. The trial was top-fertilizét ‘Kemira Power’ N30-P6-S2, of 200 kg ha
(N 60 kg hdon agent) in spring. The winter hardiness of alietas and breeds of both the trial
years was very good (9 points). No pesticides amgifides were applied during the growing
period. Weather conditions of the growing seasorth®frial years were different: 2004 was wet
and 2006 dry. Seeds were dried to the moisture obofer5 g kgt and cleaned/separated after the
harvest. The seed yield of all varieties and bréexs each replication was estimated. Seeds of all
the three replications were mixed and an averaggleaof 200 g of each variety and breed was
analysed at the laboratory of the Jogeva PBI. Rayrdav protein and glycosinolates content in
seeds were analysed by Free and Open Source Softfear Near Infrared Reflectance
Spectroscopy (FOSSNIRS) system at the laboratottyeodogeva PBI. NIRS is widely used for the
analysis of bulk rapeseed samples for oil, proteid glucosinolate conter{Batoet al, 1998;
Velascoet al, 1999; Velascet al, 2004, Fonet al, 2004, Aulric and Béhm, 2007). Raw fat yield
per hectare was estimated.

The Least Significant Difference (LSD) procedureswased when the F-test was significant
(P=0,001) and correlation was analysed (005). The results were processed by the statistica
program STATISTICA 4.5www.statsoft.com

Results and Discussion

The following traits of each variety and breed weletermined: seed yield as a main crop
characteristic; raw fat yield as a main charadierfer oil production; raw fat content as a main
quality characteristic of the oil crop; protein temt and glucosinolate content as a characteristics
of cake as an animal feed.

The results of 2004 are presented in Table 1. Tieage (Control) seed yield of tested varieties
and breeds was 2,890 kg'hd@he seed yield of the variety Largo (3,326 ki)hend the breed JSv
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01-13051 (3,179 kg Ha exceeded significantly the Control. Significarityver was the seed yield
of the variety Prisma (2,473 kg'Haand the breed JSv 01-13084 (2,537 k§)ha

Table 1. Seed yield, raw fat yield (kg haraw fat and protein content (g'Rgand glucosinolate
content imol g*) of the varieties and breeds of winter turnip rape in 2004

Seed yield, Raw fat Raw fat yield, Protein Glucosinolate
Variety/breed kg ha' content, g kg kg ha' content, gkg  contentpumol g*
Prisma 2,473+ 454 1,123%** 306*** 132%**
Largo 3,326 437xr* 1,455%* 327 98
JSv 00-13426 2,937 462%* 1,357 328 89
JSv 00-15588 2,716 450 1,222 348 73
JSv 01-11403 2,912 448 1,308 314%** 80
JSv 01-11449 2,919 442%** 1,290 342 93
JSv 01-13051 3,179%** 449 1,427 355%** 53**
JSv 01-13102 2,537xx* 452 1,147%* 353*** 78
JSv 01-13102 3,007 444 1,335 333 101
Average of 2,890 449 1,296 334 89

2004 (Control)

*** _ significance at 0.001 probability level

The average raw fat content was 449 ¢ .kghe breed JSv 00-13426 (462 g'kgshowed
significantly higher raw fat content compared te @ontrol; the variety Largo (437 g 'Kgand the
breed JSv 01-11449 (442 gRdhad significantly lower raw fat content.

The average raw fat yield was 1,296 kg hahe raw fat yield of the variety Largo (1,455 kg'ha
and the breed JSv 01-13051 (1,427 kd)heas significantly higher; the raw fat yield okthariety
Prisma (1,123 kg h3 and the breed JSv 01-13084 (1,147 kd)haas significantly lower
compared to the Control.

The average protein content was 334 g.k8ignificantly higher was the protein content o th
breeds JSv 01-13051 (355 g'kgand JSv 01-13084 (353 g Kg Significantly lower was the
protein content of the variety Prisma (306 ¢kand the breed JSv 01-11403 (314 g)kg

The average glucosinolate content wasp®8ol g*. Significantly lower was the glucosinolate
content of the breed JSv 01-13051 (&80l g*) and higher of the variety Prisma (130l ¢g*).

The results of 2006 are presented in Table 2. Teeage seed yield was 3,512 kg'h@he seed
yield of the breeds JSv 01-11449 (3,832 kg)hand JSv 01-13051 (3,756 kg hawas
significantly higher compared to the Control. Sigrahtly lower was the seed yield of the variety
Prisma (3,274 kg i and the breed JSv 01-13102 (3,177 kg ha

Table 2. Seed yield, raw fat yield (kg haraw fat and protein content (g'Rgand glucosinolate
content imol g%) of the varieties and breeds of winter turnip rape in 2006

Seed yield, Raw fat Raw fat yield, Protein Glucosinolate
Variety/breed kg ha' content, g kg kg ha' content, gkg  contentpumol g*
Prisma 3,274+ 453*+* 1,483 351 175%**
Largo 3,307 448 1,482 359 94
JSv 00-13426 3,445 444 1,530 351 90
JSv 00-15588 3,381 439%** 1,484 356 123
JSv 01-11403 3,707 443 1,642 347%** 95
JSv 01-11449 3,832%* 435%** 1,667** 368*** 108
JSv 01-13051 3,756 446 1,675%* 358 79%+*
JSv 01-13102 3,732 442 1,650*** 365 106
JSv 01-13102  3,177*** 448 1,423*+* 365 97
Average of 3,512 444 1,556 358 107

2006
(Control)

*** _ significance at 0.001 probability level
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The average raw fat content was 44.4 g.kgignificantly higher was the raw fat content o th
variety Prisma (453 g kij and lower of the breeds JSv 01-11449 (435§ kand JSv 00-15588
(439 g kg") compared to the Control.

The average raw fat yield was 1,556 kg"h8ignificantly higher was the raw fat yield of the
breeds JSv 01-13051 (1,675 kghalSv 01-11449 (1,667 kg Heand JSv 01-13084 (1,650 kg ha
Y. Significantly lower was the raw fat yield of the breed 0$-13084 (1,423 kg Fia

The average protein content was 358 g.k8ignificantly higher was the protein content o th
breed JSv 01-11449 (368 g Rg Significantly lower was the protein content o threed JSv 01-
11403 (347 g K9).

The average glucosinolate content was il g*. Significantly lower was the glucosinolate
content of the breed JSv 01-13051 (irfol g*) and higher of the variety Prisma (1ol g*).

In 2006, the seed vyield of all the tested WTR vasetind breeds was higher than three tons per
hectare. Only three trial components exceededhtiee{ton level in 2004. The breed JSv 01-13051
showed good seed yield in both the years. The bré®d€1-11449, JSv 01-13051 and JSV 01-
11403 had better seed vyield stability comparedht ather varieties and breeds. Correlation
between seed yield and weather conditions was signifijcad30).

The raw fat content of the tested material was godabth the years (higher than 440 g'kgISv
00-13426 had the highest raw fat content in 2002 (#8g"). A negative correlation was observed
between raw fat content and seed yield (r=-0,51). Seddiwas higher in 2006 compared to 2004;
raw fat content was, in opposite, higher in 2004 kwager in 2006. This tendency particularly
appeared in the variety Largo in 2004 and the breed J3t449 in 2006.

To describe better the varieties and breeds astateaw material for oil producers, the raw fat
yield per hectare was calculated (Figures 1, 2). A barelation between raw fat yield per hectare
and seed yield was revealed (r=0,99), but the @droel between raw fat yield and raw fat content
was not significant (r=0,44). The breed JSv 01-13Hdwed high raw fat yield in both years. Due
to the coincidence of better than the average tesfilall the quality characteristics, such as seed
yield, raw fat yield and raw fat content, the outcamh¢he mentioned breed was the best in 2006.
High level of raw fat yield content and its stalilitre necessary features for oil production (Narits,
2007 a).

To show WTR varieties and breeds as the potenaaénal for animal feed, raw protein yield per
hectare was calculated (Figures 1, 2). The protemect of the WTR varieties and breeds was
higher in the dry year of 2006. Year effects on g@rotcontent and seed yield were significant
(r=0,73 and r=0,65, respectively). The breed JSv @B13ad high protein content in both the
years, thus the oil cake of this breed has good nutritiveva
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Figure 1. The distribution of total seed yield of WTR vaetind breeds in 2004
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Figure 2. The distribution of total seed yield of WTR vaeeand breeds in 2006

The glucosinolate content of the WTR varieties and breéfgseti in 2004 and 2006. The effect of
the variety in glucosinolate content was significérs0,52). It was the only indicator having a
significant effect to the variety. The breed JSvI3D51 had good results in both the years when
the glucosinolate content was lower than that ef dkher varieties and breeds. The content of
glycosinolates is a variety specific characteristieor example, Prisma has always a high content
of glycosinolates, but concerning the breeds, thisattteristic is yet unstable. Correlation between
year interaction and glucosinolate content was (6%9,38), thus glucosinolate content depended
on weather conditions to a small extent. In drowglgssed plants, glucosinolate content increases
in all plant parts, including seeds (Narits, 2007 b).

Conclusions

WTR has good seed yield and raw fat yield potenBaimmarizing all data we can conclude that
the most promising breed for biodiesel productiotoag nine tested varieties and breeds was JSv
01-13051 with a seed yield of 3,179*** kg'hian 2004 and of 3,756*** kg hain 2006; and a raw

fat yield 1,427** kg hd in 2004 and 1,675*** kg h&in 2006. Furthermore, this breed had low
glucosinolate content and high protein content, whichlt®f healthy oil cake as an animal feed.
WTR has good potential for growing as the raw mialtesf biodiesel production in Estonian
climatic conditions.
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ZIEMAS RIPSA (Brassicarapal . var oleifera subvar. Biennis) PERSPEKTIVAS
BIODEGVIELAS RAZOSANAI IGAUNIJ A

Narits L., Annamaa K.

Biodegvielu izmantoSana ir iegjpma alternava fosilagm idrajam degvieim. Eirofm biodizela
razoSanai visvadk izmantod izejviela ir rapSu Ba. lgaunijas aug3anas atdds Sim narkim
vispienerotakais ir ziemas ripsis (WTR). Tam ir laka rezistence pret kakliem un augu
slimibam neka vasaras rapsim.a@igjadi, samaziatas pestitcdu un herbitdu lietoSanas rezala
WTR kultiveSana ir éta un videi draudpa.

Biodizdla raZzoSanai visn@migakais @ditajs ir WTR dlas raZza uz hektu. Igaunijas zemnieki
atzinusi WTR K dlas kultiru ar augstu razu uoti labu kvaliti.

Jeltauku saturs,&lu raza ungltauku raza digm pamatgirneém un septiam perspektzam
gkirnem tika nowertéta divu-gadu izréginajluma Jogeva laukaugu selekcijas insfit
Rezultta, visdaudzsolatka skirne biodze€a razoSanai bija JSv 01-1305&kls raza 2004.
gadi — 3,179*** kg ha' un 2006. gadl— 3,756*** kg ha'; jeltauku saturs 2004. gad-
449 g kg' un 2006. gadl — 446 g kg jeltauku raza 2004. gad- 1,427** kg ha' un
2006. gad — 1,675*** kg ha'.

SIMPLIFICATION OF WINTER RYE ( SECALE CEREALE L.) GROWING
TECHNOLOGY

Nedzinskieré T.L., Asakavitiaté R.
Voke branch of Lithuania Institute of Agriculture, Zaliojiy Trak Voké, Lithuania, LT-02232
phone: +370 52645439, e-maita.asakaviciute @voke.|zi.It

Abstract

The paper presents the data on winter rye culomatechnology studies conducted during the
period 1994-2006. The field trials carried out oRlaplic Luvisolwere designed to estimate the
effects of soil preparation, seed rate and nitrdgetilization on winter rye grain yield and on the
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