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Abstract. The research was carried out at the State Stemdeals Breeding Institute in
experimental years 2007/08 and 2008/09. The sulgkthe research was the suitability of
seven winter triticale varieties and lines for Wi@aol production. Two supplementary
fertilization rates of nitrogen were used (N 100H& and N 140 kg H3. The correlations of
characteristics of different varieties were evaddatDuring the research the analysis of grain
quality (starch and crude protein content) wasiedrout. The theoretical bioethanol outcome
(L t1) and yield (L h&) were calculated by using the indicators of stam@htent. The results of
the research show that the winter triticale vari@jnaro’ and line 9402-3 with the highest
theoretically calculated bioethanol outcome (489# and 486.5 L) and the highest starch
content of the grains (681.19 gland 677.13 g kd) were the most suitable for the bioethanol
production in Latvian conditions. No substantidkef of the fertilization methods on the starch
content in grains and on the theoretically cal@datthanol outcome was observed.
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INTRODUCTION

The use of renewable energy resources is one girde®nditions for sustainable
rural development. It affects the rural economy eeglonal development favourably,
ensures independence from the import of energyurees and facilitates the
diversification of rural entrepreneurship. Bioetbhis produced from biomass and/or
biologically degradable waste particles and is used biofuel. Bioethanol is being
used more and more broadly as a substitute foiil flgsls in various countries.
Currently a small amount of bioethanol is addeddtol (up to 5%).

The cereal varieties that are suitable for bioathproduction are high-yield
varieties that can provide good yields with redulgtlization levels, thus
diminishing production costs, and ensuring higihcstaontent and lower protein
content of grains. There are several criteria farosing raw materials for bioethanol
production: price and yield of the raw materiahagtol outcome, starch content, pest
and disease resistance, suitability for soil andtiwer conditions, harvesting
transportation and storage options as well as $hbility of by-products.

Having carried out the research on triticale sulitglfor bioethanol production in
the Czech Republic, Kr&jova & Capouchova (2008) acquired data on thecktar
content of different triticale varieties. The staimontent and yield differed depending
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upon the variety, location and year of growing. Bterch content of the same variety
ranged gom 673.3 to 693.9 g'kgThe yield of the same variety ranged from 7.50 to
7.90t ha.

S. Wang and his colleagues indicated in 1997 tlmbtitcome of bioethanol from
winter triticale grains is 362—-367 [* by 14% of grain humidity. Thus, triticale is a
good alternative for ethanol production. Accordioghe data of K&erov (2007) the
ethanol outcome from winter triticale can be infloed by several factors: first, the
choice of variety, because different varieties pmevdifferent ethanol outcomes;
secondly, the choice of geographical location amgual agro-ecological differences.
Cereals are used for bioethanol production througliee world. Cereals with high
starch content are a suitable raw material for pcodn of industrial alcohol (Clarke et
al, 2008). Triticale is one of the most suitablentei cereal crops for bioethanol
production in Latvia, where a wide range of triticaarieties are grown, but there is
little research on their use for bioethanol proarct

The main task of our research was investigatiorthef suitability of winter
triticale varieties and lines for bioethanol protioie, using different nitrogen rates.

MATERIALS AND METHODS

The research on suitability of winter triticale d81 and varieties for ethanol
production was carried out at the State StendealRemreeding Institute in 2007—
2009. The research was carried out on sod-podimdim soil that had the following
characteristics: pkd. 5.3—6.7, humus content 2.1-2.6%08193-251 mg k'é, K,O
172-189 mg kg. Field experiments were carried out in breedimgpaotation fields in
4 repetitions with 12 mplot area. The research was carried out as a t8fac
experiment. Factor A was the experimental yeartdfaB was the supplementary
fertilization using two rates: B1 N 100 (70+30) ka', B2 N 140 (70+70) kg ha The
total amount of fertilizer was divided into two fions, which were applied first when
the vegetation process began in spring and dufieg3tlst to 32nd stage of plant
development. Factor C was variety (‘SW Falmoro’in@o’, ‘Collegial’, ‘Woltario’,
‘SW Valentino’, line 9405-23, line 9402-3). The dag rate was 400 germinating
grains nf. The sowing time was the second decade of Septerile complex
fertilizer N6-P26-K30 in the amount of 300 kg“hwas used as the main fertilizer.
Triticale was harvested in the second decade otisiLg

Meteorological data of the vegetation and hibeomatperiods of winter crops
were collected from the Stende hydro-meteorologstation. Multi-annual average
temperature and precipitation measurements werenedef as an average.
Meteorological conditions were variable in the sesb years; the average daily
temperature and precipitation are indicated in @4dbl

The analysis of the grain quality was carried authe cereals technology and
agro chemistry laboratory of the State Stende @CeMmeeeding Institute where the
crude protein and starch content were determinediddyg INFRATEC ANALYS
1241.
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Table 1. Temperature and precipitation compared with melegical average during
2007-2009.

Month Average daily air temperature, °C Precipitation, mm
2007/2008 2008/2009 Average 2007/2008 2008/2009 rakee
September 11.8 10.5 114 92.6 44.9 75
October 7.2 8.2 6.6 76 108.5 71
November 1.6 2.6 1.8 85.7 108.4 63
December 2 0.4 -2 43.3 42.6 47
January -0.2 -2.5 -4.6 40.1 67.6 37
February 1.7 -3.6 -4.7 51.3 21.9 26
March 1 -0.5 -1.5 69.4 55.1 29
April 6.5 6.6 4.3 45.1 11.5 37
May 10.2 11 10.2 16.1 28.8 45
June 14 135 14.2 72 94.3 57
July 15.9 17.1 16.3 95.6 147.5 87
August 15.9 15.7 155 159.5 83.4 87

The formulas recommended by the Institute of Miwldyy and Biotechnology
of the University of Latvia, were used in order dalculate the theoretical ethanol
outcome (L 1) and yield (L hd). Theoretical outcome of ethanol from starch was a
follows:

.E'L=':.L:=.:.Jé

oo

180.16 (1), where

Et — theoretical outcome of ethanol, § g
1.11 — factor for starch recalculation into glugose
2 — stechiometrical factor for the summary reactiequation of glucose
conversion into ethanol,
46 — molar mass of ethanol,
180.16 — molar mass of glucose,
C —starch, g4

Outcome of ethanol, L't

E=% % 1000 (2), where
E — outcome of ethanol, [}t
E; — acquired outcome of ethanol, § g
0.789 — ethanol density, g Tl

Ethanol yield L h&

(2 5]
1
1}
Iy
X
A1

(3), where

E, — ethanol yield, L h§
E — outcome of ethanol, [t
R — grain harvest, t Ha
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MS Excel program was used for data statistical ggsinig by the methods of
three-factor analyses with replication (A — yed@s; increased N fertilizer rates, C —
winter triticale varieties) using the methodologly @ospehov (1979). The test of
statistically significant differencegq(os) at Fischer criterionR) and density of factors
influence ¢, probability < 0.05) were used for the analysemefns differences.

RESULTS AND DISCUSSION

Meteorological conditions in the experimental yea007/08 were more
favourable for growing winter triticale and contritbd to high crop harvests. In the
autumn of year 2008/09 the level of precipitaticasvinigher whereas in spring, during
the growth period of the winter crops, there wdack of humidity. It substantiallyp(
< 0.05) affected the formation of crops. The avergigld in 2008/09 was lower by
3.52 t h& in comparison to the 2007/08 periods.

Applying a supplementary nitrogen fertilizer in theount of 100 kg ha the
average winter triticale yield in both years was271t ha', while the average triticale
yield did not substantiallyp(> 0.05) increase when the amount of nitrogenlisti
was increased by 40 kg harhis indicates that winter triticale varieties miat respond
to increased amounts of nitrogen. The winter #@lécvariety 'Dinaro’ provided the
highest yields in both research years and with hoithods of supplementary
fertilization. The results are compiled in Table 2.

Table 2.Yield (t ha') of the winter triticale varieties and lines.

2007/2008 2008/2009
Average
Varieties and N in two
lines N100 N140 Average N100 140 Average years {5
kg ha' kg ha' year kg ha kg year = 0.45)
ha'
SW Falmoro 11.70 13.30 12.50 10.11 8.80 9.45 10.98

SW Valentino 12.01 13.03 12.52 10.27 10.06 10.16 .341

Dinaro 1548 1562 1555 1055 10.13 10.34 12.95
Line 9405-23 1351 1338 1344 958 863  9.10 11.27
Line 9402-3 1457 1452 1454 978 918  9.48 12.01
Woltario 1240 1297 1268 912 934  9.23 10.96
Collegial 968  10.31  9.99 9.07 854  8.80 9.40

(Ay‘;i?%f’z 2 12,76 13.30  13.03 9.78 924 951 11.27
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The vyield of winter triticale was substantially € 0.05) affected by the factor A —
experimental year and by factor C — the varietysubstantial § < 0.05) effect was
also caused by the correlation of the year anciheunt of fertilization, as well as the
correlation of the year and the genotype (TableTBe research of Czech scientists
also showed that the yield of winter triticale wadtected by the variety and the year
(Kucerov, 2007).

Table 3.The influence of factors on the winter tritical@ig and bioethanol yield, and
quality indicesn%, 2007-2009.

Factors G.rain Protein Starch Biogthanol
yield content content yield

Experimental year — factor A 63.24*  21.30* 38.78* 61.71*
Increased N fertilizer rates — factor B 5 1.90* 0.11 0.00

Winter triticale varieties — factor C 20.49* 40.94* 39.68* 22 99*
Interaction AB 1.49¢  7.29* 1.02¢ 1.41*

Interaction AC 9.41*  7.87* 1471 9.75%
Interaction BC 055  0.99 0.82 0.48
Interaction ABC 0.82*  0.88 0.24 0.66
Effect of unexplored factors 393 17.09 4.52 293

*F >Fo.05

Suitability of variety for ethanol production isdicated by its starch content. The
outcome of ethanol is calculated by the starchesuntf grains. The research data
showed that the winter triticale variety ‘Dinarahdathe line 9402-3 had the highest
starch content. The change in the amount of suppleary fertilizer did not cause
substantial § > 0.05) changes in starch content of the winiécate genotypes. The
highest starch content was produced in 2007/0&jimgrirom 629.5 to 694.0 g Kg
when the amount of supplementary nitrogen fertilineas 100 kg ha With the
amount of supplementary nitrogen fertilizer beid@ kg hd, the starch content of the
winter triticale varieties and lines ranged from6@Bto 693.75 g kg In the period of
2008/09 the average starch content of the winiigcatie grains was 4% lower (Table
4).

Starch content of the winter triticale grains wabsantially p < 0.05) affected
by the experimental year and the genotype. Thesledion of the year and the amount
of fertilizer and the correlation of the year ahd variety or line also substantially €
0.05) influenced the results (Table 3).

Scientists from other countries have found thatophality of grains is determined
by different correlated factors: meteorological ditions, genetic characteristics of the
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variety, fertilization with nitrogen, and othersw@&ston et al., 2007). It is also
confirmed by this research.

Table 4.The starch (g K§ content of the winter triticale grains.

2007/2008 2008/2009
o Average
Varieties and in two
lines N100 N140 Average N100 N140 Average yegrs
kg ha' kg ha year kgha' kgha'  year (Yo.05=
4.35)

SW Falmoro 683.25 684.25 683.75 656.75 649.75  653.2 668.50

SW Valentino  677.50 683.75 680.63 650.25 644.00 .137 663.88

Dinaro 694.00 693.75 693.88 671.50 665.50 668.50 1.168

Line 9405-23 682.00 687.00 684.50 651.00 650.75 .8H0 667.69

Line 9402-3 693.25 691.50 692.38 669.75 654.00 &Pp1. 677.13

Woltario 677.50 679.75 678.63 644.25 644.75  644.50661.56

Collegial 629.50 636.00 632.75 646.50 643.25 644.88638.81

Average  ou6 71 67943  678.07 65571 65029 653.00  665.54
(Y0.05= 12.08)

The Czech scientists ascertained that the grailitguadicators — crude protein
and starch — of the same winter triticale varieffeddepending on growing conditions
(Kuc¢erov, 2007). Such results were also acquired inrésearch of the State Stende
Cereals Breeding Institute.

The results of the research showed that the winterale variety ‘Dinaro’ and
line 9402-3 that had substantially higher starchteot also had substantially lower
crude protein content. This variety and line areersuitable for bioethanol production
in Latvian conditions. The crude protein contenttlué winter triticale varieties and
lines was substantiallyp(< 0.05) affected by the experimental year andatmeunt of
supplementary fertilizer as well as the varietylioe. Substantial < 0.05) influence
was vielded by the correlation of the experimegéar and the amount of fertilizer, as
well as the correlation of the experimental yead #re variety or line (Table 3). An
increased amount of nitrogen fertilizer (N 100 k& )haffected only the winter triticale
variety ‘Falmoro’, causing a substantigd € 0.05) average increase of the crude
protein during both experimental years (Table 5).
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Table 5.The crude protein (g kg content of the winter triticale grains.
2007/2008 2008/2009 A_verage
in two
Varieties years
and lines N100 N140 Average N100 N140 Average (yoos

kgha' kgha' year kg ha' kg ha' year 3.29)

SW Falmoro  101.50 105.00 103.25 109.75 117.25 013.5 108.38

swo 10475 10225 10350 106.00 11350 109.75  106.63
Valentino

Dinaro 93.00 8925 9113  100.75 106.25 10350  97.31
I;:?e 9405 10950 10550 10750 11175 11650 11413  110.81

Line 9402-3 96.50 93.00 94.75 100.00 108.75 104.38 99.56

Woltario 107.25 103.25 105.25 109.75 116.50 113.13109.19

Collegial 111,75 11150 111.63 107.25 111.25 109.25110.44

(Ay\;i?g.els) 103.46 101.39 102.43  106.46 112.86 109.66  106.04
The most important quality indicators that havéecanalyzed in order to assess

the suitability of varieties for bioethanol prodoct are starch and crude protein
content of grains. In order to identify starch @nalde protein correlations, the
collected data were subjected to linear regresanatysis (Fig. 1).
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re 1. Starch and crude protein correlations for wititiicale ( < 0.05).

579



Starch and crude protein content correlations ascribed by the regression
equation y= —1.963x+873.7. The determination fad®r= 0.584 shows that the
changes in crude protein content by 58% of the scadkects the starch content of
winter triticale grains. There is a 95% possibilihat these indicators have a fairly
close correlation. The ethanol outcome of tritiogdains was calculated theoretically,
made on the basis of starch content of grains mgdermulas 1 and 2.

The mathematical data processing, using the thealigt calculated ethanol
outcome from a ton of grains, shows that a substafp < 0.05) influence was
exercised by the variety of winter triticale and #xperimental year. The correlation of
the experimental year and the variety was alsoedtgmportance (Table 3).

It was estimated that the average amount of ethtaablcan be obtained from the
examined winter triticale varieties and lines irotyears was 478.14 [t According
to the research of S. Wang and his colleagues {1B@7outcome of bioethanol from
winter triticale grains was 362—-367 [, twhich is lower than the research results
acquired in Stende (Table 6). The highest theaiicalculated outcome of ethanol
was acquired from the winter triticale variety 'R0’ and line 9402-3 that had the
highest starch content.

Table 6. The bioethanol outcome (I)tof the winter triticale varieties and lines.

2007/2008 2008/2009
Average

Zﬁ;’iﬂ‘: N100 N140 Average N100 N140 Average e'grfsw?o

kgha' kgha'  year kgha' kgha' year y: 3 1??')05
W Falmoro 4909 4916 4912 4718  466.8  469.3 480.3
SWo 486.7 4912 4889  467.2 4627  464.9 476.9
Valentino
Dinaro 498.6  498.4 4985 4824 4781  480.3 489.4
;g‘e 9405 48009 4936 4918  467.7 4675  467.6 479.7
Line 9402-3  498.0  496.8  497.4 4812  469.8 4755 .86
Woltario 486.7 488.3 4875  462.8 4632  463.6 475.3
Collegial 4522  456.9  454.6 4645 4621  463.3 458.9
Average 486.2 4881  487.1 4711  467.2  469.1 478.14
(Y0.058.68)

Analyzing the theoretically calculated outcome tfamol, it was observed that
the increase of supplementary nitrogen fertilizaused no substantial changes>(
0.05).

One of the most important indicators is ethanoldyjger hectare. Both yield of
the variety or line and the starch content of tfeerg of the certain variety or lines are
important for acquisition of higher ethanol outcorper hectare. The theoretical
calculation was done by using formula No. 3.

Calculating the ethanol yield per hectare, it wésenved that a substantial
influence p < 0.05) was exercised by the growing variety areldkperimental year.
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The correlation of both previously mentioned fastas well as the correlation of the
experimental year and the amount of supplementatififer also had a substantigl (
< 0.05) influence on yield (Table 3).

The average theoretically calculated ethanol weds 5416 L hain both years.
The meteorological conditions in the experimentdry2007/08 were more favourable
for harvesting high amounts of crops, thus therathgield (L ha') was by 1906 L h&
higher in experimental year 2007/08 (Table 7).

Table 7.Bioethanol yield (L hd) of the winter triticale varieties and lines.
2007/2008 2008/2009

Average
Varieties in two
and lines N 100 N140 Average N100kg N 140 Average Yyears
kgha' kgha'  year ha' = kgha'  year  (yoos=

211.45)

SW Falmoro 5745.6 6539.5 61425 4767.7 4103.8  #435.5289.2

swo 5844.9 63985 61217  4796.8 46533 47251  5423.4
Valentino

Dinaro 77194 77846 77520  5090.0 48424 49662 5963
'ig‘e 9405 66189 66017 66103 44794 40327 42560  5433.2
Line 9402-3 72550 72132 72346 47037 43129 4B08 5871.4
Woltario 60342 6332.9 61835 42202 43267 427352285
Collegial  4375.7 47116 45436 42104 39447 4077.61310.6
Average

(Yoos= 62278 65117 63698  4609.7 43166 446320 54165
586.9)

The highest theoretically calculated ethanol yiglcha®) was acquired from the
winter triticale variety ‘Dinaro’, the average ohigh was 6359 L hain both years.
This variety was characterized by high yield ad aglby high starch content of grains.

CONCLUSIONS

Evaluating the suitability of winter triticale vaties and lines for bioethanol
production, the research at the State Stende GeBeatding Institute indicates that the
most suitable winter triticale variety and line taioethanol production is the variety
‘Dinaro’ (489.4 L t') and the line 9402-3 (486.5 [M)tthat had a high theoretically
calculated outcome of ethanol. The winter triticakriety ‘Dinaro’ had also the
highest theoretically calculated ethanol yield @33 ha').

Neither the supplementary fertilization methodshgsiitrogen nor yield (L h
of the examined winter triticale varieties and $§nkad a substantiap (> 0.05)
influence on the theoretically calculated outcorhetbanol (L t).

581



ACKNOWLEDGEMENTS. The authors are grateful to the Ministry of Agricmé for
financial support, contract works No 120308/S38.

REFERENCES

Clarke, S., Kindred, D. & Weightman, R. 2008. Grogviwwheat for Alcohol and Bioethanol
Production in the North East.:lThe Final Report of ADAS Project XAA1500 conducted
for NEPIC between September 2008 to October 2@88of 12.01.2009. Available at:
www.adas.co.uk

Krej¢irova, L. & Capouchova, |. 2008. Quality of Winter @&t and Triticale for Bioethanol
Production. InField Crop Production: Proceedings. 43roatian and &' International
Simpson International Symposium on Agriculture. @pap. 60—603. as of 25.05.2009.
Available at: http://sa.agr.hr/2008pdf/sa2008_0pdb.

Kucerov, J. 2007. The Effect of Year, Site and Variety the Quality Characteristics and
Bioethanol Yield of Winter TriticaleJournal of the Institute of Brewirl33 142-146.
Swanston, S.J., Smit, P.L. & Gillespie, T.L. 20@3sociations between grain characteristics
and alcohol yield among soft wheat varietidsurnal of the Science of Food and

Agriculture 87 (4), 676—683.

Wang, S., Thomas, K.C. & Ingledew, W.M. 1997. Rywl alriticale as Feedstock for Fuel
Ethanol ProductiorCereal Chemistry4 (5), 621-625.

JHocmexos, b. A. 1979.MeTtoauka moneBoro onbita. Konoc, Mockga, 416.c.

582





