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During 1995-2000, grain and malt quality characteristics of spring barley
varieties and breeding lines were investigated at the Lithuanian Institute
of Agriculture. 45-50 samples were evaluated annually for 1000 kernel
weight, hectoliter weight, extract content, protein content, starch con-
tent, grain grading. Most of the Lithuanian varieties and breeding lines
tested meet the requirements for malting barley grain grading. However,
protein content depended on the weeather conditions of the year. An
extremely high protein content (14.2-19.2%) was accumulated in barley
grain in the dry and warm year 1999. The increase in protein content
tended to decrease malt extract content in spring barley varieties and
breeding lines. The malt extract content of spring barley varieties and
breeding lines did not exceed 80%. The spring barley breeding lines
6121-2, 6782-33, 7134-24 were distinguished for a high yield, 1000 kernel

weight, and statisfactory malting quality.
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INTRODUCTION

Barley is one of the most common crops in Lithua-
nia, covering 66.3% of the total spring cereal sow-
ing area. Barley is generally regarded as a feed crop
but is also used for malt. With the development of
malting and brewing industry interest in high qua-
lity malting barley has been in the increase. Yield
and grain quality of spring barley depends greatly
on the varietal characteristics [1, 2]. Cultivation of
varieties with top malting quality helps us to achieve
a high yield of quality malt with minimal labour
and costs. Quality requirements for malting barley
are far more complex than those for feed barley.
More than 30 parameters are applied for characte-
rization of malting quality of barley grains [3]. Be-
side evaluation of field characteristics (grain yield,
heading and maturity time, lodging and disease re-
sistance) and grain quality (colour, smell, shape, size,
hectoliter weight (HLW), 1000 kernel weight (TKW),
grading, germination, protein and starch content),
the malt quality characteristics (extract content, vis-
cosity, diastatic power, Kolbach index, soluble pro-
tein content, colour of wort) play a key role in the
evaluation of the malting and brewing potential of
barley varieties [1, 4]. Malting quality has been the
subject of several studies which revealed it to be a
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complex trait influenced by a number of genes, envi-
ronmental conditions and growing technology [4, 5].
Grains for malt must be yellow of various tints,
with typical smell, without mould. Grains with ova-
te or ellipse shape are preferable for malt, as they
absorb water more evenly during steeping and the
biochemical processes in them are more even.
Grain grading is a very important quality charac-
teristic. This index is strongly related to grain coar-
seness. The percentage of coarse grains on a 2.5 X
x 20 mm sieve for malt barley must be no less than
91%. Grain coarseness is a varietal feature, but de-
pends on environmental conditions too [6]. Coarse
grains accumulate more starch than protein [3]. To
ensure a good and uniform malting process there is
demand for big and uniform kernel size [7].
Grain protein content in barley is influenced to
a high degree by the environment, and this may
cause problems if barley is intended for malt. Bar-
ley used for malt should have a grain protein con-
tent not exceeding 11.5%. It is, therefore, important
to breed for cultivars with low and less environ-
mentally influenced grain protein content [8]. Sur-
plus of protein reduces malt extract content, as the
enzymic breakdown of grain endosperm becomes
more difficult and results in heating up of germina-
tion and impeded fermentation process [3]. The pro-
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tein has a value as food for yeast and its level should
not be low [7].

Extract content shows the part of dry matter from
ground malts affected by enzymes that moved to
water solution. For brewing industry the highest pos-
sible extract content is demanded; in good malting
barley it is well over 80%. All these characters can
be influenced by breeding [7]. That is why the first
step to success in the growing systems of malting
barley is a choice of appropriate variety. Varietal
effect accounts for 25-40% of malting varieties’ per-
formance versus growing conditions [9].

The objective of this study was to estimate mal-
ting grain characteristics of Lithuanian spring barley
varieties and breeding lines.

MATERIALS AND METHODS

Agronomic assessment of spring barley varieties and
breeding lines was conducted during 1995-2000. The
Lithuanian spring barley malting variety ‘Auksiniai
3 was used as a control. Annually 45-50 samples
were evaluated. The spring barley varieties and
breeding lines were planted in the competitive yield
trials, in the 10 m? plots with 4 replications. The
soil of the experimental site was Endocalcari-Epihy-
pogleyic Cambisoil (CMg-p-w-can) light loam. The
preceding crop was seed clover of the 1st year.
N, P, K, fertilization was applied.

The period 1995-2000 was rather favourable for
spring barley versatile evaluation because of va-
riable weather conditions (1995 dry, 1996 wet,
1997 dry, 1998 cool and rainy, 1999 dry and hot,
2000 wet).

In the trails we evaluated grain yield (t ha™),
1000 kernel weight (TKW) (g), hectoliter weight
(HLW) (g 1Y), in grains we determined malt ex-
tract content (%), protein content (%), starch con-
tent (%), and grain grading. Protein content was
determined by the Kjeldahl method and starch con-
tent by hydrochloric acid dissolution. Malt extract
content was determined on the basis on EBC (Ana-
lytica-EBC, 1987).

The level of statistical significance of data was
calculated by the method of dispersion analysis us-
ing the ANOVA software and the variability of traits
using the STATENG software [10].

RESULTS AND DISCUSION

The coarse grain output in the study period was
71.9-99.4% (Table 1). In 1996 and 1999 this index
varied in a wider range than in the other years.
Both coarse grain output and fractional grain com-
position are equally important for the assessment of
barley grain suitability for malting. Comparison of
fractional grain composition of individual years sug-
gests that grains of 1996 yield are uneven. Most of
them (72.5-90.0%) remain on a 2.5 x 20 mm sieve,
but the other part (1.0-10.7%) goes down through
a 2.2 x 20 mm sieve. Because of low grain output,
42.5% of spring barley varieties and breeding lines
do not meet the requirements for malting barley. In
1996 grain coarseness and uniformity were negati-
vely affected by warm and dry spring weather and
crop lodging in July. In the rest of the years of
study small grain output did not exceed 3%, which
is demanded in brewing industry. The spring barley
varieties and breeding lines were divided into three
groups according to coarse grain output: I — coarse
grain output <85%, Il — coarse grain output 85—
91%, III — coarse grain output >91% to meet the
requirements of brewing industry. The largest grains
grew in the years 1995, 1997 and 2000. Most of
spring barley varieties and breeding lines fell into
group III and met the requirements for malting bar-
ley. However, only 12.8% of barley grains harvested
in 1996 met the requirements for this index. The
results show that the influence of weather condi-
tions on grain coarseness is very significant, however,
the impact of the genotype is also very important.
Some spring barley varieties and breeding lines show
a stable grain coarseness (‘Aura’, ‘Alsa’, 7134-24,
6700-28), while the others varied a little but met
the requirements for malting barley in all years of
study.

Table 1. Grain grading and distribution of spring barley varieties and breeding lines according to grain coarseness

Grain grading (grains on a sieve %) Groups by coarse grain output >2.5

Year >2.5 x 20 22 x 20 <22 x 20 ! 11 I
: mm ' mm ' mm <85% 85.0-91% >91%

1995 80.6-99.4 0.8-18.3 0.0-1.8 4.4 15.6 80.0
1996 72.5-99.0 9.3-18.7 1.0-10.7 47.6 39.6 12.8
1997 84.1-98.8 1.2-13.7 0.1-2.7 13.3 13.4 73.3
1998 81.5-97.1 2.6-22.6 0.0-1.0 12.5 38.6 48.9
1999 71.9-98.0 1.9-17.3 0.0-2.0 12.5 20.8 66.7
2000 78.0-99.4 0.4-20.2 0.1-1.8 4.2 229 72.9
Mean 78.1-98.6 2.7-18.5 0.2-3.3 15.8 25.2 59.1
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The next important malting barley parameter is
protein content. Protein content in barley grains
ranged from 9.9 to 19.2% depending on the year
(Table 2). The highest protein content was accumu-
lated in 1999 (on the average 16.2%). Some aut-
hors have reported that climatic conditions (first of
all a long drought) can be a reason of increasing
crude protein content in barley caryopses [9]. In
1999 the weather conditions were extremely unfavo-
rable for barley. There were severe frosts in May
after sowing and drought during the whole vegeta-
tive growth period. Such weather conditions resul-
ted in a high accumulation of proteins. The protein
content in barley grains was influenced to a high
degree by the climatic conditions in all experimental
years. Only about half of the samples met the re-
quirements for this index in 1998. In the other ex-
perimental years, excluding 1999, most of the breed-
ing lines were attributed to group II, in which part
of the samples slightly surpassed this requirement.

When the protein content increases, starch and
malt extract levels decrease in barley grain [3]. An
especially low extract content was accumulated in
barley grains harvested in 1999 (Table 3). At a high
grain protein content (14.2-19.2%), the extract con-
tent was 71.0-79.0%. Only the minority of samples

were attributed to group III (medium extractivity).
The extract content of the majority of breeding li-
nes (77.1%) was very low and did not exceed 75.9%.
According to averaged data, an increase in protein
content by 3.6% decreases the extract content by
5.7%, 3.1% and 3.4%, respectively, in the stadard
variety ‘Auksiniai 3. Mean differences of extract con-
tent among individual experimental years, except
1999, are moderate, suggesting that grains of most
spring barley breeding lines could be suitable for
malt production. Differences among individual spring
barley breeding lines in extract content are much
higher. That enables to make selection according to
this characteristic.

The spring barley varieties and breeding lines
studied were divided into 5 groups according to the
extract content: I — very low (<75.9%), II - low
(76.0-77.9%). 111 — medium (78.0-79.9%), IV - high
(80.0-81.9%), V — very high (>81.9%). Experimen-
tal evidence suggests that in all experimental years
there were breeding lines with high and very high
extract content. Most of the lines (42.7-63.8%), ex-
cept in 1999, were characterized by medium extract
content.

The grain yield and malt quality parameters of
Lithuanian spring barley varieties and breeding li-

Table 2. Protein content in grains and distribution of spring barley varieties and breeding lines according to protein

content
Groups by protein content %

Year Mean Variation range | Variation coefficient 1 I I

9.0-11.5 11.6-13.0 >13.0
1995 13.5 11.4-14.8 5.5 2.8 63.9 33.3
1996 11.6 9.9-13.8 5.2 28.9 65.8 5.3
1997 13.0 11.7-14.9 5.0 0.0 31.7 68.3
1998 12.0 10.2-13.0 7.0 52.2 47.8 0.0
1999 16.2 14.2-19.2 7.9 0.0 0.0 100.0
2000 12.8 11.9-14.1 4.8 0.0 64.3 35.7
Mean 13.2 11.5-15.0 5.9 14.0 45.6 40.4

Table 3. Extract content in grains and distribution of spring barley varieties and breeding lines according to extract

content
Means of data Extract content groups (%)
Year Mean . Variation coefficient I I 1 v v
) max <759 | 76.0-77.9 | 78.0-79.9 | 80.0-81.9 | >81.9
1995 79.1 75.7 83.5 23 22 222 48.9 233 3.4
1996 78.8 76.6 81.4 1.0 6.4 17.0 63.8 12.8 0.0
1997 78.4 76.4 81.4 1.2 0.0 35.6 533 11.1 0.0
1998 79.0 75.9 82.2 1.3 0.0 20.4 531 24.5 2.0
1999 73.0 71.0 79.0 1.7 77.1 18.6 43 0.0 0.0
2000 78.1 76.5 80.5 2.1 2.1 43.7 42.7 12.5 0.0
Mean 77.7 75.3 81.3 1.6 14.6 26.2 44.4 14.0 0.9
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nes were compared (Tables 4 and 5). The best grain
yield was produced by the variety ‘Aura’, but it was
affected by the growing conditions and varied within
2.88-7.42 t ha!. The yield of the standard variety
‘Auksiniai 3’ was lower, but more stable throughout
the years. The average data of evaluation show that
all spring barley varieties, except ‘Aidas’, met the
requirements for malting barley grain coarseness.
The coarse grain output for ‘Alsa’ and ‘Aura’ ex-
ceeded 90%, whereas for the German malting bar-
ley variety ‘Alexis’ varied within a wider range (86.6—
97.7%). According to the mean protein content all
varieties exceeded the permissible level for malting
barley. This index was affected by the data of the
year 1999 with exceptional climatic conditions. Starch
content in grains is important for malting varieties,
because two thirds of malt extract substances are
produced from starch. The mean starch content in
grains of the malting variety ‘Alexis’ was 61.1%, in
the standard variety ‘Auksiniai 3’ 60.4%, and in the

rest of varieties it varied within 57.4-58.7%. The
variety ‘Auksiniai 3° showed a high hectoliter weight
and the variety ‘Ula’ a high thousand kernel weight.
In the varieties with starch content over 60%, the
extract content was high (group IV). The extract
content in Lithuanian varieties, except ‘Aidas’, was
medium.

A high grain yield was produced by the lines
6121-2, 6782-33, 6791-35. The yield of line 7134-24
was low and varied from 3.00 to 5.26 t ha'. This
line was evaluated only in 1998-2000 and the data
were affected by the dry growing conditions of
1999. The average data of the study show that all
spring barley lines, except 6121-2, met the require-
ments for malting barley grain coarseness. The co-
arse grain output of the line 7134-24 was 96.1%
and varied within 94.1-98.0%. According to the
mean protein content all evaluated lines exceeded
the permissible level for malting barley. It was af-
fected by climatic conditions of the year 1999. The

(1995-2000)

Table 4. Grain yield and malt quality characteristics of Lithuanian spring barley varieties in competitive yield trials

05

Vanet, Origin Grain yield | Protein | Starch HLW TKW Coarse grain Extract
t ha™! % % g I g output >2.5 mm | content %

Auksiniai 3 - st. Lithuania 4.86 12.8 60.4 721 473 92.5 80.3
Ula Lithuania 5.29 12.8 58.7 694 545 93.9 78.5
Alsa Lithuania 5.27 13.6 57.4 685 50.0 93.2 78.3
Aura Lithuania 5.47 13.6 57.8 684 50.5 94.4 78.3
Aidas Lithuania 4.99 13.2 57.9 674 48.1 88.2 76.8
Alexis Germany 5.05 12.0 61.1 681 49.2 90.5 80.7

LSD 0.468 0.74 1.86 13.0 1.88 3.34 1.47

Table 5. Grain yield and malt quality characteristics of spring barley promising breeding lines (1995-2000)

. . G.raln Protein | Starch HLW | TKW Coarse grain Extract
Line Pedigree yield % % gl 5 output content %
t ha! >2.5 mm
Auksiniai3  standard 4.86 12.8 60.4 721 47.3 92.5 80.3
6121-2 Krinichnij x [(KM1192 x 5.34 13.3 59.2 700 47.6 86.0 79.3
x Ofir) x (Deba x KM1192)]
6700-28 [(Vega x (Sv73608 x 5.20 12.8 57.8 700 52.7 92.5 79.2
WW6405)] x [HVS929/77 x
x (Chellas x Mirena)]
6706-20 [(Vega x (Sv73608 x 5.26 12.9 58.2 709 51.4 91.9 78.7
x WW6405)] x Vista
6782-33 [(Vega x (Ofir x 5.43 12.8 59.9 700 48.8 90.7 79.8
x Berenice)] x Liisa
6791-35 [(Vega x (Ofir x Berenice)] x  5.54 12.2 58.1 689 51.0 94.0 77.3
x Flare
7134-24* Prima x Yavelin 4.44 13.0 59.2 682 51.4 96.1 79.1
LSD,, 0.432 0.79 1.10 13.0 2.26 4.40 1.25
*1998-2000.

57



A. Leistrumaité, V. Paplauskiené

mean of the starch content and hectoliter weight
in grains of the breeding lines varied between 57.8—
59.9% and 682-709 g 1!, respectively, and did not
exceed the standard variety ‘Auksiniai 3’ (60.4%
and 721 g I'"). The lines 6700-28, 6706-20, 7134-24
and 6791-35 showed a high thousand kernel weight.
The extract content of promising breeding lines, ex-
cept 6791-35, was medium (group III). The best
extract content was shown by the line 6782-33
(79.8%). 1t varied from 77.3% in the dry year 1999
to 82.1% in 1995, which was favourable for malt-
ing characteristics. Analysis showed that strong
annual effects occurred over the study in malting
grain characteristics of Lithuanian spring barley va-
rieties and breeding lines. However, there are ra-
ther prominent differences among separate spring
barley breeding lines, allowing us to expect that se-
lection in early generations according to this cha-
racteristic is possible.
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VASARINIU MIEZIU VEISLIU IR SELEKCINIU
LINIJU GRUDU SALYKLINIU SAVYBIU TYRIMAS

Santrauka

1995-2000 metais Lietuvos Zemdirbystes institute tirti va-
sariniy mieziy salyklines savybes apibuidinantys rodikliai:
1000 gridy mase, saiko svoris, gridy stambumas, balty-
my, krakmolo kiekis gruduose, salyklo ekstraktingumas ir
kt. Kasmet buvo tiriama 45-50 veisliy ir linijy. Daugumos
tirty lietuvisky vasariniy mieziy veisliy gridy stambumas
atitinka salykliniams mieziams keliamus reikalavimus, ta-
Ciau baltymy kiekis griiduose priklausé nuo mety meteo-
rologiniy salygy. Ypac dideli baltymy kieki vasariniai mie-
Ziai sukaupé sausringais 1999 metais - 14,2-19,2%. Pa-
didéjes baltymy kiekis mieziy griduose mazino salyklo
ekstraktinguma. Tirty mieziy veisliy ir linijy vidutinis sa-
lyklo ekstraktingumas nevirSijo 80%. Tarp tirty linijy der-
lingumu ir tinkamomis salyklinémis savybémis pasizyméjo
selekcinés linijos 6121-2, 6782-33, 7134-24.



