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The aim of this study was to evaluate the genetic and environmental variation of yield and food
quality characteristics (protein, starch, B-glucan and husk content, test weight and thousand grain
weight) of covered and hulless barley genotypes in organic management conditions. Two differ-
ent field experiments were carried out. In the first experiment, hulless barley genotypes ‘Kornelija’,
'Irbe’, '1165', '1185" and the covered varieties ‘Ansis' and ‘Maali' were studied in two locations in
Latvia and in one location in Estonia during 2014. 'Ansis’, ‘Kornelija’, '1165" and '1185' were in-
cluded in the second experiment carried out at Stende during three sequential years
(2011-2013). The effect of genotype, environment (location and year) and co-effect of these fac-
tors contributed significantly to the variation in yield and grain quality traits of the barley geno-
types. As a result of experimental treatments grain yield and quality traits varied by all tested
factors. There were considerable differences in impact of studied sources of variation. Grain yield
was influenced more by environmental factors than by genotype. Impact of genotype was highest
for husk content and test weight. Integral evaluation method was carried out for comparison of
barley genotypes to identify the best ones by the lowest deviation from the desired value. The
covered barley variety ‘Maali' showed good adaptation to different environmental conditions, hav-
ing good yield, B-glucan content and high thousand grain weight. The line '1165" and variety

'Kornelija' showed best results among hulless barley varieties.
Key words: Hordeum vulgare, organic management, yield, food quality, variation.

INTRODUCTION

Barley grain is used mainly for animal feed and malt, but
there is an increasing interest in barley for other food appli-
cations (Biel and Jacyno, 2013). Historically, barley has
been an important food crop in many parts of the world, in-
cluding the Middle East (Iran), North Africa (Marocco and
Ethiopia), Northern and Eastern Europe (England, Finland,
Denmark, Russia, Poland) and in Asia (Japan, India, Korea,
Tibet) (Newmann and Newmann, 2006). Barley lost favour
as a food grain primarily due to development of the wheat
industry. Wheat bread and wheat-based breakfast cereal
products have replaced much of the bakery markets for rye,
oats and barley because of texture, taste, appearance, and
increased availability. With increased consumer knowledge
of the health benefits provided by soluble dietary fibre and
other whole-grain constituents, barley foods have a good
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chance of regaining an important place in the human diet
(Newman and Newman, 2006; Baik and Ullrich, 2008).

For food uses, barley grain is first abraded to produce pot or
pearled barley, and may be further processed to grits, flakes
and flour. In Western countries, pearled barley, whole,
flaked, or ground, are used in breakfast cereals, stew, soups,
porridge, bakery flour blends and baby foods. In Middle
Eastern and African countries, barley is pearled and ground,
and used in soup, flat bread and porridge (Bhatty, 1993).

Interest in barley as a food crop has been renewed, caused
mainly by B-glucan effects on lowering blood cholesterol,
blood pressure (Behall ef al., 2004), glucose regulation and
glycemic index (Cavallero et al., 2002). Several studies
have shown the effectiveness of barley B-glucans in barley
food products in lowering blood cholesterol (Newman et
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al., 1989; Behall et al., 2004), glucose regulation
(Johansson et al., 2013) and glycemic index (Cavallero et
al., 2002; Pins and Kaur, 2006). Barley has been suggested
for food also due to lowering the risk of cancer and heart
diseases (Ames et al., 2006; Ames and Rhymer, 2008).

Starch, protein and dietary fibre are the major components
of barley kernel (Aman and Newman, 1986) Whole barley
graln consists of about 650 680 gkg starch, 100 170
gkg protein, 40-90 kg B-glucan, 20-30 gkg free
lipids and 15-25 g-kg™ minerals (Izydorczyk et al., 2000;
Quinde et al., 2004).

The naked barley cultivars generally have higher B-glucan
content than the covered barley cultlvars This type of bar-
ley grain contains up to 100 g-kg” of B-glucan. (Fastnaught,
2001; MeZaka et al., 2011). The hull makes up to 10 to 15
percent of the dry weight of the barley kernel and is com-
posed primarily of cellulose, hemicellulose, pectins, lignin,
and a small amount of protein. The hull is the major con-
tributor of crude or acid detergent fibre in the barley kernel
(Bhatty, 1993).

Several studies have shown that genotype, environmental
factors and fertiliser supply affect both yield and chemical
composition of barley grain (Aman and Newman, 1986;
Conry, 1994; Valaja et al., 1997; Thompson et al., 2012;
Biel and Jacyno, 2013). A recent study carried out in Latvia
at the Stende Cereal Breeding Institute showed the influ-
ence of nitrogen treatment rates to grain yield and quality of
hulless barley genotypes (Bleidere et al., 2013). However,
little is known of how organic management influences the
food quality of barley varieties in the Baltic region. Further-
more, there is a lack of studies examining the influence of
location on yield and food quality of hulless barley geno-
types in the Baltic region. The aim of this study was to
evaluate the variation of yield and food quality characteris-
tics of hulless and covered spring barley genotypes and find
out their potential for dietary food production under organic
management.

MATERIALS AND METHODS

The field experiments. This study consists of two different
field trials. In the first trial six barley genotypes were tested
in three different locations during 2014 — State Stende Ce-

real Breeding Institute (Latvia), State Priekuli Plant Breed-
ing Institute (Latvia), and Estonian Crop Research Institute
(Estonia) (trial 1). The hulless barley (HB) genotypes 'Ko-
rnelija', 'Irbe’, '1165', '1185' and covered barley (CB) varie-
ties 'Ansis' and 'Maali' were studied in this trial. 'Maali' was
bred in Estonia and the other genotypes are of Latvian heri-
tage. The second trial was carried out at Stende during three
sequential years (2011-2013) (trial 2) and barley genotypes
'Ansis', 'Kornelija', '1165" and '1185" were studied.

Grain yield, 1000 kernel weight, test weight, protein, starch,
husk and B-glucan content, were evaluated in trial 1. The
same characteristics, except husk content, were assessed in
trial 2. All genotypes were tested on 5 m? plots in three rep-
lications at the rate of 500 germinating seeds per m2. Both
trials were carried out in organic management conditions.

Soil characteristics. Field trials in all years and locations
were carried out on sod-podzolic sandy loam soil at Stende,
Priekuli and on Cambisol sandy loam soil at Jogeva. In trial
1, the content of soil orgamc substances at the study site at
Stende was 21.6 g kg the soil pHy 5.27, the content of
plant-available phosphorus P,05 138 mg kg , and potas-
sium K,O 130 mg- kg At the study site in Prlekuh the
content of soil orgamc substances was 23 g kg pHKCl 5.8,
P,05 182 mg- kg , and K,O 128 mg- kg At1 Jogeva, the
content of soil orgamc substances was 18 g-kg™', pHy 6.2,
P,05 173 mgkg ', and K,0 76 mg-kg ™.

In the study site of trial 2 carried out at Stende, the soil or-
ganic substance content was 21-24 g-kg 1, soil pHKq
5.6-6.0, P,O5 147-164 mg- kg and K,O 175-209 mg-kg"
during 2011-2013.

Weather conditions. Trial 1. At Priekuli the temperature
remained mostly below the long-term average in 2014 (Ta-
ble 1). It exceeded the long-term average amount only in
June, by 1.3 °C. The amount of precipitation was higher
than the long-term average in May, June, and August. At
Stende the average temperature was comparable to Priekuli,
but exceeded the long-term average of Stende in May
(1.1 °C), July (3.3 °C) and August (1.6 °C). The total
amount of precipitation was lower than in Priekuli but ex-
ceeded the local average. Monthly precipitation exceeded
greatly the long-term average in June and August and re-
mained lower than the average in May and July. At Jogeva
the average temperature of the season remained the lowest

Table 1

AVERAGE TEMPERATURES AND SUMS OF PRECIPITATION IN THE VEGETATION PERIOD AT STENDE, PRIEKULI, AND JOGEVA IN 2014

Month Average temperature, °C Sum of precipitation, mm
Priekuli Stende Jogeva Priekuli Stende Jogeva
2014 ‘ norm 2014 norm 2014 norm 2014 norm 2014 ‘ norm 2014 norm
April 7.1 9.4 7.1 43 59 8.1 32.1 40 30.8 37 9.9 37
May 11.9 12.7 11.3 10.2 11.7 13.1 96.7 56 41.4 45 64.1 49
June 13.5 12.2 13.3 14.2 13.1 11.7 108.3 78 99.4 57 157.1 68
July 19.5 22.1 19.6 16.3 19.3 21.8 76.5 93 59.5 87 47.8 80
August 16.7 17.5 17.1 15.5 16.5 17.7 158.2 88 119.8 87 123.0 88
Average/Sum 13.7 14.8 13.7 12.1 13.3 14.5 471.2 355 350.9 313 401.9 321
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Table 2

AVERAGE TEMPERATURES AND SUMS OF PRECIPITATION IN
THE VEGETATION PERIOD AT STENDE, 2011-2013

Month Average temperature, °C Sum of precipitation, mm
2011 [ 2012 | 2013 [ norm | 2011 | 2012 | 2013 | norm

April 69 56 40 43 268 427 349 37

May 10.6 11.0 13.7 102 547 589 86.1 45

June 16.8 132 169 142 59.6 787 745 57

July 192 175 169 163 1653 91.7 362 87

August 16.3 155 16.6 155 1550 115.1 452 87

Average/Sum 140 12,6 13.6 12.1 4614 387.1 2769 313

and was in most months, except June, below the long-term
average of this location. Although the total sum of precipi-
tation was higher compared to the long-term average, there
was very little rainfall in April and the amount of precipita-
tions remained low also in July.

Trial 2. The growing season of 2011 was characterised by
an average temperature above the long-term data and there
were some extreme periods of drought (Table 2). Monthly
average temperature exceeded the long-term data particu-
larly in June (2.6 °C) and July (2.9 °C). The growing season
of 2012 was characterised as having optimal temperature
and moisture conditions, and a smaller number of sunny
days. There was more precipitation than the long-term aver-
age. April of 2013 was colder than normal. The average
temperature was above the long-term data also in the other
months. The year 2013 was also peculiar in regard to the
distribution of precipitation. The greatest amount of precipi-
tation was observed in May and June, whereas in July and
August the amount of precipitation were approximately two
times lower than the average long-term data for this time of
the year.

Sampling, chemlcal and statistical analysis. In both trials
grain yield (t-ha ) was measured for each basic plot, and
the samples for analysing grain quality were taken from
each replication. The following grain physical traits were
evaluated: 1000 kernel weight/TKW (g) by ISTA method,
test weight/TW (g-L ) by an automatic grain analyser
Infratec Analysis 1241. Macronutrlent crude protein content
(g-kg ) starch content/ST (g-kg ) and B-glucan con-
tent/BGL (g-kg ) were analysed by an automatic grain
analyser Infratec Analysis 1241.

ANOVA procedures were used for statistical data analysis
with the software Agrobase. In the analysis of variance,

omega squared (092) was calculated to measure the effect
size or relative contributions of factors (genotype/A and
year/B) (Grissom and Kim, 2012). The significance of ef-
fect of factors was determined at probability level of 0.05.

The integral evaluation method (Martynov, 1987) was car-
ried out to compare the tested barley phenotypes to identify
the best ones by the lowest deviation from the desired value
preferable for food production. The desired value and the
actual value of a trait, an investment coefficient of each trait
and the standard deviation are taken into account, when us-
ing this method. The integral evaluation of genotypes was
carried out according to grain yield, TW, TKW, starch, pro-
tein, B-glucan and husk content. The desired value for yield
and quality characteristics, except husk content, corre-
sponded to their maximum value, but for husk content to
the minimal value. The following formula was used for cal-
culation the integral evaluation (SD):

SD = Zw (4, —x)1s,

I=1

w; — investment coefficient for trait i
I, — desired value

X; — actual value

s; — standard deviation

N — amount of characteristics

The minimal value of integral evaluation (SD) corresponded
to the best genotype in the integral evaluation.

RESULTS

Grain yield. The variation of grain yield was significantly
influenced by genotype, environment (location or year) and
the co-effect of these factors in both trials. Yield varied the
most by location ((0 =39%) in trial 1 (Table 3) and by year
(o) =54%) in trial 2 (Table 4). High impact of the environ-
ment may partially be explained by different meteorological
conditions in locations (trial 1) and years (trial 2). Average
grain y1e1d of locations varied from 2.70 t-ha™ at Priekuli to
4.30 t-ha™! at Jogeva in trial 1 (Table 5) and from 1.76 t- ha

in 2013 to 2.94 t-ha” Uin 2011 and 2012 in trial 2 (Table 6).

Effect of genotype in variation of yield remained lower
(o) =29% in trial 1 and 13% in trial 2), but showed dissim-
ilar yield potential of tested genotypes. The average grain
yield of genotypes varied from 2.76 to 4.32 t ha'' in trial 1
(Table 7) and 2.31 to 3.00 t- ha'!in trial 2 (Table 8). The CB
varieties showed higher yield compared to the HB geno-

Table 3

RELATIVE IMPACT (mz, %) OF FACTORS TO MEASURED TRAITS FOR BARLEY GENOTYPES IN DIFFERENT LOCATIONS IN TRIAL 1

Source of variation Yield Protein Starch B-glucan ™ Husk TKW
Genotype (A) 2Qekk 3wk 4 5%k 147k 76 Q7 2%
Location (B) 39k 50 3] ek 29k 2% 1% 67 %%
AxB 15k 6* Qitesk 48Hkx 16%** 1% 2%

TKW, 1000 kernel weight
Significant at * p < 0.05; ** p < 0.01; *** p < 0.001
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Table 4

RELATIVE IMPACT (032, %) OF FACTORS TO MEASURED TRAITS
FOR BARLEY GENOTYPES IN DIFFERENT YEARS IN TRIAL 2

Table 7

GRAIN YIELD AND QUALITY CHARACTERISTICS OF BARLEY
GENOTYPES AS AN AVERAGE OF LOCATIONS IN TRIAL 1

Source of variation‘ Yield ‘Protein‘ Starch ‘ﬁ-g]ucan‘ ™ ‘ TKW

TKW, 1000 kernel weight
Significant at * p < 0.05; ** p < 0.01; *** p < 0.001

Table 5

GRAIN YIELD AND QUALITY CHARACTERISTICS OF BARLEY
GENOTYPES IN DIFFERENT LOCATIONS IN TRIAL 1

Location | Yield | Protein | Starch B-glucan| TW Husk | TKW
-1 -1

gke' | gke! | gL | gke! g

Stende 3.55 106 645 35 768 32 50.5
Priekuli ~ 2.70 130 628 36 752 27 40.6
Jogeva 430 106 642 44 759 27 44.0
LSD,s  0.14 2 3 1 6 2 0.6

tha! kg

TW, test weight
TKW, 1000 kernel weight

Table 6

GRAIN YIELD AND QUALITY CHARACTERISTICS OF BARLEY
GENOTYPES IN DIFFERENT YEARS IN TRIAL 2

Year Yield Protein Starch | B-glucan ™ TKW
tha' | gke' | gkg' | gkg' | oL g

2011 2.94 111 633 28 728 433

2012 2.94 97 641 41 765 43.9

2013 1.76 98 640 41 707 41.6

LSDyps  0.15 3 2 2 10 0.8

TW, test weight
TKW, 1000 kernel weight

types in both trials. The varlety '‘Maali' demonstrated the
best yleld level (4.32 t-ha ) in trial 1 and 'Ansis' (3.00
t-ha” ) in trial 2. Among the HB genotypes, line '1165' had
the highest yield (3.45 t-ha ) in trial 1 and '1185' (2.56
t-ha” 1) in trial 2. The co-effect of two factors showed differ-
ent reaction of genotypes to various growing conditions.

Grain food quality traits. Analysis of variance indicated
different impact of factors to grain quality traits in trial 1
and trial 2. Varlatlon of protein was determined the most by
location ((D = 50%) in trial 1 and by co-effect of genotype
and year (co2 = 38%) in trial 2. Average protein content was
the highest at Priekuli in trial 1, exceedmg the level at
Stende and Jogeva 31gn1flcantly by 24 g kg The differ-
ences in protein levels between the years in trial 2 remained
smaller than between locations in trial 1. The variety
'Kornelija' showed the highest level of protein in both trials.
The protein content of the HB genotypes was mostly supe-
rior compared to that of CB varieties.
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Geno- | Yield | Protein | Starch B-glucan| TW Husk | TKW
-1 -1

WP | tha! | gkl | gke! | gkg! | oL | gkg!' | g
Ansis 392 101 635 36 700 76 446
Kornelija 276 134 625 37 791 6 475
Irbe 322 115 649 40 821 3 41.6
1185 341 114 644 34 747 1 44.0
1165 345 109 647 41 791 9 443
Maali 432 109 630 42 710 70  48.
LSDyes  0.19 3 4 2 9 2 0.9
TW, test weight

Table 8

GRAIN YIELD AND QUALITY CHARACTERISTICS OF BARLEY
GENOTYPES AS AN AVERAGE OF YEARS IN TRIAL 2

Protein | Starch
-1 -1

Genotype| Yield B-glucan ™ TKW

-1 1

tha! | gkg' | gkg' | gke gL g
1185 2.56 97 644 32 729 427
Komelija ~ 2.31 108 640 37 47 424
1165 233 105 643 36 776 424
Ansis 3.00 08 625 41 681 443

LSDyes  0.18 3 3 3 12 0.9

TW, test weight
TKW, 1000 kernel weight

Starch content was mostly influenced by genotype (o)2 =
45%) in trial 1 and by co-effect of genotype and location
(032 = 50%) in trial 2. Starch content was the lowest at
Priekuli (628 g-kg'l) in trial 1 and in 2011 (633 g-kg'l) in
trial 2. The variety 'Kornelija', which had the highest pro-
tein, showed the lowest level of starch content. The varlety
'Irbe" demonstrated the highest starch content (649 g-kg ) in
trial 1 and line '1165' (643 g-kg ) in trial 2.

The variation of B-glucan content was mostl 2y determined
by the co-effect of genotype and location (0” = 48%) fol-
lowed by the effect of location (o)2 = 29%) in trial 1. The
impact of genotype, year and co-effect of these factors to
the variance of -glucan content remained almost equal in
trial 2 The average content of B-glucan was the hlghest (44
g-kg ) at Jogeva and remained the lowest (35 g-kg ) at
Stende in trial 1. The level of B-glucan remained signifi-
cantly lower in 2011 (28 ]g kg ) compared to the results of
2012 and 2014 (41 g-kg ). The CB varlety 'Maali' showed
the highest level of f3- glucan (42 g'kg ) followed by HB
genotypes '1165' (41 g-kg ) and ‘Irbe’ (40 g-kg ) The va-
riety 'Ans1s demonstrated the highest content of -glucan
(41 gkg ) in trial 2.

Grain husk content was hlgher at Stende (32 g-kg” ) than at
Priekuli and Jogeva (27 g-kg ) The husk content of HB
genotype remained between 3- 10 gkg . ! "Ansis' showed the
lowest husk content (3 g-kg ) among tested genotypes.
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Among CB genotypes 'Maali' had lower husk content (70
g~kg'1) than 'Ansis' (76 g~kg'1).

Variation of TW was mainly determined by genotype ((1)2 =
76%), while the impact of location remained marginal (0" =
2%) in trial 1. TW was influenced the most by 2genotype (o)2
= 38%) also in trial 2, but the share of year (1" = 18%) and
their co-effect (m2 = 33%) in variation was higher than in
trial 1. Average TW at Stende (768 g~L'1) was significantly
higher than at Priekuli (752 g-L'l) and Jogeva (759 g-L'l)
but superiority remained quite small. The level of TW in
2012 (765 g'L™") was much higher than in 2011 (728 gL'!)
and 2013 (707 g-L‘l). All the HB genotypes sowed had
higher level of TW compared to that of the CB varieties.
The variety 'Irbe' had the highest TW (821 g-L'l) in trial 1
and breed '1165' (776 g-L'l) in trial 2.

Variation of TKW was mainly determined by location (032 =
67%) in trial 1, and the share of other factors remained mar-
ginal. Co-effect of genotype and year was the main source
of variation (o)2 = 46%) for TKW in trial 2. There were
great differences between the levels of average TKW in lo-
cations in trial 1. TKW was the highest (50.5 g) at Stende
and lowest (40.6 g) at Priekuli. In trial 2 the TKW was in
2013 (41.6 g) significantly lower than that in 2011 (43.3 g)
and 2012 (43.9 g). The CB variety 'Maali' showed the high-
est TKW (48.1 g) in trial 1 followed by the HB variety
'Kornelija' (47.5 g). The CB variety 'Ansis' had the highest
TKW (44.3 g) in trial 2.

Ranking genotypes by integral evaluation method. The
tested genotypes were analysed by integral evaluation
method according to grain yield and quality traits simulta-
neously with the aim to identify the varieties having the
lowest deviation from the desired value for food production.
The CB variety 'Maali' received the best ranking (SD = 9.8)
in trial 1 followed by the HB genotypes — the line '1165'
(SD = 12.0) and 'Kornelija' (SD = 12.1) (Fig. 1), leaving be-
hind the HB genotypes. 'Maali' showed the highest level of
grain yield (4.32 t'ha'l), content of B-glucan (42 g'kg'l) and
TKW (48.1 g) as an average of locations. The TW (710
g-L'l), protein (109 g~kg'1) and starch content (630 g~kg'1)
of the variety remained inferior compared to most of the HB
genotypes. The CB variety 'Maali' showed good adaptation
to different environmental conditions. The line '1165' dem-
onstrated the highest yield (3.45 t'ha'l) among the HB ge-
notypes in trial 1. The hulless line '1165' had also a good
level of B-glucan (41 g~kg'1) and starch (647 g'kg'l) con-

Maali
1165
Kornelija
Irbe
Ansis

1185 5.5

0.0 2.0 4.0 6.0sp 8.0 10.0 120 140 160 18.0

Fig. 1. Assessment of barley varieties by integral evaluation method (SD)
for food production (trial 1).
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Ansis
Kornelija
1165

1185

0.0 2.0 4,0 SD 6.0 8.0 10.0

Fig. 2. Assessment of barley varieties by integral evaluation method (SD)
for food production (trial 2).

tent. 'Kornelija' showed the highest protein content (134
g-kg'l), but the grain yield of the variety (2.76 t'ha'l) re-
mained the lowest in trial 1.

The CB variety 'Ansis' ranked first by integral evaluation
(SD = 6.7) (Fig. 2) followed by the HB genotype "Kornelija'
(SD = 7.3). 'Ansis' showed the best yield (3.00 t ha'l) and
B-glucan content (32 g kg'l) in trial 2 similar to 'Maali' in
trial 1. 'Kornelija' had the highest protein content (108 g
kg'l) in trial and also good level of starch (644 g kg'l) and
B-glucan (37 g-kg'l).

DISCUSSION

Several investigations have shown that the grain yield and
quality characteristics of barley are substantially influenced
by genotype, environmental factors and their interactions
(Aman and Newman, 1986; Conry, 1994; Oscarsson et al.,
1998). The previous studies carried out in Baltic region
have shown similar results. Leistrumaite and Paplauskiene
(2005) found that the grain yield and quality traits of spring
barley varieties vary greatly due to growing conditions. Sig-
nificant effect of year as a factor to HB grain yield was ob-
served in previous research carried out at Stende (Bleidere
et al., 2012). Bleidere et al., (2013) found significant influ-
ence of genotype and nitrogen supply to the HB yield and
quality characteristics. In the present study we show the sig-
nificant effect of both tested environmental factors (loca-
tions and year) to grain yield and food quality characteris-
tics of barley. Co-effect of factors indicated different
reaction of genotypes to the variation of growing condi-
tions.

The effect of nutrient supply, amount of precipitation and
temperature to grain yield of cereals is well known. For ex-
ample the results of the studies of Conry (1994) showed
substantial lowering of the grain yield in cases of drought,
compared to the yields in conditions of sufficient precipita-
tion. Bleidere et al. (2013) concluded that moisture regime
during the tillering stage of a particular year can influence
the effectiveness of barley varieties to use nitrogen for in-
creasing yield. In the present study, the effect of location
and year as factors to variation of barley grain yield were
superior compared to the effect of genotype.

Starch, protein and B-glucan are the major components of
barley grain (Aman and Newman, 1986). Starch is the prin-
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cipal component of yield in barley and contributes between
600 and 750 g-kg'1 of final grain dry weight. Protein con-
tent of mature barley grains is typically between 90 and 130
g~kg_1 of total grain dry weight. The precise composition
depends on growth conditions and on the rate and timing of
nitrogen fertiliser application. High temperatures or water
shortage increase the percentage of protein in the grain. In
present study the starch and protein content of barley geno-
types varied within the above mentioned interval. Oscarsson
et al., (1998) found that protein content increased whereas
starch content decreased while improving N supply. Short-
age of moisture causes increase of protein and decrease of
starch content (Aman and Newman, 1986). In this study
protein content was more influenced by environmental con-
ditions and starch content by genotype.

The content of B-glucan of barley grains was observed to
range between 35-45 g~kg'1 in several studies (Aman and
Newman, 1986; Perez-Vendrell et al., 1996; Oscarsson et
al., 1998). In the present study the B-glucan content of
tested genotypes varied from 32-42 g-kg'l. Powell et al.,
(1985) found that the content of B-glucan was more influ-
enced by genotype than environmental conditions. Avail-
ability of sufficient moisture during grain filling is critical
for formation of high B-glucan content (Hockett et al.,
1987; Kasha and Falk, 1993). In this study, genotype, year
and co-effect of these factors had similar effect on -glucan
content in trial 2. Co-effect of genotype and location
showed the highest effect on variation of B-glucan followed
by location and genotype in trial 1.

Barley TKW and TW varied depending on genetic and en-
vironmental conditions according to the results of a study
by Oscarsson et al. (1998). Bleidere et al. (2013) also found
significant influence of these factors on barley TKW and
TW. In the present study, TW was influenced mainly by
genotype, and TKW by location in trial 1. Genotype, year
and co-effect of these two factors had significant effect on
variation of TW and TKW.

The hulless gene has multiple effects on many traits of bar-
ley, like yield reduction, lower seed weight and higher vol-
ume weight (Choo et al., 2001). The barley varieties suit-
able for human consumption should ideally contain high
content of B-glucan, protein, and soluble non-starch poly-
saccharides. The hulless barley is more desirable for food
purposes (Holtekjolen et al., 2006).

In this study the HB genotypes showed lower yield, higher
protein and TW, compared to those of CB varieties. The HB
varieties generally had higher B-glucan content than the
covered barley cultivars. In this study the CB variety
‘Maali’ showed high B-glucan content, which was superior
to that of HB genotypes.

Results of the study showed significant effect of genotype,
environment (location and yield) and co-effect of these fac-
tors on grain yield and food quality characteristics of barley
grown in organic management conditions. The contribution
of factors in explaining the variation of different quality
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characteristics varied. Tested genotypes differed in yield
and quality characteristics. The CB variety 'Maali' showed
good adaptation over locations, having high yield, B-glucan
content and TKW. Line '1165' and the variety 'Kornelija'
outweighed the other HB genotypes according to the inte-
gral evaluation method.
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MIEZU PAZIMJU MAINIBA GENETISKO UN VIDES APSTAKLU IETEKMES REZULTATA UN VIETEJO GENOTIPU
PIEMEROTIBA PARTIKAS RAZOSANAI

Pétijuma meérkis bija novertét razas un kvalitates pazimju mainibu plék$pgraudu un kailgraudu mieZu genotipiem genétisko un vides
apstaklu ietekmé biologiskas saimniekoSanas apstaklos. Tika veikti divi dazadi lauka eksperimenti: 2014. gada kailgraudu mieZu genotipi
'Kornelija', 'Irbe’, '1165', '1185' un plekSngraudu Skirnes 'Ansis' un 'Maali' novertéja tris dazadas vietas — Stend€, Priekulos (Latvija) un
Jegeva (Igaunija). §],<irnes 'Ansis' un 'Kornelija', linijas '1165" un '1185' bija ieklautas ari otraja lauka eksperimenta Stend€, kas ilga tris
gadus (2011-2013). Genotips un vides apstakli (vieta un gads) ka ari So faktoru mijiedarbibas biitiski ietekmé&ja razas un graudu kvalitates
pazimju mainibu mieZu genotipiem. TaCu pastavéja bitiskas ietekmes atSkiribas starp analizetajam pazimém. Graudu raZu vairak ietekméja
vides apstakli neka genotips. PlekSpu saturu un graudu tilpummasu vairak ietekmé&ja genotips neka faktors. Lai salidzinatu mieZu genotipus
un identificeétu labakos (ar mazako novirzi no vélamas pazimes veértibas), tika izmantota integrétas noverte€Sanas metode. PlekSngraudu
mieZu Skirne 'Maali' paradija labu adaptivitati dazados vides apstaklos, dodot labu razu, augstu -glikana saturu graudos un tiikstots graudu
masu. §],<irne 'Kornelija' un linija '1165' paradija labakos rezultatus starp kailgraudu mieZu Skirném.
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