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The aim of the study was to evaluate the yield and grain quality (1000 kernel weight, test weight,
crude protein, starch, B-glucans, total phenolic content, antiradical scavenging activity and
a-tocopherol content) variation of three hulless spring barley (Hordeum vulgare L.) genotypes un-
der different levels of N, in relation to weather characteristics. The field experiments were carried
out at the State Stende Cereal Breeding Institute. Three hulless barley genotypes ‘Kornelija’; ‘ST
1165°; ST 1185° were studied during two years (2011 and 2012) using three levels of nitrogen
(N80; N80+40; N80+80) by split application at the end of the tillering stage. The effects of geno-
type, N treatment and genotype by N treatment interaction contribute the variation in yield and
grain quality traits for hulless barley genotypes. There were considerable differences between
crop years in response of hulless genotypes to top-dressing N, with significantly (P < 0.05) higher
grain yield, 1000 kernel weight, test weight, starch and p-glucans in the growing season of 2012,
when rainfall was optimal at the tillering and stem-elongation growth stages. In 2012, a significant
(P < 0.05) response to top-dressing N was recorded for grain yield and 1000 kernel weight (at
rate N120), crude protein, starch and B-glucans (at rate N160). The maximum values of total phe-
nolic content, antiradical scavenging activity (in 2011) and -tocopherol content (in 2012) were
obtained with application of 160 kg N ha™'. Hulless line 1185’ gave the highest grain yield, starch,
a-tocopherol content and radical scavenging activity, but variety ‘Kornelija’ formed significantly
higher TKW, crude protein and B-glucans content.
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INTRODUCTION

Barley (Hordeum vulgare L.) is an important contribution
to food production and the economy in Europe. Hulless bar-
ley (HB) research and development is now receiving more
emphasis with potential for various end uses also in Latvia.
HB has been recognised as being more valuable and eco-
nomic in the food industry than covered barley, because the
interest of consumers in health and promoting food products
is increasing (Newman and Newman, 2006). HB might be
one of the ingredients in such products. Unlike covered bar-
ley, it is possible to use it in food products directly without
de-husking. Thus, the food products include also the outer
parts of grain, which contain valuable essential amino acids
and vitamins. It has been suggested to include barley in
food also due to its low glycemic index (Charalampopouos
et al., 2002) and association with lower risk of cancer
and heart disease (Ames et al., 2006; Ames and Rhymer,
2008).
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Hulless barley kernels contain high levels of B-glucans, and
much of the research on the health-promoting properties of
barley has focused on mechanisms that involve B-glucans
(Pins and Kaur, 2006). New barley cultivars have been gen-
erated specifically for food use, possessing increased
beta-glucan, desirable starch composition profiles, and im-
proved milling and processing traits (Ames, 2006). The
quantity of B-glucans of barley grain is primarily associated
with genotype and environmental factors (Leistrumaite and
Paplauskiene, 2005). Nitrogen levels in soil and high N fer-
tiliser amounts should significantly increase B-glucans con-
tent in barley (Guler, 2003). Comparison of covered and HB
showed that the latter generally contains more protein,
starch, and B-glucans (Newman and Newman, 2006).

Among cereals, barley could be a good source of tocoph-
erols and tocotrienols, which are important phytochemical
compounds with antioxidant activity and potential benefits
for human health (Colombo, 2010). The cultivation method
had an important effect on tocopherol concentrations in bar-
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ley (Tsochatzis et al., 2012). Chemical treatment and fertili-
sation statistically significantly increased the content of iso-
mer o-tocopherol (Ehrenbergerova et al., 2000).

Most phenolic compounds are bound to cell walls and
mainly can be found in the bran and germ fractions, indicat-
ing that whole cereal flours also from HB provide greater
overall physiological effects and higher health benefits
(Dykes and Rooney, 2007). It has been confirmed that me-
tabolites like phenolic compounds possess antiradical and
antioxidant activity and play a preventive role in the devel-
opment of cancer, heart and age-related diseases (Halliwell,
2007). Total phenolic content was shown to have strong
correlation with antiradical scavenging activity in a study
by H. Zhao et al. (2008) with spring barley.

Variety selection is and will become more important, as the
various industries demand specific characteristics. Also in
agriculture, besides grain quality, the adoption of varieties
to the respective site of cultivation has greatest importance.
The rate of uptake and partition of N is largely determined
by supply and demand during various stages of plant
growth (Amanullah et al., 2008). In most plants N is accu-
mulated in the vegetative organs in the form of proteins.
During grain filling, the nitrogen accumulated in the vegeta-
tive organs is remobilised to the ear; 60 to 95% of grain N
comes from the remobilisation of N stored in roots and
shoots before anthesis. After flowering, both the size and
the N content of the grain can be significantly reduced un-
der N deficient conditions (Triboi and Triboi-Blondel,
2002).

Nitrogen may strongly affect both crop yield and quality
and, as such, has been studied to the greatest extent mainly
for covered barley (Baethgen et al., 1995; Walter et al.,
1995; Jankovic et al., 2011). Particularly for malting barley,
adequate nitrogen management is essential, because high ni-
trogen availability is required for high yields, but if in ex-
cess it could be detrimental to quality (Marconi et al.,
2011). Only a few experiments have examined the influence
of agronomic factors on HB (Jackson et al., 1994; Thoma-
son et al., 2012). Although HB is higher in energy density
and protein than hulled barley, management recommenda-
tions for this new crop are lacking. The effect of different
rates of N fertilizer application in Latvian conditions on hul-
less barley yield and grain quality is unknown. The objec-
tive of this study was to determine the effect of different
levels of N on yield and grain quality for three hulless
spring barley genotypes, in relation to weather characteris-
tics. Based on previous studies, these selected genotypes
showed the best results according to grain chemical traits
that enhance the dietary value of grain (Bleidere et al.,
2013).

MATERIALS AND METHODS

The field experiment. The field experiments were carried
out at the State Stende Cereal Breeding Institute during two
years (2011 and 2012) that differed in meteorological con-
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ditions. The experimental treatment consisted of nine facto-
rial combinations of three hulless barley genotypes
‘Kornelija’; ‘ST 1165°; ST 1185’ from the Stende spring
barley breeding programme and three nitrogen (N) rates —
N80 (N1); N120 (N2); N160 (N3). Complex mineral ferti-
liser NPK 16:16:16 was used as a basic fertiliser at rate 500
kg ha! (pure matter N — 80 kg ha_l, P-35kg ha_l, K-66
kg ha'l) in the field trial. The N application (N2 and N3)
was split, part of the N being applied at the time of sowing
and the remaining part at the end of the tillering stage
(growing stage/GS 29) of the crop. Ammonium nitrate (N
34%) was used as a top-fertiliser in the following amount:
40 kg N ha! (N2) and 80 kg N ha! (N3). The treatments
were laid out in a randomised complete block design; the
plot size was 10 m2, four replicates.

The barley was sown with a compact trial drill ‘Hege 80 in
a well prepared seedbed at a rate of 500 germinating seeds
per m2. The yield was harvested by a combine ‘Hege 140°.

Soil and weather characteristics. The soil under conven-
tional growing conditions in both years was sod-podzolic
sandy loam, content of organic substance 21-23 g kg'l, the
soil pH KCL 5.4-5.9, the content of available for plants
phosphorus P20§ 137-145 mg kg'l, and potassium K,O
198-211 mg kg™

Overall, the growing seasons of 2011 was characterised by
average temperature being above the long-term average ob-
servations (norm) data and some extreme periods of drought
(Table 1). In 2011, hot and dry conditions occurred during
the third decade of May and in the first decade of June. The
average temperature was above to long-term average in
June (2.6 °C) and July (2.9 °C) (Table 1). The growing sea-
son of 2012 was characterised by optimal temperature and
moisture conditions, and by a lower number of sunny days.
Moisture and temperature conditions during early stages of
plant development were optimal. The average temperature
in June was 1.0 °C lower than the norm (14.2 °C). Many
rainy and cloudy days during May and June contributed to
slow barley growth and development. Also in July and
August precipitation was more than usual.

Sampling, chemical and statistical analysis. The grain
yield was measured for the whole plot. Samples for grain
quality were taken from each plot. The following grain
physical traits were evaluated: 1000 kernel weight/TKW (g)
by ISTA method, and test weight/TW (g L'l) by automatic

Table 1

AVERAGE MONTHLY TEMPERATURE AND PRECIPITATION SUM
IN STENDE, 2011-2012

Month Average temperature, °C Sum of precipitation, mm
2011 ‘ 2012 ‘ norm 2011 ‘ 2012 norm

April 6.9 5.6 43 26.8 42.7 37.0
May 10.6 11.0 10.2 54.7 58.9 45.0
June 16.8 13.2 14.2 59.6 78.7 57.0
July 19.2 17.5 16.3 165.3 91.7 87.0
August 16.3 15.5 15.5 155.0 115.1 87.0
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grain analyser Infratec Analys1s 1241. Macronutrient crude
protein content/CP (g kg~ ) starch content/ST (g kg )
B-glucans content/BGL (g kg’ ) were determined by an au-
tomatic grain analyzer Infratec Analysis 1241.

Mean samples from all replications were taken and milled
for assessment of grain micronutrients. The total phenolic
content (TPC) and 2.2-diphenyl-1-picrylhydrazyl (DPPH)
antiradical scavenging activity (RSA) assay were deter-
mined according to the method described in literature (Ra-
gaee et al., 2006) with some modifications. For the determi-
nation of TPC and for RSA 1.5 gram samples of grain flour
were placed into Erlenmeyer flasks (250 ml) and mixed
with 30 ml of 50% (vol.) ethanol. The mixture was stirred at
40 °C for 15 min and then at room temperature for 1 h. Af-
ter extraction the supernatant was filtered through a filter
paper. The filtrate was used for the analysis of TPC and
RSA.

The TPC determination method is based on the reduction of
the Folin-Ciocalteu reagent by phenols to a mixture of reac-
tion products, having absorbance maximum at 765 nm. 1 ml
of extract was mixed with 5 ml of 10% Folin—Ciocalteu’s
reagent in distilled water and 4 ml 7.5% Na,COj; solution,
stirred for 30 min at room temperature and the absorbance
at 765 nm was measured using a spectrophotometer
UVIKON 930 (Kontron Instruments, Italy). TPC was calcu-
lated using gallic acid as a standard and expressed as mg
gallic acid equivalents per 100 g of grain dry weight (DW).

In RSA assay 0.4 ml of extract (sample) or 50% Svol .) etha-
nol (control sample) was added to 3.6 ml of 107 M DPPH
solution in ethanol and mixed. The mixture was vigorously
shaken and left to stand for 20 min. The absorbance at 517
nm was measured against 50% (vol.) ethanol as a blank.
The DPPH radical scavenging activity (%) was calculated
using equation (1):

(A control) - A sample )

RSA(%)= -100%, where (1)

control

A oniro] 18 the absorbance of the control sample; Asample is
the absorbance of the sample.

Determination of a-tocopherol (a-T) was done in the Labo-
ratory of Food and Environmental Investigations Institute of
Food Safety, Animal Health and Environment “BIOR” us-
ing the high-performance liquid-chromatography method
for detection of a-tocopherol in diet samples (Commission
Directive 2000/45/EC). Chromatographical distribution was
carried out on a C;g column using methanol/water (98/2
v/v). Fluorometric detection of all peaks was performed at
an excitation wavelength of 292 nm.

ANOVA procedures were used for statistical data analysis.
In the analys1s of variance, the partitioning of sum of
squares (1 ) due to the relative impact of each single factor
was estimated. As three-way ANOVA indicated effect of
year as highly significant (P < 0.01) and explalned most of
the variation of all investigated traits (n = 21-80%),
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two-way ANOVA was conducted separately for each year.
One-way analysis of variance was used to determine 95%
confidence intervals for the difference between HB geno-
types within each N rate. A t-test (paired two samples for
means) was used to test for differences among the grand
means of the two years. The significance of effect of factors
was determined at probability level of 0.05.

RESULTS

Yield. ANOVA showed that there were differences be-
tween years in effects on grain yield. In 2011, the variation
of grain yield of HB in the tested genotypes was mainly de-
termmed by interaction of factors (n2 = 45%) and genotype
(T] = 37%) (Table 2). In this year there was no significant
influence of N treatment on average yield. In 2012, the de-
termmant of average yield variation was mainly genotype
(T] = 54%). Also, the rate of N fertiliser addition was an in-
ﬂuentlal agronomic variable affecting yield of HB in 2012
(n* = 7%).

Between the years of investigation there were differences
between HB varieties in grain yield at different N rates In
2011, by increasing nitrogen from 80 to 120 kg ha the
grain yield increased significantly (2.73 to 3.50 t ha ) only
for variety ‘Kornelija’ (Table 3). For the other two geno-
types topdressing nitrogen (N120; N160) significantly de-
creased grain yield. Breeding line ‘1185’ showed signifi-
cantly higher mean grain y1eld (3.51 t ha ) The grand
mean for grain yield (3.19 t ha ) in 2011 was s1gn1ﬁcant1y
lower, compared with grain yield (5.31 t ha ) in 2012.
Grain yield responded positively for all genotypes to in-
creased N fertiliser top- dressmg rate (40 kg ha ) Higher N
top-dressing rate (80 kg ha” ) did not influence significantly
the grain yield. Overall, the max1mum average yield was
obtained with N application 120 kg ha™!. Also in 2012, hul-
less barley line ‘1185’ had a significantly higher mean grain
yield (6.00 t ha™!).

Grain physical traits. Analysis of variance showed that
there were differences between years in the effect of factors
on 1000 kernel weight (TKW). In 2011, the variation of

Table 2

PARTITIONING OF SUM OF SQUARES (n2) OF MEASURED TRAITS
FOR HULLESS BARLEY GENOTYPES UNDER DIFFERENT RATES
OF N APPLICATION, 2011-2012

‘Yield‘TKW‘ T™W ‘ CP ‘ ST ‘BGL

2011

N treatment (A) 2 2 46* 14* 10* 4*
Genotype (B) 37* 64* 1 79* 81%* 72%
AxB 45% 1 3 2% 2 3
2012

N treatment (A) 7* 28* 15% 58% 74%* 28%
Genotype (B) 54%* 27* 32% 1* 2 29%
AxB 4 25% 24%* 36* 5 5

*Significant at 5%; TKW, 1000 kernel weight; TW, test weight; CP, crude
protein; ST, starch; BGL, B-glucans.
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Table 3

GRAIN YIELD (T HA']) OF HULLESS BARLEY GENOTYPES UN-
DER DIFFERENT RATES OF N APPLICATION, 2011-2012

Genotype 2011 2012
N8O ‘ N120 ‘ N160 ‘ mean | N8O ‘ N120 ‘ N160 ‘ mean
Kornelija 273 350 372 332 462 521 503 4095

1165 331 241 252 275 469 524 500 498
1185 385 344 324 351 607 619 574 600
Mean 330 311 316 3.9 513 555 526 53la
LSDyos'  0.522 0508 0.609 0.796 0.806 0.618 -

LSDO.OSfaclor 0.201 0.344

1'95% confidence intervals for the difference between genotypes within
each N rate; 2 Estimates of grand means with different letters between
years are significant (P < 0.05).

TKW in the tested HB genotypes was significantly deter-
mined only by genotype (n2 = 64%) but in 2012 all factors
affected this trait significantly and to a similar extent (n2 =
25-28%) (Table 2). In both years of the investigation the
highest TKW in all N fertiliser treatments was by variety
‘Kornelija’ (mean value 47.7 g and 51.5 g, respectively)
(Table 4). In 2012, TGW was significantly higher with ap-
plication of top-dressing N rate (40 kg N ha‘l) at GS 29
(mean value 51.6 g). A higher top-dressing N rate (80 kg N
ha' at GS 29) influenced negatively the size of HB grains.

In 2011, the variation of HB test weight (TW) was signifi-
cantly determined only by N fertiliser rates. The highest
TW was obtained by applying 80 kg N ha'! at sowing. In-
creasing the nitrogen amount during the tillering growth
stage decreased TW significantly for all hulless genotypes.
Apart from nitrogen rate, the genotype and interaction of
both factors also affected significantly the variation of TW

Table 4

GRAIN PHYSICAL TRAITS OF HULLESS BARLEY GENOTYPES
UNDER DIFFERENT RATES OF N APPLICATION, 2011-2012

Genotype 2011 2012

N80 ‘ N120 ‘ N160 ‘ mean | N80 ‘ N120 ‘ N160 ‘ mean
1000 kernel weight, g

Kornelija 482 476 475 477 49.0 523 531 515

1165 443 438 436 439 450 509 495 484
1185 449 454 444 437 457 518 421 465
Mean 458 456 452 455b* 466 516 482 488a
LSDyos' 2355 1585 2093 - 3237 2931 2.140
LSDy gsfactors 0985 1.544

Test weight, g Lt
Kornelija 7455 7342 729.7 736.5 807.7 801.7 800.7 803.4

1165 7462 7317 7275 7352 7992 788.7 780.2 789.4
1185 740.0 7327 7327 7344 7870 7952 7552 779.1
Mean 7439 732.9 7292 7354b 798.0 792.6 781.4 790.7a
LSDy 5 13.69 870 1400 - 858 13.65 19.95

LSDg gsaciors 6213 8.698

' 95% confidence intervals for the difference between genotypes within
each N rate; 2 Estimates of grand means with different letters between
years are significant (P < 0.05).
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in 2012. Also in this year, the highest (significantly) TW
was obtained by applying the nitrogen only at sowing time
(80 kg ha'l). Variety ‘Kornelija’ had significantly higher
TW (8034 ¢ L_l) than for other two genotypes. Overall,
both of the physical traits (TKW and TW) were signifi-
cantly higher in 2012.

Grain chemical traits. According to analysis of variance in
2011, the variation of traits of HB grain chemical composi-
tion was mainly determined by genotype (n2 = 72-81%)
(Table 2). Also N fertiliser as a factor affected significantly
chemical composition, and in 2012 more than in 2011 (n" =
28-74%). Grain protein responded positivelly to increasing
rates, as additional N at GS 29 (80 kg N ha™") increased the
mean value of crude protein by 16.3 g kg'1 in 2011 and by
229 ¢ kg’l in 2012, compared with that achieved with only
N application at sowing time (Table 4). The grand mean of
crude protein was significantly higher in 2011 than in 2012
(169.4 and 129.2 g kg'l, respectively). Variety ‘Kornelija’
had the highest crude protein in both years of the investiga-
tion.

The grand mean of starch content was significantly higher
in 2012 than in 2011 (624.0 and 603.0 g kg_l, respectively).
Nitrogen rate influenced differently the variation of HB
starch content in both years of investigation. In 2011, to
reach the maximum starch content in grain (606.9 g kg'l),
80 kg N ha' was sufficient, but in 2012 the maximum
starch content (630.1 g kg'l) was obtained by applying ad-
ditionally 80 kg N ha! (Table 4). A significant difference
(P < 0.05) between genotypes in starch content was found
only in 2011, when HB line ‘1185” had grain with signifi-
cantly higher starch content than other both genotypes.

The grand mean of [-glucans content was significantly
higher in 2012 than in 2011 (53.0 and 47.1 g kg_l respec-
tively). In both years of investigation the maximum
B-glucans content was obtained at the highest N fertilizer
rate (160 kg N ha'l). A significant difference was observed
between HB genotypes in -glucans content. The highest
B-glucans content in grain was observed for the variety
‘Kornelija’ in both years of investigation (53.5-56.3 g kg'l)
(Table 5).

In 2011, to reach the maximum o-tocopherol in grain (8.7
mg kg'l), 80 kg N ha™! was sufficient, but in 2012 the maxi-
mum o-tocopherol content (10.6 mg kg'l) was obtained by
applying additionally 80 kg N ha™ at GS 29 (Table 6). The
highest content of a-tocopherol in grain was observed for
the hulless line ‘1185°. Nitrogen rate influenced differently
the variation of antiradical scavenging activity (RSA) for
HB in the years of study (Table 6). In 2011, higher RSA
was observed by application of N at rate 120 kg N ha™. In
2012, the maximum value of the trait was reached already
with N rate 80 kg N ha''. Hulless barley genotype ‘1185’
showed the highest RSA in both years of investigation. Pos-
itive response to additional N at later growth stages was
found for total phenolic content in grains. In the years it
was increased by 14% and 10%, respectively. The best re-
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GRAIN CHEMICAL TRAITS OF HULLESS BARLEY GENOTYPES UNDER DIFFERENT RATES OF N APPLICATION, 2011-2012

Table 5

Genotype 2011 2012
N80 N120 N160 mean N8O N120 N160 mean
Crude protein, g kg'1
Kornelija 188.8 189.8 196.8 191.7 112.0 148.3 159.5 130.5
1165 151.8 159.3 169.8 160.2 133.8 121.8 134.5 130.0
1185 145.3 155.3 168.0 156.2 117.5 125.5 138.0 127.0
Mean 161.9 168.1 178.2 169.4a" 121.1 122.4 144.0 129.2b
LSD0.052 4.55 6.87 8.98 - 5.04 2.83 5.48 -
LSDy ¢5tactors 3.797 2.795
Starch, g kg’l
Kornelija 591.0 589.3 588.3 589.5 615.0 623.0 629.3 622.4
1165 611.8 607.0 600.8 606.5 623.0 627.0 632.3 624.8
1185 618.0 613.8 606.8 612.8 629.3 632.3 628.7 624.4
Mean 606.9 603.3 598.5 603.0b 614.8 626.8 630.1 624.0a
LSDy o5 4.63 3.50 7.10 - 5.41 2.37 3.70 -
LSDg o5tactors 2.823 2.701
B-glucan, g kg‘1

Kornelija 535 53.8 533 53.5 55.3 55.5 58.0 56.3
1165 445 445 47.0 453 50.0 53.5 59.0 54.2
1185 39.8 42.0 453 423 47.0 49.0 53.8 49.9
Mean 459 46.8 48.5 47.1b 50.8 52.7 56.9 53.0a
LSD o5 3.12 6.32 3.94 - 4.39 5.51 5.90 -
LSDy ¢stactors 2.065 2.843

195% confidence intervals for the difference between genotypes within each N rate; 2 Estimates of grand means with different letters between years are sig-

nificant (P < 0.05).

Table 6

MICRONUTRIENT CONTENT OF HULLESS SPRING BARLEY
LINES UNDER DIFFERENTRATES ,OF N APPLICATION, AVERAGE
OF 2011-2012

Genotype| 2011 2012

N80 \ N120 \ N160 \ mean | N8O \ N120 \Nlﬁo \ mean

a-tocopherol, mg kg'l
Kornelija 9.3 9.1 7.8 8.7 11.7 9.6 9.3 10.2

1165 72 8.1 73 7.5 7.1 10.5  10.5 9.4
1185 9.6 8.0 9.1 8.9 9.2 109 119 10.7
Mean 8.7 8.4 8.1 84b 93 103 10.6 10.1a

Antiradical scavenging activity, %

Kornelija 46.0 46.7 502 47.6 417 445 43.0 43.1

1165 413 473 518 468 420 407 428 418
1185 520 569 49.8 529 59.0 551 49.6 546
Mean 464 503 50.6 49.1a 476 46.8 451 46.5b
Total phenolic content, mg GAE 100 g'] DM
Kornelija 183.6 186.8 207.6 1927 1659 175.1 1749 1719
1165 169.7 2147 2269 203.8 1843 205.1 219.8 203.0
1185 179.1 1884 1723 1799 1874 2102 194.7 1974
Mean 177.5 196.6 2023 192.1a 179.2 196.8 196.5 190.8a

*Estimates of grand means with different letters between years are signifi-
cant (P < 0.05).
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sults for this trait were consistently shown by the hulless
line ‘1165°.

DISCUSSION

Grain yield and quality traits of spring barley can vary
greatly due to growing conditions (Leistrumaite and
Paplauskiene, 2005). In a previous study, also at Stende, a
significant effect of year on variation of yield of HB geno-
types was also observed (Bleidere et al., 2012). Overall in
this current study, grain yield, TGW, TW, starch and
B-glucans in 2011 were significantly lower than in 2012.
Large differences in meteorological conditions occurred be-
tween the trial years in the period until flowering, which is
the most important period for barley plants growth and in-
tensive uptake of nutrients from soil. In 2011, hot and dry
conditions occurred during the third decade of May and in
the first decade of June, while in 2012 the moisture condi-
tions during this period were optimal. This might be the
main reason why in 2011 there was no significant positive
effect from additional split N application on yield, TKW,
TW and starch content, as N availability was governed by
rainfall patterns. Also H. Mouchova et al., (1996) found that
the efficiency of applied nitrogen fertilizers and their loss
are influenced by the interaction of many factors, such as
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type of soil, crop, agricultural practice, including the dose,
the form, the time of fertilisation and also the weather of the
year. Soil N supply, for example must be high at tillering,
stem elongation, booting, heading and grain filling, as it is
required fo development and growth of reproductive organs
and for an enhanced and high accumulation of nutrition
quality attributes in the kernel (Amanullah et al., 2008).

Nitrogen application has been shown to significantly in-
crease TKW and TW in covered barley (Walter et al., 1995;
Jankovic et al., 2011). Grain yield of hulless barley re-
sponded positively to increasing N rates, as additional N at
tillering stage was related to increased grain TW
(Thomason et al., 2012). In the wet year of 2012 all HB
showed significant response to additional application of N
at the end of tillering stage, when the highest grain yield
and TKW (at N120), and crude protein, starch and
B-glucans (at N160) were recorded. Split application of ni-
trogen significantly increased the content of crude protein
and B-glucans also in a study by O. Marconi et al. (2011).
Nitrogen fertilizer application, while often required to in-
crease grain yield, may also reduce physical grain quality
traits. Declines in TW, TKW and percent plump kernels,
and increases in percent thin kernels have resulted from in-
creasing N rates (Jackson et al. 1994). In the current study
in both years of investigation grain TW of HB was not af-
fected by additional application of N.

Hulless barley genotypes included in this study showed re-
sults that were similar to those reported earlier (Ehren-
bergerova et al. 2006) in the Czech Republic. In the favour-
able 2012 of current study, the maximum oa-tocopherol
content was obtained using the highest N fertilizer rate (160
kg N ha'l). This means a-tocopherol content is affected by
nitrogen management conditions. Also Cavarello et al.,
(2004) indicated that both genotype and environment influ-
enced the total tocol content in HB. Fertilization application
significantly increased the content of isomer o-tocopherol
(by 0.9 mg kg'l) in the research of Ehrenbergerova et al.
(2006). There was a significant decrease of a-tocopherol in
varieties grown under organic cultivation conditions, where
limited availability of nitrogen is characteristic (Tsochatzis
et al., 2012).

The present research indicates that HB could be a good
source of total phenolic compounds, as reported previously
(Zhao et al. 2008). In a study of HB genotypes of Latvian
origin (Dabina-Bicka et al. 2011) similar results for TPC
were obtained as in our study. We found no scientific re-
ports on fluctuation of micronutrients, such as total phenolic
content, and antiradical activity, under different N manage-
ment conditions in barley. According to results obtained in
the current research it is possible to increase TPC by addi-
tional nitrogen application.

As the variation of grain yield and almost grain quality
traits in the tested genotypes was significantly determined
by genotype and their interaction with N, the HB genotypes
performed differently depending on N management condi-
tions. In both years, line ‘1185’ characterized had the best
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results according to grain yield and starch content. Variety
‘Kornelija’ showed significantly higher TKW, crude protein
and B-glucans content than for the other two genotypes.
Test weights for ‘Kornelija’ were also higher than for other
varieties in the favourable year 2012. Thus, these two geno-
types differ in ability to use nitrogen inputs for yield and
grain quality formation. In a previous study (Qi et al. 2006),
grain protein content was significantly affected by both N
treatment and genotype, but there was no significant inter-
action between N treatment and genotype.

Overall the study showed that the effects of genotype, N
treatment and genotype by N treatment interaction signifi-
cantly contribute to variation in yield and grain quality traits
for hulless barley genotypes. The moisture regime during
the tillering stage of a particular year can influence the ef-
fectiveness of N fertilizer in increasing yield and grain nu-
tritional quality. In addition to nitrogen fertilisation, variety
selection was also found to have a significant influence on
yield and grain quality in HB. Our results indicate that ma-
nipulation of nitrogen fertilisation levels can improve grain
biochemical composition, which can be recommended for
dietary products. It is particularly important to increase the
amounts of macro and micronutrients in the HB grain har-
vest.
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KAILGRAUDU MIEZU RAZAS UN GRAUDU KVALITATES IZPETE DAZADOS AUDZESANAS APSTAKLOS AR AT§I,(IRTGU
SLAPEKLA MESLOJUMA NODROSINAJUMU

Pétijuma merkis bija novertét graudu razas un tas kvalitates raditaju (1000 graudu masas, tilpummasas, kopproteina, cietes, B-glukanu,
kopgjo fenolsavienojumu, antiradikalas aktivitates un o-tokoferola satura) mainibu tris kailgraudu miezu (Hordeum vulgare L.) genotipiem,
audzgjot tos apstaklos ar atSkirigu slapekla nodroSinajumu un ievérojot meteorologisko apstaklu ipatnibas. Lauka izm&gindjumi
(2011.-2012. g.) iekartoti Valsts Stendes graudaugu selekcijas institiita konvencionala lauka apstak]os ar tris N méslojuma variantiem (N80;
N80+40; N80+80), slapekla devu N80 dodot kopa ar pamatmeéslojumu pirms s€jas un papildméslojuma — augu ceroSanas beigas (29 etaps).
Kailgraudu miezu razas un graudu kvalitates pazimju mainibu ietekm&ja genotips, N mé&slojuma norma un abu faktoru mijiedarbiba. 2012.
gada, kad nokriSnu daudzums ceroSanas un stiebroSanas fazeés bija optimals, iegiita butiski (P < 0.05) augstaka graudu raza, 1000 graudu
masa, tilpummasa, cietes un B-glikanu saturs graudos, salidzinot ar 2011. gadu. 2012. gada N méslojuma ietekmeé batiski (P < 0.05) pieauga
graudu raza, 1000 graudu masa, kopproteina saturs (pie N120), cietes un B-glikanu saturs (pie N 160). Pie slapekla méslojuma normas 160
kg N ha! ieguva augstako kopgjo fenolu saturu, antiradikalo aktivitati (2011. g.) un a-tokoferola saturu graudos (2012. g.). Kailgraudu
mieZu linija ‘1185 nodroSinaja augstako graudu razu, cietes, o-tokoferola saturu graudos un augstako antiradikalo aktivitati, bet Skirnei
‘Kornélija’ bija butiski augstaka 1000 graudu masa, koproteina un B-glikanu saturs graudos.
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