
INTRODUCTION

For barley, major changes in crop protection schemes are
expected in the Baltic region due to northward spread of
new pests and higher infestation pressure from native dis-
eases due to higher precipitation (Olesen et al., 2011). This
has raised questions about the role of optimising fertiliser
and fungicide application to improve malting barley yield
and grain quality. The influence of fertiliser and fungicide
application on modern barley varieties has earlier been stud-
ied in various climatic regions including Canada (O’Dono-
van et al., 2011) and Scotland (Bingham et al., 2014), but
not sufficiently in the Northern Baltic region. Improving the
efficiency of fertiliser and fungicide application requires
better understanding of the effect of fertilisation and fungi-
cide treatment regimes on malting barley yield and quality.

Malting barley has to meet certain specific quality require-
ments set by the malt industry. Recent breeding pro-
grammes have released modern malting barley varieties that
meet the required standards of protein content, thousand
kernel weight (TKW), grading, test weight and disease re-
sistance (Leistrumaite et al., 2008). The most critical char-
acteristic is grain protein content, which should be in the
range of 9.0–11.5%. Previous research has shown that pro-

tein content is more influenced by the agro-technology used
and growing conditions than by varieties (Schwarz and
Horsley, 1996; Oscarsson et al., 1998). However, certain
varieties are able to better maintain protein content within
the required range under fluctuating growing conditions
(Briggs, 1998; Savin and Molina-Cano, 2002). According to
the standard set by malt industry and purchasing companies,
barley grain should have a test weight over 640 g·L–1, TKW
of at least 41.0 g and grading (> 2.5 mm, kernels above 2.5
mm sieve) at least 90%.

Barley yield, kernel weight and protein content are higher
with increasing rates of fertilisation (Spaner et al., 2001;
O’Donovan et al., 2011; Turkington et al., 2012). High
rates of fertilisers, mainly nitrogen, have been shown to in-
crease grain yield, but can stimulate spread of foliar dis-
eases (Olesen et al., 2003). Net blotch caused by
Pyrenophora teres and spot blotch caused by Cochliobolus

sativus are the most prevalent barley leaf diseases in Estonia
(Sooväli and Koppel, 2010). Infection from net and spot
blotch occurs every year, whereas other barley diseases
known from the region are much less common and their im-
pact on grain yield and quality is relatively small. In the
case of severe epidemic outbreaks, net blotch can cause sig-
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diseases in the Northern Baltic region, have high impact on cereal production. The effect of three
levels of fertilisation and two fungicide treatments on the severity of barley diseases, grain yield
and quality traits (protein content, test weight, thousand kernel weight (TKW), grading) was tested
during a period of three years. Weather conditions during the growing season highly determined
disease severity, yield and quality. In addition, the infection level of P. teres was more dependent

on fungicide treatment (p � 0.001) and barley variety (p � 0.001) while C. sativus infection was in-

fluenced more by fertilisation (p � 0.001) and year x fertilisation interaction (p � 0.001). Fungicide

treatment had no influence on grain yield and protein content, but slightly improved TKW (p �

0.05), test weight (p � 0.001) and grading (p � 0.001). However, these quality traits were mostly

influenced by barley variety (p � 0.001). TKW and test weight were highest at fertilisation level
N80P12K43. The effect of year and fertilisation contributed significantly to the grain protein content.
Grain yield and protein content were highest at the maximum fertiliser application (N100P15K54).
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nificant reduction in grain yield (Khan, 1987; Jayasena et

al., 2002) and quality characteristics leading to overall
downgrading of grain quality (Vanova et al., 2006; Cooper
et al., 2007). In general, infection of the upper two leaves is
sufficient to cause reductions in yield and grain quality
through reduced grain size. Fungicides reduce the level of
infection and therefore increase grain yield when the risk of
disease is severe (Yang et al., 2000; Vanova et al., 2006).
Previous research indicates that fungicide application dur-
ing the flag leaf emergence (BBCH 39) (Meier, 2001) until
head emergence growth stage (BBCH 59) will provide more
benefit than when applied during earlier growth stages
(BBCH 20–29) (Turkington et al., 2004).

The aim of the present study was to determine the effect of
fertiliser and fungicide application on modern malting bar-
ley varieties in order to improve yield and grain quality un-
der the climatic conditions of the Northern Baltic region.

MATERIALS AND METHODS

Field experiments. Field experiments were carried out at
the Estonian Crop Research Institute (ECRI) in Jõgeva
(58°44'41'' N, 26°23'41'' E) during 2011–2013. Soil type at
the experimental site was Cambisol with sandy loam texture
(pHKCl 5.6–5.9; concentration of soil organic C 1.8–2.0%;
available P 165–238 mg·kg–1, K 179–298 mg·kg–1 and Ca
1389–1589 mg·kg–1). Field trials were set up as a multi-
factorial experiment with three replicates in a randomised
complete block design in 5 m2 plots at the rate of 500 viable
seeds per 1 m2. Four two-row malting barley varieties were
used: 'Grace' (Germany) and 'Quench' (UK), which were
moderately resistant to net and spot blotch, and 'Posada'
(Germany) and 'Propino' (UK), which were moderately sus-
ceptible to net and spot blotch. The varieties were selected
based on data from previous disease scoring trials at the
ECRI and interest in these varieties by farmers. 'Grace',
'Propino' and 'Quench' are the most commonly grown
malting barley varieties in Sweden and Lithuania (Anony-
mous, 2015). The experimental fields were ploughed in
autumn and pre-crops were potato (2011, 2013) and spring
oilseed rape (2012). Seed treatment was Maxim Star 025FS
(fludioxonil 18.8 g·L–1 cyproconazole 6.3 g·L–1) 1.5 L·t–1.
All trials were sown at the optimal time in the first week of
May. Three levels of complex fertiliser, labelled as Arvi N-
P-K: 17-6-11 (Lithuania, P and K were shown as oxides),
were used before sowing: N1 – N60 P9 K32 (as pure ele-
ments), N2 – N80 P12 K43, N3 – N100 P15 K54. Two fungi-
cide regimes were used: T1– Artea (80 g·L–1 cyprocona-
zole, 250 g·L–1 propiconazole) 0.4 L·ha–1 at booting stages
(BBCH 40–49), T2 – Artea 0.2 L·ha–1 at shooting stages
(BBCH 32–35) and Zantara (50 g·L–1 bixafen, 166 g·L–1 te-
buconazole) 0.6 L·ha–1 at heading to flowering stages
(BBCH 55–65). Fungicides were applied with a bicycle
sprayer equipped with six Hardy nozzles 4110–12 on a 2.5
m boom using 300 L water per ha–1. Untreated plots were
used as a control. Recommended weed and insect control
practices were applied uniformly across the field as needed.

Trials were harvested with a plot combine harvester in mid
of August at fully ripe stage (BBCH 89).

Field observations. Phenological growth stages were deter-
mined according to BBCH-identification keys for cereals
when > 50% of the plants had reached the target growth
stage. Disease severity was scored as the percent of leaf
area infected by P. teres and C. sativus at milk growth
stages (BBCH 71–75). We merged the observations of net
blotch net type caused by P. teres f. teres and net blotch
spot type caused by P. teres f. maculate. Disease severity
was evaluated on the two upper leaves on three adjacent til-
lers at five randomly selected sites on each plot (30 leaves
on 15 tillers in total per plot) and the disease severity was
expressed as an average of the infection score per plot.

Sampling and grain quality analysis. Grain yield
(kg·ha–1) and grain quality characteristics, such as thousand
kernel weight (TKW; g), were measured by ISTA method.
Test weight (TW; g·L–1) was measured by an automatic
grain analyser InfratecTM 1241 (Foss, Cheshire, UK), pro-
tein content (PC; %) by near-infrared method using a XDS
Rapid Content Analyser (Foss, Cheshire, UK) and grading
(MG; %) (percentage of plump kernels above 2.5 mm sieve)
by Sortimat equipment (Falling Number, Sweden). In order
to measure the grading, the kernels were sieved using mesh
sizes of 2.2 mm, 2.5 mm and 2.8 mm. Qualitative and quan-
titative analysis of the yield parameters were conducted on
dried and cleaned grain and expressed on the basis of 14%
moisture content.

Statistical analysis. All data were analysed with software
package Agrobase 20 using the combined analysis of vari-
ance (combined RCBD ANOVA). Combined analysis of
variance was performed to determine the main factors and
their interactions. Omega square (�2) was calculated to de-
termine relative impact of each single factor in variation of
yield, grain quality and disease severity (Grissom and Kim,
2012). Mean separations were made for significant effects
with LSD at probability p � 0.05. The significance of effect
of factors was determined at probability levels of p � 0.05;
p � 0.01; p � 0.001.

Meteorological data. Weather data were obtained from the
field meteorological weather station Metos Compact (Pessl
Instruments GmbH, Austria) located in Jõgeva, close to the
trial site. 2011 was characterised by warm and dry weather,
there were some periods of drought observed during May to
July (Table 1). The average temperature was higher and
precipitation occurred less, than the long-term average.
These growing conditions inhibited barley tillering, particu-
larly the number of grain-producing ears per plant (data not
shown). Drought conditions at the end of tillering and be-
ginning of stem elongation (BBCH 29–30) reduced grain
yield and quality. The same conditions prevailed before-
and post-ear emergence and grain filling stages (BBCH
31–71). The year 2012 was characterised by similar tem-
perature as the long-term average and there was more pre-
cipitation than the long-term average. Cool and wet condi-
tions during before mentioned growth stages of barley
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resulted in high yield, low protein content and high TKW.
The growing season of 2013 was warm and dry and charac-
terised by the sum of precipitation in June and July below
the long-term average. The year 2013 was dray and hot dur-
ing filling period, similar as in 2011, but the influence of
these conditions on grain yield and quality was not so dras-
tic as in 2011. The infection of spot blotch was slight in
2011, while infection of net blotch remained slight in 2012.
Net and spot blotch infections were more severe in 2013.

RESULTS

Disease severity and grain yield. Infection by net blotch
was more severe than by spot blotch during all trial years
and in all tested barley varieties (Table 2). The impact of
the year (the weather and soil conditions in the individual
season) had the biggest influence on the disease severity of
both diseases (Table 3). Fertilisation was another important
factor influencing the severity of both diseases. The most
important interaction determining the severity of spot blotch
was between year and fertiliser. Fungicide treatment re-
duced disease severity of net blotch more effectively than of
spot blotch.

Very low infection by spot blotch occurred in 2011. Infec-
tion by both diseases was more severe in 2013 and the in-
fection levels were significantly higher in N3. T2 fungicide
application (BBCH 32–35 and 55–65) resulted in signifi-
cantly better disease control compared with treatment T1
(BBCH 40–49). There were no significant differences in
disease severity of spot blotch between untreated and T1.

Variety ‘Grace’ had significantly lower infection by net
blotch compared to other varieties. The net blotch infection
reached the highest level in ‘Posada’ in 2013. Across the
years, significantly lower infection by spot blotch occurred
on varieties ‘Grace’ and ‘Posada’ than ‘Quench’ and
‘Propino’.

It was confirmed that grain yield was determined by yearly
climatic conditions, fertiliser treatment, variety and some
interactions, but there was no significant effect of fungicide
application on grain yield. Grain yield differed significantly
between years and best average yield occurred in 2012. Fer-
tilisation treatments N1 to N3 caused significant effect on
yield, being significantly lower in the case of N1. There

T a b l e 1

AVERAGE TEMPERATURES AND SUMS OF PRECIPITATION IN THE VEGETATION PERIOD IN JÕGEVA, 2011–2013

Month Average temperature °C Long-term
average* °C

Sum of precipitation, mm Long-term
average* mm2011 2012 2013 2011 2012 2013

May 11.0 11.5 14.3 10.2 34 62 83 49

June 17.4 13.4 17.7 14.5 38 110 37 68

July 20.5 17.9 17.6 16.8 34 85 35 80

August 16.3 14.7 16.7 15.3 74 130 70 89

May–August 16.3 14.4 16.6 14.2 180 387 225 286

* mean temperature and precipitation based on data from 1922–2012 (Jõgeva)

T a b l e 2

AVERAGE BARLEY DISEASE SEVERITY AND GRAIN YIELD IN
RESPONSE TO YEAR, FERTILIZER INPUT, FUNGICIDE TREAT-
MENT AND VARIETY IN JÕGEVA

Factor Spot blotch % Net blotch % Grain yield
kg·ha–1

Year

2011 3.8 c 16.0 b 5360 c

2012 7.9 b 12.9 c 7320 a

2013 12.6 a 22.4 a 5640 b

Fertilization

N1 7.6 b 16.1 b 5660 c

N2 6.9 c 16.1 b 6190 b

N3 9.6 a 19.1 a 6470 a

Fungicide

Untreated 8.6 a 19.9 a 6030 a

T1 8.2 a 18.1 b 6120 a

T2 7.5 b 13.4 c 6160 a

Variety

Grace 7.3 b 13.4 b 6180 a

Posada 7.4 b 18.9 a 5900 b

Propino 8.5 a 18.4 a 6140 a

Quench 9.0 a 17.8 a 6210 a

N1 – N60 P9 K32; N2 – N80 P12 K43; N3 – N100 P15 K54 (as pure elements)

T1 – single application per season (BBCH 40–49); T2 – two applications
per season (BBCH 32–35; BBCH 55–65)

Different letters mean significant differences within the factor at p � 0.05

T a b l e 3

THE EFFECT SIZE OF FACTORS (�2) ON VARIATION OF SPOT
BLOTCH, NET BLOTCH AND GRAIN YIELD

Source of variation Spot blotch Net blotch Yield

Year 0.54*** 0.26*** 0.63***

Fertilization (Fert) 0.05*** 0.03*** 0.09***

Fungicide (Fung) 0.01* 0.12*** 0.00ns

Variety 0.02** 0.08*** 0.01***

Year × Fert 0.03*** 0.01ns 0.03***

Year × Fung 0.02*** 0.03*** 0.00ns

Year × Variety 0.02** 0.06*** 0.01***

Significant at * p � 0.05; ** p � 0.01; *** p � 0.001; ns, non-significant

Non-significant interactions are not shown
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were no significant differences between the grain yield of
varieties except ‘Posada’, which had the lowest overall
grain yield.

Grain quality. Our results showed that year had significant
effect on grain quality; the largest effects were on protein
content and grading (Table 4). Variety and year were major
factors determining the TKW and TW. On the other hand,
fertilisation and fungicide treatments had mostly significant,
but marginal effect on the tested grain quality parameters.
Grain quality was significantly determined by year x fertili-
sation and year x variety interactions.

Grain protein content was highest in 2011 and lowest in
2012 when levels were below the acceptable range for
malting (Table 5). Protein content was significantly influ-
enced by fertiliser treatment and was highest at the N3 rate.
There were no significant differences in protein content
among fungicide treatments as well as among tested varie-
ties.

TW varied significantly between years, being highest in
2011. Fertilisation and fungicide treatments had few signifi-
cant but marginal effects on TW. The tested varieties dif-
fered significantly in TW between varieties with ‘Grace’
having the highest level of TW.

TKW was lowest in 2011 and did not significantly differ
between 2012 and 2013. TKW varied significantly due to
fertilisation and fungicide treatments, however, the differ-
ences were small. ‘Propino’ had highest TKW and was
more stable over the years, whereas ‘Quench’ had the low-
est levels of TKW.

Grading was considerably lower in 2011 compared to the
other two trial years. Grading differed moderately among
fertilisation levels and fungicide treatments, being highest at
lowest levels of fertiliser application (N1) and high level of
fungicide application (T2). All tested varieties differed sig-
nificantly in grading, with ‘Propino’ resulting in highest
grading compared to others.

DISCUSSION

Results of this study indicate the importance of optimising
fertiliser and fungicide applications in order to increase
grain quality and yield of modern malting barley varieties in
the Northern Baltic region. Optimum soil fertility ensures
vigorous crop growth, which will likely improve tolerance
to various diseases (Turkington et al., 2011). Our results
confirm the findings of Yang et al. (2000), who showed that
barley disease severity correlates highly with yearly cli-
matic conditions. Multiyear trials in Finland have demon-
strated that cereal leaf blotch disease severity increased over
the last 40 decades (Jalli et al., 2011). Our results indicated
that net blotch infection severity was greatest at highest fer-
tiliser level (N100P15K54). Net blotch infection severity has
been shown to depend also on growth stages and duration of
high humidity periods (Deacon, 2006; Bleidere et al.,
2012). It has been found in the UK that fungicide treatment

is effective when the infection severity is more than 5% of
leaf area (Cook et al., 1999), thus indicating that in the case
of low-intensity infection fungicide treatment should be
lowered or might not be necessary at all. According to Coo-
per et al. (2007), balanced and adequate soil fertility inter-
acts with crop protection. Surplus of nutrients in the rhizo-
sphere may aid foliar pathogen survival in soil and may
cause foliar disease outbreaks. This was also evident from

T a b l e 4

THE EFFECT SIZE OF FACTORS (�2) ON VARIATION OF GRAIN
QUALITY

Source of
variation

Protein % Test weight
g·L–1

1000 kernel
weight g

Grading %

Year 0.72*** 0.34*** 0.33*** 0.42***

Fertilization (Fert) 0.06*** 0.01* 0.02*** 0.02***

Fungicide (Fung) 0.00ns 0.01* 0.03*** 0.03***

Variety 0.01** 0.29*** 0.37*** 0.28***

Year × Fert 0.02*** 0.07*** 0.03*** 0.02***

Year × Fung 0.01** 0.00ns 0.00ns 0.01***

Year × Variety 0.01** 0.08*** 0.04*** 0.10***

Significant at * p � 0.05; ** p � 0.01; *** p � 0.001; ns, non-significant

Non-significant interactions are not shown

Grading, % of kernels above 2.5 mm sieve

T a b l e 5

AVERAGE GRAIN QUALITY CHARACTERISTICS OF BARLEY IN
RESPONSE TO YEAR, FERTILIZER INPUT, FUNGICIDE TREAT-
MENT AND VARIETY IN JÕGEVA

Factor Protein % Test weight
g·L–1

1000 kernel
weight g

Grading %

Year

2011 11.1 a 682 a 48.9 b 87.7 c

2012 8.8 c 669 b 52.7 a 95.4 a

2013 10.4 b 656 c 52.7 a 94.1 b

Fertilisation

N1 9.7 c 668 b 50.8 c 93.1 a

N2 10.1 b 670 a 52.0 a 92.7 b

N3 10.4 a 668 b 51.4 b 91.4 c

Fungicide

Untreated 10.0 a 666 b 50.7 c 91.3 c

T1 10.1 a 670 a 51.4 b 92.3 b

T2 10.1 a 669 a 52.1 a 93.6 a

Variety

Grace 10.2 a 681 a 50.5 c 91.0 c

Posada 10.0 b 661 c 51.0 b 89.8 d

Propino 10.1 ab 658 d 54.6 a 97.0 a

Quench 10.1 ab 676 b 49.5 d 91.8 b

N1 – N60 P9 K32; N2 – N80 P12 K43; N3 – N100 P15 K54 (as pure elements)

T1 – single application per season (BBCH 40–49); T2 – two applications
per season (BBCH 32–35; BBCH 55–65)

Different letters mean significant differences (p � 0.05) within the factor

Grading, % of kernels above 2.5 mm sieve
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our study, where higher fertiliser treatment caused increased
infection of spot and net blotch of barley plants. Disease se-
verity is generally known to be influenced by the climatic
conditions prevailing in a given year, being especially pro-
moted by a combination of high precipitation and air tem-
perature. Although we observed significant differences in
disease severity of spot and net blotch between years, these
could not be explained by differences in precipitation and
temperature. Although we found that blotch infection was
lowest in 2011 and highest in 2013, those years were both
characterised by lower than average amount of precipita-
tion. However, it could be assumed that the differences in
blotch disease severity were caused by differences in air hu-
midity during 2011 and 2013, although we lack direct meas-
urements of that factor. Indeed, Duveiller and Altamirano
(2000) found that spot blotch is particularly aggressive un-
der high relative air humidity.

Our results suggest that malting barley yield and quality is
mainly influenced by weather conditions during the vegeta-
tion period and to a lesser extent by fertilisation, fungicide
treatment and variety. Our results are in concordance with
the findings of Therrien et al. (1994) and Schelling (2003).
High protein content in grains is shown to be caused by
higher mean temperature and low precipitation during tiller-
ing and grain filling periods (Morgan and Riggs, 2006). We
confirmed this, as the highest protein content occurred in
2011. The growing conditions during the grain filling peri-
od in July 2011 were particularly dry and warm. In contrast,
the lowest protein content was found in 2012 when condi-
tions of high precipitation and moderate temperatures were
prevailing. According to Rajala et al. (2011), decreased
TKW of barley is caused by drought conditions during the
grain filling stage, which was also the case in our experi-
ment in 2011. In contrast to TKW, TW was higher in
drought conditions of 2011.

Overall, fungicide treatments in our experiment had mar-
ginal or moderate positive effect on grain quality parame-
ters. Similarly to previous research by Conry and Dunne
(2001) we did not find any clear trend that fungicide appli-
cation had effect on protein content. Our results indicated
that fungicide application somewhat increased TKW, TW
and grading, which is in accordance with Jayasena et al.
(2002), Turkington et al. (2012), and Bingham et al. (2014).
As expected, higher fertilisation application increased grain
yield and protein content, however, fertilisation had minor
effect on TW, TKW, and grading. Previous research has
shown that increasing fertiliser application can significantly
improve TW and TKW (Conry and Dunne, 2001; Pettersson
and Eckersten, 2007). However, we did not find similar
clear effects in our study. Slightly higher levels of TW and
TKW were found in the medium fertiliser treatment N2, but
not at the highest level N3. It is expected that plants pro-
duce generally more tillers and kernels in ears at the higher
fertilisation level, which can result in overall smaller ker-
nels. Previous studies (Therrien et al., 1994; Bleidere, 2008)
suggested that quality characteristics of barley could be
closely connected to variety. In our study, ‘Propino’ stood

out in terms of high TKW and good grading, but had the
lowest TW. ‘Grace’ had high TW, but was sensitive to
drought, because TKW and grain yield decreased in condi-
tions of low soil moisture.

Fungicide treatment had no significant effect on grain yield
in our trial, which can be explained by low infection sever-
ity of barley varieties during the study period. The impact of
disease on yield depends largely on the magnitude of the
epidemic (Paveley et al., 2001). According to Bingham et

al. (2014) and our results, fungicide use in varying environ-
mental conditions does not guarantee increase of the yield,
since it depends on many other factors, such as disease se-
verity, plant growing conditions, plant stress conditions,
disease resistance of variety etc.

In conclusion, our results showed that barley disease sever-
ity, grain yield and quality in the Northern Baltic region de-
pended mostly on weather conditions of the particular year.
Higher levels of fertiliser input increased grain yield and
protein content but had marginal effect on other quality
traits such as TW, TKW, and grading. However, the best
quality of malting barley was achieved at the medium fer-
tilisation level. Fungicide treatment had no influence on
grain yield and protein content, but slightly improved TKW,
TW and grading. We therefore conclude that fungicide
treatment is not necessary in the Northern Baltic region in
case of low infection intensity of barley by leaf blotch dis-
eases. In addition, the yield potential of tested varieties was
similar, but some quality traits, such as TKW, TW and
grading depended on variety. ‘Propino’ stood out in terms
of high TKW and good grading. ‘Grace’ sowed better resis-
tance to net blotch and had high TW, however it was sensi-
tive to drought.
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ALUS MIEÞU SLIMÎBAS, RAÞA UN KVALITÂTE — REAKCIJA UZ DAÞÂDIEM LAUKSAIMNIECÎBAS REÞÎMIEM

Trîs gadu laikâ tika noteikta alus mieþu slimîbu attîstîba, raþa un kvalitâtes îpaðîbas pie daþâdâm mçslojumu un fungicîdu koncentrâcijâm.
Attiecîgâ gada laika apstâkïi bûtiski ietekmçja visus trîs minçtos râdîtâjus. Augstâkâ graudu raþa un proteînu saturs iegûts pie maksimâlâm
minerâlmçslojuma devâm, tomçr labâkâ graudu kvalitâte bija pie vidçjâ mçslojuma lîmeòa. Fungicîdu izmantoðana neietekmçja graudu raþu
un proteînu saturu, tâpçc secinâts, ka Ziemeïbaltijas reìionâ pie zemas mieþu lapu plankumainîbas intensitâtes fungicîdu lietoðana nav
nepiecieðama.


