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Abstract: The results of 81 different crop management practices in spring barley grown in small-plot field trials on
fertile soils in central Moravia were assessed during 2014–2016 with the aim to achieve the highest gross margin
(GM – calculated as the difference between revenues and direct costs). GM was most affected by protein content in
the grain below 12% corresponding to malting quality. Analyses identified greater determination level of non-linear
relationships between stand structure elements and the content of nitrogen substances in the grain. This indicates
that the probability of obtaining high quality malting barley is increased when a high level of sinks (number of
grains/m2) corresponding to availability of sources, mainly water, is formed by optimal plant density (300–400/m2)
and balanced combination of both structural elements of crop stand, i.e. – number of spikes per plant (2–4) and
number of grains per spike (18–26). In case that the high level of sinks will be formed predominantly by one element,
the risk of higher protein content in grain increases. This constitutes the requirement of early sowing and uniform,
synchronized tillering and efficient use of nitrogen fertilizers.
Keywords: Hordeum vulgare; uniformity of sinks; grain protein content; grain yield components; hierarchical grain
yield formation

The growing of spring barley poses a great risk
in obtaining malting quality of grain. The regular
achievement of high yields and a satisfactory protein
level is the motivation for farmers to grow malting
barley on larger areas. However, a decreasing proportion of spring barley production in the Czech
Republic achieved the required level (10–12%) of
protein content in the grain (Kůst and Stehlíková
2016). This situation was explained by decreasing
the area of suitable preceding crops and by the impact of climate change. Le Bail and Meynard (2003)
reported that in an intensive farming region, where
farmers achieve very good results with winter wheat
or sugar beet, there are still many problems in the
regular achievement of combined control of yield and
grain protein content in spring malting barley. The
decreased area of spring barley grown in the Paris
Basin is explained by a greater variability of yields
compared with winter cereals or maize.

Besides barley yield, the grain size is an important
indicator which correlates with grain weight and the
protein content. Many authors, however, point out
that the relationship between these characteristics is
complex (Eagles et al. 1995, de Ruiter 1999, Paynter
et al. 2013). Bulman and Smith (1993b) stated that
the post-flowering nitrogen (N) absorption affected
grain protein in two years out of four. In some situations, with the highest N application rates, yield
may decrease while grain protein content continues
to increase (Benzian and Lane 1979). It is difficult
to control both these parameters at the same time.
In terms of economic success, malting quality traits
are more important than grain yields. For the current
situation in agricultural practice, it is necessary to
develop coherent crop management practices that
will increase yields and malt quality of grain even
after a less suitable preceding crop and under the
conditions of climate changes (Klem et al. 2011).
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This article presents the comparison of crop management practices in spring barley under the conditions of a typical sugar-beet growing region with a
long-term tradition of breeding and growing malting
barley. The objective was to identify the characteristics of stand structure to control yield and grain
quality together with the achievement of the best
economic results.

MATERIAL AND METHODS
Spring barley management practices carried out during three seasons 2014–2016 in a sugar-beet growing
region of central Moravia with winter rapeseed as a
preceding crop in all the years were compared (Table 1).
Representatives of research institutions (9×), agricultural enterprises (7×) and above all suppliers
of agrochemicals and seeds (26×) from the Czech
Republic took part in the comparison with the aim
of creating the best economic outcome evaluated by
gross margin. The participants in most cases presented two variants of crop management practices.
They had the choice of cultivar and seeding rate, which
ranged between 300 and 500 seeds/m2. Further, they
proposed the crop management measures (the date
of application and the doses of fertilizers, pesticides
and growth regulators). The proposed cultivation
measures were carried out by the technicians of
the Agrotest fyto, Ltd. in small-plot trials with four
randomized repetitions with a plot size of 10 m 2
(5 × 2 m). Sowing was carried out by a seeder of the
type Oyord (Wintersteiger, Ried, Austria) and harvest by a small-plot Sampo-Rosenlew SR 2010 (Pori,
Finland) combine harvester. Records were taken for
the date of treatment, growth stage (BBCH), type
and amount of agrochemicals applied. The prices
of agrochemicals were determined according to the
price list of the regional seller (Navos a.s., http://

www.navos-km.cz/). The price of an agrochemical
application (machinery and working cost) in a solid
form was determined to be 250 CZK/ha and in a
liquid form it was 300 CZK/ha. The total direct costs
(CZK/ha) were determined for individual variants
of crop management practices as the sum of costs
for individual management treatments including the
cost of agrochemicals and their application. Costs
for crop treatments carried out uniformly for all the
variants under comparison were not considered in
calculations (soil tillage, sowing and grain harvest,
uniform application of insecticides in all variants).
After emergence (BBCH 14), the number of plants
on an area of 0.25 m2 was recorded (except for 2014).
During grain formation (BBCH 65), the productive
ears were counted in the same area. Finally, the numbers of spikes per plant, numbers of grains per spike
and the numbers of grains per m 2 were calculated.
Grain yields were calculated for 14% moisture and
parameters of grain quality were determined in the
laboratory, namely the crude protein (determined
by Dumas combustion method according to the
ICC No. 167 using a LECO FP-528 analyser – LECO
Corporation, St. Joseph, USA) bulk density (kg/100 L)
and weight of thousand grains (g). Grain prices were
obtained from a local trade organization (Navos a.s.).
The major criterion for determining the price was
the crude protein content in grains below 12%.
Multiplication of yield (t/ha) and grain price (CZK/t)
gave the revenues (CZK/ha). Consequently, gross
margin (GM) was calculated as the difference between
revenues and direct costs (CZK/ha). Obtaining the
highest value of GM was the goal and the major
criterion in comparisons of individual variants of
crop management practices. The calculated GM
values are relatively high because only measures
which were different in individual variants were included in direct costs. The indicative exchange rate is:

Table 1. Characteristics of experimental localities
Parameter
Geographical situation
Soil type
Texture class
Altitude (m a.s.l.)

Average annual temperature ( oC)
Annual sum of precipitations (mm)

Pravcice
2014
49°19'16''N, 17°29'35''E

Kroměříž
2015
2016
49°17'7''N, 17°21'30''E
49°16'56''N, 17°21'37''E

Gleyic Fluvisol

Luvic Chernozem

Luvic Chernozem

Silty clay

Silty clay loam

Silty clay loam

201

235

248

11.0

10.8

11.1

575.5

401.8

550.2

Date of sowing

13.3.2014

19.3.2015

31.3.2016

Date of harvest

23.7.2014

31.7.2015

8.8.2016
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Characteristic

Harvest year
2014

2015

2016

Number of evaluated variants

20

29

32

Number of variants with
malting quality of grain

7

2

2

4500

4300

4200

Number of variants with
feed quality of grain

13

27

30

Price of feed grain quality
(CZK/t)

3000

3300

2600

Feed grain prices in % of
malting grain prices

67

77

62

Price of malting grain
quality (CZK/t)

1 EUR = 25.7 CZK, 1 USD = 22.6 CZK. Over 3 years,
a total of 81 variants were evaluated. Their numbers
in individual years are shown in Table 2.
The data were processed using basic statistical characteristics and correlation and regression analysis in the
statistical software Microsoft Office 2013 (Redmont,
USA) and Gretl (http://gretl.sourceforge.net/). The level
of statistical significance was set to α = 0.05.

RESULTS AND DISCUSSION

Crude
protein
content
Crude
protein
content
(%) (%)

While selling barley, the revenues are affected
by the yield and grain quality that determines the
price, which was most affected by the content of
N-substances less than 12% in the grain. The price of
malting barley was on average by 31.3% higher compared to the price of feeding quality grain (Table 2).
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Figure 1. The relationship between gross margin and
crude protein content in grain (%) in the years 2014–2016

These differences can be documented by an evident
separation of two groups of variants based on the
dependence of GM values on grain protein content
(Figure 1). Therefore, the differences in the other
evaluated characteristics between groups of feed
and malting variants were searched (Table 3). Except
for the economic characteristics (revenues, GM),
the group of malting variants shows a significantly
higher number of grains per m 2. In the other evaluated characteristics, the differences between these
two groups of variants were not significant, including the amount of N applied in mineral fertilizers
(P = 0.078). Malting quality was achieved at N doses
that were on average by 17 kg N/ha lower compared
to the feed variants, but it was also achieved when
113 kg N/ha was applied. The increase of N dose by
1 kg per ha increased the content of N-substances
in grain by 0.01% (absolute, r = 0.42**), however its
impact on yield was insignificant (r = 0.08). Figure 2
shows a significant decrease of protein with increasing yield (r = 0.46**) which is also mentioned
by several other authors (Grashoff and d’Antuono
1997, Boonchoo et al. 1998, Schelling et al. 2003).
However, Figure 2 also shows that high grain yields
can be associated with both – low and high protein
content (10.8–14.1%).
Le Bail and Meynard (2003) stated, based on the
analysis of a large set of spring barley stands on farms
in the Paris Basin, that the correlation between yield
and protein content was not strong at grain yield above
7 t/ha. They also found that grain protein content at
higher yields could be both higher and lower. High
yield of grain with high protein content occurred in
their field trials when great inputs of N were used
at favourable conditions for its absorption. On the
Crude
Crude
protein
protein
content
content
(%)(%)
Crude
protein
content
(%)

Table 2. Number of evaluated variants and prices
achieved in individual years for the feed and malting
quality of barley
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Figure 2. The relationship between grain yield and crude
protein content in grain (%) in the years 2014–2016
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Table 3. Minimum, maximum and the average values of variants with grain feed and malting quality for the
period 2014–2016 and statistical significance between these averages expressed by P-value
Characteristic

Minimum

Maximum

Number of plants per 1 m 2*

184

Number of spikes per plant

2

m2

Number of grains per spike

Average

P-value

feed

malting

480

319

304

0.701

8

4

3

0.939

796

1760

1052

1048

0.960

12

27

21

22

0.545

16 676

26 063

21 048

23 125

0.042

Weight of thousand grains (g)

43.59

57.78

51.14

50.58

0.548

Grain yield (t/ha)

8.55

12.90

10.73

11.15

0.112

Number of spikes per 1
Number of grains per 1

m2

Direct costs (CZK/ha)

4368

16 576

7863

7550

Revenues (CZK/ha)

22 230

55 470

31 736

48 655

< 0.001

0.880

Gross margin (CZK/ha)

13 135

47 719

23 873

41 430

< 0.001

Nitrogen dose (kg N/ha)

0

158

76

59

Crude protein content (%)

10.77

14.76

13.09

11.57

< 0.001

Bulk density of grain (kg/l00 L)

65.10

72.20

68.86

68.51

0.538

0.078

*The data are only from the experiments in 2015 and 2016

contrary, absorption conditions in combination with
water stress during stem elongation – grain ripeness
led to low yield (4.15 t/ha) and high protein content.
This confirms the conclusion of Savin and Nicolas
(1996) that starch accumulation is more sensitive
to post-anthesis stress than to N uptake by plants.
If too much nitrogen is available and absorbed, this
does not further increase yield but increases grain
protein (Varvel and Steverson 1987, Eagles et al. 1995),
especially if it exacerbated water stress at the end of
the growing cycle by generating strong growth in the
vegetative structures (Bulman and Smith 1993a).
Spring barley was grown after winter rape whose yields
(t/ha) were 3.85 (2013), 4.65 (2014) and 4.34 (2015).
Mineralization of post-harvest residues returned to
the soil could provide about 70–135 kg N/ha to barley

stands (Aufhammer et al. 1994, Trinsoutrot et al. 2000).
Before sowing spring barley, the Nmin content per ha in
the soil layer of 0–30 cm was 29 kg, 23 kg and 57 kg in
2014, 2015 and 2016, respectively. The average N dose
in mineral fertilizers was 76 kg/ha for feed variants and
59 kg/ha for the malting ones (Table 3). The yield of
malting variants ranged from 9.49 to 12.90 t/ha (Figure 2)
which corresponds to the uptake of 200–250 kg N/ha.
In addition to nitrogen supply, these high yields can
be explained by high soil fertility and by the marginal
effect in small plot field trials.
The subsequent analysis of relationships among the
assessed characteristics revealed that the required
content of protein below 12% was obtained, except
for higher grains number per m2 (r = –0.43**), also at
a certain level of stand structure elements which are

Table 4. Statistical significance of the regression model parameters expressed by P-values
Independent variable
on the x-axis

n

Number of plants
per m 2

P-value calculated

R2

P-value calculated
for F-test

Type of
regression

–
0.069

0.052
0.105

0.076
0.040

linear
quadratic

0.255
0.079

–
0.118

0.022
0.063

0.255
0.153

linear
quadratic

< 0.001
< 0.001

0.265
0.232

–
0.280

0.016
0.030

0.265
0.299

linear
quadratic

< 0.001
< 0.001

0.876
< 0.001

–
< 0.001

0.000
0.147

0.876
0.002

linear
quadratic

constant

x

x2

61

< 0.001
< 0.001

0.076
0.118

Number of spikes
per plant

61

< 0.001
< 0.001

Number of grains
per spike (Figure 3)

81

Number of spikes
per m 2 (Figure 4)

81
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Number of plants per 1

300

400

350

2

4

3

Number of spikes per 1 m 2

900

1200

1050

Number of grains per spike

18

26

22

Number of strong tillers
per plant at BBCH 25
(or spikes per plant)

15 15
15

Crude
Crude protein
protein content
content (%)
(%)

Crude protein content (%)

shown in Table 5. These results and higher determination of quadratic functions in comparison to linear
ones (Table 4) can be explained by considering plants
as developing hierarchical gradually formed modular
systems (White 1979, Porter 1983) influenced by competitive relationships within the stand.
Grain size is bigger on the main stems and declines
with increasing tiller hierarchy (Lee et al. 1989, Naylor
et al. 1998). In small grain fractions, a higher content
of protein is detected (de Ruetier 1999, Magliano et al.
2014). Bingham et al. (2007) attributed this effect to the
later development and lower growth potentials of grains
on higher ranked tillers. However, both processes can
contribute to increase of the differences between grains
– developmental delay and competition for resources
(Hucl and Baker 1990, Sadras and Denison 2009).
At high plant density due to inter- and intra-plant
competition, the differences between the main stem
and the tillers increase. At low plant density, competition for resources does not appear, but more tillers
are being developed that delay in development. In
both cases, the unevenness of tiller’s spikes with
2014
20142016
2014
20162014
2016 - 2016
2014–2016
2014–2016

2015
201520152014-2016

14 14
14
13 13
13
12 12
12
11 11
11
10 10
10
12 12
12

y = 0.0065x2 – 0.2832x + 15.9; R2 = 0.0304
222122
1517 17 18
24 27 27
27
Number
of grains
per spike
Number
ofgrains
grains
perspike
spike
Number
of
per

Figure 3. The relationship between the number of grains
per spike and crude protein content in grain (%) in the
years 2014–2016

15
14
13
12
11
10

15 15

Crude protein content (%)

Minimum Maximum Median
m2

Crude protein content (%)

Characteristic

smaller grains and higher N-substances compared
with the main stem is created.
Similarly, grain formation is influenced by the
hierarchical arrangement of the spikes (Bonnett
1935, Lee et al. 1989). The largest grains are in the
proximal part and are getting smaller towards the
distal parts of spikes (Figure 3). These effects are
less expressed in two-row spikes compared to sixrow ones, grains of which are less uniform. Thus, a
higher P-value (0.280) for x 2 in the relation between
the grain number per spike and grain protein content
(Table 4) can be explained.
The number of spikes per m2 combines the effects
of hierarchies in the tillering node and in the spikes,
therefore the quadratic relationship between this character and the content of N substances in the grain is
more pronounced (Figure 4) and significant (Table 4).
The significance of the relations shown in Table 4 and
Figures 3 and 4 depends on the proportion of smaller
grains (sinks) richer in N-substances. The proportion of
these smaller grains increases with the developmental
delay of tillers and grain’s primordia in spikes and also
as a result of their competition for resources. A welldesigned stand structure can weaken these processes
and thus reduce the risk of sinks dissimilarity.
High level of sinks should be proportionally formed
by a combination of the stand structural elements
within the intervals shown in Table 5. Beyond these
intervals, the risk of higher content of protein in
grain increases. A suitable stand structure should be
formed by uniform tillers from the beginning of stem
elongation (Křen et al. 2014). This requires early sowing
and uniform, synchronized tillering. The probability
of obtaining malting quality grain increases with the

Crude protein content (%)

Table 5. Values of the structural elements of the spring
barley stand that increased the probability of achievement malting quality of the grain

20142014
20162016
2014–2016
2014–2016

20152015

14 14
13 13
12 12
11 11

y = 6E-06x2 – 0.0139x + 20.882
R² = 0.1467

10 10
750 12 112000
11725017
1 50022 22 1 750
2
Number
ofNumber
spikes
Number
ofper
grains
per spike
ofmgrains
per spike

27 27

Figure 4. The relationship between the number of spikes
per m 2 and crude protein content in grain (%) in the
years 2014–2016
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formation of high yield and a high number of grains
per m2 with strong culms and uniform spikes.
By findings of other authors (Le Bail and Meynard
2003, Bingham et al. 2007) it can be stated that the
malting quality of grain is the result of a complex
interaction of several production factors with various
additive and synergic effects. These are expressed
through the stand structure. Generating a high level of
uniform sinks (number of grains per m2) corresponding with the availability of resources, mainly water,
through the balanced combination of all elements
of barley stand structure increases the probability
of obtaining malting quality of grain. Analysis of
modifications of management inputs together with
the analysis of stand structure enabled us to understand which combination of treatments produced
satisfactory results and which did not.
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