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Crystallinic water regime and water quality in catchments

T. Kvitek

Research Institute for Soil and Water Conservation, Prague, Czech Republic

ABSTRACT

The paper describes and summarizes some results of 25-year research into water regime and hydrologic parameters mea-
sured at many experimental localities on the border of two geomorphological units Ko3etickd pahorkatina and Vyskyten-
skd pahorkatina. Pedological, hydropedological and hydrologic conditions are analyzed that influence the present state of
water and nutrient regimes in the landscape. It is stated that a system of the zones of differentiated soil and water con-
servation in the landscape intended for improvement of water quality and/or for revision of water protection zones can
operate provided that all current knowledge of the problem is used and put into practice.

Keywords: infiltration areas; water regime; arable land use; permanent grasslands; water quality

There have always been long discussions about nitrate
load of water in catchments trying to answer a question
which factor is more important: area sources or point
sources of contamination. The problems discussed in
Order IV catchments, where no point sources occur, are
whether contamination was caused by fertilizer residues,
impacts of the management system, large area of arable
land without vegetation cover in winter, climatic condi-
tions of the year, or by overall ecological stability of the
catchment. Other problems are the effect of drainage on
deterioration of catchment water quality, and whether
catchment infiltration areas contribute to water quality
deterioration to a larger extent than transport areas. Pro-
posals of water protection zones neglect the role of infil-
tration areas of the catchment and drainage systems,
mainly for economic reasons.

Opinions concerning the causes of nitrate leaching
from soil to water are not consistent. Some authors re-
port the effect of fertilizing, some climatic conditions of
the year, and others crop type. Repka (1991) and Kvitek
(1999) found nitrate leaching in the period of vegetation
rest to be several times higher than in the growing sea-
son. The highest nitrate losses were determined on plots
left without planting in the winter season (Parkinson
1993). A potential load of the region is influenced by soil
profile depth, soil texture, humus content in soils, soil
type, potential drainage and hydrogeological structure
of the subsoil. The shallower the soil profile and the high-
er the proportion of sandy particles in soil texture, the
lower the soil retention of nitrates in the winter season
(Burt and Haycock 1993, Simard and N’Dayegamieye
1993). The aerobic capacity of drained areas is higher
than on the surrounding areas, and mineralization of or-
ganic nitrogen is also higher (Harris et al. 1984). Forman
and Gordon (1993) believe that the reasons lie in ecolog-
ical stability of the region. Nitrate content in waters is
crucially affected by a share of forest land, permanent
grasslands and arable land. As documented by Kvitek’s
(1999) results, nitrate leaching from forest land is consid-
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erably lower than from farm land. Current knowledge
clearly indicates that it is mainly a complex problem when
nitrate leaching and loss from the catchment may be in-
fluenced by a share of perennial plantings in the catch-
ment, nitrogen application rates, prevailing soil type and
kind, planted crop and climatic conditions of the year.
These factors often act synergically.

MATERIAL AND METHODS

Experimental localities with grasslands situated in the
Ceskomoravské vrchovina region have been run by the
Research Institute for Soil and Water Conservation in
Prague since 1976 (the localities were described in detail
in literature, especially in papers by Haken and Kvitek
1982, 1986). Experimental localities have different geomor-
phological and site conditions (they lie in infiltration ar-
eas of the region, in transport drained areas, as well as in
flood plains with fluctuating groundwater levels). The
localities are situated along the highway branch road
Pelhfimov — Humpolec (90.0 km of D1 highway), approx-
imately at a middle distance between the two towns. The
localities are demarcated by the communes Kojcice —
Dehtéie — Vadgice — OnZovice — Velky Rybnik.

Geomorphologically (Demek 1987), the experimental
localities are situated in the Ceskomoravské vrchovina
region, in the Kfemesnicka vrchovina formation, in
Zelivska pahorkatina and Humpoleck4 vrchovina subfor-
mations, on the border of two units Ko3etické4 pahorkati-
na and Vyskytenské pahorkatina.

Weather characteristics have been measured at Vadélce
station since 1976. Research results presented in this
paper were acquired from the following localities.

Vad¢ice locality — infiltration area (years of observa-
tion 1976-1982):

A field trial on grassland was organized in two blocks —
one block was on shallow soil, the other on medium-deep
soil. The two-block design of experimental variants at
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four replications was as follows: 1 — control (without fer-
tilizing); 2—PK; 3 —N PK; 4 - N,PK; 5 —N,PK. Fertilizing
was applied to newly planted swards (after fast regen-
eration) produced from a grass mixture (kg/ha): red clo-
ver —6.0; meadow fescue — 18; timothy — 6.0; false oat —
6.0; red fescue — 6.0. Annual fertilizer application rates
(kg/ha): P-35, K-66, N -80, N-160. Three cuts were car-
ried out in experimental years, yields of fresh matter and
forage dry matter were recorded. Soil samples were taken
at layers by 10 cm to measure moisture content gravi-
metrically, soil temperature was registered at two depths
of 0.1 and 0.2 m once a fortnight, physical and chemical
properties of soil were determined.

Dehtafe locality — transport area (years of observa-
tion 1980-1986):

Water regime regulation at a water-logged grassland
locality was investigated in a field trial. Complex amelio-
ration of the water-logged site was based on implemen-
tation of three levels of soil drainage and parallelly of
three levels of nitrogen fertilizing of swards according to
this schedule:

Factor 1 — water regime of soil

Variant 1 — no drainage, or local drainage — Lo

Variant 2 — grassland drain spacing — L 20 m

Variant 3 — field drain spacing—L 13 m

Hydropedological conditions of the site and identified
causes of water-logging were employed to select the
variants:

Factor 2 - nitrogen fertilizing

Variant 1 — extensive fertilizing 25-69 kg NPK

Variant 2 —medium level of fertilizing 55-191 kg NPK

Variant 3 — high level of fertilizing 110-312 kg NPK

The size of drained plots in the different variants was
1.0 ha. The sward of this composition was planted (kg/ha):
white clover — New Zealand cv. Huia —4.0, meadow fes-
cue — Roznovska — 12.5, timothy — Roznovsky — 10.0, red
fescue Roznovska — 6.5, Kentucky bluegrass — Roz-
novska — 10.0, total seeding rate 43.0 kg/ha. Yields of
fresh matter, forage dry matter were recorded, drainage
discharge was measured with water-level recorders at six
measuring points, groundwater levels were registered in
one-week intervals, soil moisture content to a depth of

035 4
030 4
\

025 4
i

ozo| ¥
|

0.15
| A

0.10 4

Specific drainage runoff (I/s/ha)

005 4
|
1

0.00 g -
0 S0 100 150 200 250 300 350 400 450 500 550

Precipitation (mm)

Figure 1. Relationship between specific drainage discharge and
precipitation in the winter season X/1979-1X/1984 for drain spa-
cingL 13 m
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1.0 m in fortnight intervals, soil temperature to a depth of
0.6 m, and chemical and physical properties of soil were
determined at regular intervals.

Velky Rybnik locality — accumulation area (years of
observation 1986-2001):

This grassland locality is situated in the flood plain of
Jankovsky and Kopaninsky streams of 5% gradient. Lo-
cality area is 8.1 ha. This land was temporarily put out of
use in 1984 because it was water-logged as a result of
high groundwater level (GWL) influenced by overflows
from streams and springs. The sward at the locality was
uncultivated, hardly accessible to mechanization in many
parts because of a low bearing capacity of the ground
surface. To solve the research project, micro-plot trials
were established with five levels of soil water regime and
three nitrogen application rates at three replications.
Micro-plot size was 15 m? (3 x 5), there were nine plots in
total in each water regime block. A three-cut system was
used. The water regime levels: drained — GWL 0.90 m and
more under the ground, regulation - GWL 0.70-0.80 m
under the ground, regulation - GWL 0.50-0.60 m under
the ground, regulation — GWL 0.30-40 m under the
ground, undrained — GWL in relation to the stream
groundwater level and precipitation. A grass mixture was
planted at the locality in summer 1988. Drainage discharge
was measured with water-level recorders at 10 points,
groundwater levels once a fortnight, soil moisture con-
tent to a depth of 0.6 m once a fortnight, fresh matter
yields from grasslands and dry matter yield were record-
ed, water quality was determined mainly with respect to
nitrates once a fortnight.

All data were processed using STATGRAPHICS soft-
ware.

RESULTS AND DISCUSSION

Soils in the infiltration area are mostly shallow or medi-
um-deep, stony, very permeable, with low yields of
aboveground grass biomass. Biomass yields rise with
increasing depth of the soil profile (Haken and Kvitek
1986). These soils are not influenced by the groundwa-
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Figure 2. Relationship between specific drainage discharge and
precipitation in the summer season X/1979-1X/1984 for drain
spacing L. 20 m
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Table 1. Statistical data on correlations between specific drainage discharge and precipitation

Drain spacing — season Number Correlation Significance Equations of the relationship
of seasons coefficient R level a between both variables

L 20 - out of season L -0.963103 0.00846 Iy = 20.75 - 0.053x

L 13 - out of season 5 0.968115 0.00680 Y = -12.97x!%2

L 20 — growing season 5 -0.972746 0.00538 Iy =11.64 - 0.16x

L 13 - growing season 5 0.755221 0.13992 w081 0.008

ter level, their moisture content does not exceed 50% of
field water capacity throughout the growing season.
They are sandy or loam-sandy, stony soils. Their water-
retention capacity is low while water infiltration into the
soil profile is fast. Soil permeability is higher than 1.0 m/
day (Vadtice locality). Chemically, the soils are very acid
oracid (pH, ., = 4.5-5.5) with unsaturated sorption com-
plex and with low content of humic substances (Kvitek
1992). To achieve identical yields on shallow soils and
on medium-deep or deep soils, higher amounts of nutri-
ents should be supplied. These shallow soils are not ca-
pable of providing average yield without high nitrogen
rates in a dry growing season, and nitrogen utilization is
very low (Haken and Kvitek 1986). If grasslands at these
localities are used as arable land, direct contamination of
shallow-circulating groundwater or of springs is immi-
nent. Croppings at these localities contribute to the bulk
of contamination of surface and shallow groundwaters,
mainly in the winter season, when the lands — after plow-
ing — are without vegetation cover. The infiltration areas
of drainage systems are situated ca. 300-1000 m above
drainage systems located in transport areas, consisting
of these soils according to the Classes of Soil Evaluation
Units: 7.37.01-04,7.29.01-14.

Soils in the transport area are medium-deep or deep,
loamy or loamy-clay, clay with good water retention, of-
ten little permeable or impermeable, on sloping lands with
possible events of erosion. Confined groundwater may
produce springs at places of subsoil dislocation caused
by faults. Springs are produced in this transport area, but
mainly in the spring season they do not appear at identi-
cal places, they are wandering. Water from these out-
flows is overflowing an extensive surface, contributing
to the associations of differently waterlogged soils

(pseudogleyic, gleyic and peaty). Drainage discharges
from collected springs correlate with precipitation sums
(Kvitek and Haken 1986). Precipitation infiltrated in the
catchment infiltration area consequently causes land
water-logging in the transport area in the form of springs.
Therefore different drain spacings from 10-20 m were
used in this transport area. Discharge was influenced by
the number of collected springs and directly related to
precipitation amount (Haken and Kvitek 1982) —see Fig-
ures 1 and 2. Statistical significance was proved except
for drain spacing L, — growing season, the result is rel-
evant to the number of periods of observation. It was
demonstrated at the same time that drainage discharge
was not influenced by drain spacing in these hydrogeo-
logical conditions.

Discharge coefficient (Table 2) was higher than 100%
in some cases, that means water collected by a drainage
system is not merely precipitation water falling onto
a drained area, but it comes from a larger, infiltration area
of the drainage system. If other than arable crop were
grown on soils in the infiltration area of drainage systems,
discharge would be quite different, and the extent of
drainage would not have to be so large. It is to state that
improper conversion of the top, infiltration parts (origi-
nally of forest stand) to arable land in the faraway past
significantly contributed to a change in water regime, and
liquidation of permanent grasslands with subsequent
drainage after 1960 increased the changes in nutrient re-
gime in many catchments of the Ceskomoravska vrchov-
ina region.

Waters from drainage systems on arable land in the
transport area have high nitrate concentrations (Table 3).
This fact may be explained by a shorter time of potential
nitrogen denitrification in the soil profile of arable lands,

Table 2. Specific drainage discharge and discharge coefficients at Dehtafe locality in the period X/1979-X/1984 — transport area

Drain Period X/79- 1V/80- X/80- IV/81- X/81- [1V/82- X/82- IV/83- X/83- [IV/84-
spacing 111/80 IX/80  1II/81  IX/81 II1/82 IX/82 1II/83 IX/83 III/84  IX/84
precipitation (mm) 305.6 507.4 350.1 4066 312.2 3232 2664 376.0 178.2 4824
L, specific drainage dischargel
(s™".ha'") 0.276  0.301 0.293 0.187 0.308 0.152 0.137 0.180 0.087 0.224
drainage coefficient 142.1 93.8 131.4 72.4 154.9 74.5 80.0 75.1 71.6 73.2
L,; specific drainage dischargel
(s™.ha™) 0.218 0.236 0.206 0.074 0.180 0.089 0.120 0.100 0.0607 0.120
drainage coefficient 112.4 73.4 92.7 28.6 90.9 43.4 70.0 42.2 53.9 39.1
291
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Table 3. NO,” concentrations (mg/l) in the Kopaninsky stream catchment under different croppings in 1993-1995

Nitrate concentrations (mg/l) Drainage Springs

Type of waters

Cropping field field-forest grassland—-forest forest
Maximum 142.3 77.2 43.1 47.1 37.1 22.1 25.0
Minimum 2.9 17.0 9.2 12.0 8.3 2.9 5.6
Average 59.9 50.5 26.3 28.1 23.6 17.3 10.8
Characteristic value 94.6 74.5 37.8 43.1 36.4 214 19.0
Quality class pursuant

to standard CSN 75 7221 V. V. Iv. V. V. 111, I11.

by higher aeration of arable land than of soils of grass-
lands and forest stands in the transport area, and partic-
ularly by the use of arable land in winter in the infiltration
area of drainage systems. Only springs in forest stands
have maximum nitrate concentrations below 25 mg/l wa-
ter because both the infiltration and the transport areas
are forested. All values of nitrate concentrations largely
fluctuate throughout the year, maximum values are re-
corded in the spring, minimum ones in the fall. The larg-
est differences between minimum and maximum values
were observed in arable and drained lands (Kvitek 1999).

The accumulation area is characterized by associa-
tions of gleyic soils accompanied by gleyic alluvial soils.
The decline of groundwater level in the soils of this as-
sociation is higher, with larger fluctuations, influenced
by flow rates in the streams. Gravel-sand terraces regu-
larly appear at a depth of 0.8—1.0 m. Combined water-log-
ging with groundwater and surface water is typical of the
association of hydrogleys, so in fact the profiles are ful-
ly saturated with water all the year round. The hydraulic
conductivity of V. Rybnik locality is different, 0.5 m/day
as well as 0.116-0.011 m/day (measured in Kopecky’s
cylinders). From this aspect, the soil profile appears im-
permeable. The basic cause of water-logging at these
localities is groundwater, mostly confined as a result of
loam layers above the sand-gravel terrace. The ground-
water level pressure is caused by a continuous inflow
from surrounding colluvial deposits, and the level is af-
fected by the amount of infiltrating precipitation. This
water flows downslope. The groundwater level in a val-
ley is influenced by the kind of soil in the infiltration area
and whether valley precipitation is infiltrated into alluvia
and percolated to the groundwater level or whether it
changes into surface runoff in the transport area or re-
mains on the ground surface as surface stagnant water.
Massive springs, often under surface water as mentioned
above, were revealed in the course of drainage measures.
There exist two types of springs: those issuing directly
in the middle of the flood plain and those outflowing in
balks and faults in transport areas, causing surface wa-
ter-logging of the locality. The surface layer of soil be-
comes saturated due to the insufficient internal drainage
of soil in horizons 0.2-0.8 m, which decreases its bearing
capacity. Table 4 shows the groundwater level e.g. in the
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period January—March 1983 in the flood plain of Kopa-
ninsky and Jankovsky streams.

Eutrophication of spring waters is high, and due to
water-logging and low bearing capacity lands of these
localities stopped being used after higher-performance,
heavier-duty mechanization was introduced. Croppings
on these lands were largely degraded, they are of hygro-
phytic or mesophytic character (growths of low sedges,
rushes, high sedges, reeds, and covers of foxtail, hair
grass, meadowsweet). Geomorphologically, nutrient load
is highest in flood plains. To improve their current condi-
tion (diversity, water quality, bearing capacity of the
ground, groundwater level) at least one cut a year with
biomass export is desirable.

Generalization of the results of research on water re-
gime in the landscape and measurements of hydrologic
parameters were used to develop a system of differenti-
ated soil and water protection favoring permanent grass-
lands in the landscape, and to apply it to revision of water
protection zones, as a response to the current inappro-
priate management of the agri-forest landscape.

Kaspar (1975) reported differences in vertical migration
of elements between the afforested zone of weathering
and the zone of weathering with grasslands and fields.
Migrations of mobile elements bound in soluble salts
such as nitrates, sulfates and chlorides show large sea-
sonal variations affected by the amount of rainfall (or
snow). When snow is melting, there arise capillary links
between flowing solutions (of easily migrating elements —
NO,, SO f', CI~and HCO,) and more concentrated solu-
tions in soil. Therefore waters in the spring contain
a considerably higher proportion of soluble salts than

Table 4. Groundwater level in flood plains (cm under the ground)
at V. Rybnik locality

Soil pit Maximum Minimum Average
S, 1 50 295
S, 0 30 11.7
S 86 48.7
S 10 77 53.4

~
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waters in the other seasons of the year. Heavy rains have

the same effect as melting snow.

Cizek in Novak (1998) presents the facts correspond-
ing with our results. An equilibrium content of humus in
brown soils in these areas is higher than in loess soils. It
is caused by lower average activity of soil microorgan-
isms due to lower temperature, lower content of fine par-
ticles and more intensive leaching of mineral and organic
matters, typical of these soils. Lower biological activity
is also influenced by the shorter growing season.

Humus quality is influenced by soil texture. As the
substrate consists of coarse-grained weathering prod-
ucts of crystallinic rocks, the coatings of stable humus
are not formed on fine mineral particles with active sorp-
tion, but they form relatively large globules. Humus
bonds to mineral constituents are realized through iron
and aluminium ions due to lower calcium concentration.
Trivalent ions bind relatively more organic matter, but
the bonds are much weaker in comparison with calcium
action.

Humus in the given conditions contains a high share of
aromatic type. These are substances from plant sources,
mainly residues of lignin components. This composition
results from a low rate of organic matter transformation.
Low humus stability is reflected in seasonal variability of
its amount. There is a decrease in C__ by up to 20% during
the growth peak of the crop (e.g. corn) that is accompa-
nied by high activity of soil microflora. This loss is com-
pensated from post-harvest crop residues in the
subsequent stage. A wide range of organic matter content
from 1-1.8% C_ was determined in soils of the hilly coun-
try (measured in the course of Zelivka mapping). Oxida-
tion trend should be maintained at a lower degree than in
well-developed loess soils (less intensive plowing, more
organic manuring). A low rate of organic matter transfor-
mation supports the formation of the so-called light frac-
tion of humus that is not bound to heavier mineral
constituents. It is the so-called raw humus, in other words
partly decomposed residues of plants or microorganisms
(up to 40% Cm_). Therefore the curves of nitrate concen-
trations are also of a clearly sinusoid shape. This fact was
reported by other authors as well (Kvitek 1999, Kapar
1975).

These conclusions can be drawn from the above re-
sults:

— at approximately identical fertilizing levels in the
catchment nitrate concentrations in Order IV catchments
are influenced by the share of perennial croppings in
the catchment and/or by the area of arable land,

— in comparison with other hydrogeological structures
the crystallinic water regime is so specific (shallow cir-
culation of water) that the catchment infiltration areas
significantly influence nitrate concentrations in waters,

— drainage systems are draining water-logged soils in trans-
port and accumulation areas, and therefore in relation
to the area of arable land in infiltration areas they are
important elements of water transport affecting water
quality in the catchment.

ROSTLINNA VYROBA, 47, 2001 (7): 289-294

Long-term results of 25-year research on water regime
and of hydrologic and qualitative measurements at exper-
imental localities allow to make up a synthesis of results
from many special disciplines not only for a limited area
of experimental localities but also for other areas of the
Ceskomoravsk4 vrchovina region as well as for a large
part of crystallinic formations in the Czech Republic. The
results can also be applied at localities not situated in the
water protection zones.

This study could be carried out thanks to financial
support of the National Agency for Agricultural Re-
search, as part of Project EP 9155 and QC 0242 and Project
MZe-M07-99-01-02.
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ABSTRAKT
Vodni reZim krystalinika a jakost vody v povodich

V prisp&vku jsou popsany a shrnuty vysledky 25letého vyzkumu vodniho reZimu a hydrologickych parametrd, méfenych
na experimentéalnich lokalitach na rozhrani dvou geomorfologickych okrski Ko3etické a Vyskytenské pahorkatiny. Jsou
analyzovény pedologické, hydropedologické a hydrologické podminky, které jsou pfiinou soudasného stavu vodniho
a zivinného reZimu krajiny. Systém z6n diferencované ochrany pudy a vody v krajing, ktery je uplatfiovan pro zlepSovéni
jakosti vody, resp. pfi revizi ochrannych pasem vodnich zdroji, mize fungovat pouze za pfedpokladu, ze budou vyuzity
a do praxe pfevedeny vechny sou¢asné znalosti o dané problematice.

Kli¢ova slova: infiltradni oblasti; vodni rezim; zorné&ni; trvalé travni porosty; jakost vod

Corresponding author:

Ing. Tomés Kvitek, CSc., Vyzkumny Gstav melioraci a ochrany piidy Praha, Zabovieska 250, 156 27 Praha 5-Zbraslav,
Ceska republika, tel.: + 420 2 57 92 16 40, fax: + 420 2 57 92 21 39, e-mail: kvitek@vumop.tel.cz

294 ROSTLINNA VYROBA, 47, 2001 (7): 289-294


mailto:kvitek@vumop.tel.cz

Energy balance in model arable farming systems

P. Misal, J. Kfen"?

7y

!Agricultural Research Institute KroméFiz, Ltd., Czech Republic
’Mendel University of Agriculture and Forestry in Brno, Czech Republic

ABSTRACT

Eleven model arable farming systems (Norfolk crop rotation, crop rotation — ecological system, crop rotation — conven-
tional system, spring barley continuous cropping, winter wheat continuous cropping, both continuous croppings in four
variants of organic manuring) were compared using the following production parameters: energy production, total factor
productivity (TFP), and efficiency of fossil energy (EFE). Results covering 1995-1999 were analysed and a method of
energy balance was used for calculations. Relationships between production variation and a level of fossil energy inputs
were also studied. The highest energy production per unit area was assessed in the crop rotation — conventional system
(gross energy 181.2 Gl.ha™', digestible energy 62.9 Gl.ha™'). The highest values of TFP were recorded in spring barley
continuous cropping in variant D — a check without organic manuring (9.13 for gross energy and 3.25 for digestible ener-
gy). The highest efficiency of invested fossil energy was assessed in the crop rotation — conventional system (16.44 for
gross energy and 5.71 for digestible energy). All variants of both continuous croppings exhibited significantly lower val-
ues of EFE than the crop rotation — conventional system and Norfolk crop rotation. Significantly higher values of EFE
were found in the crop rotation — ecological system than in variants of continuous croppings where the main product is
harvested only (variants A and B). An interannual variation in production increased along with a level of fossil energy
inputs in the system. Variants B of spring barley and winter wheat continuous cropping, where organic matter (straw and
green manure — mustard) is incorporated each year, significantly differed from the assessed relationship. It can be as-

sumed that a regular supply of organic matter in the soil leads towards a higher stability of the system.

Keywords: arable farming systems; energy balance

With regard to changes in agriculture questions of ef-
fectiveness of arable farming systems are also discussed.
One of important objective criteria measuring effective-
ness of agricultural production is a method of energy
balance. A number of authors have studied these prob-
lems since the early 1970s. A series of six volumes of
Energy in World Agriculture (Stout 1986-1992) seems to
be the most comprehensive view of energy balance in
agriculture including a survey of energy equivalents for
a variety of inputs. In our country, for instance, this
method has been elaborated by Preininger (1987).

The objective of this study was to compare production
characteristics of model arable farming systems using
stationary field trials conducted at the Agricultural Re-
search Institute Kromé&¥iz, Ltd.

MATERIAL AND METHODS

The trial is located in the sugar-beet growing region,
235 m above sea level. A mean annual temperature is
8.7°C and average annual precipitation is 599 mm. The
soil type is Luvi-haplic Chernozem. These are medium
soils with gley particles from 40 to 47%. Soils are mostly
very deep with fully saturated sorption complex and neu-
tral pH.

Model arable farming systems are represented by the
selected long-term trials:
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Norfolk crop rotation (established in 1970): 1 —clover,
2 — winter wheat, 3 — fodder beet, 4 — spring barley. Or-
ganic manuring with farmyard manure to fodder beet at
a rate of 50 t.ha™'. Both main and by-products (straw of
cereal crops and beet tops) are harvested.

Crop rotation — conventional system (established in
1991): 1 —lucerne, 2 - lucerne, 3 — winter wheat, 4 —spring
barley, 5 — sugar beet, 6 — spring barley, 7 — winter wheat,
8 —silage maize, 9 —spring barley. Organic manuring with
farmyard manure to sugar beet (50 t.ha™') and silage maize
(40 t.ha™'). Both main and by-products are harvested
(straw of cereal crops and beet tops).

Crop rotation —ecological system according to IFOAM
rules (established in 1991): 1 — potatoes, 2 — spring bar-
ley, 3 —rye, 4 —peas, 5 — winter barley, 6 — oats, 7 — clover,
8 — winter wheat. Organic manuring with farmyard manure
to potatoes (50 t.ha™') and oats (5 t.ha™'). Main products
are harvested only; straw of cereal crops and all post-
harvest residues are left in the field and incorporated into
the soil.

Spring barley continuous cropping (established in
1970) in four variants of organic manuring:

A — straw incorporation

B — straw incorporation + green manure

C — green manure

D — check without organic manuring

Grain and straw are harvested in variants C and D, and
only grain is harvested in variants A and B.
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Winter wheat continuous cropping (established in
1972) in four variants of organic manuring:

A — straw incorporation

B — straw incorporation + green manure

C — green manure

D — check without organic manuring

Both grain and straw are harvested in variants C and D,
and only grain is harvested in variants A and B.

Results of the above-mentioned trials achieved from
1995 to 1999 were evaluated by analysis of variance
(ANOVA); individual years were replications of the trial.
The following characteristics were calculated using
ANOVA: total energy production, total factor productiv-
ity (TFP), and efficiency of fossil energy (EFE); all pa-
rameters were related to gross energy (combustion heat)
and digestible energy (conversion from starch units; for
more details see Preininger 1987).

Variation in production (yields) in individual systems
was a source of variation in TFP and EFE (there were
minimal changes in a level of energy inputs in individual
systems). Relationships between a value of coefficient
of variation of gross energy production and an average
amount of invested fossil energy were examined. Data
were evaluated using robust LTS regression (Least
Trimmed Squares Regression).

The system was delimited by the plot (field). All what
flows into the system from outside (what is brought from
elsewhere) are inputs (Table 1) and what leaves the sys-
tem (what is carried away) are outputs. Calculations,
therefore, include only the organic manures which enter
the system from outside. Break crops, post-harvest resi-
dues and incorporated straw are not considered as inputs.
They are not, however, considered as outputs either.

Total factor productivity (TFP) is a ratio between ag-
gregate outputs and aggregate inputs. It reflects relation-
ships between the so-called controlled inputs (in
association with decision-making processes in produc-
tion, for instance, fertilisers, pesticides, labour, etc.) and
controlled outputs (main products and by-products).

Efficiency of fossil energy (EFE) is a ratio between
outputs and inputs in the form of fossil energy. In addi-
tion to fossil energy in direct inputs we also take into
account energy from fossil sources used for production
of mineral fertilisers, pesticides, machines, and others).

Energy balances were calculated according to Prei-
ninger (1987). Some energy equivalents were adopted
from the six-volume study Energy in World Agriculture
(Stout 1986-1992). To assess equivalents of energy con-
sumption in machines, results obtained within the project
of the Grant Agency of the Czech Republic no. 504/94/1238
(K¥en and Cervinka 1997) were used.

Calculations were done each year for all crops. In the
case of crop rotations obtained values were used for cal-
culating a mean value of TFP and EFE related to 1 hect-
are of crop rotation — arable farming system.

The aim of this work was not to evaluate individual
crops, or their management practices, but the system as
a whole. Therefore, data were collected with this intention
and detailed data on individual crops are not presented.

RESULTS

The highest average production of energy (both gross
and digestible) was obtained in the crop rotation — con-
ventional system, the lowest one in the crop rotation —
ecological system (Table 2). In gross energy, variants C
and D in both continuous croppings are more produc-
tive than variants A and B (since the by-product straw is
not harvested and is not taken as an output out off the
system). The situation is similar in the case of digestible
energy production; only variant D of spring barley con-
tinuous cropping falls down to a level of variant A (where
only grain as a main product is harvested) even though
the main product and by-product (grain and straw) are
harvested. Winter wheat continuous cropping is gener-
ally more productive than the same variants of organic
manuring in spring barley continuous cropping. The

Table 1. A level of invested energy inputs in model arable farming systems (mean of 1995-1999)

Inputs of Inputs of Proportion of
System invested energy invested fossil fossil energy
in total (MJ.ha™") energy (MJ.ha™') of total
invested energy (%)
E 26 815 7182 26.78
Cl 37 536 11110 29.60
Norfolk 43 499 10 260 23.59
SBCC_A 16 230 14 302 88.12
SBCC_B 17 190 14 553 84.66
SBCC_C 17 342 14 700 84.77
SBCC_D 12 325 10 400 84.38
WWCC_A 20 797 18 327 88.12
WWCC_B 21 757 18 578 85.39
WWCC_C 21 909 18 725 85.47
WWCC_D 20 949 18 472 88.18
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Table 2. Production characteristics of model arable farming systems (mean of 1995-1999)

Production of Production of TFP for TFP for EFE for EFE for
System gross energy digestible energy gross digestible gross digestible
(MJ.ha™!) (Mlha™) energy energy energy energy
E 79 978 35 723 298 1.33 11.14 4.98
e 181 171 62 917 4.83 1.68 16.44 571
Norfolk 141 255 46 351 3.25 1.07 13.76 4.52
SBCC_A 84 950 39 215 5.24 242 5.94 2.74
SBCC_B 97 565 45 038 5.68 2.62 6.71 3.10
SBCC_C 143 048 49 224 8.24 2.84 9.72 3:35
SBCC_D 112 380 39 981 9.13 3.25 10.83 3.86
WWCC_A 89 050 43 634 431 2.11 4.89 2.40
WWCC_B 95 116 46 606 4.39 2.15 5.15 2.52
WWCC_C 166 104 53 778 7.61 2.47 8.92 2.89
WWCC_D 161 796 53 346 1.76 2.56 8.80 291
Min. significant difference
(Tukey ) 32:159.1 11 079.0 1.697 0.627 2.478 0.883

TFP = total factor productivity

EFE = efficiency of fossil energy

E = crop rotation — ecological system according to [FOAM
C = crop rotation — conventional system

SBCC_A = spring barley continuous cropping, variant of organic manuring A (straw incorporation)

SBCC_B = spring barley continuous cropping, variant of organic manuring B (straw incorporation + green manure)
SBCC_C = spring barley continuous cropping, variant of organic manuring C (green manure)

SBCC_D = spring barley continuous cropping, variant D (a check without organic manuring)

WWCC_A = winter wheat continuous cropping, variant of organic manuring A (straw incorporation)

WWCC_B = winter wheat continuous cropping, variant of organic manuring B (straw incorporation + green manure)
WWCC_C = winter wheat continuous cropping, variant of organic manuring C (green manure)

WWCC_D = winter wheat continuous cropping, variant D (a check without organic manuring)

Norfolk crop rotation is medium among the investigated
systems. It differs less in gross energy than in digestible
energy from the most productive systems.

A more suitable criterion for evaluation of production
abilities of arable farming systems is a ratio between to-
tal inputs and total outputs, total factor productivity
(TFP). With regard to high values of energy inputs in
organic manures, the systems with crop rotations show
generally lower values of TFP than continuous cropping.
In contrast to energy production spring barley continu-
ous cropping shows higher values of TFP than winter
wheat continuous cropping. Also, variants C and D in
both continuous croppings have higher values of TFP
than variants A and B. Based on rather low inputs, the
highest values of TFP were found in variant D of spring
barley continuous cropping (9.13 for gross energy or
3.25 for digestible energy).

The crop rotation — conventional system exhibited the
highest values of EFE (16.44 for gross and 5.71 for digest-
ible energy). All crop rotations show better values of EFE
than continuous croppings. Values of EFE are close to
values of TFP in all variants of continuous croppings (no
organic manures are applied originating outside the sys-
tem; a major part of invested energy is the energy from
fossil sources, see Table 1). Therefore, relations among
individual variants are identical to those in TFP.

Considering the character of trials, the variation in TFP
and EFE mostly reflects variation in production. Coeffi-
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cient of variation of gross energy production increases
along with invested fossil energy (Figure 1). Higher inputs
of invested fossil energy in the system lead to a higher
variation in production. This relationship is significant.
Three points markedly differ from the assessed regression:

The points, which belong to variants B (straw incorpo-
ration + green manure) of spring barley continuous crop-
ping (SBCC_B) and winter wheat continuous cropping
(WWCC_B), lie under the estimated regression line. It
can be concluded that application of a higher amount of
organic matter each year contributes to stability of the
system.

The point, which belongs to variant D (a check with-
out organic manuring) of spring barley continuous crop-
ping (SBCC_D), lies markedly above the estimated line.
This system is most overexploiting among all examined
systems and rather less productive. A lower stability of
production is likely to be associated with a level of de-
pletion of natural resource base of the system (average
annual nitrogen balance in this system is approximately —
30 kg N.ha™', i.e. the deficiency of about 900 kg N.ha' for
the 30-year conducting of the trial).

DISCUSSION

Results and accuracy of energy analyses are critically
influenced by:
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Robust LTS Regression

— delimitation of the investigated system

— assessment of energy equivalents
The applied energy equivalents hardly express energy

content in products and actual energy consumption for
agronomic treatments. With regard to technological and
financial possibilities it is common to use values report-
ed by experts who are engaged in problems of energy
equivalents of inputs (outputs) in (from) production pro-
cess. Therefore, these equivalents do not reflect an ac-
tual status in the given experiment, but a mean of
analyses of other samples carried out in specialised lab-
oratories.

Another typical problem is to measure application of
organic manures. The fact that organic manures are the
greatest part of energy inputs and considerably influence
energy balance has been reported by a number of authors
(for example, Krejéit 1983, Skala and Kiidtan 1984). Con-
sidering the methodology, this is the weakest point of
analyses of energy balance in agricultural systems. There
are three approaches how to assess energy equivalents
of organic manures based:

— on nutrient content when energy necessary to produce
an identical amount of individual nutrients in mineral
fertilisers is considered

— on energy necessary for their production

— on combustion heat
The last approach ascribes a high value of the energy

equivalent to organic manures, what significantly influ-
ences results of analyses. However, the effect of organic
manures does not mean supply of nutrients only, but it is
an important source of energy for soil microorganisms.
Energy balance for evaluation of processes of agricultur-
al production was used in order to discover reserves of
fossil energy. Rather than to artificially decrease the
equivalent of energy content of applied organic matters,
it is more suitable to carry out an additional analysis of
efficiency of fossil energy separately.

Energy balances, as they are usually used for evalua-
tion of agricultural systems, are aiming at the so-called
invested energy only. It is only a very small part of
a whole energy flow in agricultural systems (the greatest
part falls on energy of sunlight). Moreover, most of such
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Figure 1. Relationship between coefficient of variation of gross
energy and invested fossil energy

Y=0.0014x - 6.1817
R* = (.8893
p-value for H, < 0.01

FEI = fossil energy inputs
Vi = coefficient of variance of gross energy production

spent energy is not a direct source of energy used by

field crops for yield formation, but it canalises energetic

processes. In this concept, energy balance is a technical
tool rather than a tool for the analysis of biological pro-
cesses.

Segetova (1982), based on results published by Nétr
(1977), is of the opinion that intensification of plant pro-
duction enables to increase utilisation of sunlight. In
other words, the increase in inputs should be expressed
by higher total production. Our results are also in accor-
dance with this conclusion. There are, however, some
special characteristics:

— this relationship is valid if a level of total production is
related to a level of inputs of fossil energy (the problem
of including energy of organic manures is described
above);

— comparing the systems, it is necessary to consider
a nature of outputs, i.e. to judge separately a group of
systems where outputs are both main product and by-
product (for instance, grain and straw), and a group of
systems where the output is a main product only.

The results also confirm that efficiency of invested
energy falls down with a level of supplied inputs (it is
necessary to consider a nature of outputs). This relation-
ship is clearer if total invested energy including energy
from organic manures are taken into account. If we con-
sider only invested fossil energy, the Norfolk crop rota-
tion and especially crop rotation — conventional system
markedly differ from this relationship. The latter shows
the best values of EFE among all studied systems. The
reasons for that can be as follows:

— Intensification has not reached yet a level when the
efficiency of inputs decreases.

— A good level of applied management practices. These are
mostly management practices recommended by speciali-
sed professional institutions for agricultural practice.

— A suitable crop structure. The crop rotation includes
two crops that have high energy production per unit
area, sugar beet and silage maize.

In the crop rotation — ecological system, where a high-
er efficiency should be recorded with regard to a lower
level of inputs, only a main product is harvested in indi-

ROSTLINNA VYROBA, 47, 2001 (7): 295-300



vidual crops, whereas in the crop rotation — convention-
al system a by-product is also harvested.

Studying relationships between variation in produc-
tion and a level of inputs of invested fossil energy, a sig-
nificant positive relation between the coefficient of
variation of gross energy production and invested fossil
energy was assessed for the experimental location
KroméFiz. A similar relationship between a level of NPK
rates in the form of mineral fertilisers and interannual
variation in yields of cereals in the Czech Republic is re-
ported by Kien (1995).

Variants of spring barley and winter wheat continuous
cropping, where organic matter such as straw and green
manure (mustard) are incorporated each year, significant-
ly differ from the assessed regression. So we can assume
that a regular supply of organic matter in the soil leads to
a higher stability of the system. A question arises what
is the role of the amount and form of organic matter.
Another question is what groups of inputs cause in-
creasing the variation and what groups cause stability
of production.

CONCLUSION

The highest energy production per unit area was as-
sessed in the crop rotation — conventional system.

Variants C (green manure) and D (a check without or-
ganic manuring) of spring barley and winter wheat con-
tinuous cropping exhibited significantly higher values of
TFP than crop rotations. The highest values of TFP were
recorded in spring barley continuous cropping, variant D
(especially due to a low level of inputs and a farming
practice exhausting the soil).

By contrast, the best efficiency of invested fossil en-
ergy (EFE) was determined in the crop rotation — conven-
tional system. All variants of both continuous croppings
showed significantly lower values of EFE than the crop
rotation — conventional system and Norfolk crop rota-
tion. In the crop rotation — ecological system, significant-
ly higher values of EFE were assessed in variants of
continuous cropping where the main product is harvest-
ed only (variants A and B).

The interannual variation in production increased
along with a level of fossil energy inputs in the system.
Variants B of spring barley and winter wheat continuous
cropping, where organic matter (straw and green manure)
is incorporated each year, significantly differed from the

ABSTRAKT

assessed regression. It can be assumed that a regular
supply of organic matter in the soil leads towards a high-
er stability of the system.

This study was supported by the National Agency for
Agricultural Research ofthe CR, project no. EP 96 000 6179
and Ministry of Education, Youth and Physical Training
of the CR, project no. MSM 432100001.
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Energetickd bilance v modelovych systémech rostlinné produkce

Jedenact modelovych systémi rostlinné produkce (osevni postup Norfolk, osevni postup s ekologickym péstovanim plo-
din, oscvni postup s konven&nim p&stovanim plodin, monokultura jarniho je¢mene, monokultura ozimé p3enice, ob& mono-
kultury na &tyfech variantich organického hnojeni) bylo porovnévano pomoci vybranych produkénich parametri: produkce
energie, souhrnny faktor produktivity (TFP) a G&innost fosilni energie (EFE). Analyzovany byly vysledky za obdobi 1995
az 1999, pro vypolty bylo pouzito metody energetické bilance. Zkoumén byl rovnéZ vztah mezi variabilitou produkce
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a vy$i vstupt dodatkové fosilni energie. Nejvy33i produkce energie na jednotku plochy bylo dosaZeno v osevnim postupu
s konven&nim pé&stovanim plodin (bruttoenergie 181,2 Gl.ha™!, nettoenergie 62,9 GJ.ha™'). Nejvy3si hodnoty souhrnného
faktoru produktivity (TFP) byly zaznamenany v monokultufe jarniho jeémene na varianté D — kontrola bez organického
hnojeni (9,13 pro bruttoenergii a 3,25 pro nettoenergii). Nejlepsi G¢innost dodatkové fosilni energie (EFE) byla zjisténa
v osevnim postupu s konvenénim pé&stovanim plodin (16,44 u bruttoenergie a 5,71 u nettoenergie). V3echny varianty obou
monokultur dosahovaly pritkazné niZSich hodnot EFE neZ osevni postup s konven¢nim péstovanim plodin a osevni postup
Norfolk. V osevnim postupu s ekologickym pé&stovanim plodin bylo dosahovéano prikazné vy3sich hodnot EFE neZ na
variantdch monokultur, kde je také sklizen pouze hlavni produkt (varianty A, B). Meziro&nikové variabilita produkce rostla
s urovnf vstupt fosilnf energie do systému. Od nalezené zévislosti se vyrazn& odchylovaly varianty B monokultur jarnfho
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Measurement of sustainability of model arable farming systems
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ABSTRACT

Nine model arable farming systems, long-term stationary field trials (Norfolk crop rotation, spring barley continuous
cropping, winter wheat continuous cropping, both in four variants of organic manuring), were analysed for their sustain-
ability using the following parameters: total factor productivity (TFP), trend of the TFP index, production stability and
changes of selected soil properties — humus content and soil pH. A method for energy balance was used to calculate total
factor productivity. Summarised data were analysed graphically. Among the examined long-term trials there was none that
would have met all selected criteria of sustainability. Four systems failed in one of the studied parameters only as fol-
lows: Norfolk crop rotation — a decreasing trend of the TFP index was determined; spring barley continuous cropping,
variant B (straw incorporation + green manure) — a considerable decrease in soil pH was assessed; winter wheat continu-
ous cropping, variant C (green manure) and D (a check without organic manuring) — the systems show an unstable level
of production. In variant D of spring barley continuous cropping, degradation of resource base (due to deficient nutrient
balance and an inappropriate farming practice) affected productivity of the system in the delay of about 15 years. Devel-

opment of productivity in all systems was affected by replacement of grown varieties.

Keywords: arable farming systems; long-term trials; sustainability; energy balance

Impacts of market mechanisms result in modifications
in the structure of grown crops. Traditional management
practices are replaced by new, more effective ones. On
the other hand, the society is more and more aware of
responsibility for the state of natural resources available
to future generations. These views are based particular-
ly on an idea of sustainable development. Objectives of
sustainable agriculture are explained by Gips (1997).

Agricultural systems are multifactor and to measure
their sustainability is very difficult. A choice of basic
characters of the ecosystem, which are indicators of sus-
tainable agriculture, is complicated by a number of bio-
logical, chemical and physical factors, their alternating
interactions over time, space, and intensity (Klir 1997).

Pall and Ul¢4k (1999) studied problems of sustainabil-
ity indicators. They are of the opinion that due to the
ambiguous term of sustainability characteristics of un-
sustainability are of increasing significance (Pretty 1998).

To compare systems with various crops and different
levels of inputs, total factor productivity (TFP) is used
most frequently. TFP is a ratio of an index of aggregate
outputs to aggregate inputs.

According to Rayner and Welham (1995), sustainabil-
ity can be defined (related to productivity) in terms of
several simple components: the TFP index series must
have a non-negative trend, and the system must be prof-
itable, i.e. the output/input ratio must be higher than 1.
Another desirable feature is stability defined as a rela-
tively small variation of the TFP index around the trend.

Results obtained in measuring sustainability of model
arable farming systems (long-term trials) may be a source
of information for decision-making in modifications of
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farming practices and for contemplation on long-term
risks which are often associated with effort to meet short-
term goals.

MATERIAL AND METHODS

The trials are located in the sugar-beet growing region,
235 m above sea level. A mean annual temperature is
8.7°C and average annual precipitation is 599 mm. The
soil type is Luvi-haplic Chernozem. These are medium
soils with gley particles from 40 to 47%. Soils are mostly
deep with fully saturated sorption complex and neutral
reaction.

Model arable farming systems are represented by the
following stationary long-term trials that have been con-
ducted at the Agricultural Research Institute Kroméfiz,
Ltd., since 1970:

Norfolk crop rotation (1 —clover, 2 — winter wheat, 3 —
sugar or fodder beet, 4 — spring barley). Manure at the
rate of 50 t.ha' is applied to the root-crop. Total rates of
nitrogen in mineral fertilisers are in clover, winter wheat
and sugar beet (fodder beet) 40, 80 and 40-80 kg N.ha'
(depending on the year), respectively. Spring barley is
grown without nitrogen fertilisation. P and K rates are
assessed on the basis of available nutrient content in the
soil.

Spring barley continuous cropping in four variants of
organic manuring (A — straw incorporation, B — straw
incorporation + green manure, C — green manure, D —
a check without organic manuring). In all variants a rate
of 60 kg N.ha™' is supplied in ammonium sulphate before
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sowing. In addition to this rate, 50 kg N.ha™! are applied
in variants A, B, and C in autumn as a compensatory rate
to support organic matter decomposition (in ammonium
sulphate again). P and K rates are assessed on the basis
of available nutrient content in the soil.

Winter wheat continuous cropping in four variants of
organic manuring (A — straw incorporation, B — straw
incorporation + green manure, C — green manure, D —
a check without organic manuring). The total nitrogen
rate including the compensatory rate for organic matter
decomposition is 180 kg.ha™'. P and K rates are assessed
on the basis of available nutrient content in the soil.

The system is delimited by the plot (field). All what
flows into the system from outside (what is brought from
elsewhere) are inputs and what leaves the field (what is
carried away) are outputs. Therefore, calculations include
only the organic manures which are put into the system
from outside. Intercrops as a green manure, post-harvest
residues and incorporated straw are not considered as
inputs. They are not, however, considered as outputs
either.

Based on available data from research reports and
records on trials, aggregate inputs and aggregate outputs
of the production process for each year and each model
arable farming system were summarised. Missing data on
yields of clover and sugar beet in the Norfolk crop rota-
tion were calculated using interpolation. Agronomic
practices for crop growing in long-term trials are not sub-
jected to any extreme modifications. In case there were
no available records in some years for applied treatments
(missing records on clover and sugar beet in the Norfolk
crop rotation for several years), management practices
that were applied in the nearest years were used for cal-
culations.

To calculate total factor productivity, a method for en-
ergy balance was used.

Obtained series of TFP values were further transformed
to series of TFP indexes:

TFP/TFP, = (Q/X)(Q,/X,)

where: TFP, = total factor productivity for year ¢
TFP, = total factor productivity for base year T
Q, = aggregate outputs in year ¢
Q, = aggregate outputs in base year T
X, = aggregate inputs in year ¢
X, = aggregate inputs in base year T’

All calculated indexes are related to the year 1999 (in-
dex of TFP / TFP = 1).

Since TFP was calculated using a method for energy
balance where evaluations (weights) of all inputs and
outputs are constant in each year, it was not necessary
to include another indexes in the calculation, for exam-
ple, index of prices, etc.

To judge profitability of systems (whether the out-
puts/inputs ratio is on average higher than 1), series of
determined TFP values were illustrated in figures. Sum-
marised data were analysed graphically, the course of
a series of TFP values was compared with a limit TFP
value being 1.

To measure development trends of production param-
eters of the system, series of TFP indexes were used.
These time series were fitted by locally weighted regres-
sion smoothing. This method allows rather good detect-
ing potential changes in the trend.

In addition to production indicators, changes in select-
ed soil properties, such as humus content and exchange
soil pH, were also measured. Statistical assessment was
complicated by the fact that there were rather few records
available for some trials. Therefore, trends in changes of
soil properties are estimated according to fitting lines of

Table 1. Evaluation of sustainability of selected model arable farming systems

Unfavourable changes Is the system

Output/input ratio Trend Stability of soil properties? sustainable?
Norfolk higher than 1 downward stable no NO
SBCC_A higher than 1 no trend up to slightly downward unstable considerable decrease in pH NO
SBCC_B higher than 1 no trend stable in last years considerable decrease in pH NO
SBCC_C higher than 1 slightly downward unstable considerable decrease in pH NO
SBCC_D higher than 1 downward unstable considerable decrease in pH NO
WWCC_A higher than 1 downward in last years unstable no NO
WWCC_B higher than 1 downward in last years unstable no NO
WwWCC_C higher than 1 no trend up to downward unstable no NO
WWCC_D higher than 1 no trend up to downward unstable no NO

SBCC_A = spring barley continuous cropping, variant of organic manuring A (straw incorporation)

SBCC_B = spring barley continuous cropping, variant of organic manuring B (straw incorporation + green manure)
SBCC_C = spring barley continuous cropping, variant of organic manuring C (green manure)

SBCC_D = spring barley continuous cropping, variant D (a check without organic manuring)

WWCC_A = winter wheat continuous cropping, variant of organic manuring A (straw incorporation)

WWCC_B = winter wheat continuous cropping, variant of organic manuring B (straw incorporation + green manure)
WWCC_C = winter wheat continuous cropping, variant of organic manuring C (green manure)

WWCC_D = winter wheat continuous cropping, variant D (a check without organic manuring)
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data series. Similarly to production parameters, the sum-
marised data were analysed graphically only.

RESULTS

Analysing individual series of TFP indexes, it is nec-
essary to answer the question whether system produc-
tivity does not decline over time rather than to find exact
regression formulas. It is also difficult to determine a rate
or even a limit of stability.

The value of'total factor productivity (TFP) in all exam-
ined systems was constantly higher than 1 (Figures 1-4).
Owing to straw harvest variants C and D in both contin-
uous croppings show higher TFP values (particularly
related to gross energy — combustion heat) than variants
A and B (Figures 1 and 2). Figure 4 shows rather small
differences in grain yield (TFP related to digestible ener-
gy — conversion from starch units) among variants of
winter wheat continuous cropping as compared to effects
of years.

None of the studied systems was found to meet all
selected criteria of sustainability (Table 1). Four studied
systems (Norfolk crop rotation, spring barley continuous
cropping — variant B, winter wheat continuous cropping —
variant C and winter wheat continuous cropping — vari-
ant D) failed in one factor only.

A downward trend of the TFP index was found in the
Norfolk crop rotation (Figure 5). The trend has been de-
creasing, though slightly but steadily, during the last
20 years; in the last 15 years we can see a slightly down-
ward trend in yields of spring barley (Figure 14) and in
the last 5 years yields of winter wheat have been decreas-
ing (Figure 15).

A main reason why variant B (straw incorporation +
green manure) in spring barley continuous cropping is
considered as an unsustainable system is low soil pH.
Its considerable decrease was found in all variants of
spring barley continuous cropping (Figures 17-20). It is
a result of long-term and regular application of ammoni-
um sulphate for nitrogen plant nutrition. A question aris-
es: what would have been the changes in soil acidity if
more suitable fertilisers or regular liming had been ap-
plied.

A trend in the TFP index in variants C and D in winter
wheat continuous cropping is affected by a low value of
the index in 1998. If next-year results of these trials con-
firmed that it was only a random extreme, these variants
would not exhibit a downward trend. A major reason
why to consider these systems unsustainable would be
high year-by-year variability in production (Figures 12
and 13).

The other systems fail in two or more studied parame-
ters. These are mostly unstable production and a down-
ward trend of the TFP index. It is also considerable decrease
in soil pH in spring barley continuous cropping. In humus
content in topsoil there were no remarkable changes in any
of the investigated systems (Figures 16-24).
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The course of series of TFP indexes is similar in some
systems. There is an interesting coincidence in time when
the trends change. A rate of effect is different, but the
trend changes in the same period. In all variants of spring
barley continuous cropping the direction of the trend
changes around 1985. Similar changes (and in the same
period) were recorded in the index of energy production
in spring barley in the Norfolk crop rotation (Figures 6, 7,
8,9, and 14). Similar situation is also in variants of winter
wheat continuous cropping and in the index of energy
production in winter wheat in the Norfolk crop rotation
where the trend changes around 1985 and 1993 (Figures
10,11, 12, 13, and 15).

DISCUSSION

None of the studied systems have met all defined re-
quirements of sustainability. This finding is particularly
surprising in the Norfolk crop rotation. In continuous
cropping, based on general assumptions, such a result
would be logical. Quite the opposite, some variants in
continuous cropping (variant B in spring barley contin-
uous cropping and variants C and D in winter wheat con-
tinuous cropping) are nearest (regarding development of
the TFP index) to be considered sustainable.

Barnet et al. (1995a) studied selected variants of long-
term trials in Rothamsted (England) from the viewpoint
of sustainability. Among 12 various variants of winter
wheat continuous cropping they classified 9 as econom-
ically sustainable.

Similarly, Brown et al. (1995) found in the analysis of
trials in Sanborn Fields (USA) during 1950-1989 that
maize continuous cropping at balanced nutrient supply
is a sustainable system from the economic point of view.
On the other hand, they concluded that winter wheat con-
tinuous cropping without fungicide and insecticide treat-
ments was not sustainable even at adequate rates of
fertilisers.

We can define some potential causes of unsustainabil-
ity of individual systems.

Variant D of spring barley continuous cropping is defi-
cient in nitrogen balance (average annual nitrogen bal-
ance is approximately — 30 kg N.ha™!; i.e. the deficiency
of about 900 kg N.ha™' for the 30-year conducting of the
trial). Reduction of productivity is apparently associat-
ed with depletion of resources base of the system.

The decrease in a trend of the TFP index in the Norfolk
crop rotation can be caused by more factors. Modifica-
tions in the methodology of the trial are sure to have in-
fluenced the development of system productivity. Since
1980, clover has been planted as a monoculture in the
spring of the harvest year (earlier it was underseeded in
spring barley). In 1995, fodder beet was substituted for
sugar beet in the crop rotation.

Another of potential causes is associated with yields
of cereals and concerns not only the Norfolk crop rota-
tion, but as well as both continuous croppings. Looking
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at series of TFP indexes (Figures 5-15), we can notice
coincidence in the time when the trends change.

In all variants of spring barley continuous cropping the
direction of the trend changes around 1985. In the same
period, changes of the trend of the energy production
index in spring barley in the Norfolk crop rotation were
recorded. Similar situation is in variants of winter wheat
continuous cropping and in the index of energy produc-
tion in this crop in the Norfolk crop rotation where the
trend changes around 1985 and 1993. So, the develop-
ment of productivity of individual systems is apparently
influenced also by factors that are not related to their
resource base. In this case, these are probably implica-
tions of replacement of grown varieties and breeding
lines, which took place in all trials.

It is beyond dispute that yield potential of new variet-
ies of both spring barley and winter wheat has increased
for the last 30 years. On the other hand, inputs in the
studied systems are nearly on the same level. The first
change in the trend (around 1985) could be explained by
introduction of varieties that were able to make a better
use of resources base of the system and inputs. Growing
new varieties in subsequent years has not increased sys-
tem productivity though it could be assumed that their
yield potential would be higher in comparison with older
varieties. New varieties were probably not able to realise
their yield potential on a higher level at given resource
base and level of inputs.

The second change in the trend apparent in winter
wheat falls in the period around 1993. It is probably as-
sociated with change of choice of varieties in the trial.
Earlier, perspective breeding lines were grown in the tri-
al. New varieties and seed of higher propagation class-
es were used. In the 1990s, by contrast, registered and
widely grown varieties were included in the trial in or-
der to come near the agricultural practice. Also, the
propagation class of seed was lower. The decrease in
productivity of varieties can be considered as a regular
phenomenon attributed to duration of their growing, the
so-called growing old of the variety (caused by incor-
rect procedures of maintenance breeding).

A considerable decrease in soil pH in spring barley
continuous cropping is most likely caused by long-term
use of physiologically acid ammonium sulphate for nitro-
gen nutrition. A total rate of 110 kg N.ha™' (including
a compensatory nitrogen rate for supporting organic mat-
ter decomposition or intercrop nutrition) was applied
each year, which is about 525 kg of sulphate. The amount
of 15,750 kg of this fertiliser has been applied to 1 ha for
30 years of conducting the trial. The above assumption
is also supported by the fact that variant D, where no
compensatory nitrogen rate is applied in autumn (which
is the amount of applied ammonium sulphate per year
240 kg.ha' lower, i.e. nearly by half), shows higher soil
pH (the lowest measured value 5.75 vs. 4.81,4.66 and 5.04
in variants A, B and C, respectively).

The Norfolk crop rotation is characteristic of a higher
level of production stability than continuous croppings.
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In the multi-crop system a lower production of one crop
can be compensated for by an increased production of
the other crop. Continuous cropping is more sensitive to
variations in vegetation factors.

The obtained results indicate some difficulties of
transformation and restructuring agriculture in the
Czech Republic. Possibilities of application of special-
ised, highly-productive systems typical for Western Eu-
ropean countries are often discussed. As reported by
Barnet et al. (1995b) and Brown et al. (1995), such sys-
tems can be sustainable from the viewpoint of produc-
tion parameters. However, they need a higher level of
inputs, as a rule in mineral fertilisers and pesticides. Flex-
ibility in agronomic treatments is also important. If par-
ticular ones are not applied on optimum dates, usability
of inputs decreases. Applying these systems under
Czech conditions, it is necessary to take into account the
fact that inputs shall reach a similar level as in Western
European countries. Moreover, there will be higher re-
quirements for soil and stand diagnostics and flexibility
in agronomic treatments with regard to transient (from
maritime to continental) climate. Furthermore, it is impor-
tant to consider that the higher limiting effect of climatic
and soil factors, the lower efficiency of high inputs. With
their decreasing utilisation in crop yields environmental
risks increase. It is necessary to seek optimum systems
of agricultural production for each region.

CONCLUSION

Considering energy balance, values of total factor pro-
ductivity (TFP) were constantly higher than 1 in all stud-
ied systems.

None of the studied systems met all selected criteria of
sustainability. Four systems failed in one factor only:
Norfolk crop rotation — a decreasing trend of the TFP
index was determined; spring barley continuous crop-
ping, variant B (straw incorporation + green manure) —
considerable decrease in soil pH was recorded; winter
wheat continuous cropping, variant C (green manure)
and variant D (a check without organic manuring) — the
systems show an unstable level of production.

In all variants of spring barley continuous cropping,
all variants of winter wheat continuous cropping and in
both cereal crops in the Norfolk crop rotation, direction
of the trend of the TFP index or the index of energy pro-
duction (for crops in the Norfolk crop rotation) changed
in the same period.

The development of productivity in all systems was
influenced by replacement of grown genotypes. Intro-
duction of new, higher yielding varieties and breeding
lines resulted from the beginning in the increase in pro-
ductivity of particular systems. After some time, how-
ever, productivity did not increase due to variety
replacement. New varieties were not apparently able to
realise their yield potential on a higher level at given re-
source base and level of inputs.
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Based on graphical illustration of the TFP index, the
examined continuous croppings (except for variant B of
spring barley continuous cropping) can be considered
as unstable systems.

A marked decrease in soil pH in spring barley continu-
ous cropping was caused mainly by long-term use of
physiologically acid ammonium sulphate.

Responses to farming practices expressed by changes
in system productivity usually delay and some persis-
tence can be observed. Even deficient, unbalanced sys-
tems with hazardous farming practices can operate for
some time. However, degradation of resource base is sure
to influence the productivity of such systems over some
time (see Figure 9 — course of the TFP index in spring
barley continuous cropping, variant D).

Intensive specialised arable farming systems typical
for Western European countries can be sustainable
from the viewpoint of production even in the Czech
Republic. However, they have to be applied in favour-
able regions and on an adequate level of inputs. With
regard to the transient (from maritime to continental)
climate, higher requirements for soil and canopy diag-
nostics and flexibility in agronomic treatments will be
imposed.

This study was supported by the National Agency for
Agricultural Research ofthe CR, project no. EP 96 000 6179
and Ministry of Education, Youth and Physical Training
of the CR, project no. MSM 432100001.
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Hodnoceni setrvalosti modelovych systému rostlinné produkce

U deviti modelovych systému rostlinné produkce — dlouhodobych staciondrnich pokusi (osevni postup Norfolk, monokul-
tura jarniho je¢mene, menokultura ozimé psenice, ob& monokultury na ¢tyfech variantach organického hnojeni) — byla posu-
zovana jejich setrvalost pomoci téchto parametri: souhrnny faktor produktivity (TFP — Total Factor Productivity), trend
indexu TFP, stabilita produkce a zmény vybranych pudnich vlastnosti — obsah humusu, pH. Pro vypocet souhrnného fak-
toru produktivity bylo pouzito metody energetické bilance. Shromazdéna data byla analyzovana graficky. Mezi sledovany-
mi dlouhodobymi pokusy nebyl nalezen Zadny, ktery by splitoval viechna zvolena kritéria setrvalosti. CtyFi systémy
nevyhovély pouze v jednom ze sledovanych znaku: osevni postup Norfolk — identifikovan klesajici trend indexu TFP;
monokultura jarnfho je¢mene, varianta B (zaordvka slamy + zelené hnojeni) — zaznamenén vyrazny pokles pH pidy; mono-
kultura ozimé p3enice, varianta C (zelené hnojeni) a D (kontrola bez organického hnojeni) — systémy vykazuji nestabilitu
v urovni produkce. U varianty D monokultury jarniho je¢menc se degradace zékladnich zdrojui (v dusledku deficitni bilance
zivin a neetrného zpisobu hospodafeni) projevila na produktivité systému se zpozd€nim cca 15 let. Na vyvoj produktivi-
ty viech systémi méla vliv obmé&na pé&stovanych odrid.

Kli¢ova slova: systémy rostlinné produkce; dlouhodobé pokusy; trvala udrzitelnost; energeticka bilance
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An effective set of primers for identification of spring barley
varieties grown in the Czech Republic and genetic diversity
of these varieties

I. Kraus', M. Spunarova?, J. Hartmann®

'Research Institute of Brewing and Malting, Brno, Czech Republic
’Agricultural Research Institute Kromériz, Ltd., Czech Republic
JCentral Institute for Supervising and Testing in Agriculture, Brno, Czech Republic

ABSTRACT

Most top-grade Czech malting barley varieties have a common genetic background. Approximately 15% of the varieties
grown in the Czech Republic show the same hordein spectrum. Primers, successfully used for identification of foreign
varieties of malting barley, were tested for the Czech and Slovak varieties, too. From the 140 primers tested, only eight
were found to be suitable for this purpose (AB 1.10, 3.13, 3.17, 4.09, 5.11, 5.17, 7.11 and 7.14). Very suitable primers
were those for the locus HVWAXY which could detect the polymorphism of SSRs. This set of primers should be also
suitable for identification of barley varieties in malt. Amulet characterized by the mean value of spectrum similarity (S,)
0.740 according to the hordein spectrum was the most distant from the others. However, Sladko characterized by the

mean value of genetic distance (D) 0.237 appears to be the most distant variety when DNA was analysed.

Keywords: barley: identification; genetic diversity

Similarly to other crops, malting barley varieties are
characterized by their specific agronomy, technological
and quality properties. To ensure the production of qual-
itatively homogeneous malt, it is of great importance to
identify varietal purity and the authenticity of malted
parts in malting barley.

Considering current knowledge and practical needs,
the traditional identification of varieties based on their
phenotypic distinctness at individual maturation stages
is not appropriate for routine and effective use. For com-
mercial purposes, the conventional method based on
hordein polymorphism is employed to identify barley
varieties in EBC reference laboratories. The advantage of
this technique consists in an easy sample preparation
and a trouble-free use of individual seeds whose hordein
composition characterizes a particular variety. Not ever
variety can clearly be distinguished from the others. This
applies especially to those varieties possessing the same
ancestors in their pedigrees. In the Czech Republic, pri-
marily Czech and Slovak varieties have been grown (Val-
ticky, Slovensky dunajsky trh, Sladar, Ametyst, Rubin),
whose genealogical ancestors are mostly landraces from
the Hana region, especially Proskowetz Hand pedigrée
(Lekes 1997).

The implication for variety identification is that approx-
imately 15 per cent of Czech and Slovak varieties show in
partial or quite identical hordein spectrum when conven-
tional methods of separation of storage proteins are used.
One of these cases is the identity of hordein spectra
obtained on aPAGE in the Czech malting variety Akcent
and the Slovak variety Sladko. New possibilities of vari-
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ety identification have been in relation to introduction of
new molecular genetic techniques, especially of those
based on PCR. RAPD, which had originally been used
(Williams et al. 1990), allows to obtain more polymor-
phisms than analyses based on hordeins and isozymes
separation. It is, however, rather sensitive due to the re-
producibility of results between laboratories. Besides, on
a regular basis, the screening of primers is required while
a specific sample set is being analysed (Penner et al. 1993,
Hoffman and Bregitzer 1996). Another possibility may be
the use of polymorphous areas which are generated by
PCR using specific long oligonucleotides. These poly-
morphisms are gradually being discovered in coding ar-
eas, as well as in non-coding areas (Chee et al. 1993,
Becker and Huen 1995, William et al. 1997). The use of
these primers largely decreases the possibility of the
forming of non-specific products during PCR and the
reproducibility of results presents no problem. The RFLP
and AFLP techniques are other ways of identifying vari-
eties. They are able of capturing a great amount of
polymorphisms, but, at the same time, they are more time-
consuming and more technically demanding. Their ana-
lytical capacity can rather be seen in the scanning of the
barley genome, and in the studies of genetic divergence,
than in a routine variety identification.

The polymorphous areas which show identical pheno-
types in specific varieties are generally more frequent,
the more genetically closer the followed phenotypes are.
This implies identification difficulties, although, at the
same time, they prove their common gene resources. This
is even the case of Czech and Slovak varieties of malting
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barley which have been grown and cultivated for a hun-
dred years period. It follows from the pedigrees of our
varieties that almost all our malting varieties have been
the result of a recombination of properties of the original
landraces, whose genealogical branch is derived from
adapted ancient forms grown in our country. The follow-
ing genetic donors have had a decisive influence on the
development of breeding our malting barley: landraces
from the Hana region; the varieties Proskowetz Hand
pedigrée (1882), Kneifltv je¢men — Opavsky (1926), Val-
ticky (1930), Diamant (1965), the varieties of the so-called
Diamant —row (1972-1985).

The goal of the present paper was to identify individu-
al varieties within the evaluated set of malting barley
varieties using DNA markers, and estimate their genetic
diversity by DNA fingerprintig and hordein variability,
respectively.

MATERIAL AND METHODS
Plant material

Important varieties of malting barley were used which
are listed in the List of Registered Varieties of the Czech
Republic. These are represented by the best two-rowed
malting varieties of Czech origin — Akcent, Amulet, Fo-
rum, Lumar, Olbram and Rubin; Slovak varieties — Jubi-

lant, Kompakt, Sladko; German varieties — Krona, Scar-
lett and Danish varieties — Caminant non registered in the
Czech Republic. The material came from the homoge-
neous seeds of the breeder seed used for the state vari-
ety tests. Prior to the trials, the material (100 seeds of
each variety) was verified for varietal purity and homo-
geneity by means of hordeins separation according to
the EBC method.

Isolation of DNA

30 seeds of cach variety were germinated in Petri dishes
at a room temperature; 3—4 days old roots were crushed
to fine powder, liquid nitrogen, 100 mg were instantly
used, in accordance with the procedure, for the isolation
of plant DNA by means of Plant Dneasy Isolation Kit

(Qiagen).

Testing and selection primers

First, a screening of 140 RAPD primers of kits AB 1-7
(Advanced Biotechnologies) was carried out to find the
potential suitability of use in barley. Those primers gen-
erating extremely few, or, on the contrary, too many
bands, and all of those generating only poor bands were
eliminated. The number of bands generated by these

Table 1. Primers generating polymorphism utilizable for identification of varieties in studied set

Variety
Primer Sequences 5" 1o 3’ bp
Ak Fo Kr Lu M S Ca Am Ju Ko Ol Ru Sl
RAPD
AB 1.10 CTGCTGGGAC 450 - + - B - + + + = = + =
AB 3.13 CCACACTACC 260 - + - + + = = 4 < - =
AB 3.17 ACGCCAGTTC 600 + + + + + - - B + +
700 + = = X s = + i s 5 s
AB 4.09 TCCCACGCAA 750 + - + + - - + + - + +
1500 + + + - + + + + 3 § &
AB 5.11 TTCCCCGCGA 620 - - = = = = = = - = = +
680  + A A P S
750 - * - - - - = = = -
AB 5.17 CCAACGTCGT ” 900 + + + + - o + + ¥ + o +
970 - + - - - ~ - = =
AB 7.11 CAATCGGGTC 360 + - + = - - - - + + . .
AB 7.14 GAACGAGGGT 1200 - + - = + = 9
Specific
HVWAXY AAGACGTGGTGTTCGTGTG 190 + + - + + + + + - - - =
ATGGTTCCAGGGGTAAGTTC 200 - = = = - = = + = = y =
205 - + - _ - _ _ +
215 - - - - & = == + =

Ak - Akcent, Fo — Forum, Kr -~ Krona, Lu — Lumar, Vi - Viktor, Sc - Scarlett. Am — Amulet, Ju - Jubilant, Ko — Kompakt,

Ol - Olbram, Ru - Rubin, SI — Sladko
+/— presence/absence of band
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primers was within 3-8. In the 31 RAPD primers selected
in this way, their informativeness was tested on the eval-
uated varieties.

Polymerase chain reaction

The PCR using RAPD primers was the modification of
the original protocol (Williams et al. 1990). 25 pl of the
reaction mixture contained 35 ng of template DNA and
1.5 mM MgCl,, 0.1 mM dNTPs, 0.5 pmol primer and
1.6 U Taq DNA polymerase in 1% reaction buffer (Prome-
ga). The reaction was carried out on a thermocycler with
a heated lid (PTC 200, MJ Research) in these conditions:
45 cycles at 38°C for 1 min, at 72°C for 2 min, at 94°C for
1 min, with the initial denaturation at 94°C for 5 min and
the final 7-min extension step at 72°C. Amplification prod-
ucts were separated on 2% agarose gel (NuSieve 3:1) in
1 % TBE buffer with ethidium bromide (0.1 pg/ml of the gel)
and molecular markers (Promega). The vertical electro-
phoresis was carried out at 10 V/em for 1.5 hr. The reac-
tion mixture using primers for SSRs polymorphism
associated with the locus HVWAXY was set up accord-
ing to the following protocol: the initial denaturation step
at 94°C for 2 min, 40 cycles of a 1-min denaturation at
92°C, a 1-min annealing step at 50°C, and a 2-min exten-
sion step at 72°C, and the final extension time was 5 min.
The separation of amplification products was carried
out on the vertical electrophoresis (Protean, Bio-Rad)
in 8% polyacrylamide gel, and consequently dyed for
10 min being gently shaken in a 300 ml bath with ethi-
dium bromide in the final concentration of 1 pg/ml, and
then rinsed with distilled water. Both gels were visual-
ized at 302 nm using a transilluminator (UVP) and pho-
tographed (Polaroid DS 34).

Statistical evaluation

In electrophoreograms of hordeins and PCR the pres-
ence/absence of unambiguous bands was evaluated.
Individual hordein spectra were considered in terms of
the characteristics of individuals, and the determination
of their similarity (S) was quantified according to the for-
mula for: [S,7,(A,—B)] . I/n, where A = | represents the
presence of a discrete band in individual A and A =0 rep-
resents its absence, the same applies to individual B. The
DNA fingerprints obtained by the separation of PCR
products characterised varieties as populations and the
determination of their similarity was based on the formule
for the genetic distance (D) =—In (£), where £'=2X, ,. 1/
(X, + X)), where X , is the number of amplified DNA frag-
ments with the same molecular weight in both popula-
tions, X is the complete number of fragments discovered
in a population and X, is the total number of fragments
found in second population (Yu and Pauls 1994). The
data obtained through assessing the genetic distances
and hordein spectra similarity were transformed and con-
verted to a common vector and consequently subjected
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to the nearest neighbour cluster method, and then illus-
trated in dendrograms.

RESULTS AND DISCUSSION
Variety identification

In the process of verifying a variety purity of the
evaluated followed material characteristic spectra were
confirmed for 13 malting barley varieties by means of
hordein separation on the aPAGE. Each of the varieties
Jubilant, Kompakt, Olbram, Rubin and Scarlett has two
types of hordein spectra. The varieties Akcent and Slad-
ko have identical spectra in these separation conditions,
and so have Jubilant (type B) and Krona. Both types of
hordein spectra in the Jubilant variety are identical in the
area of B and C hordeins. However, it is possible to dis-
tinguish the variety Akcent from the variety Sladko by
using of esterase separation electrophorese. In the same
way the variety Jubilant from the variety Krona can be
distinguished (Bradova et al. 2001).

It is generally assumed that about 80-85% of the malt-
ing barley varieties listed in the National List of the Czech
Republic can undoubtedly be identified on the basis of
their hordein spectra. A complete or partial identity (in
multi-line varieties) of spectra is probably, in many cas-
es, the result of a common gene resource. In order to be
able to unequivocally identify easily interchangeable
varieties, we decided to employ the polymorphism at the
level of DNA. Due to poor experience of an applicability
of primers, which were, though, informative for some
published sets of varieties, we began to test our own
primers for RAPD. Our results suggest that e.g. primers
labelled for a specific PCR as for loci B1-hordein, former-
ly published (Chee et al. 1993) and subsequently suc-
cessfully tested on other varieties (Tsuchiya et al. 1995)
or HVADH (Becker and Huen 1995) are not suitable for
the identification of current Czech and Slovak varieties.
For most of the varieties we studied in our research these
primers generated a uniform phenotype of amplification
products. The testing of some published primers for
RAPD proved to be similar. This naturally supports the
idea of a close genetic basis of Czech and Slovak variet-
ies. Potentially suitable primers were tested with respect
to the problematic reproducibility of the RAPD (Penner
etal. 1993) and the goal of the follow-up use of results to
be applied more widely in the production and treatment
of malting barley. From the 31 primers for RAPD, as men-
tioned above, only 8 were informative for the studied set
of varieties (Table 1). Four out of these— AB 1.10, AB 3.13,
AB 7.11, AB 7.14 — provided a polymorphous band of
one size, another three— AB 3.17, AB 4.09, AB 5.17 —two
different sizes and primer AB 5.11 showed 3 polymor-
phous bands, and the specific primer for locus HVWAXY
showed 4 polymorphous bands, which are very suitable
for identification of malting barley varieties (Figure 1). All
of the most commonly grown malting barley varieties in
the Czech Republic are unequivocally identifiable on the
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basis of the above-mentioned primers. In the next stage,
we are going to employ the polymorphisms we have cap-
tured by means of RAPD, and suggest suitable primers
for a specific PCR by means of sequencing techniques.

Genetic diversity

Genetic diversity based on an assessment of the simi-
larity of hordein spectra implies the closest relatedness
between the varieties Akcent and Sladko. This applies
to one of the two hordein lines of the Jubilant and Krona
varieties, which have the same hordein spectra (S = 0).
The two types of the hordein spectra of the Jubilant va-
riety (S =0.150) display a considerable degree of related-
ness. The spectrum similarity between the two hordein
lines in Kompakt variety is 0.567, 0.615 in Olbram, 0.667 in
Rubin, as well as in Scarlett. Amulet is one variety which
is the most distant from the others (the mean value of
spectrum similarity § = 0.740) (Figure 2).

The assessment of genetic distance based on DNA
polymorphism shows that Krona and Caminant (D=0.013)
are the genetically closest varieties in the evaluated set.
Sladko (D =0.237) has the highest average genetic dis-
tance (Figure 3).

0.2 0.3 0.4 0.5 0.6 0.7

Amulet
Scarlen B
Kompakt A
Olbram B
Lumar
Scarlett A
Kompakt B
Viktor
Olbram A
Rubin A
Forum
Jubilant A

Krona
Jubilam B |

— — N ————— — —— —

A

Figure 1. Polymorphism of RAPD (a—e) and SSR (f) markers; the
used RAPD primers: AB 1.10 (a), AB 3.17 (b), AB 4.09 (¢), AB
5.11 (d), AB 5.17 (e), and primer of the flanking region of micro-
satellites in loci HVWAXY (f); barley varicties are: 1. Akeent,
2. Forum, 3. Krona, 4. Lumar, 5. Viktor, 6. Scarlett, 7. Caminant,

8. Amulet, 9. Jubilant, 10. Kompakt, 11. Olbram, 12. Rubin and
13. Sladko; line M: DNA size marker — 1000°, 7507, 500, 300,
150, 50 bp (" visible on each gel record)
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Figure 2. Dendrogram based on cluster analysis of hordeins of
13 malting barley varieties grown in the Czech Republic
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Figure 3. Dendrogram based on cluster analysis of DNA polymor-
phism of 13 malting barley varicties grown in the Czech Republic
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Various strategies of studying genetic diversity may
prove useful as additional sources of information in the
process of establisment breeding programmes. We be-
lieve that it is necessary to consider individual strategies
separately, as none of them showed universally the com-
plete measure of relatedness. While genetic diversity
estimated by means of the hordeins, displays a similarity
in specific loci, genetic diversity assessed by an analy-
sis of DNA tends to show a similarity of the complete
genetic backgrounds of individual varieties.

The research was supported by the Ministry of Agri-
culture of the Czech Republic (Project No. EP 7283).
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Identifikace a genetickd diverzita odrid jarniho je¢mene péstovanych v CR

Vétsina Seskych odrid sladovnického je¢mene méd spoledny geneticky zéklad. Priblizn& 15 % odrid péstovanych v CR
vykazuje stejné hordeinové spektrum. Pro usp&snou identifikaci eskych a slovenskych odrud sladovnického je¢mene byly
tak jako v zahrani¢i pouzity primery. Ze 140 testovanych primert bylo nalezeno pouze osm vhodnych pro verifikaci testo-
vanych odrid (AB 1.10, 3.13, 3.17, 4.09, 5.11, 5.17, 7.11 a 7.14). Byla prokézéna vhodnost primeru pro locus HVWAXY,
ktery detekuje polymorfismus SSRs. Tento soubor testovanych primert ukazuje vhodnost pro identifikaci odrid sladovnic-
kého je¢mene. Nejvy33i stiedni genetickou distanci stanovenou na zdkladé hordeinového spektra mé ve sledovaném souboru
odriida Amulet (S) 0.740. Avsak analyzou DNA vykézala nejvy38i stfedni hodnotu genetické distance (D) 0.237 odrida
Sladko.
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Yield and malting characteristics of winter barley
(Hordeum vulgare L.) depending on agrotechnical arrangements
and mineral nitrogen rates

B. Ceh Breznik, A. Tajniek

Biotechnical Faculty, University of Ljubljana, Slovenia

ABSTRACT

Dependence of yield and malting characteristics of winter barley cv. Rex on increased rates of mineral nitrogen in a long
term experiment within two different agrotechnical arrangements (management of cattle raising farms with animal manure —
MM; management with straw ploughing under and green manure — SM) was examined. The grain yield was increasing
with increased rates of mineral nitrogen, the relationship between grain yield and yield of grain bigger than 2.5 mm was
linear in both systems of management in both years. In 1999 the yield of grain bigger than 2.5 mm was increasing signifi-
cantly with increased amounts of mineral nitrogen in MM and SM, in 1998 there were no significant differences between
combinations of straw and manure with mineral nitrogen. Bigger quantity of mineral nitrogen was followed by higher
grain protein content in MM and SM in 1998. Grain protein content was unacceptably high with bigger amounts of
mineral nitrogen, except in 1999 in SM. There was linear relationship between protein and extract content in 1998 but
neither linear nor quadratic in 1999. Some of the malting characteristics within the variety are not so much dependent on

nitrogen rates but more in season.

Keywords: winter barley; malting quality; agrotechnical arrangements; nitrogen; yield; fertilising; protein content

The grain yield and quality of malting barley depend
on a large number of agronomic factors including season,
soil type, variety, date of sowing, seed rate, place in rota-
tion, previous crop, amount of fertiliser nitrogen, timing
of nitrogen, type of nitrogen fertiliser, disease control
(Tajndek 1990, Conry 1994, Tajnsek and Sesek 1996). In-
creasing amounts of fertiliser nitrogen show an increase
of grain protein content (Carreck and Christian 1991), but
grain yields do not always increase with increased
amount of nitrogen (Tajn3ek 1990). They generally level
off at 90-120 kg N.ha' (Conry 1994). Increasing the
amount of fertiliser N above 100 kg.ha™' may not increase
the yield of grain but it will always reduce the malting
quality (Conry 1995).

The extract content decreases with increasing barley
crude protein. In the thirties relation between protein
and extract content was quantified with experimental
data from England by Bishop as the increase of 1% in
the barley crude protein content results in a 0.7% de-
crease in extract yield. Later it was stated that the in-
verse relationship between extract and protein had
a varietal, i.e. genetic component, so a different corre-
lation exists for each variety and there is a strong influ-
ence of environmental conditions (Molina-Cano et al.
2000). With the data of 346 trial sites with spring barley
through Europe Molina-Cano et al. (2000) stated that
the relationship between extract and protein content is
fitted to a parabolic curve, in such a way that the higher
the value of protein, the stronger the rate of decrease in
extract.

314

The problem of many fertilising experimental data is the
fact that they do not base on long term experiments where
the actual situation in soil over years can be established
(Asmus 1995, Schulz 1997). The present study was car-
ried out to investigate the effect of increased amounts of
mineral nitrogen in two different systems of management
(application of cattle manure or straw ploughing under
and green manure) on yield and malting characteristics
of winter barley grown in a long term experiment in north-
east of Slovenia.

MATERIAL AND METHODS

The experiment was conducted in north-east of Slove-
nia (Murska Sobota; 46°38” northern latitude, 14°11° east-
ern longitude, 184 m above sea) in 1993 as a part of
European project IOSDV (long-term experiment with ro-
tation of maize, wheat and barley) on loamy sand soil
(14.7% clay, 31.2% loam, 54.1% sand) classified as gleyic
aerosol. The depth of the water table below soil surface
is under 2.5 m. Clime is semiarid (Pannonic) with an aver-
age of 810 mm precipitation and 9.4°C. The experimental
layout are three blocks (three replications) with 10 fertil-
ising combinations (microplots of 30 m?) (Table 1). Each
microplot has been treated with the same fertilising com-
bination from the beginning [control — no fertilising,
m — cattle manure, s — straw ploughing under and green
manure (oilseed rape after barley), N1 (rotation average
73 kg N.ha™"), N2 (rotation average 147 kg N.ha™'), N3 (ro-
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Table 1. Fertilising combinations with timing and nitrogen fertilising rates

Fertilising

Average N/year/ha

Doses of mineral N to barley in kg/ha

in circling

Control no fertilising - -

N3 mineral fertilising only 220 165 (70 EC 21/22, 70 EC 31/32, 25 EC 45/50)
Manure manure only 50 -

Nim combinations of mineral fertilisers and manure 123 55 (55 EC 21/22)

N2m 197 110 (55 EC 21/22, 40 EC 31/32, 15 EC 45/50)
N3m 270 165 (70 EC 21/22, 70 EC 31/32, 25 EC 45/50)
Straw straw ploughing under and green manure - -

NIs mineral fertilising, straw ploughing under and green manure 73 55 (55 EC 21/22)

N2s 147 110 (55 EC 21/22, 40 EC 31/32, 15 EC 45/50)
N3s 220 165 (70 EC 21/22, 70 EC 31/32, 25 EC 45/50)

tation average 220 kg N.ha™') — different amounts of
mineral nitrogen (KAN)]. Within plots with straw man-
agement 20 kg mineral N.ha"' is added before straw
ploughing under (for straw mineralisation).

All the other cultural treatments in terms of ploughing,
cultivation, seeding rate, sowing method and PK fertilisers
are the same for all plots. Phosphorus and potassium are
applied at doses equivalent to 75 kg P,O, .ha and 160 kg
K,0.ha™'. Manure (30 t.ha™) is applied before maize sow-
ing. Plots are harvested with a combine.

The samples of winter malting barley cv. Rex were tak-
enin 1998 and 1999. In 1997 sowing was on 3. 10. and in
1998 on 30. 9. at a seed rate of 250 kg.ha™'. Weeds were
controlled with a post-emergence herbicide (triasulfu-
ron + klortoluron). The spring of 1998 was rather dry, the
spring of 1999 was warm and wet (Table 2). The harvest
wason20.7.in 1998 andon 5. 7. in 1999.

All the analyses were done on grain, bigger than 2.5 mm.
The 1000-grain weight was calculated from the weight of
eight samples of 100 grains and adjusted to dry matter.
The protein content was determined by the Kjeldahl
method, the factor 6.25 was used to convert nitrogen to
protein. The extract content and all the malt analyses
(Kolbach index, fine/coarse extract difference, malt pro-
tein content, malt soluble protein content, malting loss,
diastatic power, Hartong 45°C, average embryo length)
were done at the Institute of Hop Research and Brewing
Zalec, Slovenia, the micro malting was done under stan-
dard conditions. Results were compared with require-
ments for malting barley of MEBAK Band I, 1997

standard for grain and MEBAK Band II, 1.7.2.1. (1993)
standard for malt. Differences among fertilising combi-
nations were determined by an ANOVA-protected Tukey
multiple range test. Influence of increased amounts of
mineral nitrogen on yield and malting properties was ex-
amined in two systems of management: management of
cattle raising farms where cattle manure is used (MM) and
management within farms with no animals (straw plough-
ing under and green manure) (SM). In both systems of
management control (no fertilising) was considered.

RESULTS AND DISCUSSION

Grain yields, yields of grain bigger than 2.5 mm,
1000-grain weight, grain protein and extract content with
requirements for malting barley and significant differenc-
es between treatments are shown in Table 3.

Grain yield was increasing with increased rates of min-
eral N in both systems of management in both years, but
not significantly in 1998. In 1998 it was significantly dif-
ferent from the other treatments only in straw in SM and
in manure in MM. All the combinations of straw and
manure with mineral nitrogen did not significantly differ
from each other.

The relationship between yield and yield of grain big-
ger than 2.5 mm was in both years in both systems of
management linear. In 1998 the yields of grain bigger than
2.5 mm were not significantly increasing with increased
amounts of mineral N in SM, in MM only manure had

Table 2. Precipitation and mean temperatures in 1997, 1998 and 1999 in Murska Sobota, NE Slovenia

Month 1: 2 3. 4. 3 6. 7 8. 9. 10. i B 12.
1997 temperature (°C) -2.5 2.5 5.2 7.6 163 19.1 193 194 1438 7.5 52 1.6
precipitation (mm) 42 8 15 25 71 114 127 95 36 16 67 74
1998 temperature (°C) 1.6 4.2 44 113 151 19.4 203 20.1 15.0 11.2 2.6 -4.1
precipitation (mm) 5 0 39 61 38 82 120 105 157 82 122 29
1999 temperature (°C) -1.2 0.3 7.5 114 159 185 207 19.0 173 10.8 2.5 -0.2
precipitation (mm) 16 38 55 59 148 94 67 89 21 59 57 70
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Table 3. Yields of dry matter of grain and grain bigger than 2.5 mm, 1000-grain weight (TGW), grain protein and extract content of
winter barley cv. Rex in years 1998 and 1999 (Murska Sobota, NE Slovenia)

Grain yield Yield of grain > 2.5 mm TGW Extract content Protein content
Treatments (kg.ha™') (kg.ha™) (g d.m.) (% d.m.) (% d.m.)
1998 1999 1998 1999 1998 1999 1998 1999 1998 1999

Control 3875 d 1423 e 3758 b 1314 ¢ 433 a 40.5 be 779 a 76.1 a 76d 123 a
N3 7424 a 4453 b 5880 a 3799 b 403 a 40.6 be 724 b 759 a 135 a 12.7 a
Straw 5053 ¢d 912 f 4917 ab 7% e 422 a 392 ¢ 75.3 ab 76.0 a 8.9 cd 125 a
Nls 6583 ab 2662 d 6098 a 2405 d 41.0 a 40.0 be 76.9 ab 76.0 a 9.8 bed 11.6 ba
N2s 6857 ab 3264 ¢ 5920 a 2930 ¢d 402 a 40.5 be 74.5 ab 744 a 12.4 ab 11.2 ba
N3s 7204 ab 4203 b 5990 a 3665 bc 405 a 40.8 abc  73.5 ab 744 a 13.7 a 12.0 ba
Manure 4105 d 1548 ¢ 3891 b 1419 ¢ 42.1 a 41.2 abc  76.7 ab 75.6 a 92cd 102 b
Nlm 5946 bc 3493 ¢ 5692 a 3263 bc 428 a 422 ab 77.1 ab 76.4 a 9.4 bed 11.2 ba
N2m 6178 abc 4222 b 5543 a 3973 b 42.1 a 431 a 75.3 ab 75.7 a 11.7 abc  13.1 a
N3m 6597 ab 5337 a 5606 a 4827 a 40.8 a 43.0 a 75.2 ab 76.0 a 13.0 a 129 a
Requir. 38-45 75-82 < IS

For each variable treatments with the same letter are not significantly different (Tukey HSD test, p < 0.05)
Requir. = requirements for malting barley (MEBAK Band 1, 1997 standard)

d.m. = dry matter

significantly lower yield. In 1999 the yield of grain bigger
than 2.5 mm was increasing significantly in both systems
of management.

Bigger quantity of mineral nitrogen was followed by
higher grain protein content in both systems of manage-
ment in 1998 (grain protein content increased significantly
with increased amount of mineral nitrogen). Grain protein
content was unacceptably high when 110 kg N.ha™' or
more was applied to barley in 1998 as was true for MM in
1999.1n 1999 in SM less than 11.5% of protein contained
only grains within fertilising combination N2s, all three
combinations of straw and mineral nitrogen had lower
protein content than variant straw. Also the control in
1999 had unacceptably high grain protein content (Fig-
ure 1, control and N3 are shown as comparison). Crops,
suffering from stress during the growing season, either
from draught or nitrogen deficiency, will tend to produce
poor yields of high nitrogen content in grain (Carreck and
Christian 1989), what showed out in control and straw in

—¢— 99PROTEIN
...@- - 98PROTEIN

1999 in our trial because of the lack of the nutrients. It
was similar in the case of Conry (1994) where lower yields,
caused by draught stress in the time of grain filling (nu-
trients could not be absorbed), were also followed by
higher protein content.

Regression analysis made on our experimental data
showed that there was a poor correlation between yields
of grain bigger than 2.5 mm and their grain protein con-
tent. The results agree with findings of Conry (1994) for
yield and its protein content for trials in Ireland.

There were no significant differences between
1000-grain weight in both systems of management in 1998
and in MM in 1999. In SM in 1999 1000-grain weight was
significantly different in straw only. All treatments in
both years fulfill the requirements. In 1998 heavier grains
had lower protein content, in MM in 1999 it was contrary.
In SM in 1999 1000-grain weight was increasing with in-
creased amount of mineral N. With all the data from 1998
regression analysis showed a linear relationship between

Figure 1. Yields of grain (t.ha™) bigger than 2.5 mm and their grain protein content (%) in 1999 and 1998 in MM and SM (Murska

Sobota, NE Slovenia)
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1000-grain weight and protein content. The correlation
between these two variables was not strong in 1998
(r=-0.66) and poor in 1999 (» =0.09).

The decrease of extract with protein increase showed
out in our experiment too, but in two different seasons
the same variety showed different relationship between
these two properties. It showed out similar than in Med-
iterranean conditions (Molina-Cano et al. 2000), that sea-
sonal differences in malt extract levels could not be
completely explained by differences in protein concen-
tration. The relationship between protein and extract
content was neither linear nor quadratic with all the data
from 1999 (r = 0.2). With all the data from 1998 there was
linear relationship between these two variables
(r =-0.65), the same was true if we considered all the data
from both years (» =-0.45).

When the agricultural yield for a variety is improved
by agrotechnical methods, e.g. by increasing nitrogen
fertilisation, then the crude protein also increases. As
a result, the extract and all the other malt properties are
worsened (Schildbach 1981). In Table 4 malt analyses
results for Kolbach index, fine/coarse extract difference,
malt protein content, diastatic power and malting loss
with requirements for malting barley and significant dif-
ferences between treatments are shown.

Kolbach index was sufficient within all plots in 1998, in
1999 it was not sufficient only in N3m in MM. It was big-
ger with smaller amounts of applied nitrogen.

Fine/coarse extract difference was not sufficient with
bigger amounts of nitrogen in SM (N2s, N3s) and in N3
in 1998. In 1999 fine/coarse extract difference was not suf-
ficient at all plots, with bigger amounts of nitrogen it was
even worsened [but the difference between plots was not
significantly different (p>0.05)].

Malt protein content was following the grain protein
content, the correlation coefficient between them was

strong (> 0.93 in both systems of management and both
years). The same was true for malt soluble protein con-
tent (correlation between grain protein content and malt
soluble protein content > 0.85 in both systems of man-
agement and both years). All three characteristics did
not reach requirements for malting barley at the same
plots in both systems of management in 1998 and in
MM in 1999. In SM in 1999 the grain protein content
reached requirements in N2s, malt protein content in
N1s and N2s, malt soluble protein content in N2s and
N3s.

When high nitrogen fertilisation is responsible for the
high protein contents a greater extract loss occurs than
when this high protein content is due to varietal or natu-
ral environmental factors (Schildbach 1981). In our trial
malting loss was bigger with bigger amounts of mineral
nitrogen in both systems of management in 1998 and in
MM in 1999. In SM in 1999 the biggest malting loss was
in N1s, in control and N1s it was bigger than in N2s and
N3s, but there were no significant differences between
treatments in 1999, in 1998 only control and N3m were
significantly different. Malting loss was lower in 1999
comparing to 1998.

Diastatic power was increasing significantly with in-
creased amounts of applied nitrogen in both systems of
management in 1998, in 1999 it was decreasing in SM and
varying in MM (the differences between treatments were
not significant). The requirements for malting barley were
reached at all combinations in both years (160-340 WK°
dry matter). Seasonal differences showed out as an im-
portant factor for variability of diastatic power, as had
been already stated as being the most influential factor
(Molina-Cano et al. 2000).

All combinations reached the requirements in Hartong
at45°C too (> 36%), the value was varying in 1999, in 1998
it was decreasing in SM and increasing in MM.

Table 4. Kolbach index, fine/coarse extract difference, malt protein content, malt soluble protein content, diastatic power and malting
loss of winter barley cv. Rex in 1998 and 1999 (Murska Sobota, NE Slovenia)

Kolbach index Extract difference Protein content Diastatic power Malting loss
Treatments (%) (%) (% d.m.) (WK? d.m.) (%)

1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
Control 53a 40 a 06e 34a 844d 12.1 ab 234 edc 245 a 89b 6.1a
N3 42c 42 a 2.7 ab 28 a 133 a 11.9 ab 318 a 289 a 10.1 ab 6.1 a
Straw 51 ab 45 a 0.9 de 24 a 85d 11.8 ab 227 edc 292 a 9.7 ab 63 a
Nls 49 abc 44 a 1.3 bede 26a 92d 10.7 ab 258 deb 256 a 9.6 ab 75 a
N2s 45 abc 42 a 2.2 abc 5.1a 11.7 ¢ 104 b 306 ba 240 a 9.7 ab 56a
N3s 42 ¢ 40 a 30a 37a 13.2 ab 11.7 ab 315 a 223 a 10.1 ab 58 a
Manure 50 abc 43 a 0.9 de 22 a 9.0d 10.6 ab 204 ¢ 246 a 9.5 ab 56 a
Nlm 51 ab 43 a 1.1 cd 24 a 9.0d 10.8 ab 215 ed 272 a 9.5 ab 57a
N2m 43 be 40 a 1.3 cde 31a 112c 12.2 ab 245 edc 229 a 9.3 ab 56a
N3m 47 abe 38 a 1.6 abed 33 a 13.1 ab 12.8 a 278 cba 242 a 10.5 a 6.0 a
Requir. >39 <18 <11 160-340
For each variable treatments with the same letter are not significantly different (Tukey HSD test, p < 0.05)
Requir. = requirements for malting barley [MEBAK Band II, 1.7.2.1. (1993) standard]
d.m. = dry matter
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The average embryo length did not reach the require-
ments (0.7-0.8%) only in N3m in 1998, the value was in-
creasing in MM in 1998, in SM in 1998 and in both
systems of management in 1999 it was varying.

CONCLUSION

The environmental conditions (season) have strong
influence on the response to N considering some malt-
ing properties. The results of our experiment suggest
that some of them (diastatic power, Hartong at 45°C, the
average embryo length) depend not so much on nitro-
gen rates, but more on season. The decrease of extract
with protein increase showed out in our experiment, too,
but in two different seasons the same variety showed
different relationship between these two properties.
There are also differences on response to N between
SM and MM.
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Vynosové a sladovnické charakteristiky ozimého jeémene (Hordeum vulgare L.) v zavislosti na systému

agrotechniky a ddvkdch mineralniho dusiku

V dlouhodobém pokusu v rdmci dvou odlisnych systému agrotechniky (hospodafeni na farmé& s chovem skotu a produkci
chlévského hnoje — MM; hospodafeni se zaoravanim slamy a zelenym hnojenim — SM) byla hodnocena zavislost vynoso-
vych a sladovnickych charakteristik ozimého je¢mene odridy Rex na zvy3enych davkach mineralniho dusiku. Vynosy zrna
narustaji s zvy3ujicimi se davkami minerélniho dusiku, vztah mezi vynosem zrna a podilem obilek nad 2,5 mm byl v obou
letech linearni u obou systému hospodateni. Podil obilek nad 2,5 mm se s vy§§imi divkami mineralniho dusiku vyznamné
zvysil v systému MM i SM v roce 1999, zatimco v roce 1998 mezi kombinacemi sldma a hnij s mineralnim dusikem neby-
ly zjidt&ny vyznamné rozdily. Vy38i davky minerédlniho dusiku pfi MM i SM vedly k nérdstu obsahu bilkovin v zrnu.
S vyjimkou SM v roce 1999 byl obsah bilkovin v obilkdch, ovlivnény vy$8imi ddvkami minerélniho N, vy33i neZ limitn{
hodnoty pro sladovnické G¢ely. Vztah mezi obsahem bilkovin a mnoZstvim extraktu byl linedrni v roce 1998, v dalSim roce
nebyla zjidt€na Zadna korelace. Neékteré sladovnické charakteristiky jsou v rdmci odridy méné& zévislé na davkach dusiku
a vice na podminkach vegeta¢niho obdobi.

Kli¢ova slova: ozimy je¢men; sladovnicka jakost; systém agrotechniky; dusik; vynos; hnojeni; obsah bilkovin
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Using plough down of sugar beet tops to affect the production
parameters of spring barley in a maize-growing region

R. Cerkal, J. Zimolka, L. HFivna

Mendel University of Agriculture and Forestry in Brno, Czech Republic

ABSTRACT

In a polyfactorial field experiment conducted in 1998-2000 we studied the effect of three systems of sugar beet top
management, two sowing rates and two levels of nitrogen fertilisation, and their interaction, on production parameters of
the spring barley variety Kompakt. Based on statistical evaluations using the variance analysis, it was found that the
weather conditions of the respective year had a dominant effect on the variability of all the characters (number of spikes
per m?, number of grains per spike, TGW, yield, proportion of grain over 2.5 mm sieve). The effect of weather conditions
of a year on the total variability of the characters ranged between 57.3% (number of spikes per m?) and 88.6% (yields).
The system of sugar beet top management had a statistically highly significant effect on TGW, yields and the proportion
of grain over 2.5 mm sieve, and a significant effect on the number of grains per spike. The sowing rate had a highly
significant effect of the number of spikes per m*and number of grains per spike. The level of N nutrition had a highly
significant effect only on the proportion of grain over 2.5 mm sieve. A highly significant interaction between conditions
of the year and the system of farming of sugar beet tops was observed in all the characters. The achieved level of the
characters was considerably variable in dependence on weather conditions of the year. Yields were the highest in 1999
(7.37 t.ha™) and the lowest in 2000 (5.51 t.ha™). Grain from the 1998 harvest had the best qualitative parameters (yields
were 6.22 t.ha™). Dependent on weather, and particularly on rainfall, the ploughed down tops promoted yield formation.
It was found that the stands established using a lower sowing rate (3.5 MGS x 4.5 MGS) had a strong self-regulating
capacity. Fertilisation with 30 kg N.ha™' compared to 0 kg N.ha™! resulted in a statistically significant yield increase (by

0.17 t.ha™") and worse technological parameters of the barley grain.

Keywords: spring barley; beet tops; yield; yield components; N fertilisation; sowing rate

Many factors determining the potential yields of the
main product, i.e. grain, are involved in the formation of
highly productive spring barley stands. The final com-
mercial yield, its structure and quality, is the result of the
concurrence of these factors during growth and devel-
opment of the stand (Petr et al. 1980).

In terms of the yield and yield stability of spring barley
the important factor is the forecrop (Kopecky 1983). As
the area of fields with tuber crops is decreasing, so is the
choice of suitable forecrops for spring barley. The tradi-
tional forecrop in the spring barley production regions is
still sugar beet, which provides good conditions for ob-
taining yields of grain that have the required qualitative
parameters.

The present technology of sugar beet harvest followed
by ploughing down the tops provides the soil with
a considerable amount of organic matter and nutrients
from the tops. Mineralisation of the incorporated tops,
when nutrients (especially nitrogen) are released, signif-
icantly influences the production process of spring bar-
ley (Zimolka et al. 1999).

The intensity and course of mineralisation of the or-
ganic matter of the beet tops are dependent, in the first
place, on weather. Provaznik et al. (2000) reported that,
theoretically, through mineralisation of the incorporated
beet tops, 102 kg N, 12 kg P, 148 kg K, 33 kg Ca and
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18 kg Mg is delivered to the soil. However, if weather con-
ditions delay mineralisation until the later stages of the
production process (shooting, grain formation and ma-
turing), the release of nitrogen becomes uncontrollable,
causes considerable changes in its dynamics in the soil
and has a negative impact on lodging, spreading of dis-
eases and worsening of the qualitative grain parameters
(Richter et al. 1999). The reason for deceleration, or even
stopping, of the mineralisation processes in the soil is
usually early and long-term freezing of the soil during
winter, and dry and cold weather in the spring after spring
barley sowing. The possibility of influencing these pro-
cesses is associated with the date of the plough down of
the beet tops and optimisation of spring barley nutrition.
The focus is particularly on rationalisation of N nutrition
(Kandera 1994, Kulik 1995, T6th 2000).

MATERIAL AND METHODS

The effect of various methods of management with beet
tops on selected production characters of spring barley
was studied at the station for plant production of the
School Farm of Mendel University of Agriculture and For-
estry in Zabgice in 1998-2000. The station is situated in
the maize growing production type, barley sub-type, in an
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Table 1. Agrochemical soil properties before the establishment of
the experiment, depth 0-250 mm (Provaznik et al. 2000)

Table 2. Characteristics of the incorporated beet tops

Main macro-elements

Available nutrients — Mehlich II (mg.kg™')  Year  Yield Dry matter (% in dry matter)
Year pH/KCI (t.ha™!) (%)
P K Ca Mg N P K Ca Mg
1998 6.9 67 209 4430 323 1997 2396 21.15 212 028 415 0.88 041
1999 7.0 102 254 5228 352 1998 18.80 14.55 3.55 037 3.16 0.76 0.54
2000 6.84 91 263 3935 318 1999 21.20 16.90 333 0264 475 0.442 0471

altitude of 185 m. The region is warm, moderately dry, with
mild winter. The soil type is gleyey fluvisol (FM,) on the
river Svratka alluvium with less than 0.5% carbonates. In
terms of granularity, the soil is moderately heavy-textured
to heavy with 55-65% of clayey particles and accumulat-
ed horizon in a depth of 300-600 mm, where as much as
75% of the clayey particles are contained. Table 1 gives
the agrochemical properties of the soil. Figures 14 show
the course of weather in the respective years.

The following factors were evaluated in a block field tri-
al: three systems of management with beet tops (A — early
plough down of tops, B — late plough down of tops, and
C —removed tops), and two levels of N fertilisation (0 and
30 kg N.ha™') and different sowing rates (3.5 and 4.5 MGS).
Each variant, established on 12.5 m? plots, had four repli-
cates. In the experiment we used the top malting barley
variety Kompakt, a semi-early low variety with a lower re-
sistance to lodging, medium large grain and high yielding
capacity of grain over 2.5 mm sieve. The forecrop was sug-
ar beet fertilised with 40 t.ha™' of farm manure. After har-
vesting the sugar beet in variant A (mid-October) the tops
were crushed, spread evenly and incorporated into the soil
using medium deep ploughing (250-280 mm). In variant B
the tops were incorporated into the soil in the same way
a month later (mid-November) and in variant C the tops
were removed (ploughing as in variant B). Table 2 gives
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Figure 1-4. Average monthly temperatures and monthly sums of precipitation in 1997-2000 (after a climadiagram according

Walter-Lieth)
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the average values of chemical analyses of the beet tops
and the amount ploughed down in 1997, 1998 and 1999.

Seedbed preparation was carried out in spring
(smoothing + harrow). Before sowing nitrogen was ap-
plied in single doses of 0 and 30 kg N.ha™! in ammonium
nitrate with limestone. The stand was treated with pesti-
cides against weeds, diseases and pests according to the
methods valid for plant protection.

In each replication the number of spikes per m? and num-
ber of grains per spike were defined from an area of 0.25 m?
before harvesting. The total grain yields from the plots
were defined after drying (14%) and pre-cleaning, also the
percent and yields of grain over 2.5 mm sieve and the TGW.

All the experimental data were computerised using the
UNISTAT 5.0 program and the Statgraphics 7.0 polyfacto-
rial variance analysis. To assay the average differences we
used the test according to Tukey, level of significance 5%.

RESULTS AND DISCUSSION

Table 3 summarises the statistical evaluations of the
effect of individual factors on the studied characters,
including their interaction in an experimental series car-
ried out in 1998-2000. Table 5 shows the differences
among the respective factors.
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Table 3. Analysis of variance for examined characters for the years 1998-2000

Mean square

Sources of variability dF : . T T
number of spikes number of grains TGW yield grain > 2.5 mm
(m?) per spike (g) (t.ha™!) sieve (%)
Year (a) 2 198 254.26™ 164.69"° 239.42" 42,21 2970.08"°
Variant of beet tops management (b) 2 3 311.63 5.68" 29.00°" 1.27°* 472.70"*
Sowing rate (c) 1 68 950.00*" 13.94"° 1.63 0.29 9.25
N fertilisation (d) 1 18 655.00 1.91 6.13" 1.01° 101.51™
Interaction axb 4 21 026.78" 5.44° 16.64"" 1.70* 273.30"*
axc 2 24 770.347 1.51 2.05 0.18 79.19*°
axd 2 2 492.55 0.52 1.59 0.72° 1.49
bxc 2 2 589.84 1.08 2.22 0.00 37.66"
bxd 2 61.97 1.90 0.07 0.03 10.01
cxd 1 16.67 1.07 0.43 0.02 1.54
Residual 124 5 973.47 193 1.26 0.18 11.70
Total 143

"P<0.05 " P<0.01

In the 3-year period it was found that the effect of
weather conditions on the production process of spring
barley was dominant (Table 4) and that its effect on the
variability of all the studied characters was highly signif-
icant. The weather had the least effect on the number of
spikes, and hence the formation of productive tillers per
unit of area (i.e. 57.3%), most of all it affected grain yields
(i.e. 88.6%). Flasarova and Onderka (1997), Kopecky
(1983) and others achieved similar results. The contribu-
tion of the effect of weather on the variability of TGW
values and proportion of grain over 2.5 mm sieve was
79.7 and 74.8%, respectively, and corresponded with the
results of Fran¢akova (1992). The system of management
with beet tops had a statistically highly significant effect
on the thousand grain weight (TGW), yields and propor-
tion of grain over 2.5 mm sieve, a significant effect on the
number of grains per spike and contributed to variability
of these characters (i.e. 9.6, 2.6, 11.9 and 2.8%, respec-
tively, Table 4). The sowing rate had a highly significant
effect on the number of spikes per m? and number of
grains per spike (19.9 and 7%, respectively, contribution
to the variability). The level of N nutrition had a statisti-
cally highly significant effect only on the proportion of

grain over 2.5 mm, i.e. 2.6%. The interactions between
weather conditions of the year and the system of man-
agement with beet tops were highly significant for all the
studied characters, with exception of the number of
grains per spike. The results of Ehrenbergerova et al.
(1999) and Téth (2000) also confirmed the important ef-
fect of the interactions among the respective factors as
compared with their individual effect.

The achieved level of the characters was considerably
variable and was dependent on intensity of the effect of
the individual factors (Table 5). The variability of the
yields in the individual years reflected the weather con-
ditions. Grain yields were significantly highest in 1999,
the average for all the variants was 7.37 t.ha™' (Table 5).
On the other hand, the yields were lowest in 2000
(5.51 t.ha™') and were affected by long-lasting drought in
the spring (Figure 4). Good conditions for achieving the
highest yields in 1999 were formed as early as the stage
of tillering, maintaining a large number of productive
tillers with a differentiated significantly highest number
of spikelets in the spike. Although the TGW was lower
(42.83 g), these conditions were sufficient to achieve the
highest yields. However, the proportion of grain over

Table 4. Proportion of factors on total variability of examined characters (%)

Proportion of variability

Sources of variability

Examined characters number number . grain > 2.5 mm
of spikes of grains TGW tyl']elfj, sieve
(m2) per spike ® (t-ha™) (%)
Year 57.3 82.5 79.7 88.6 74.8
Variant of beet 1.0 2.8 9.6 2.6 11.9
tops management
Sowing rate 19.9 7.0 0.5 0.6 0.2
N fertilisation 5.4 1.0 2.0 241 2.6
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Table 5. Differences among factors in 1998-2000

Number of spikes Number of grains TGW Yield Grain > 2.5 mm

Factors Levels of factors n (m?) per spike (8) (t.ha™') sieve (%)
mean (differences)

Years 1998 48 756.6 ¢ 19.56 b 46.88 a 622 b 89.02 a
1999 48 884.8 a 2242 a 42.83 b 7.37 a 77.19 b
2000 48 8289 b 1895 b 43.24 b 5.51 ¢ 74.12 ¢
Variant of beet tops A 48 821.2 a 20.37 ab 43.44 b 6.55 a 76.65 ¢
managsment B 48 832.6 a 20.62 a 44.92 a 6.29 b 82.79 a
o 48 816.5 a 1994 b 44.59 a 6.26 b 80.88 b
Sowing rate 3.5 MGS 72 801.5 b 20.62 a 4442 a 6.32 a 80.36 a
4.5 MGS 72 8453 a 20.00 b 4421 a 6.41 a 79.85 a
N fertilisation 0 kg.ha™! 72 812.1 a 20.20 a 44.52 a 6.28 b 80.95 a
30 kg.ha™! 72 834.8 a 2043 a 44.11 b 6.45 a 79.27 b

A - early plough down, B —

2.5 mm sieve, i.e. malting grain, was lower (77.19%, i.e.
5.69 t.ha™'). Grain from the 1998 harvest had the best pa-
rameters (6.22 t.ha™! yield) with a substantially higher pro-
portion of grain over 2.5 mm sieve (89.02%) and total
production (5.54 t.ha™").
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Figure 5. Number of spikes per m? in 1998-2000 based on the
variants of beet top management (with confidence intervals for
the mean, a = 5%)
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Figure 7. Thousand grain weight (TGW) in 1998-2000 based on
the variants of beet top management (with confidence intervals
for the mean, a = 5%)
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Figure 9. Yield capacity of grain (% of grain over 2.5 mm sieve) in
1998-2000 based on the variants of beet top management (with
confidence intervals for the mean, o = 5%)

322

late plough down, C — beet tops removed; means with different letters are statistically significant at P < 0.05

The ploughed down beet tops boosted yield formation,
although the differences among the variants were small
(Table 5) and were considerably affected, in particular, by
rainfall. The best conditions for good barley grain yields
were provided in the variant where the beet tops were

D carly plowgh dowr
late plough down
O 1ops removed

o [

Figure 6. Number of grains per spike in 1998-2000 based on the
variants of beet top management (with confidence intervals for
the mean, a = 5%)

Figure 8. Grain yields in 1998-2000 based on the variants of
beet top management (with confidence intervals for the mean,
a = 5%)
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Figure 10. Number of spikes per m? in 1998-2000 based on the
sowing rate (with confidence intervals for the mean, a = 5%)
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Figure 11. Number of grains per spike in 1998-2000 based on the
sowing rate (with confidence intervals for the mean, a = 5%)
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Figure 13. Grain yields in 1998-2000 based on the sowing rate
(with confidence intervals for the mean, a = 5%)

ploughed down later (832.6 spikes per m? 20.62 grains per
spike), but the grain yields did not correspond to these
conditions. While grain yields were the highest in the
variant where beet tops were ploughed down early (Ta-
ble 5), the grain had a significantly lower TGW (43.44 g)
than the other variants and the proportion of grain over
2.5 mm sieve was only 5.02 t.ha™', when the tops were
ploughed down later it was 5.21 t.ha™'.

The sowing rate virtually did not affect the grain yield.
The self-regulating capacity of the stand established with
a lower sowing rate was reflected in a higher number of
grains per spike, TGW and higher proportion of grain
over 2.5 mm sieve. Kopecky (1983) presented similar re-
sults.

Fertilisation with 30 kg N.ha™' resulted in a statistically
significant increase in yields (by 0.17 t.ha™'), but signifi-
cantly reduced the technological parameters of barley
grain. This tendency was also confirmed by FlaSarova
and Onderka (1997), Kandera (1994) and Tichy et al.
(1991). They all observed that the efficiency of N fertilis-
ers was strongly influenced particularly by weather con-
ditions of the year and by many other factors.

Figures 5-9 show the effect of various modes of man-
agement with sugar beet tops and its effect of the yield-
forming factors in the course of the individual years.
Since the dry matter of the tops contains a considerable
amount of nutrients (Table 2), mineralisation of these
post-harvest residues may play an important role and
influence barley growth and development (Provaznik et
al. 2000). The main factor that may considerably influence
the effect of the ploughed down tops is the weather. The
grain yields must be evaluated in view of this fact. In the
relatively favourable years, in terms of rainfall (1998 and
1999), when the rain in spring was distributed in a way to
supply the plants with a sufficient amount of water (Fig-
ures 2 and 3), early ploughing down of the tops appears
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Figure 12. Thousand grain weight (TGW) in 1998-2000 based on
the sowing rate (with confidence intervals for the mean, o = 5%)
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Figure 14. Yield capacity of grain (% of grain over 2.5 mm sieve)
in 1998-2000 based on the sowing rate (with confidence intervals
for the mean, o = 5%)

to be the best. On the other hand, if a dry spring with
insufficient rainfall and above-the-average temperatures
follows, the ploughed down tops may depress yield for-
mation. The most suitable way of achieving a first-rate
yield with the maximal TGW and relatively highest pro-
portion of grain over 2.5 mm sieve is to wilt the tops and
plough them down later (Figures 7 and 9).

In the opinion of Tichy et al. (1991), high or very low
sowing rates may result in a depression of yields. Based
on results given in Figure 13, we can conclude that the
difference between the sowing rate of 3.5 and 4.5 MGS is
not decisive in terms of the yield. A lower sowing rate and
with it associated lower number of productive tillers (Fig-
ure 10) was compensated by a higher number of grains
per spike in all the years (Figure 11), and in 1998 and 1999,
when the weather was relatively favourable, the TGW
and proportion of grain over 2.5 mm sieve were higher
(Figures 12 and 14).

N fertilisation in the individual years also affected the
level of yield forming elements and qualitative param-
eters of the grain (Figures 15-19). The application of
30 kg N.ha™' in ammonium nitrate with limestone during
seedbed preparation had a positive effect on the number
of spikes per unit of area and number of grains per spike
in all the years (Figures 15 and 16) and insignificantly in-
creased the yields in 1998 and 1999 when the weather was
more favourable in terms of precipitation (Figure 18). On
the other hand, no difference in yields was recorded af-
ter the application of nitrogen in 2000. The reason could
be insufficient precipitation (Figure 4) in the early stages
of development when the conditions for making use of
the nitrogen dose were not favourable. After the appli-
cation of 30 kg N.ha™ a statistically insignificant reduc-
tion in the TGW (Figure 17) and proportion of grain over
2.5 mm sieve (Figure 19) was recorded and with it a worse
malting quality of the grain. Kandera (1994), LoZek et al.
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Figure 15. Number of spikes per m* in 1998-2000 based on dose
of N fertilisers (with confidence intervals for the mean, a = 5%)
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Figure 17. Thousand grain weight (TGW) in 1998-2000 based
on dose of N fertilisers (with confidence intervals for the mean,
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(1991), Provaznik et al. (2000) and others also drew atten-
tion to the problem of optimisation of nitrogen doses in
relation to yields and its quality.

The present publication was funded by the NAZV
project EP 7081 and research project of MSMT — CEZ
2.308/98:432100001.
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ABSTRAKT
Ovlivnéni produkénich ukazateli jarniho jeémene zaordivkou fepného christu v kuku¥i&né oblasti

V polyfaktoridlnim polnim pokusu byl v letech 1998 aZ 2000 sledovan vliv tfi systémi hospodateni s fepnym chréstem,
dvou vysevki a dvou trovni dusikatého hnojeni a interakei téchto faktorti na produkéni ukazatele jarniho je€mene odrudy
Kompakt. Na zédkladg statistického zhodnoceni analyzou variance byl zji§t&n dominantni vliv ro¢niku na variabilitu viech
sledovanych znaku (pocet klasi na m?, pocet zrn v klase, HTZ, vynos, podil pfedniho zrna). Podil roéniku na celkové
variabilit¢ znakd byl od 57,3 % (pocet klasti na m?) do 88,6 % (vynos). Zpusob hospodafeni s fepnym chrastem ovlivnil
statisticky vysoce vyznamn& HTZ, vynos a podil pfedniho zrna a vyznamné& poet zrn v klase. Volba vysevku vysoce
vyznamné ovlivnila po&et klasti na m? a po&et zrn v klasu. Uroven dusikaté vyZivy méla vysoce vyznamny vliv jen na
hodnoty podilu pfedniho zrna. U v3ech sledovanych znaku s vyjimkou podtu zrn na klas byly zjidt€ny i vysoce vyznamné
interakce ro¢niku se zpusobem hospodareni s chrastem. DosaZen4 Groveri znakl byla znadné variabilni v zavislosti na pri-
b&hu povétrnostnich podminek ro&niku. Nejvy33i vynos zrna byl dosaZen v roce 1999 (7,37 t.ha™'), nejnizsi v roce 2000
(5,51 t.ha™). Nejlepsi kvalitativni parametry vykazalo zrno ze sklizn&€ 1998 (vynos 6,22 t.ha™) s podilem pfedniho zrna
89,02 % a celkovou produkci v pfepo¢tu 5,54 t.ha™'. Zaordvany chrast podpofil tvorbu vynosu v zavislosti na prab&hu
povétrnostnich podminek, zejména srdZek. Projevila se silnd autoregulaéni schopnost porostu zaloZeného niZ§im vysevkem
(3,5 oproti 4,5 MKZ). Hnojeni dusikem v dévce 30 kg N.ha™' ve srovnéni s 0 kg N.ha™' se projevilo statisticky vyznamnym
zvy$enim vynosu (0 0,17 t.ha™') a zhor§enim technologickych parametrd zrna je¢mene.

Klitova slova: jarni je¢men; fepny chrést; vynos; vynosové prvky; N hnojeni; vysevek
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Screening of productive Czech winter wheat cultivars
on resistance to aphids

H. Havli¢kova

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT

Eleven productive winter wheat cultivars were assessed on level of resistance to cereal aphids, Metopolophium dirhodum
(MD), Rhopalosiphum padi (RP) and Sitobion avenae (SA) in the field and under the greenhouse conditions. The aphid
density on plants in the field and their reproduction on artificially infested plants in the greenhouse were used as criteria
of the levels of cultivar’s resistance (suitability) to aphids. Correlations between results of both experiment types were
found (r = 0.7054-0.8080). The results of both field and greenhouse experiments showed different level of resistance of
tested cultivars to individual aphid species. None within tested cultivars was resistant to all aphid species. Sarka and
Asta were partly resistant to MD due to arelatively low aphid density on plants in the field tests and slow aphid
reproduction on artificially infested plants in the greenhouse. Boka and Sarka expressed a certain level of resistance to RP
and to SA. The developmental stage of cultivars at the period of the highest aphid occurrence may play an important role

in plant suitability/unsuitability for aphids.

Keywords: wheat cultivars; cereal aphids; resistance; suitability; field experiments; greenhouse tests

Aphid-resistant cereals represent the key to integrat-
ed pest management in these crops and therefore high
attention has been devoted to the research of cereal re-
sistance to aphids (Burton et al. 1990, Reese et al. 1994,
Lamb and MacKay 1995). The host damage caused by
cereal aphids consists not only in draining of nutrients
but also in transmission of viral diseases, inoculation of
toxins, interference with photosynthetic efficiency and
in providing medium for fungal growth (Shepers 1989).

Several thousands of small grain accessions are tested
for resistance to cereal aphids yearly to develop the new
source of resistance. Both field and laboratory tests were
used for the assessment of categories of cereal resistance
to aphids (Robinson 1992, Smith et al. 1992, Lee 1993).
Our previous experiments described the character of re-
sistance/suitability to aphids in a model set of winter
wheat cultivars (Havli¢kova 1993, 1997). The earlier elab-
orated methods were used for the evaluation of several
productive Czech winter wheat cultivars for the resis-
tance to main cereal aphid species.

MATERIAL AND METHODS

Eleven perspective winter wheat cultivars were used
in this experiment: Asta, Astela, Boka, Bruta, Ina, Ilona,
Rexia, Samanta, Sida, Sarka, Vlasta. The research work-
ers of the Division of Genetic and Plant Breeding
Research Institute of Plant Production in Prague-
Ruzyné recommended the collection of these cultivars.
The cultivars were assessed on resistance to three
aphid species, Metopolophium dirhodum (W1k.) (MD),
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Rhopalosiphum padi (F.) (RP) and Sitobion avenae
(Fabr.) (SA) in the field and under the greenhouse con-
ditions.

Field experiments (open)

The plants of individual cultivars were cultivated in the
plots (2 x 2 m) in the locality Prague-Ruzyn&. The field
screening on various resistance of wheat cultivars to
aphids was carried out in 1996-1999. The numbers of
aphids present on 30 tillers of each cultivar were count-
ed every year. The evaluation of aphid density was per-
formed at the peak of aphid abundance when the most of
cultivars were at the end of plant anthesis (GS 69).

Greenouse tests (laboratory)

The air-conditioned greenhouse was used for the lab-
oratory tests of cultivar resistance to aphids. The plants
of individual cultivars were planted in the Mitcherlich
pots, five plants per pot. The plants were infested with
aphids at the end of stem elongation stage (GS 39). Three
individuals of the first instar were placed on tiller. The
plants in one pot were infested with one aphid species
only. The nylon bags covered the pots with infested
plants. At the end of plant anthesis the numbers of MD
and RP present on 15 fertile tillers and SA present in
15 ears in each pot were counted. The experiment was per-
formed under the similar conditions and in the same ex-
tent for four consecutive years (1996-1999).
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The relative values of cultivar infestation with aphids
(the aphid proportions on plants of individual cultivars
in the total aphids present in all cultivars) served as the
criteria of the level of cultivar resistance against individ-
ual aphid species.

RESULTS

The observed differences in developmental stage of
tested cultivars were more evident under the greenhouse
conditions. Ilona was the earliest ripening cultivar both
in the open and in the laboratory tests, while Boka was
the latest one. Sarka and Vlasta, two highly productive
new cultivars, also differed at the rate of development.
The cultivar $4rka developed quicker than Vlasta till the
beginning of inflorescence (GS 51). The developmental
process of Sida and Samanta was slower in laboratory
than in open tests.

Plant infestation with individual aphid species consid-
erably varied in individual experimental years (Table 1).
While MD was present in all studied years, the occur-
rence of RP in tested cultivars was negligible in 1996 and
1997. The highest aphid number per tiller occurred in
1999. The average reproduction of individual aphid spe-
cies on artificially infested plants was rather similar in all
repetitions (Table 2).

Both field and greenhouse tests revealed a different lev-
el of plant suitability for/resistance to the individual aphid
species. None within tested cutivars was resistant to all
aphid species. A significant correlation (> = 0.8080) was
found between open and laboratory tests in cultivar suit-
ability/unsuitability for MD. The results of both tests con-
firmed a high Samanta and Sida suitability for aphids, while
Sarka and Asta were partly resistant. A relatively low num-
ber of MD was also observed in Ina and Vlasta (Figure 1).

The greatest differences among cultivars were found
on the levels of their suitability for RP. Relative values of
cultivar infestation in the field screening correlated with
those received in the laboratory tests (r = 0.7444). The
both types of assessments confirmed the extreme repro-
duction of RP on Ilona. A relative high aphid reproduc-
tion in Rexia in the laboratory did not correspond with
the open tests and a high aphid infestation of Sida in the
field was not in accordance with the lower aphid repro-
duction in the laboratory. Differences between field and
laboratory results were also observed in Vlasta. The
aphid numbers in the other cultivars were low, mostly not
exceeding the average aphid density in the plants. A cer-
tain level of resistance to RP was assessed in Boka, Sar-
ka and Asta (Figure 2).

Majority of tested cultivars represented good hosts for
SA. Relative values of SA infestation on individual cul-
tivars found in the field corresponded with those re-
ceived in the laboratory experiments (r = 0.7054).
According to the field and laboratory results Ilona and
Vlasta represent the good hosts for SA, while a relative
low infestation of S4rka and Boka may express their par-
tial resistance to this aphid species (Figure 3).
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Table 1. Aphid density in winter wheat cultivars in the ficld at the
end of plant anthesis in individual years; 330 tillers were evaluated
every year

Aphid number per tiller

Year

M. dirhodum R. padi S. avenae
1996 3.38 0.28 0.96
1997 11.55 0.19 3.09
1998 8.78 6.19 5.56
1999 50.68 7.96 5.67
DISCUSSION

The resistance of winter wheat cultivars to aphids is
studied in the RICP for a long time and specific methods
for evaluation of plant resistance to these important pests
were elaborated (Havli¢kova 1993). In accordance with
data received by Hon&k and Martinkova (1999) the both
occurrence and density of individual aphid species in
winter wheats varied considerably in experimental years.
Despite the high variability of aphid density in single
years the evident differences among cultivar suitability/
unsuitability for aphids were found.

No cultivar within the tested collection expressed the
high level of resistance to all aphid species neither in the
field, nor in the greenhouse experiments. Both open and
laboratory experiments showed a possible role of plant
developmental stage in express of cultivar suitability/
unsuitability for individual aphid species. The high suit-
ability of Ilona for RA and SA might result from the ear-
liest ripening of this cultivar because both RP and SA
prefer hosts at the higher developmental stage (Dedryver
and di Pietro 1986, Havlitkova 1987). Early ripening Ilona
is probably more attractive cultivar for aphids than in
development delayed resistant Boka. It is known that
both age and plant quality play an important role in host
suitability for cereal aphids (Watt 1979) and that the
changes in plant metabolism during wheat development
influence considerably aphid behaviour of plants (Hav-
lickova 1993). In this aspect the developmental charac-
teristics of cultivars should be taken into account in
evaluating the cereal resistance to SA, one of the most

Table 2. Aphid density in winter wheat plants cultivated in the
greenhouse at the end of plant anthesis, 20 days after infestation;
average values from four repetitions, 165 tillers evaluated in eve-
ry experiment

Aphid number per tiller

Repetition

M. dirhodum R. padi S. avenae
13 113.2 116.8 54.6
2nd 121.3 138.7 65.3
3 133.6 145.7 48.3
4th 113.2 150.0 60.2
Averages 120.3 + 9.64 137.8 £ 14.75 57.1 £ 7.33
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harmfull pest of winter wheat, and RP, the most impor-
tant vector of virus diseases.

Nevertheless, level of cultivar suitability for aphids
was probably affected by further factors. This hypothe-
sis has been confirmed by the results received by tests
of two newly selected, highly productive winter wheat
cultivars, earlier developing Sarka and later developing
Vlasta. The former, although earlier, was less attractive
for SA than the later ripening Vlasta. A relatively high
suitability of Vlasta for SA could originate from Hana
cultivar, which is highly attractive cultivar for SA (Havli¢-
kova 1997), and was used for Vlasta selection. On the
contrary, a partial resistance of Sarka to SA and MD may
result from the use of Mironovskaya nizkorostlaja for
Sarka selection. It may be supposed that the resistance
factors to aphids from Mironovskaya cvs were trans-
ferred to Sarka regarding the high resistance observed in
Mironovskaya 808 (Havlitkova 1993).

Our results showed that partial resistance of several
winter wheat cultivars to the individual aphid species
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Figure 1. Relative values of cultivar infestation with M. dirhodum;
averages from four experiments in the greenhouse (LAB) and
from the years 1996-1999 in the field (OPEN)

Figure 2. Relative values of cultivar infestation with R. padi;
averages from four experiments in the greenhouse (LAB) and
from the years 1996-1999 in the field (OPEN)

Figure 3. Relative values of cultivar infestation with S. avenae;
averages from four experiments in the greenhouse (LAB) and
from the years 1996-1999 in the field (OPEN)

occurred in the tested collection. As Kogan and Ortman
(1978) emphasised that the use of partly resistant crops
to pests in combination with cultural practices might
contribute to both reduction in pest damage and decrease
in chemical control. According to Quisenberry and
Schotzko (1994) resistance of crops to major insect pests
must be incorporated into new cultivars just as agronomic
characteristics are presently incorporated.
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Hodnoceni rezistence produktivnich feskych odrid ozimé pSenice vi&i mSicim

Na 11 vykonnych odridéch ozimé pSenice, vybranych na doporugeni pracovnikit Odboru genetiky a $lechténi Vyzkumného
tistavu rostlinné vyroby, byla v polnich a sklenikovych podminkach zjiftovana hladina rezistence vi&i mici sttemchové,
Rhopalosiphum padi (L.), kyjatce travni, Metopolophium dirhodum (WIk.) a kyjatce osenni, Sitobion avenae (F.). Kritériem
rezistence vuci mdicim byla v polnich i sklenikovych testech hustota mic na rostlindch na konci faze kveteni. V polnich
podminkach se vychéazelo z pfirozeného napadeni rostlin, ve skleniku z rychlosti reprodukce msic na uméle infestovanych
rostlindch. Mezi vysledky polnich a sklenikovych pokusii byl stanoven vztah statisticky vyznamné korelace (v rozmezi
r=0,7054 az 0,8080). Vysledky obou typii testd ukazaly riznou hladinu rezistence vadi jednotlivym druhiim mgic. Zadna
z testovanych odrid nebyla rezistentni vi¢i viem druhim msic. Odriudy Séarka a Asta byly &asteéné rezistentni vidi kyjat-
ce travni podle relativné nizkého stupn& napadeni v polnich podminkach a nizké mnoZivosti mic na uméle infestovanych
rostlinach. Odrudy Boka a Sarka vykazaly urgity stupeii rezistence viiéi msici sttemchové a kyjatce osenni. Je diskutovan
vliv ristové faze rostlin na hladinu vhodnosti/rezistence testovanych odrid vici obilnim mSicim.

Klitova slova: odridy p3enice; obilni m3ice; rezistence; vhodnost; polni pokusy; sklenikové testy
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The influence of fertilization and weather conditions on winter rape
yield in the East Slovakian Lowlands

G. srojtové, S. Téth, 1. Salamon

Regional Research Institute of Agroecology, Michalovce, Slovak Republic

ABSTRACT

In field experiments conducted between 1981 and 1999, the influence of fertilizer regimes in conjunction with yearly
weather conditions were observed on the yield of winter rape plants (Brassica napus L.). Based on the statistical evalua-
tion of the analysis of variation, it was concluded that the fertiliser regime was the dominant factor in determining the
yield variability in this crop. The influence of the weather factors in the East Slovakian Lowlands was secondary during

18 year period.

Keywords: winter rape; fertilization; yield; weather conditions

Growing any crop and especially one of economic im-
portance, is not possible without an intensification of
farming practices that ensure adequate fertility. At the
same time, it is necessary to take into account the suit-
ability of the crop for local conditions and the local econ-
omy. When growing winter rape, high input of fertilisers
insures adequate growth, but the system and results are
now being looked in conjunction with environmental
conditions year by year (Petr et al. 1987, Bizik 1994).

These problems have been studied by many workers
in Slovakia as well as in other countries. Much of the work
has focussed on nitrogen, due to its intransigent nature,
as well as other nutrients and actual agronomic tech-
niques (Damaska 1985, Petr et al. 1987, JaniSevskij et al.
1991). More and more workers are bringing together the
interactions between fertilization and environment, rath-
er than just taking one factor in isolation (Va§ak and Fab-
ry 1996, Lozek 1998).

The goal of this work was to evaluate fertilizing as an
intensification factor and also the influence of the envi-
ronment. As well as being assessed as individual factors,
they were also considered in conjunction with each other.

MATERIAL AND METHODS

Trials were done on varieties of winter rape at the Re-
search Institute of Agroecology Michalovce, Slovakia,
next to the village of Vysoka nad Uhom, from 1981 to
1999 inclusive. The Institute is situated in the centre of
the East Slovakian Lowlands. The soil is a luvisol (LM).

The crop was grown using traditional cultivation tech-
niques. There were three application rates of fertilization
(K —the control with no-fertilization, 1. 205 kg NPK .ha™'!
and II. 286 kg NPK.ha™) with four replicates. Crushed
limestone was also added to all treatments at the rate of
6 t.ha™', ploughed into the depth of 100 mm into stubble,
and the ground was then rolled. Fresh manure at a rate of
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40 t.ha"'was ploughed into a depth of 220 mm three weeks
prior to sowing. N, P and K were also applied prior to
sowing and worked into the surface layers. Chemical
control was made by suitable pesticides. The varieties of
winter rape Brink (1981-1985), Tandem (1986-1988), Jet-
neuf (1989-1995), Lirajet (1996—1998) and Olymp (1999)
were used during last 18 years. Seed-rate was 1 million of
germinating seeds per hectare. Pre-crop for winter rape
cultivation in the East Slovakian Lowland conditions is
usual winter wheat.

Results were evaluated by total analysis of variance
(Dubovsky et al. 1969).

Soil conditions

Soil extractable nutrient levels, soil reaction and soil
organic matter were determined during the study from
1981 to 1999. In regard to average results, content of or-
ganic matter is 0.969%, soil pH 6.81, 225.60 mg N.kg™',
67.75 mg P.kg™,272.50 mg K.kg™' and 94.60 mg Mg kg™.

Luvisol (LM) approximately occurs 17.80% of the total
area in the East Slovakian Lowlands.

Weather conditions

The East Slovakian Lowlands is a North-Eastern prom-
ontory of the Great Tiszian Lowlands. This area is planed
with an altitude 94 up to 140 m and belongs to dry and
semidry regions with an average year temperature 9°C,
average temperature through a vegetative period 15.2°C.
The average year precipitation 557 mm, average precipi-
tation through vegetative period 397 mm. The meteoro-
logical station, which is situated near the fields, was
given the information about weather conditions.

The detail soil and weather characteristics in relation
to experiment years were published by Téth (1998).
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Tablel. Results of complete analysis of variance

Component N sz Fo Eis s Significance Absolutely % (F,, = 100%) Order
Total variability 114 88.207 1 453 - - - - - -
Years 18 24.582 2 541 25 xx 2 538 101 647.54 2
Fertilization 2 54.810 50 995 52 xx 50 990 980 668.94 1
Repetition 1 SE-05 0.087 4.1 - -4.013 2.1215601 -
Years x fertilization 36 8.782 453.9 2.1 xx 451.8 21 615.011 3
Years x repetition 18 0.013 1.301 1.8 - -0.499 72.286229 -
Fertilization x repetition 2 0.002 1.385 32 - -1.815 43.285397 -
Rest 36 1.51 - - 0.023 - - - -

N = degree of freedom; S? = sum of squares per item; F, = calculated value; F,, = tabular value; s = standard deviation; absolutely =

differences between F_, and F, ,; rest = experimental error

RESULTS AND DISCUSSION

Influence of following factors: variants of fertilization,
year weather conditions, replication was evaluated in
experiments as all double interactions (Table 1). It was
concluded that the fertilization was the main factor in
determining the yield variability of winter rape. The simi-
lar results were obtained by Bizik (1994), but without the
consequent analysis of fertiliser interactions, and by next
workers (Va$ak and Fabry 1996, LoZek 1998).

Petr et al. (1987), Damaska (1985) and JaniSevskij et al.
(1991) studied in more details relationship between N and
a content of nutrients in soil. It is confirmed that there is
a considerable stage of variability in the mineralization
of N in accordance with weather conditions. The variabil-
ity at level of 13—20% of winter rape yield was caused by
these conditions (Fabry et al. 1975).

On the other hand, relationship between the crop yield
and soil-weather conditions are considerably different
and dependent on many factors. An expression of influ-
ence of the concrete factor on the crop yield is not con-
stant, because it refers to the range of environmental
conditions. The present theory and practice results
showed that fertilizer regime of winter rape cultivation
relieves unfavourable effects of abiotic and biotic growth
factors (Voskeruska 1972, Va$dk 1989, srojtové 1993,
1997, Vasék and Fabry 1996).

The result analysis in relation to winter rape yield or its
stability is presented by the influence of factors in the
order: fertilization and year weather conditions. This or-

tha
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Figure 1. Winter rape seed yields according to fertiliser variants

ROSTLINNA VYROBA, 47, 2001 (7): 330-332

der is interesting because the difference of fertilizer vari-
ants exceeded the influence of the year weather condi-
tions with strongly different character of weather.

When the difference of winter rape yields during eval-
uated years is higher than 15.19 kg.ha™', these results are
significant respectively higher than 20.31 kg.ha™' they are
very significant. The highest crop yield was in 1992, re-
spectively the lowest in 1981.

When the difference of winter rape yields in relation to
fertiliser variants (K the control with a basal fertilization,
1. 205 kg NPK.ha™' and II. 286 kg NPK.ha™') during evalu-
ated period is more than 38.23 kg.ha™, the results are sig-
nificant, or when they are higher than 51.11 kg.ha™', they
are very significant (Figure 1). The very high significance
in order to crop yields was computed among the variants
of fertilizer regime in conjunction with yearly climatic con-
ditions.

Finally, when the difference of crop yields in respect to
fertiliser variants and different years together during this
period is higher than 10.74 kg.ha™, the results are signifi-
cant or higher than 14.36 kg.ha™, they are very significant.
The yield results of the variant K in comparison with the
variants I and II are very significant, respectively. The cal-
culation between variants I and 11 determined the signifi-
cance except for years: 1981, 1984, 1989 and 1998 (Figure 2).

The conclusion of the research is presented in order to
establish the statistical evaluation of the analysis of vari-
ation, that the fertiliser regime was the dominant factor in
determining the yield variability of winter rape in weath-
er conditions on the East Slovakian Lowlands.

Figure 2. Winter rape seed yields in relation to weather conditions
during years
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Vliv hnojeni a povétrnostnich podminek na vynosy ozimé fepky ve Vychodoslovenské niZin&

V polnich pokusech jsme v letech 1981 az 1999 sledovali vliv hnojeni, povétrnostnich podminek a interakce téchto faktoru
na tvorbu vynost ozimé fepky (Brassica napus L.). Na zaklad& statistického vyhodnoceni uplnou analyzou variance se
jako dominantni zdroj promé&nlivosti ozimé fepky na Vychodoslovenské niZin€ po dobu 18 hodnocenych let projevilo hno-

jeni pted povétrnostnimi podminkami.
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Corresponding author:

Ing. Gabriela Srojtov, Oblastny vyskumny ustav agroekologie, Spitalska 1273, 071 01 Michalovce, Slovenské republika,
tel.: + 421 946 644 38 88, fax: + 421 946 642 02 05, e-mail: toth@in4.sk

332

ROSTLINNA VYROBA, 47, 2001 (7): 330-332


mailto:toth@in4.sk

POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké prace, kratka sdéleni
a vybérove i prehledné referaty, tzn. prace, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v dané
oblasti. Prace jsou uvefejiiovany v angli¢tiné. Rukopisy musi
byt dopInény anglickym a ¢eskym abstraktem (véetné klico-
vych slov). Autor je pIn€ odpovédny za pivodnost prace a za
jeji véenou i formdlni spravnost. K praci musi byt prilozeno
prohldseni autora o tom, ze prace nebyla publikovana jinde.
O uvefejneéni prace rozhoduje redakéni rada casopisu, a to se
zietelem k lektorskym posudkum. védeckému vyznamu
a prinosu a kvalité prace. Rozsah védeckych praci nesmi pie-
sahnout 10 strojopisnych stran véetné tabulek. obrazku a grafi.
V praci je nutné pouzivat jednotky odpovidajici soustavé mé-
rovych jednotek SI (CSN 01 1300).

Vlastni dprava rukopisu: format A4, mezi fadky dvojité
mezery. K rukopisu je tfeba prilozit disketu s praci pofize-
nou na PC a s grafickou dokumentaci. Tabulky, grafy a fotografie
se dodavaji zvlast. Na viechny prilohy musi byt odkazy
v textu.

Pokud autor pouziva v praci zkratky jakéhokoliv druhu, je
nutné. aby byly alespon jednou vysvétleny (vypsany), aby
se predeslo omylum. V nazvu prace a v souhrnu je vhodné
zkratky ne-pouzivat.

Nazev prace (titul) nema pfesdhnout 85 thozl. Jsou vylou-
¢eny podtitulky &lanku.

Abstrakt je informa¢nim vybérem obsahu a zévéru ¢lanku,
nikoliv viak jeho pouhym popisem. Mél by vyjadrit vie pod-
statné. co je obsazeno ve védecké praci, a ma obsahovat za-
kladni ¢iselné Gdaje véetné statistickych hodnot. Musi obsa-
hovat klicova slova. Nema prekrodit rozsah 170 slov. Je tie-
ba. aby byl napsan celymi vétami, nikoliv heslovité. Je uve-
fejiovan a mél by byt autory dodan v angli¢tiné a ¢eStiné.
Uvod ma obsahovat hlavni divody. pro¢ byla préace realizova-
na. a velmi struénou formou ma byt popsan stav studované
otazky.

Literarni prehled ma byt kratky, je tfeba uvadét pouze cita-
ce majici Gzky vztah k problému.

Metoda sc popisuje pouze tehdy, je-li puvodni, jinak posta-
¢uje citovat autora metody a uvadét jen pfipadné odchylky.
Ve stejné kapitole se popisuje také pokusny material.
Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot dava pfednost grafum pfed tabulkami. V tabulkach je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nélezy.

Diskuse obsahuje zhodnoceni prace, diskutuje se 0 moznych
nedostatcich a prace se konfrontuje s vysledky dfive publi-
kovanymi (poZaduje se citovat jen ty autory, jejichZ prace maji
k publikované préci blizsi vztah). Je pfipustné spojeni v jednu
kapitolu spolu s vysledky.

Literatura by méla sestavat hlavn¢ z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autort. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydéni.
Do seznamu literatury se zafadi jen prace citované v textu.
Na zvladtnim list¢ uvadi autor plné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adre-
su pracovisté s PSC, ¢islo telefonu a faxu, resp. e-mail.
Rukopis nebude redakei pFijat k evidenci, nebude-li po
formalni strance odpovidat témto pokyniim.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selective
reviews (i.c. papers based on the study of agricultural literature
and reviewing recent knowledge in the given field) are published
in this journal. Papers are published in English. Each manuscript
must contain an English and a Czech summary (including key
words). Czech abstracts will be provided for foreign authors. The
author is fully responsible for the originality of his paper, for its
subject and format. The author should make a written declaration
that his paper has not been published in any other information
source. The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific importance,
contribution and quality of the paper. The paper should not exceed
10 typescript pages, including tables, figures and graphs.
Manuscript layout: paper of standard size (210 *x 297 mm),
double-spaced typescript. A PC diskette should be provided
with separate text and graphic files. Tables, figures and photos
should be enclosed separately. The text must contain references
to all these appendices.

Ifany abbreviation is used in the paper, it is necessary to mention
its full form for the first time it is used, abbreviations should not
be used in the title or in the summary of the paper.

The title of the paper should not exceed 85 characters. Sub-
headings are not allowed.

Abstract should contain the subject and conclusions of the paper,
not a mere description of the paper. It must present all substantial
information contained in the paper. It should notexceed 170 words.
It should be written in full sentences and contain basic numerical
data including statistical data. It must contain keywords. It should
be submitted in English and, if possible, also in Czech.
Introduction has to present the main reasons why the study was
conducted, and the circumstances of the studied problems should
be described briefly.

Review of literature should be a short section, containing only
references closely related to the main topic of the paper.

Only original methods should be described, in other cases cite the
method used and any modifications. This section should also
contain a description of experimental material.

In the Results section figures and graphs should be used rather
than tables for presentation of quantitative values. A statistical
analysis of recorded values should be summarized in tables. This
section should not contain either theoretical conclusions or
deductions, but only experimental data.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
compared with previously published results (only those authors
whose studies are closely related to the published paper should
be cited). The section Results and Discussion may be presented
as one section.

The References section contains citations arranged alphabetically
according to the surname of the first author. References in the text
include the author’s name and year of publication. Only the papers
cited in the text of the study should be included in the list of
references.

The author should give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telephone and fax
number or e-mail.

The manuscript will not be accepted by the editorial office
in case its format does not comply with these instructions.



ROSTLINNA VYROBA

PLANT PRODUCTION

Volume 47, No. 7

OBSAH -CONTENTS

Kvitek T.:
Crystallinic water regime and water quality in catchments

July 2001

Vodni rezim krystalinika a jakost vody v povodich .......c..ocoiiiiiiiii 289
MiSa P., Ken J.:

Energy balance in model arable farming systems

Energeticka bilance v modelovych systémech rostlinné produkce ... 295
Misa P, Kien J.:

Measurement of sustainability of model arable farming systems

Hodnoceni setrvalosti modelovych systémul rostlinné produkece ........cccooiiiiiiiiiiiiiiiiis e 301
Kraus I., Spunarovz’u M., Hartmann J.:

An effective set of primers for identification of spring barley varieties grown in the Czech Republic

and genetic diversity of these varieties

Identifikace a genetickd diverzita odriid jarniho jeémene pestovanych v CR ..o 309
Ceh Breznik B.., Tajnsek A.:

Yield and malting characteristics of winter barley (Hordeum vulgare L.) depending on agrotechnical

arrangements and mineral nitrogen rates

Vynosoveé a sladovnické charakteristiky ozimého je¢mene (Hordeum vulgare L.) v zavislosti na systému

agrotechniky a davkach mineralniho dusiKu .....oooooiiiiiii e 314
Cerkal R., Zimolka J., Hiivna L.

Using plough down of sugar beet tops to affect the production parameters of spring barley

in a maize-growing region

Ovlivnéni produkénich ukazatelt jarniho je¢mene zaoravkou fepného chrastu v kukufiéné oblasti ........coeee. 319
Havli¢kové H.:

Screening of productive Czech winter wheat cultivars on resistance to aphids

Hodnoceni rezistence produktivnich ¢eskych odrid ozimé pSenice VUCi mSICim ....coocevviieiiiiniiieineiieecnee. 320
Srojtova G., Toth §., Salamon .:

The influence of fertilization and weather conditions on winter rape yield in the East Slovakian Lowlands

Vliv hnojeni a povétrnostnich podminek na vynosy ozimé fepky ve Vychodoslovenské niziné ........................ 330

Védecky ¢asopis ROSTLINNA VYROBA ® Vydivi Ceska akademic zemédélskych véd - Ustav zemédélskych a potravinaiskych
informaci ® Redakce: Slezskd 7, 120 56 Praha 2, tel.: +42022701 0507, fax: +4202 2701 01 16, e-mail: editor@uzpi.cz ® Sazba
a tisk: UZPI Praha @ © Ustav zemédélskych a potravinaiskych informaci, Praha 2001

Rozsifuje Ustav zemédélskych a potravinafskych informaci, referat odbytu, Slezska 7, 120 56 Praha 2


mailto:editor@uzpi.cz

