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Production and ecological functions of grassland in landscape

The 13th General Meeting of the European Grassland Federation to be held in
June 1990 at Banskd Bystrica will discuss the soil — grassland — animal relation-
ship, as its main subject. The main reports and the papers by the participants, both
Czechoslovak and from other countries, all refer to this subject. Following up with
this scientific session, this topical issue of the magazine Rostlinnd vyroba now
appears as an additional survey of the activity and results of grassland research
mainly in the Czech Socialist Republic. It should be stressed in this context that
over the past ten years our grassland research has been focused on both the agro-
economic and environmental aspects of the problems studied, in order to avoid great-
er damage that might be caused by the proposed techmnologies of grassland im-
provement and intensification to the important non-production functions of grassland
in the landscape. Czechoslovakia is among the countries with a small area of agri-
cultural land (0.43 ha) and arable land (0.30 ha) per capita of population, so we must
handle our land fund with utmost care, making use of all its functions in the land-
scape and preventing any decrease in its productivity.

In Czechoslovakia, grasslands cover 24.49, of all farm land. Their real pro-
duction and economic role still remains at an about 509/, level because a large pro-
rortion of these sites are located on steep slopes (about 259, of the area on slopes
above 15°) and because the fertility of their soils is low, including extreme moisture
conditions, high acidity, deficit of some nutrients. However, at the same time, grass-
land, together with forests, is the most important stabilizing factor of the landscape
in Czechoslovak conditions. This function of grassland should by no means be weak-
ened: it should be utilized rationally within the complex of reclamation, inten-
sification and exploitation practices. The increased content of organic matter in the
soils under grassland, the perennial nature and long growing season of the stands
provide them with a high degree of self-regulation of the environmental processes
and a capability to offset, to some extent, the adverse effects to which the soil and
plants are exposed. Grassland is an important factor of erosion control on hillsides
and in inundation areas. Its high retention capacity protects the surface and under-
ground waters against pollution with nitrates. Grassland is also an important hygien-
ic and aesthetic feature in the landscape and may also be a source of important or
protected flora. Meadows and pastures produce large amounts of nutrients and
energy for ruminants and are an important ecosystem whose varied species composit-
ion contributes significantly to the nature of the landscape and to its stability.

Drainage of waterlogged meadows and pastures is frequently an object of argu-
ment between ecologists, hydrologists and agronomists. Ecologists often consider the
drainage of waterlogged grassland as unnecessary or even harmful. They recommend
that waterlogging should be removed only through the so-called biological drainage,
i.e. increased evapotranspiration of the fertilized stands. However, research results
suggest that increased water output from the plants (30 to 100 mm annually) usually
fails to offset the flow of water from the springs and the high water table. There-
fore it is mecessary in the majority of cases to combine biological and technical
means. Unfortunately, intensive drainage of grassland often led to permanent re-
clamation which in turn caused an increased erosion and eutrophication of water
in the watersheds. Under Czechoslovak conditions, any unnecessary drainage is a
loss, both financial and environmental. Good hydrological and environmental possi-
bilities are offered by the nmewly developed system of regulation drainage.

Permanent grasslands have a substantial enviromental mission mot only as
possible sites of occurrence of rare plants but also for the high nitrate retention ca-
pacity of the sward. There is clear experimental evidence that the nitrate content
in the infiltrated water under permanent sward is much lower than under the sward
of tempurary grassland. The high erosion control capacity of permanent grassland
is also wvery important. However, permanent grassland does not provide very high
herbage output and fails to accept a larger proportion of clovers with the high acti-
vity of their rhizobial bacteria which would save nitrogen fertilizers. A significant
contribution from the agroeconomic and ecological point of view is offered by the
developing technology of no-tillage overseeding into the sward.

Full and well-balanced nutrition, together with an adequate water regime, is
a major factor underlying the production of grass biomass and the production of
nutrients. Nitrogen is a key nutrient which has the highest production efficiency in
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Czechoslovak conditions; however, nitrogen may have some adverse effects on the
environment and landscape. As a rule, an increased nitrogen application rate leads
to a considerable reduction of the species diversity of the stand and the content
of nitrates in the herbage may exceed the tolerable level. Nitrogen application
rates must therefore be optimized with respect to the given environmental con-
ditions and the technique of application of fertilizers has to be refined. In this asso-
ciation, it should be stressed again that grassland sward has a high (but not ex-
treme) nitrate retention capacity. It is very important, as indicated by research re-
sults, that nitrogen losses under intensively fertilized grasslands were the same as,
or lower than, under unfertilized and unexploited grasslands. High importance is
also attached to the recommendation to use biological sources (especially some va-
rieties of white clover and red clover) to meet the high nitrogen requirement of
grassland. Although such an orientation of grassland management is more exacting
from the agronomic point of view, it provides in some cases the best economic re-
sults, saves energy, and is most acceptable for the environment.

Systems of grassland improvement and intensification lead, with their conse-
quences, to an equalization of the water, air and nutrient regime which is most
suitable to the cultivated mesophytic plant and animal species. Species of hygrophyt-
ic and oligotrophic type disappear from the landscape. In each particular case, due
attention should be paid to the priorities of the production or mnon-production
functions of the sites in the landscape and watershed, and the method and intensity
of exploitation should be determined on this basis. If the approaches are differen-
tiated like this, it will be possible to maintain some diversity of the meadow sites
and grass stands and to prevent them from equalization. However, rational solutions
require thorough knowledge of the theoretical problems and detailed familiarization
with the features of the given site and landscape.

In close association with the above-mentioned problems, solutions are being
sought to the problems of herbage quality, nutrient concentration and energy con-
tent; all this is important for efficient nutrient and energy conversion in ruminant
nutrition. It is necessary to employ all the known and technically available practic-
es, including grazing, to achieve a substantial reduction of losses in the process of
herbage production and utilization. The effectiveness of fertilization should be
evaluated mot only quantitavely but also with an increased emphasis on quality.
This applies to nitrate content as well as to the concentration of potassium in her-
bage, to its ratio to other cations, to the presence of a number of nutritionally de-
fective substances etc. The proportion of clovers and herbs is of substantial im-
portance for the quality of herbage and for its intake by animals. Increased attention
should be paid to the methods of preservation of meadow and pasture herbage which
are decisive for its resultant quality. We are aware that good-quality and hygienic-
ally safe forage is an important link in the food chain for human nutrition.

Ing. Drahomir Haken, CSc.
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EVAPOTRANSPIRATION FROM GRASSLAND AND ITS RELATION
TO THE GROUNDWATER TABLE

P. Klimova, D. Haken, T. Kvitek

KLIMOVA, P. — HAKEN, D. — KVITEK, T. (Research Institute for Soil Im-
provement, Praha): Evapotranspiration from grassland and its relation to the
groundwater table. Rostl. Vyr., 36, 1990 (5) : 451-462.

A five-year trial was conducted at Uhfinéves with compensating lysimeters
[groundwater table (GWT) at a depth of 70 cm (1984, 1985), at 55 cm (1986, 1987)
and at 50 cm (1988), with disturbed medium-heavy, loamy, gray-brown podzolic
soil] to study the effect of the depth GWT on evapotranspiration (ET) in grass-
land and on water supply from GWT through capillary elevation, representing
a component of ET balance. The average ET for the growing season was 433,
447 and 494 mm at GWT depths of 70, 55 and 50 cm and the average values of
water supply through capillary elevation from GWT at the given depths were
20.8, 33.5 and 112.6 mm. The differences in the amount of capillary water at three
values of GWT are statistically significant, while the differences in ET do not
differ significantly. A statistically significant relationship was observed between
air saturation deficit (Sd) and ET at each depth of GWT observed. Between the
air Sd and the amount of capillary water from GWT. there was a close correla-
tion at a GWT of 50 cm and 70 cm. A close correlation is observed between the
amount of water supplied from GWT and potential ET (Penman, at a GWT of
50 cm, 55 cm) and a comparatively less close correlation to actual ET (depen-
dence found only at GWT 50 c¢m).

grassland; lysimetric trials; groundwater table; evapotranspiration; capillary
supply from groundwater table

Optimum conditions of groundwater table (GWT) for the growth of
grasslands are provided when the imbibing capillary margin lying above
GWT reaches the root zone in the growing season without permanent
waterlogging (Turek quot. by Klesnil 1982) and when the ma-
ximum height of GWT supplies this zone with 5 mm of water daily
(Haken, 1976; Brandyk, Wesseling, 1985).

GWT should be stabilized at an adequate depth under the soil sur-
face: in meadows it is 0.5—0.6 m or 0.4—0.7 m in the growing season,
lower value applying to lighter-textured soils, higher ones to heavier-
-textured soils (Jiva etal, 1973; Klesnil. 1982).

As stated in the standard ON 75 4202 (1987), the admissible lowest
GWT depths under soil surface (h,;), which are 0.25—0.4 m for
meadows, are decisive for evaluation of suitable levels of GWT. The
GWT is ascertained from the relationship of the value representing the
depth of the drain and the h,;, value. The optimum depth of GWT for
permanent grasslands is given by the standard for loamy soil to be
0.70—0.85 m. The values of GWT above optimum for the grassland
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testify to the priority of sod bearing capacity. The requirement for bear-
ing capacity is limited by optimum height from the viewpoint of the
stand and brings about a need to optimize water regime as related to
other factors of the site (Haken, 1976; Kvitek, 1985).

GWT affects the rate of evapotranspiration (ET) through the supply
of water into active soil profile. When determining ET by water balance
(by the lysimetric method) the amount of capillary water from GWT can
be investigated as one of the components of water balance.

The importance of three different depths of GWT for the ET of the
grassland is studied in this paper from the viewpoint of water supplied
from GWT and its utilization in ET, and the data are evaluated in
relation to weather conditions as one of the decisive factors of the
significance of GWT for ET.

MATERIALS AND METHODS

The trial was performed at Uhfrinéves (1984 — 1988) at an altitude of 295 m
above sea level; the climatic region is mild and warm, subregion B: — moderately
warm with prevailing warm winter. The normal of precipitation is 575 mm, tempe-
rature normal 8.3 °C (380 mm and 14.6 °C, in the growing season). Precipitation was
recorded directly at the site, the values of air temperatures were taken from the
Czech Hydrometeorological Institute at Uhrinéves.

Evapotranspiration (ET) was determined volumetrically by five compensatory
lysimeters (type according to Thorntwait, P = 4 sq m, depth 0.8 m) filled up to the
soil surface. The lysimeters are filled with soil from the site (in 1981). The ground-
water table (GWT) is kept constant: in 1984 and 1985 at 70 cm, in 1986 and 1987,
at 55 cm and in 1986 at 50 cm. The measurements were carried out in the growing
season,

Characteristics of soil layer 0—30 cm: brown earth, loamy soil, medium-heavy-
-textured soil (content of clayey particles 34—38 9/, content of category II 43—50 %),
porosity 49—55 Y, specific weight 2.66 g per cubic em, good reserve of available
nutrients (phosphorus 120—160, potassium 90—130 and magnesium 100—120 mg per
kg); the soil is sorptively saturated, humus content is medium (1.2—1.79, C..
content of total nitrogen is 0.18—0.19 9,. The soil-forming substrate is composed of
loess loams.

The lysimeters differed in nitrogen application rates (gradated application at
rates of 0, 50, 100, 200 and 300 kg per ha); PK-fertilization was the same in all lysi-
meters: 44 P and 133 K (1984 and 1985), 60 K (1986 and 1987), 100 K (1988) in kg
per ha. PK was applied in autumn, application of N was divided: 45 9/, at the beginn-
ing of the growing season, 3509/, after the first cut and 209, after the second cut.
All fertilization treatments are evaluated aggregatively.

Lysimeters were sown with grass mixture (August 31, 1983) consisting of mea-
dow fescue (Festuca pratensis HUDS.), timothy (Phleum pratense L.) and smooth-
-stalked meadow grass (Poa pratensis L.)-at sowing rates of 12, 10 and 8 kg per ha,
respectively. Values of ET (i.e. actual ET) for each period of sowing and for the
whole growing season were determined on the basis of the water balance:

ET =S + Z — O + AW [mm],

the separate balance components being precipitation (S), water infiltration from
active soil profile up to the level of GWT (O), increase or decrease of water from
water reserve (AW) and water supplied by capillary elevation from GWT into the
active soil profile (Z). The determination of potential ET (ETP) is carried out after
Penman.

Analysis of variance was used in testing the significance of differences between
ET at different GWT’s. Test after Scheffe and method of multiple comparison were
used to offset the lack of balance in the model and the non-homogeneity of dispers-
ion. Regression analysis was used for evaluation of the relationship of ET values to
weather.
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RESULTS AND DISCUSSION

Weather conditions, evapotranspiration in grassland

From the viewpoint of requirement of grassland for weather, the
years 1984 and 1985 were comparatively favourable, 1987 was very fa-
vourable, and 1986 and 1988 were unfavourable (a period with rainfall
deficit at high temperatures) (Fig. 1). The highest consumption of water
for evapotranspiration per yield unit (transpiration coefficient = 606,
589, respectively), and at the same time the highest values of relative
deficit of evapotranspiration (1 — actual ET/potential ET) were recorded
in 1986 and 1988. ,

- The average value of ET for the growing season was 451 mm in the
five years of trials and the average ETP (potential ET, Penman; was not
recorded in 1984) was 474 mm; the average daily ET was 2.50 mm for
the whole period (Tab. 1), and the ETP was 2.71 mm. The lowest total
ET’s and the lowest average daily ET’s were recorded in 1984 (the first
production. year, GWT 70 cm). The highest values were in 1988 (GWT
50 cm). The average ET for the growing season was 433 mm at GWT
70 cm, 447 mm, at GWT 55 cm, and 494 mm at GWT 50 cm.

The values of ET and its components were influenced simultaneously
by weather along with the effect of stands-giving different yields (the
differences. were caused by weather in the separate years and by the
year-to-year variation of the stand) and, finally, by the GWT. With
the available set of data, the effect of different GWT’s on the stand
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. Weather data, evapotranspiration (ET) and capillary water supplied from GWT and used for ET

T

Summary values for the periods of separate cuts and for the whole growing season of grassland

70 70 55 55 50
GW'T (e 1984 1985 1986 1987 1988
I II II+4+1v| I II III 4+ 1V I II III+ IV I II III+IV] I II III + IV
Cuts
I-1V I1-11I I-III I-1V 1111
Precipitation 111 100 209 107 165 146 81 144 161 112 175 250 33 197 178
(mm) 420 418 386 537 408
Air temperature 588 791 1352 652 895 1387 603 937 1134 564 770 1295 668 830 1105
(4] 2730 2935 2674 2628 2603
Saturation deficit 24 28 41 27 31 41 25 36 38 24 22 34 33 23 37
of air (KPa) 93 99 100 80 93
Potential ET — — — 126 178 176 125 198 166 119 147 196 152 152 165
(mm) - 480 488 ' 462 469
Actual ET 119 108 170 117 171 181 126 169 145 109 144 201 127 172 195
(mm) 397 469 440 455 494
Capillary water sup-
plied from GWT and 2.7 16.2 53 1.4 2.3 13.8 7.7 34.4 23.1 0.7 2.6 10.5 56.2 23.7 32.7
24.2 17.5 65.2 13.8 112.6

used for ET (mm)
Yield (dry matter 1.94 3.37 3.05 3.71 5.15 2.38 2.80 2.02 2.44 3.48 4.39 3.05 2.69 3.28 2.41
in t per ha) 8.36 11.24 7.26 10.92 8.38
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Average daily values in the periods of cuts and for the whole growing season

70 70 55 55 50
GWT (em) 1084 1985 1689 1087 1088
I I m+1Iwv| 1 I MI4+Iv| I I II+IV| I I II4+IV| I II II4IV
Cuts
-1V 1IN 1—II1 I-1V TTHT
Precipitation 195 1.96 222 | 1.87 288 212 | 220 249 211 | 219 373 313 | 0.63 3.94 274
(eam) 2.08 2.28 2.26 3.02 2.44
At SED e 103 155 144 |11.4 157 201 |163 162 149 |11.0 164 162 |129 166 17.0
¢C) 135 16.0 15.6 14.7 15.6
Saturation deficit 041 055 044 | 047 055 059 | 068 0.63 050 | 047 047 043 | 0.64 047 057
of air (kPa) 0.46 0.54 0.58 0.45 0.56
Potential ET - = 221 312 255 | 338 341 218 | 233 313 245 | 292 304 255
(mm) 4 2.62 2.85 2.60 2.81 |
Actual ET 209 212 181 | 205 300 262 | 3.40 291 191 | 214 306 251 | 244 344 300 |
(mm) 1.96 2.56 257 2,56 2.96 |
|
|
Capillary water sup- i
plicd from GWT and| 005 032 006 | 002 004 020 | 021 059 030 | 001 006 013 | 108 047 050 |
0.12 0.10 0.38 0.08 0.67 .
used for ET (mm) = -




cannot be clearly confirmed from the values of ET (neither from the
yield, nor from the effectiveness of water). The differences between ET
values at GWT 70, 55 and 50 cm are nat statistically significant with
respect to the non-homogeneity of dispersion. Insignificant differences
were found in the periods of the first and second cuts. A significant
difference (@ = 0.01) in ET between GWT at 50 cm and the remaining
GWT’s at 55 and 70 cm was recorded only at the third cuts.

Walter supply from GWT through capillarity into the active soil layer

The significance of the GWT is, therefore, evaluated on the basis
of one of the components of ET balance, using the amount of water
added through capillarity from GWT into the active soil profile of 5 to
40 cm where this water is used for ET. The amount of capillary water
was low in each year, except 1988 at a GWT of 50 cm; however, water
supply was not sufficient in the period of higher requirements of the
stand for water even at a GWT of 50 cm.

Water supply through elevation is differentiated by GWT: at a GWT
of 70 cm the total values for the whole growing season were 24.2 and
17.5 mm (1984, 1985, respectively), at a GWT of 55 cm 65.2 and 13.8 mm
(1986 and the wet year 1987) and at a GWT of 50 cm — 112.6 mm.
With GWT at 70 cm, the proportion of this water was 6 and 3.7 %, at
55 cm — 14.8 and 3 0/0 and at 50 cm — 22.8 % of the total value of ET.

The obtained values of water supply from GWT were low, as com-
pared with data in literature (lysimetric trials with grasslands]}. Accord-
ingto Gavenciak (1976), the ET of grassland (loamy soil) at a GWT
of 0.7 m was 574 mm, at GWT 0.4 m 627 mm; the maximum average
daily ET in a month period was 4.3 mm (both at a GWT of 40 cm, and
at a GWT of 70 cm in another period). The average daily water supply
from GWT over the growing season was 0.7 m — 1.2 mm (10 times
higher than our value) at a GWT of 0.7 m: at a GWT 0.4 m it was 1.6 mm
(2.4 times higher). Mundel (1982) reports wide ranges of average
daily values of ET: 1.5—5 and 2.5—9 mm, at a GWT of 0.4 m ET 11 to
14 mm. Korotkov (1987) found out that the total water supply for
the growing season in soddy podzolic soil at a GWT of 0.75 m was
62 mm and ET 395 mm; at a GWT of 1.5 m the water supply was 8.5 mm
and ET was 354 mm; the proportion of added water out of the total
ET-in this case was 15.7 and 2.4 %. Consumption of water from GWT in
peat bog soil was 70—80 % out of the total ET value at GWT’s of 0.4
to1.0m (Panov, Shiskov, 1974).

¢ 3
Siegnificance of differences in water supply from GWT

Differences in the amount of capillary water from the three GWT’s
studied are statistically highly significant (¢ = 0.01). Evaluating all cuts
in total, it was even in the first and second cuts that GWT at 50 cm
highly 51gmflcant1y differed from GWT’s at 55 and 70 cm in having
a much higher water.supply to the active layer. When the extraordinary
year 1987 is eliminated from the set of values, the difference between
GWT 50 and GWT 55 cm loses its SIgnlflcance only GWT of 70 cm

(e = 0.01) is significantly different. with its lower water supply, from
the mentioned GWT’s. ‘
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Analysis of the relationship between ET and saturation deficit (Sd) of air

A significant close correlation between the two values was found
out on the basis of statistical analysis of ET and Sd of air by simple
regression. A functional dependence of the total values for the balanced
periods of the separate cuts was determmed at each level of GWT
(except the statistical insignificance of the constant at a GWT of 70 cm),
and the same dependence was observed in general evaluation for the
whole period of study (Fig. 2 to 5).
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2. The dependence of grassland ET on the air Sd at the different groundwater table
(GWT) in the balance periods of cuts
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3. The dependence of grassland ET on the air Sd at the different groundwater
table (GWT) in the balance periods of ctts
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The Sd of air is considered as a simple climatic factor with close
relationship to the ET of grassland (S1dma, 1980; Mundel, 1982;
Renger, 1984).

A close correlation of ET and Sd was recorded at each level of
GWT; the variability of water consumption for ET can be explained,
to an extent of 70—81 %, by the variability of air Sd, using the coef-
ficient of determination (R2?). Comparatively higher values of correlation
coefficient (r) and R? were found at a GWT of 70 cm.

[mm)

160

120-

o
S

evapotranspiration

&~
o
n

GWT at 55 cm, 1986 and 1987

ET = 34990 + 3.220 Sd(xpra)
mm

+ , . . r = 0.8382++

"0 saturation dicit of air “° DIkl RE = 70267

4. The dependence of grassland ET on the air Sd at the different groundwater table
(GWT) in the balance periods of cuts
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5. The depedence of grasland ET on the air Sd at the different groundwater table
(GWT) in the balance periods of cuts
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Analysis of the relationship between water elevation from GWT and Sd of air

The amount of water brought by capillary elevation from GWT to
active soil profile and utilized for ET was statistically tested in relation-
ship to the Sd of air, to the temperature of air, precipitation, ET actual
and ET potential.

At a GWT of 50 cm, the power function was the most suitable for
the evaluated relationship of the amount of added water to the Sd of
air, which was statistically highly significant (» = 0.8807**, RZ = 77.5 U,
Fig. 6). The linear function (r = 0.5817, RZ = 33.8) was the best at
a GWT of 70 cm. The regression coefficient is significant at a GWT of
55 cm but the constant is not significant.

Evaluating the addition of water by elevation in relation to air
temperature, it is found out that the regression coefficient is significant
at each level of GWT and the constant is insignificant (the highest
correlation was determined at a GWT of 70 cm].

No relationship was ascertained between water supplied from GWT
and the precipitation.

The effect of weather expressed by the Sd of air is in a direct
relation also to the amount of water supplied from GWT into the active
soil layer at GWT’s of 70 and 50 cm. An important difference consists
in the fact that water supply from GWT, according to the coefficient of
determination can be explained at a rate of 77 % by the effect of air
Sd at a GWT of 50cm, whereas at a GWT of 70 cm only 33.8 % of the
water supply from GWT can be ascribed to the effect of air Sd.
A significantly higher proportion of other factors of the site, besides
the effect of air Sd, is therefore involved in water supply from a GWT
of 70 cm, in comparison with water supply from GWT at a depth 50 cm.
The independence of the values of Sd and water supply at a GWT of
55 cm can be explained by the low and sporadically occurring values
of water supplied in the wet year 1987.
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6. The dependence of water elevation from a GWT at 50 cm to active soil layer
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Analysis of the relationship between water supply from GWT and evapotranspiration

Testing of the rate of dependence between the amount of water
elevated from' GWT and evapotranspiration brought these results:

— statistically significant close correlation was determined at a GWT
of 50 cm (r = 0.9126**, R?2 = 83.3 %, Fig. 7) and at a GWT of 55 cm
(linear model, r = 0.5446%, R2 = 29.6 %) in evaluation of the relation-
ship between supplied water and potential ET;
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7. The dependence of water elevation from GWT at 50 'em to active soil layer on
potential ET (1988) .
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— the closeness of this correlation declined markedly and is significant
only at a GWT of 50 cm (r = 0.6153*, R? = 37.8 %, Fig. 8) when
evaluating the relationship between the amount of supplied water and
actual evapotranspiration.

Differences between separate depths of GWT are confirmed. by
these results, namely the difterences between GWT’s of 50 cm and 55 cm
which are expressed by the different relationships between capillary
elevation values and actual ET at the given GWT’s,
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KLIMOVA, P. — HAKEN, D. — KVITEK, T. (Vyzkumny ustav pro zirodnéni zemé-
délskych pud, Praha): Evapotranspirace travniho porostu a jeji vztah k idrovni hla-
diny podzemni vody. Rostl. Vyr., 36, 1990 (5) : 451-462.

V ramci pétiletého pokusu v Uhrinévsi s kompenzaénimi lyzimetry [hladina pod-
zemni vody (HPV) v 70 cm (1984, 1985), v 55 cm (1986, 1987) a v 50 cm (1988), s po-
ru$enou zeminou — stiedné tézka, hlinitd hnédozem] byl sledovan vliv hloubky HPV
na evapotranspiraci (ET) travniho porostu a na dotaci vody z HPV kapildrnim vzli-
nanim, piredstavujicim bilanéni sloZku ET. Primérna ET za vegetaci ¢inila pri HPV
70, 55 a 50 em 433. 447 a 494 m, prumérné hodnoty dotace vody kapilarnim vzlina-
nim z HPV byly pfi uvedenych hloubkach 20,8; 33,5 a 112,6 mm. Rozdily v mnozZstvi
kapilarné doplnované vody u tii sledovanych HPV jsou statisticky prikazné, zatimco
rozdily v ET se prukazné neli§i. Statisticky vyznamny vztah byl zji$tén mezi sytost-
nim doplitkem (Sd) vzduchu a ET, a to pii v8ech sledovanych hloubkéch HPV. Mezi
Sd vzduchu a mnozstvim kapilarné dopltiované vody z HPV byl t&sny vztah pfi
HPV 50 cm, resp. pti HPV 70 cm. MnoZstvi dopliiované vody z HPV je v té&sném
vztahu k ET potencidlni (Penman, pii HPV 50 cm, resp. HPV 55 cm) a relativné
v méné tésném vztahu k ET aktualni (zavislost zjisténa jen pri HPV 50 cm).

travni porosty; lyzimetrické pokusy; hladina podzemni vody; evapotranspirace; ka-
pilarni dopliiovani z hladiny podzemni vody
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KNMMOBA, N. — FAKEH, 4. — KBWTEK, T. (HayuHo-uccneposaTenbCkuii MHCTUTYT Mo
OCBOEHMIO CEeNbCKOXO3ANCTBEHHbIX 3eMenb, [lpara): 3BanoTpaHCnNUpaluus TPaBOCTOEB U ee
OTHOWEHHE K YPOBHIO noasemHsbix Boa. Rostl. Vyr., 36, 1990 (5) : 451-462.

B pamkax naTMNETHEro UCCNeaoBaHUs B YrPXMHEBCH KOMMEHCALWMOHHbIX NU3UMETPOB [ypo-
BeHb noaszemHon sogst (YMB) B 70 cm (1984, 1985 rr.) 8 55 cm (1986, 1987 rr.) u B 50 cM
(1988 r.), c HapyllEHHbIM TPYHTOM — CpegHe TSHXENbiM, WMAMCTO 6ypbiM] Mccnegosanu
BAWsHWe rny6uHbl YIB Ha a3BanotpaHcnupauuio (3T) TpaBOCTOEB M Ha [AOTaLUMIO BO/Ab
13 YMB kanunnapHsiM noAgHATMEM, npeacTaBnsiowmMm GanaHcoByk cocrtasHy 3T. CpeaHss
3T B nepuog Beretaunu coctasnana npu YIMNB 70, 55 u 50 cm 433, 447 v 494 MM, cpeaHue
BEMWUUHbI AO0Tauuu BOAbl KanuanspHoiM noaHstuem u3 YIMNB Ha npuBepeHHbix raybuHax
cocrasnanu 20,8; 33,5; 112,6 MM. Pa3znuuua B KOAMUECTBE KanUANSpHO AONOMNHSEMOU BOAbI
Yy Tpex uccneayembix YMB sBNSOTCA CTaTUCTUUECKU AOCTOBEPHbIMM, 3aTEM KaK pa3nuuus
B DT aocTtoBepHO He pa3nuualTcsa. CTaTUCTUUECKU CYWeCTBEHHOE OTHOoWweHWe 6bino ycra-
HOBNEHO MexAy HacblweHHom go6asneHnn (HA) Bosayxa u 3T, a UMEHHO Yy BCeEx Mcchne-
ayembix ray6uHax YMNB. Mexay H/ Bo3ayxa M KONMUECTBOM KanWANSPHOro Ao6GaBneHus
Boabt M3 YIB 6bino TecHoe cooTHowewue npu YMB 50 cm, uan npu YNB 70 cm. Konu-
uecTtBo pobasnsemon Bogbl U3 YIB HaxoauMTCs B TECHOM COOTHOweHun ¢ 3T noTeHuuanbHoO
(Menman, npu YMNB 50 cm, unn YIMB 55 CM) U OTHOCHUTENbHO B MEHEE TECHOM COOTHO-
weHun ¢ 3T akTyanbHo (3aBUCUMOCTb obecneueHa nuuwb npu YMNB 50 cm).

TPaBOCTOM; NU3UMETPUUECKME UCCNeaoBaHUs; YpPOBEHb MOA3EMHOW BOAbl; 3BaANOTPaHCMH-
pauus; KanunaspHoe AORONHEHWE U3 YPOBHSA NOA3EMHOW BOAbI

KLIMOVA, P. — HAKEN, D. — KVITEK, T. (Forschungsinstitut fiir Bodenfrucht-
barkeit, Praha): Evapotranspiration der Grasdecke und ihre Beziehung zum Grund-
wasserspiegel. Rostl. Vyr., 36, 1990 (5) : 451-462.

Im Rahmen eines flinfjahrigen Versuchs mit Kompensations-Lysimetern in Uhfriné-
ves [Grundwasserspiegel (weiter HPV) in 70 cm (1984, 1985), in 55 cm (1986, 1987)
und in 50 cm (1988), mit gestortem Bodensubstrat — mittelschwere lehmige Braun-
erde] wurde der Einfluf der Tiefe des HPV auf die Evapotranspiration (ET) der
Grasdecke und auf die Wasserdotation aus dem HPV durch Kapillaraszension, die
eine Bilanzkomponente der ET darstellt, untersucht. Die mittlere ET wahrend der
Vegetationsperiode betrug bei HPV 70, 55 und 50 cm 433, 447 und 494 mm, die Mittel-
werte der Wasserdodation durch Kapillarasension aus HPV bei den angefiihrten
Tiefen waren 20,8; 33,5 und 112,6 mm. Die Unterschiede der Menge des kapillar er-
géanzten Wassers bei den drei untersuchten HPV sind statistisch signifikant, wiahrend
die Unterschiede in der ET unsignifikant sind. Eine statistisch signifikante Beziehung
wurde zwischen dem Sittigkeitssupplement (Sd) der Luft und der ET festgestellt
und dies bei allen untersuchten Tiefen des HPV. Zwischen Sd der Luft und der
Menge des kapillar ergidnzten Wassers aus HPV bestand eine enge Beziehung bei
HPV 50 cm bzw. bei HPV 70 cm. Die Menge des ergidnzten Wassers aus HPV steht
in enger Beziehung zur potentiellen ET (Penman, bei HPV 50 cm bzw. 55 cm) und
in relativ weniger enger Beziehung zur aktuellen ET (Abhingigkeit nur bei HPV
50 cm nachzuwesien).

Grasbestand; lysimetrische Versuche; Grundwasserspiegel; Evapotranspiration; ka-
pillare Ergidnzung aus dem Grundwasserspiegel
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NITROGEN CIRCULATION IN THE GRASSLAND ECOSYSTEM
TREATED WITH DIFFERENT FERTILIZER RATES

J. Velich, J. Mrkvicka, A. Bélohoubek

VELICH, J. — MRKVICKA, J. — BELOHOUBEK, A. (University of Agriculture,
Praha): Nitrogen circulation in the grassland ecosystem treated with different
fertilizer rates. Rostl. Vyr., 36, 1990 (5) : 463-470.

Data on the amount, distribution and some conversions of nitrogen were deter-
mined in six permanent meadows of mesophytic type in the potato growing re-
gion [annual precipitation of 536—641 mm, temperatures 7—7.8 °C average;
groundwater table 0.45—0.60 m under the surface; C-« content in the soil layer
of 0—0.2 m: 2.3—4.29,, C/N ratio 5—17, pH (KCl) 4.5—6.3] in the 11th to 17th
year of using the fertilization scheme of 0—PK—Ni100PK—N:0PK—N300PK—N400
PK (index = kg N per ha). The changes in the contents of Cox and N, in the
percolation of nutrients into groungwater, in the species composition of the
phytocoenoses and in their yields suggest that the meadow ecosystems were
comparatively stabilized. A slightly decreased level of soil N: stabilized under
favourable conditions for mineralization of soil organic matter at application
rates of N200-400PK, and particularly at PK-fertilization alone, and the reverse
was the case under less favourable conditions. Fertilization raised the Nmin
proportion of N; from 1.7 9, in unfertilized soil to 2—2.7 9/, in fertilization treat-
ments of PK alone up to N4wPK. Out of the total Nore in the soil, the follow-
ing proportions were subject to annual mineralization (in the same order as
the respective fertilizer rates): 3.4—4.7—3.1—3.6—4.1—4 9/,. The intensity of ni-
trogen flows in the soil was the highest with PK-fertilization. The average
proportions of the rates of 100—200—300—400 kg of nitrogen per ha recovered
through increased yields were 48—50—45—40 9/,. Denitrification (16—58—122—
—198 kg per ha) accounts for a prevailing proportion in nitrogen losses from
the ecosystem of permanent meadows, resulting in a lower nitrate leaching in
comparison with temporary grasslands and especially with arable land.

grassland; permanent meadows; fertilization; nitrogen circulation

The main pathways of the circulation of nitrogen which is the key
nutrient in meadow ecosystem are generally well known. Data on the
separate components of nitrogen circulation and on the factors that
influence it are given in many studies. Whitehead (1970), La-
zemby (1981) and others give an over-all survey of these studies.
However, N circulation and the associated processes can still be quan-
tified only approximately, owing to some methodical problems of
measurement of some its component under natural conditions. Under
various conditions, plenty of objective data have been gathered, concern-
ing the recovery of applied nitrogen through forage harvest or through
the production of grazing animals, and there is also a comparatively
large body of data on nitrogen losses through leaching. On the other
hand, there is still lack of data, determined directly in situ, on the in-
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corporation of nitrogen into soil organic matter, on its release, on the
gaseous losses of nitrogen, particularly through biological or chemical
denitrification, and on the biological fixation of N2. No methods that
would be commonly applicable in grassland research in situ have until
now been developed for the measurement of these components of nitro-
gen calculation in the grassland ecosystem. These N circulation com-
ponents are therefore quantified indirectly through calculations based on
other directly determined data on nitrogen distribution and flow in these
ecosystems. In spite of the fact that this method involves cumulative
errors of different extent they provide valuable knowledge which is
important for increasing the effectiveness of the N-fertilization of
grasslands in long-continued fertilization programmes in comparatively
stabilized meadow ecosystems.

Nitrogen circulation and distribution in a meadow ecosystem with
natural grassland (Polygalo-Nardetum strictae), not fertilized and
fertilized at rates of 100 and 200 kg of nitrogen (+PK) per ha is
described by Ulehlova (1979). Annual input of nitrogen through
precipitation ranged from 6 to 13 kg per ha and the input through bio-
logical fixation ranged from 1 to 5 kg per ha in the unfertilized grass-
land and from 1 to 0 kg per ha in plots fertilized at rates of NioPK
and N200PK. Increased application rates of nitrogen caused a decrease
in the fixation of atmospheric nitrogen, increased the amount of nitrogen
in biotic components, the nitrogen “export” through harvests, nitrogen
mineralization and release from plant residues, mineral nitrogen content
in the soil and also leaching of nitrogen into groundwater from 5 to 8
and 32 kg of nitrogen per ha.

In the long-term research in six most common types of meadows
in the potato growing region, special attention was paid to nitrogen
circulations at different nitrogen application rates. The preliminary
models of circulations, elaborated on the basis of current results, were
published earlier (Velich, 1978, 1981). Further, on the basis of
a summary of available results of long-continued investigations on
nitrogen content in the soil and in the phytomass. on harvest yields and
on losses caused by leaching into underwater (Velich. 1986; Mrk -
vicdka, Velich, 1988; Velich, Mrkvicka, 1989), the average
amounts, and the distribution and flows of nitrogen in the meadow
system are presented in this paper.

MATERIALS AND METHODS

The data refer to the 11th to 17th year of fertilization in a series of six long-
-term trials in the main types of permanent grassland of mesophytic nature in the
potato growing region. A detailed description of the experimental meadows was
given in earlier papers (Velich, Strafelda, 1977 and others). The meadows
are at an altitude of 363—634 m above sea level. The average precipitation sum for
January to December is 536—662 mm (March to October 320—410 mm, average
annual temperature 7—7.8 °C). The average groundwater table is 0.45—0.60 m under
surface with seasonal variations of 0.2 to > 1 m. Cox content in the 0—0.2 m layer
ranged from 2.3 to 4.29,, N:; content ranged from 0.23 to 0.56 %, pH (KCl) was 4.5
to 6.3, maximum sorption capacity 19 to 38 mval per 100 g, and saturation of the
sorption complex with bases was 44 to 889, The stands were fertilized at annual
rates of 0—PK—N109 PK—N200PK—N3mPK—N400PK (index kg per ha) in the form of
ammonium nitrate with limestone. These rates were divided for application to each
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cut, the ratio being 50 :25 :25. Elaborating the models of nitrogen circulation, we
started from the assumption that certain fertilization rates and levels of utilization,
practiced over long periods in meadow ecosystems, have led to the formation of a
fluctuating equilibrium in nitrogen distribution and internal flows whose variability
was mostly conditioned by the year-to-year variability of weather conditions. Accord-
ing to the results of investigation of the contents of Cox and N: in the soil, develop-
ment of the species composition and yields in permanent meadow stands, a relative
stabilization occurred six to eight years after the start of each trial. The minerali-
zation of soil organic matter and the availability of nitrogen were determined by
the method of soil isolates in situ (Velich, Mrkvic¢ka, 1989) and nitrogen leach-
ing into groundwater, using field lysimeters (Velich, 1976). The inputs of sym-
biotically fixed N2 nitrogen were calculated by regression equations for the relation-
ship between weight proportion of legumes in the harvested herbage and nitrogen
yields in the unfertilized and PK-fertilized plots (r = 0.97), from which it follows,
that a 19, increase in the proportion of legumes increases nitrogen yield by 1.88 kg
per ha, on an average. Data obtained under similar conditions were used for the
calculation of the annual nitrogen input through precipitation (on an average 16
kg per ha). Outputs in the form of gaseous losses, mostly caused by denitrification,
were calculated as the differences between nitrogen inputs and outputs in com-
paratively balanced meadow ecosystems.

RESULTS AND DISCUSSION

The data related to nitrogen distribution and flows in meadow
ecosystems fertilized at different application rates are summed up in
Tab. I. Diagrams showing, as an example, the results obtained at a fer-
tilizer rate of N200PK are given in Fig. 1. 58 kg of nitrogen was taken
away with the harvested herbage from the unfertilized ecosystems at
an average yield of 3.1 t dry matter per ha. The content of nitrogen
in the soil was more or less constant, so that the harvest output of
nitrogen as well as the nitrogen loss caused by percolation, and probably
also the loss of gaseous njtrogen, were provided by nitrogen input from
the atmosphere which amounted to about 25 kg of rhizobial nitrogen per
ha and 16 kg of asymbiotically fixed N2 per ha at the minimum in
grasslands where the average proportion of legumes was 13.4 %. The
same increase in asymbiotic N2 fixation would then correspond to the
higher losses through denitrification. A daily rate of fixation of about
25 mg N2 per g (Ulehlova et al, 1984) which would correspond
only to 375 g N2 per ha fixed for the growing season or to 550 g per
ha fixed for the whole year, was determined under laboratory conditions,
using monoliths of a 0—40 mm layer of meadow soil containing a weight
proportion of 20 to 450 water. With increasing soil moisture, the
fixation increased progressively (15 times at 79 ;); nevertheless. this
input still could not be greater than 8 kg per ha, to say nothing of the
fact that this moisture is rare in the exploited stands. At PK-fertilization
80 kg of N was removed from the grassland with an average dry matter
yield of 4.1 t per ha. The proportion of legumes was 11.7 % higher, on
an average (25.1 %). than in the unfertilized stands and the input of
rhizobial nitrogen was about 48 kg. When the stand was fertilized at
a rate of N1ooPK, tre proportion of legumes was wery low (3 %) and
the nitrogen input was about 6 kg. At higher nitrogen application rates
there were almost no legumes in the stand, the dry matter yields rang-
ing from 5.8 to 9 t per ha.

Fertilization had no clear effect on nitrogen concentration in the
soil. At sites where conditions were less favourable to the mineralization
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I. Nitrogen distribution and flows in grassland ecosystem (kg per ha and year) at different application rates of a long-term
fertilization scheme (average for six trials in the 11th to 17th year of fertilization)

Fertilization of the grasslands 0 PK N100PK Nz00PK N300PK NaooPK
Nitrogen inputs: symbiotic fixation 25 48 6 0 0 0
asymbiotic fixation*) an (16) (V)] 0) 0) (®)
nitrogen fertilizers 0 0 100 200 300 400
precipitation 16 16 16 16 16 16
total 58 80 122 216 316 416
Soil nitrogen: organic nitrogen 7986 7303 7519 8677 8650 8181
mineral nitrogen 138 149 153 195 222 230
total 8124 7452 7672 8872 8872 8411
Nitrogen flows in the soil: mineralization of organic
nitrogen 268 345 230 315 350 328
i immobilization of mineral nitrogen (177) (209) (173) (256) (286) (261)
; output to phytomass 107 152 157 217 257 283
; input from unharvestable
phytomass 49 72 51 59 64 67
Phytomass nitrogen: unharvestable nitrogen -+ roots 93 105 92 105 112 119
harvestable 58 80 106 158 193 216
total 151 185 198 263 305 335
Nitrogen output: harvestable phytomass 58 80 106 158 193 216
leaching 0.22 0.36 0.26 0.51 0.85 2.29
denitrification and other
methods* ) 0) (15.7) (57.5) (122.2) (197.7)
total 58 80 122 216 316 416

* Data determined indirectly, or not identified




INPUTS atmospheric N fertilizer N

o NH4NOs3
fixation (0?) fixation|(O? ) precipitation [
symb. asymb. :

16| 100 100
(256?)
organic N :
soil N, NH4—~N el NO3—N
8677 i
315 mineral N
8872 195
T
|
L
b oo
’ (?) 59 217
¥
unharvestable harvestable
grassland N phytomass + roots phytomass
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263
OUTPUTS i
S N-uptake by the crop v
N-losses (587?)
leaching 0.37 volatization denitrification (57.6?)
of NO3 —-N of NHy-N (?)
0.29 NH4 —-N
0.08
 J | i

1. Nitrogen distribution and flow in the meadow ecosystems using the fertilization
scheme of N200PK (average for six trials in the 11th to 17th year of fertilization)

[[] — amount of nitrogen (kg per ha)
- — flows of nitrogen (kg per ha and year)
(?) — data determined indirectly or not identified
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of organic matter in the soil (wet localities at higher altitudes with
a lower sorption capacity and lower base saturation), nitrogen fertiliz-
ation led to the consolidation of a balanced content of soil nitrogen
which was higher than without nitrogen fertilization; at other sites it
was the same or lower. Almost regularly, this balanced state was most
decreased at PK-fertilization. Fertilization increased the proportion of
Nmin Out of N, from 1.7 % in unfertilized soil to 2 % at PK-fertilization
and to 2—2.2—2.5—2.7 % at N10oPK to NowPK-fertilization.

Except the Nioo PK treatment, fertilization increased the intensity
of nitrogen conversion and flow in the soil. What is remarkable in this
connection is the extraordinarily favourable effect of PK-fertilization
of which exceeded in this respect even the higher PK-application rates
(Tab. I). It follows from this fact that nitrogen continuosly released
from the unharvestable phytomass and roots of legumes is a much more
effective source for soil microflora and its decomposing activity than the
readily available fertilizer nitrogen in commercial fertilizers. A depress-
ion in the mineralization of soil organic matter and nitrogen availability
in NiooPK-fertilization which was almost regularly recorded, using
different methods (minimum and maximum C,, and N, contents during
a year, and decomposition tests with cellulose and protein substrate
in situ) cannot be explained satisfactorily. Out of the total N, amount
in the soil, mineralization during the year at O0—PK—N100PK—Nz2co
PK—N300PK—N400PK — application rates involved 3.36—4.72—3.06—
—3.63—4.03—4.01 %.

Fertilization increased the proportion of ecosystem nitrogen (N,.],
bound at harvest in the total phytomass, from 1.8 % in the unfertilized
svstem to 2.4—3.8 % in PK—Nu40o PK-fertilized ecosystem: this increase
was mostly due to an increase in the amount of N, contained in the
harvestable phytoyield. Recovery of nitrogen (= increasing of nitrogen
yield as % of nitrogen supplied with fertilizers) declined with increasing
nitrogen fertilization rates above 200 kg per ha. This amounted to 48—
—50—45—40 % at a fertilization rate of 100—200—300—400 kg of
nitrogen per ha. The calculated loss of gaseous nitrogen (mostly caused
by denitrification) was 16—58—122—198 kg per ha, representing 16—
—29—41—49 % out of the 100—200—300—400 kg of nitrogen per ha
supplied with fertilizers, while the nitrogen losses caused by the leach-
ing were wery low, not exceeding 5 kg per ha even at the highest rate
of nitrogen fertilization in sand-loamy soil and in the years with higher
precipitation. These losses, at nitrogen rates up to 200 kg approximately
per ha correspond to the data reported by Ryden (quot. by La-
zemby, 1981), according to which denitrification over the period from
15th May to 15th June causes a daily loss of 0.3 to 0.7 kg of nitrogen per
ha, representing about 70 % of the total losses due to denitrification
(i. e. 25—60 kg of nitrogen per ha). At nitrogen application rates of
300—400 kg per ha, the calculated losses caused by denitrification
were twice to thrice higher. The much lower denitrification losses
(5—8 %) in the grasslands of the temperate zone at rates of about
250 kg nitrogen per ha (Lazemby, 1981) could probably apply
to the temporary grasslands of ratmher a short duration on arable
land, where, except the pH value, the conditions are less favourable to
denitrification (higher O2 content, poorer root systems, lower C,, content
and, as a rule, lower moisture in the surface soil layer) than conditions
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in the sod layer of the permanent grasslands at mesophytic sites. That
is why higher percolation losses of NO3-N are recorded as a rule in
the temporary grasslands than in the permanent grasslands (Havel-
ka, Sonka, 1990 and others). Denitrification appears to be a decisive
regulator of nitrogen content in meadow soils which limits nitrate
leaching to groundwater at excess of ineffective nitrogen application
rates.
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VELICH, J. — MRKVICKA. J. — BELOHOUBEK. A. (Vysoka $kola zemédélska,
Praha): Kolobéh dusiku v luénim ekosystému p#i rizné urovni hnojeni. Rostl. Vyr.,
36, 1990 (5) : 463-470.

Na Sesti trvalych loukach mezofytniho charakteru v bramboraiské oblasti [roc¢ni
srazky 536—641 mm, teploty 7—7,8 °C; podzemni voda v pruméru 0,45—0,60 m pod
povrchem, ve vrstvé pudy 0—0,2 m, 2,3—4,29, Cox, C/N 5—17, pH (KCl) 4,5—6,3]
byly v 11. az 17. roce hnojeni 0—PK—N100PK—N200PK—N30)PK—N0PK (index = kg .
.ha-1) zjisfovany uidaje o mnozstvi. rozdéleni a nékterych preméniach N. Podle zmén
v obsahu C.~, N;, v perkolaci zivin do podzemni vody, druhového sloZeni a vynosu fy-
tocenéz byly luéni ekosystémy relativné stabilizovany. V pfiznivych podminkach pro
mineralizaci ptidni organické hmoty se pi#i Nxo-4PK- a zejména pii PK-hnojeni
ustalila mirné sniZzend hladina pldniho Nt, v méné piiznivych naopak. Hnojeni
zvySovalo podil Nmi- z Nt z 1,79, u nehnojenych ptd na 2 az 27 pii Pri PK- az
N4wPK-hnojeni Z celkového N... v pudé v poradi hnojeni 34—4.7—3,1—3.6—4.1—
—49/,. Intenzita tokid N v pudé byla nejvys§i pri PK-hnojeni, Navratnost davek
100—200—300—400 kg N .ha-! ve zvySenych skliznich byla v priméru 48—50—45—
—40 %,. Zcela prevazujici podil na ztradtdch N z ekosystému trvalych luk méa denitri-
fikace (16—58—122—198 kg .ha~!), coz se téZ promita v niZ8im vyplavovani nitratt
nez u docasnych travnich porosti a zejména neZ u orné pudy.

travni porosty; trvalé louky; hnojeni; kolob&h dusiku
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BE/MNX, M. — MPKBUUKA, M. — BENOTOYBEK, A. (CenbCKoX03iCTBEHHbIA WHCTUTYT,
Mpara): KpyroBopor a3ota B NyroBOi 3KOCHMCTEMe Npu pasHbiX YpOBHsX yao6penus. Rostl.
Vyr., 36, 1990 (5) : 463-470.

Ha wectu MHoroneTHux nyrax Me3oMWUTHOro xapakTepa B KapTodenbHoW ob6iactu [roao-
Bble ocaagku 536—641 MM, Temnepatypbi 7—7,8 °C; nogsemMHas Bojga B cpegHem 0,45—
—0,60 M nog nosepxHocTbio, B cnoe nousbl 0—0,2 M, 2,3—4,29, Cox, C/N 5—17, pH (KCI)
4,5—6,3] Ha 11—17 roab nposogunucb ypobpeHus 0—PK—N100PK—N200PK—N30PK—
—N400PK (uHaexc = kr/ra N) ans yCTaHOBNEHUS AaHHbIX O KONMUECTBE, pa3feNeHun U He-
KoTopbix nepemeH N. CornacHo uameHeHusm cogepxaHus Cox, Nt, npu nepkonsyuu nura-
TeNbHbIX BEWeCTB B MOA3EMHble BOAbI, BUAOBOrO COCTaBa U BbIXOAOB (PUTOLEHO3 Gblnn ny-
roBble 3KOCHUCTEMbl OTHOCUTENbHO CTabunuaupoBaHHbie. MpU 6naronpUATHBIX YCAOBUAX ANS
MUHEpanusayum NouBEHOW opraHuueckoi macchl npu N200-400PK- v rnaBHbiM o6pa3om npu
PK-ypo6peHuu yCTaHOBMACS CNa6o FHOHMXEHHbIn ypoBeHb nouBeHHoro N, npu MeHee
6naronpusaTHbIXx Hao6opoT. Yao6peHue nosbiwano Aontd Nmin ¢ Nt u3 1,79, y Heyaobps-
embix nous Ha 2—2,7 9%, npu PK- go N4woPK-ygo6peruun. U3 obuwero Norg B nouse nogsep-
ranoCb MMHepanusauuu 8 CNnejylowemM nopsake ypoBHsa yao6penus 3,4—4,7—3,1—3,6—4,1 9.
MNHTEHCUBHOCTb NOTOKa a3oTa B nousBe 6bina camoi Bbicokoi npu PK-yaobpenuu. Bosepa-
waemect 403 100—200—300—400 kr N/ra B noBbiweHHbix y6opkax coCTaBnsna B cpeg-
Hem 48—50—45—40 9/, Mpeobnagaowyo aomc B rotepsx N M3 3KOCUCTEM MNOCTOSHHbIX
nyros 3aHumaer AeHUTpUdukauua (16—58—122—198 «kr/ra), uTO Takxe MposBASETCS
B GONee HU3KOM BbIMbIZAHUW HUTPATOB, UEM Yy BPEMEHHbIX TPAaBOCTOEB W rnaBHbIM o6pa3oMm
UEM Yy raxOTHOW 3EMAM.

TPpaBOCTOW; MHOrFoNeTHUe nyra; yao6peHue; KpPYyroBopoTt a3oTa

VELICH, J. — MRKVICKA, J. — BELOHOUBEK, A. (Landwirtschaftliche Hoch-
schule, Praha): Stickstoffzirkulation im Wiesendkosystem bei verschiedenen Diin-
gungsniveaus. Rostl. Vyr., 36, 1990 (5) : 463-470.

Auf sechs Dauerwiesen von Mesophytcharakter im Kartoffelanbaugebiet [Jahres-
niederschlige 536—641 mm, Temperaturen 7—7,8 °C; Grundwasser in Durchschnitt
0,45—0,60 m unter der Erdoberfliache, in der Bodenschicht 0—0,2 m, 2,3—4,2 06 Cox,
C/N 5—17, pH (KCl) 4,5—6,3] wurden im 11. bis 17. Jahr der Diingung 0—PK—N1i00
PK—N20cPK—N300PK—N40PK (Index = kg .ha—1N) Angaben iiber Menge, Verteilung
und einige Umwandlungen des Stickstoffs ermittelt. In bezug auf Verdnderungen des
Cox-Gehalts, den N, auf Perkolation der Nihrstoffe in das Grundwasser, die Arten-
zusammensetzung und die Ertrige der Phytozonosen erwiesen sich die Wiesenoko-
systeme als relativ stabilisiert. Bei fiir die Mineralisierung der organischen Boden-
masse giinstigen Bedingungen bei N200-400PK- und insbesondere dann bei PK-Diin-
gung stabilisierte sich ein méiflig herabgesetztes Niveau des Boden-N:, in weniger
glinstigen Bedingungen war es umgekehrt. Die Dingung erhohte den Anteil Nmin
vom N; von 1,79, bei den ungediingten Boéden auf 2—2,7 9, bei’ PK- bis N400PK-
Diingung. Vom Gesamt-N,z im Boden unterlagen der jdhrlichen Mineralisierung
in der Reihenfolge der Diingungsniveaus 3,4—4,7—3,1—3,6—4,1—4 %,. Die Intensitit
der N-Transporte im Boden war am hochsten bei der PK-Diingung. Der Riickfluf3
der Gaben von 100—200—300—400 kg N . ha—! in Form von erhohten Ertrdgen betrug
im Durchschnitt 48—50—45—409,. Einen absolut iberwiegenden Anteil an den
N-Verlusten aus dem Okosystem der Dauerwiesen stellt die Denitrifikation dar
(16—58—122—198 kg .ha—1), was sich auch durch einen niedrigeren Grad der Nitrat-
auswaschung als beim Wechselgriinland und insbesondere dann beim Ackerboden,
bemerkbar macht.

Griinland; Dauerwiesen; Diingung; Stickstoffzirkulation
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EFFECTIVENESS OF THE RETENTION FUNCTION OF MEADOW
SWARDS

F. Havelka, J. Sonka

HAVELKA, F. — SONKA, J. (Research Station Borkovice): Effectiveness of
the retention function of meadow swards. Rostl. Vyr., 36, 1990 (5) : 471-480.

The effect of sown grassland, field crops, uncultivated stands and gradated
nitrogen fertilization on the quality of infiltrated water studied in illimerized
soil with a gleifying tendency at Klefany, Tabor district. Sown grassland was
confirmed to have a stronger protective effect (38.66 mg NO3— at the maximum
in infiltrated water) than arable land (114.4 mg NO3—) and uncultivated grass-
land (65.40 mg NO3—). This ability, including good yields (on an average for the
years and for the application rates of 0, 80, 160, 320 kg N per ha), was recorded
in the stands of timothy, red fescue, meadow fescue, smooth-stalked meadow
grass and red clover (19.97 mg), in a similar stand without clover (26.02 mg),
in clover-grass, timothy -+ red clover (38.66 mg), and in the stand of cooksfoot
(38.33 mg). Combination of the application of slurry with nitrogen fertilization
did not affect water quality. Nitrogen application rates up to 60 kg N per ha
had no unfavourable effect on nitrate content in infilrated water in any of the
grasslands under study. Nitrate content remained within the drinking water
standard. At the application rate of 320 kg N per ha (combination of organic
and mineral nitrogen) this standard was not exceeded in the complex stands
both with and without red clover. When nitrogen was applied only in mineral
form, the infiltrated waters met the requirements of the drinking water
standard, except the water from under the complex grass mixtures with red
clover.

grassland; composition of mixtures; gradated nitrogen fertilization; output;
quality ofinfiltrated water

Intensification of agriculture through gradated application rates of
mineral fertilizers, particularly nitrogen, loses its effectiveness and
brings about economic and environmental problems. Particular attention
is paid, in this connection, to nitrates whose content is a limiting factor
in water quality. A lack of drinking water is increasingly felt; as
a result, increasing importance is attached to grasslamds. Grasslands
have some important functions, including a very favourable and constant
influence on water quality. This influence is particularly significant
in comparison with that of arable crops. However, this depends, to
a great extent. on a number of natural and anthropogenic factors which
affect, first of all, the sod layer of the meadow soil. In this study. the
effect of different species composition of grass stands is studied as
exerted on the quality of infiltrated water in interaction with gradated
nitrogen fertilization. The conservation function of seeded grasslands is
compared with that of uncultivated grasslands and arable crops.

It was already in studies on the effectiveness and exploitation of
nutrients that nutrient effectiveness was found to be associated with
botanical composition. Nitrogen is exploited more intensively in stands
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with a worse botanical composition that grow on poor soils (Velich
et al., 1970; Klesnil et al., 1980). Such stands consist of a greater
number of species, including those of poorer intensity. Klesnil et al
(4178) recorded a high rate of nutrient recovery in grassland. For
example, the recovery of nitrogen is 50 to 70 % in grassland, 35 to 65 %
in root crops and only 22 to 55 % in cereals. This is considered to be
due to the biological properties and intensity of exploitation of grass-
land, to the high density of rooting of the root layer of the sod and to
the higher capacity of its organomineral sorption complex.

Many authors have studied the conservation function of grasslands,
for example Alberda (1972), Low (1973), Hood (1976), Ve-
lich (1972), Haken, Havelka (1980), Rais (1982a), Rais,
Krédlovec (1982), Havelka, Haken (1985), Havelka (1987)
and others.

Ulehlova (1985), quot. by Rychnovska et al {1985), asserts
that rain brings 13—16 kg N annually to the meadow ecosystems (Ka-
menic¢ky) and that the ratio between NH4* and NO3~ may differ by up
to 100 %.

In the watershed of the Stf¥ibrny potok the nitrogen contribution of
rainfall is 27 to 58 kg per ha (Rais, Havelka, 1984). In the
Borkovickd Blata moor region, Havelka (1982) and Havelka,
Rais (1982b) recorded an annual amount of 8.25 to 15.55 kg nitrogen
per ha, brought to the swamp with precipitation water. The proportion
of NO3~ was 2.59 to 6.87 kg per ha, NO2~ 0.21 to 0.66 kg per ha, and
NH4* 5.00 to 9.50 kg per ha.

It is highly probable that an increase in nitrate concentration in the
soil solution leads to an increase in the concentrations of other ions.
including those of calcium. magnesium. nitrogen, sulphates and chlorides,
in the solution (Korédb, Sipek, 1989).

MATERIALS AND METHODS

The experiment with investigation of the effect of grassland composition
on the quality of infiltrated water was conducted at Kledaty in the Téabor district
(Research Station Borkovice, experimental area of the Research Institute for Agri-
cultural Land Improvement, Prague. The site belongs to the Sobéslav Plateau. The
soil type can be characterized as illimerized soil with a gleifying tendency. Climatic
characteristics: climatic district B 3, Lang’s rainfall factor 80.85. Long term average
precipitation (mm) and average air temperature (°C) in comparison with data for
the experimental years:

Experimental Precipitation Average
year Average for sum temperature

long-term whole year 588.00 7.30
average growing season 378.00 13.50
1982 whole year 473.70 7.40
growing season 288.30 13.59

1983 whole year 550.70 7.32
growing season 344.80 13.85

1984 whole year 543.50 6.70
growing season 385.70 12.50

1985 whole year 634.30 5.80
growing season 403.70 12.81
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The experiment was started in 1982. The lysimeters are located 600 mm below
surface and from every four plots they emptied into a well of concrete rings. In-
filtrated water is gathered in polythene containers and analyzed in the laboratory
of the Borkovice Research Station.

EXPERIMENTAL TREATMENTS

Stands

Symbol Characteristics Sowing rate

(kg per ha)

A cooksfoot — Dactylis glomerata 35
B timothy — Phleum pratense -} 8

-+ red clover — Trifolium pratense 10
C complex grass mixture without red clover

timothy — Phleum pratense 10

red fescue — Festuca rubra 6

meadow fescue — Festuca pratensis 10

smooth-stalked meadow grass — Poa pratensis 8
D complex grass mixture C +

+ red clover — Trifolium pratense 8
E field crops

maize — Zea mays -+

+ annual ryegrass — Lolium multiflorum var.
westerwoldicum

fodder beet — Beta vulgaris ssp. esculenta var. crassa

oats — Avena sativa +

+ red clover — Trifolium pratense Kvarta variety

F Unexploited and unfertilized stand imitating uncultivated
grasslands in the first water source protection zone

Fertilization

Gradated nitrogen fertilization at rates of 0, 80, 160, 320 kg per ha. The 320-kg
application rate was used either in pure inorganic form or in a combined organic
(slurry) — inorganic form. PK nutrition was constant all the time: 26 kg P per ha,
75 kg K per ha. In the trial with the arable crops the zero-nitrogen treatment was
not included.

Fertilizers used

N — ammonium nitrate with limestone (30 %); cattle slurry from Borkovice co-
-operative farm. Slurry composition was currently monitored and nitrogen
was complemented to a level of 320 kg per ha, using mineral nitrogen in the
form of the LAV fertilizer;

P — superphosphate;

K — potassium salt (40 %).

Data studied

_ Many parameters were recorded during the experiment. The following selected
characteristics are given here: dry matter yield, quality of infiltrated water (con-
tents of NO3—, NO2—, NHs+, POs—, K+, Ca++, selected microbiological characteristics
of infiltrated water at mineral N fertilization and with the use of a combination of
organic and mineral nitrogen). The average values obtained in 1982 to 1985 are given
in this paper.

The grass stands were harvested in three cuts (A to D). Stand F was not
harvested. The experiment plots were 20 m? in size. Each tratment has four replic-
- ations.
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RESULTS AND DISCUSSION

In 1982 to 1985, the arable crops reached an average dry matter
output of 3.464 t and the meadow stands {C and D) 6.360 and 6.310 t,
the stand of cock’s foot (A) 6.336 t and the stand of the clover-grass
mixture 5.075 t per ha.

On an average for all nitrogen fertilization rates, the content of
nitrates in infiltrated water was 26.02 mg NOs~ per litre under the
complex grass mixture without red clover, 19.97 mg NO3~ per litre under
the complex mixture with red clover, 38.33 mg NO3~ under cock’s foot
and 38.66 mg under clover-grass mixture. Hence, it is clear that grass-
lands provide better water than does arable land (114.40 mg NO3~ per
litre), as stated by a number of authors (Klesnil et al, 1978).

Dry matter yields provide evidence of the high productivity of grass-
lands (Tab. I) and their positive response to increasing rates of nitro-
gen nutrition. The complex mixtures outyield the pure stands of cocks-
loot and clover-grass at all levels of nitrogen nutrition. This corresponds
with the view, held by Velich et al. (1970) and Klesnil et al
(1978) that stands consisting of a greater number of species (often even
those of a lower productivity) show a better response to nutrition in
comparison with stands of intensive type. Even simple mixtures may
have a high performance (Klesnil et al.,, 1978).

However, if the conservation function of grassland {reduction of
contamination of infiltrated water — Tab. II] is taken into account,
among other aspects, then the complex grass mixture with red clover
and complex grass mixture with red clover and complex grass mixture
without red clover appear to be the best, on an average. These mixtures
contain bunch grasses (timothy, meadow fescue) and cultivated stoloni-
ferous grasses (red fescue, smooth+stalked meadow grass). The nitro-
gen application rate of 320 kg per ha (either full mineral or combined
organic and mineral nitrogen) was also evaluated from the methodical
point of view. The complex mixture with red clover had NO3~ values
of 38, 33, 23 and 37 mg per litre and the mixture without clover had
average nitrate levels of 72, 10 and 18.53 mg NO3~ per litre.

Water whose average nitrate levels are as low as to comply with
the standard for drinking water for babies can be found under the
complex grass mixture dressed with nitrogen at a rate of up to 160 kg,
under the complex grass mixture with clover dressed at a rate of up to
80 kg N, and under cock’s foot with no nitrogen f{fertilization. The
drinking water standard for adults is met by water from under the
complex grass mixture with and without clover at all levels of nitrogen
fertilization, by water from under the pure cock’s foot stand at all
fertilization levels except 320 kg N supplied only in mineral form, and
by water from under the clover-grass mixture fertilizer at rates up to
160 kg N (ii mineral nitrogen was combined with slurry, the total
application rate could be as high as 320 kg nitrogen per ha).

Some authors Klesnil et al. (1978) assert that 115 kg nitrogen
increases nitrate content in infiltrated water by 45 % on arable land but
on temporary meadows this increase is as low as 15 %; the effect of
permanent grasslands is still more pronounced. Our results indicate that
the increase in nitrate content in the herbage of the complex grass
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I. A survey of dry matter yields (tonnes per ha); average for 1982 to 1985

Treatment N fertilization Yield
0 3.688
80 5.225
160 5.733
A 320 7.358
320 (m + o) 6.366
% 6.336
0 4.378
80 4.565
160 5.281
B 320 5.376
320 (m + o) 5.873
7 5.075
0 4.408
80 6.021
160 6.408
C ' 320 7.656
320 (m + o) 7.303
7 6.360
0 5.111
80 5.567
160 6.233
D 320 1.o7%
320 (m + o) 7.304
x 6.310
0 =
80 3.113
160 3.362
E 320 3.812
' 320 (m + o) 3.588
z 3.464

m -+ o = mineral + organic nitrogen
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II. Quality of infiltrated water (mg per litre)

| Treat- N _ _ _ i |
| ment (kg per ha) NOs; NO: NH,* PO, <K+ Ca*+ |
0 947 | 0120 | 0413 | 0221 | 120 25.58
80 | 23.82 ! 0.114 | 0255 | 0.329 0.72 32.12
| 160 | 2874 | 0299 | 048 | 0603 1.16 37.23 |
| | |
A 320 | 9132 | 0325 " 0.300 - 0182 0.60 | 40.25
(m + o) 320 2494 | 0.068 | 0247 | 0.202 0.81 39.25
| ! r i
; x 3833 | 0216 | 0363 | 0.334 0.941 | 33.80 |
! ! !
0 2408 | 0099 | 0200 | 0146 @ 1.05 33.42
80 | 3283 | 0.097 | 0342 | 0281 | 0.68 | 34.08
160 36.38 | 0.083 | 0228 | 0.124 0.79 36.52
B 320 6134 | 0145 | 0540 | 0369 | 070 | 36.33
(m + o) 320 4423 | 0.091 | 0244 | 0.170 0.79 38.54
x 38.66 | 0.106 038 | 0230 0.80 35.09
) 0 | 850 | 0300 | 0410 | 0294 | 08 | 3007 |
| 80 | 9.99 ’ 0.061 | 0221  0.162 0.69 | 3459
| | |
| 160 | 1350 | 0.039 : 0.155 | 0.153 0.96 | 3220 |
g 20 | 7210 . 0.078 | 0185 | 0105 076 39.61 l
(m +o0) 320 | 1853 ! 0.113 | 0382 | 0210 | 094 | 30.66 l
5 2602 : 0135 | 0242 | 0179 | 082 | 3412 |
....... 'y 1 . ‘ 1
| | | 1
0 | 1137 | 0.107 : 0.304 | 0.147 049 | 31.30 :
80 | 1094 | 0.053 | 0281 0108 | 066 | 3197
160 | 1925 | 0066 = 0360 | 0300 = 085 | 31.97
D 320 3833 0.058 0419 | 0299  0.70 34.30 |
(m+o0) 320 | 2337 | 0065 | 0330 0218 | 0.83 30.86
P 1997 | 0071 | 0341 | 0.214 0.68 | 32.39
o | - - - N - B
| ‘
80 87.3¢ | 0114 | 0271 ! 0.080 = 072 | 4235
160 101.17 | 0.079 | 0214 | 0.045 0.80 | 44.89
E | 320 15430 | 0221 | 0196 | 0055 | 0.78 53.28
| (m+ o) 320 133.01 | 0.093 | 0217 | 0.050 | 0.94 50.52
| _ ! e
% 1 11440 | 0138 | 0227 | 0060 | 0.76 46.84
1 R ; | -
F | 6540 | 0179 | 0.620 | 0295 | 245 29.41 |
m -+ o = mineral + organic nitrogen
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mixture is even smaller in the case of the application rate of 160 kg
nitrogen.

Our earlier results (Havelka, Sonka, 1985) suggest that some
effect is also exerted by the type of soil and that the meadow stand
plays an important role in this respect. It is important, for example,
whether there is a mixture for a permanent meadow, but until it is 7
years old, such a seeded permanent meadow fails to match a natural
permanent meadow. This also suggests the high importance of longer
development of plant species at the site and the dynamics of organic
soil matter. The effect of organic matter and its quality is convincingly
documented by data obtained in measurements on peaty soils (e.g.
Havelka, 1983, 1985). Peaty soils have a lower NO3~ concentration
in infiltrated water, regardless of the method or purpose of exploitation
of the landscape. These data provide further evidence of what was
published by Koepf (1969, quoted by Klesnil et al., 1978).

Both in practice and theory (Rais, Krdlovec, 1982), slurry
appears to be a suitable material for the manuring of grasslands. In-
teresting data on nitrate contents were obtained when slurry was applied
together with mineral nitrogen (in comparison with applying mineral
nitrogen alone); this also applies to NH4*, except in arable crops and in
the pure grass mixture. Nitrite content was lower in the combination of
mineral and organic nitrogen under the stand of cock’s foot and under
the clover-grass mixture. It should be noted that in the case of the
combination of mineval and organic nitrogen fertilization, the yields
were higher in the clover-grass and in the most complex mixture. In
cock’s foot and in the complex grass mixture without clover, the yields
obtained after the combined organo-mineral fertilization were lower
than after the aplication of mineral nitrogen alone, but the preserving
effect was stronger. The use of slurry increased the yields mainly in the
clover component of the mixtures.

On an average for the different types of grassland, the following
nitrate losses were recorded (kg NO3~ per ha):

Grassland kg NO3~ per 1 ha
Cocksfoot 10.40
Timothy + red clover 17.58
Complex grass mixture without red clover 10.80
Complex grass mixture with red clover : 12.65
Fodder crops on arable land 59.34
Uncultivated grassland 17.94

The total amount of percolated nitrates is also influenced by the
amount of infiltrated water (litres per m2):

Season

Type of stand
winter spring  sumimer

Grassland 19.50 20.55 4.28
Fodder crops on arable land 3718 20.91 8.42
Unfertilized and unexploited grassland 14.26 24.20 6.25
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What deserves special mentioning is the decrease in infiltration in
the grassland, in comparison with fodder crops on arable, in the winter
and summer seasons.

Phosphorus is carried away in infiltrated water in larger amounts
from the grasslands than from arable soil. However, clover-grass and
grass mixtures have a lower phosphorus leaching than cock’s foot.
Phosphorus losses are high in the unexploited soil. The decrease in
phosphorus is surprising.

Potassium leaching is greater in grasslands than in the arable crops
at all fertilization treatments (the most complex grass mixture is the
only exception). This is interesting: grasslands are generally known to
accumulate potassium at high rates of potassium fertilization (e.g.
Klesnil et al., 1978). Slurry is also known to be a nitrogen-potassium
manure, and the leaching ability of potash is a well-known fact. The
reason why supplementary nitrogen fertilization was used was the fact
that slurry is usually applied at high rates.

The losses of calcium are lower under grass stands than under
arable soil. To some extent, this supports the views concerning the
need for a lower rate of the liming of meadows.

The conservation function of grasslands manifests itself also micro-
biologically. When 320 kg N was applied in the form of slurry and
mineral N (LAV fertilizer), no E. coli index was recorded, nor were
there any enterococci. The salmonella test was also negative. Psychro-
philous and mesophilous microorganisms occurred on mass in infiltrated
water. A similar picture was obtained in the treatment with fodder
beet, but in the case of mesophilous microbi a level as low as 65 was
recorded after mineral nutrition, whereas after application of slurry
a mass occurrence was observed. A fungus was detected in the water
under fodder beet dressed with slurry, though no such fungus existed in
the infiltrated water under grass. This provides further evidence that
grassland has a filtering function and, in this actual case, also a de-
contaminating function.

Even a comparatively simple mixture may have not only provide
a high output and a high fodder quality (Klesnil et al, 1978) but
also a strong conservation function. As known, temporary grassland may
help to bridge leany years (Turek, 1970), which was confirmed in
our experiments.

The most complex grass mixture was tested with success at three
sites; at two of these sites it has been tested twice, and good results
were obtained even on a low moor where, however, the clover component
of the mixture soon disappeared. This mixture produced grasslands which
have become permanent meadows with good yields and with a good
conservation function (Havelka, Sonka, 1985). The conservation
function is expected to continue improving as the grass sward develops.

It is suggested by our investigation that increased supply of nitrates
did not increase concentrations in infiltrated water, but this was not
the case in all biogenic elements. Kordb, Sipek (1989) stated this
in all ions. These processes are influenced by various factors, including
the dynamics of changes in the organic matter of the soil.

It appears realistic to use grassland, including the simplest mix-
tures, to solve the joint problems of herbage production and water re-
source conservation. Stands consisting of a number of species, including
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stoloniferous grasses and possibly also red clover, appear to be the best.
The most promising results are obtained from grass stands established
as permanent or cultivated original grasslands. Grassland regeneration
by traditional methods reduces the conservation function of the sward,
especially in the early stages. Establishment and maintenance of
permanent grassland is especially important in areas round major water
sources and in the vicinity of reservations. In such areas, grassland
offers the only possibility of combining a high productivity, water con-
servation, and other favourable aspects.
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HAVELKA, F. — SONKA, J. (Vyzkumna stance Borkovice): Uéinnost retenéni funk-
ce luénich drni. Rostl. Vyr., 36, 1990 (5) :471-480.

Na illimerizované pudé se sklonem k oglejeni v Kleatech v okrese Tabor byl zkou-
man vliv zaloZzenych travnich porost, polnich plodin, neobhospodarovaného po-
rostu a stupnované dusikaté vyzivy na kvalitu infiltrovanych vod. Potvrdila se
vysoka ochranna funkce travnich porosti (max. 38,66 mg NO3— v infiltrované vodé)
oproti orné pudé (1144 mg NO3~) a neobhospodaifovanému travnimu porostu
(65,40 mg NOs3—). Tuto schopnost véetné& dobrych vynost (v priuméru sledovanych
let a hnojivych davek 0, 80, 160, 320 kg N .ha—-1) mély porosty bojinku luéniho,
kostfavy Cervené a luéni, lipnice luéni, jetele lué¢niho (19,97 mg), podobny porost bez
jetele (26,02 mg), jetelotrava, bojinek -+ jetel luéni (38,66 mg) a porost srhy Fiznac¢ky
(38,33 mg NO3~). Kombinované hnojeni kejdou s mineralnim dusikatym hnojenim
poskytlo dobrou kvalitu vody. Stupfiované dusikaté hnojeni do 60 kg .ha-! na vsech
sledovanych travnich porostech neovlivnilo negativni obsah dusi¢nant v infiltrované
vodé. Obsah nitrata byl v rdmei normy pro pitnou vodu. Pri davce 320 kg N.ha-!
(v kombinaci anorganického a organického dusiku) nebyla tato norma piekrodena
u porostu slozitych, a to bez jetele luéniho i s nim. Pii aplikaci dusiku pouze v anor-
ganické formé nebyla norma pro pitnou vodu prekroc¢ena v infiltrované vodé pod
porostern slozitym s jetelem luénim.

. travni porosty; sloZeni smési; stupniované dusikaté hnojeni; produkce; kvalita infil-
trované vody

TABE/IKA, @. — LUOHKA, . (HayuHo-uccaegosatensckas craHuus Bopkosuue): ddpdex-
TUBHOCTL PYHKUuK 3ajepiMBaHug nyrosoro paepHa. Rostl. Vyr.,, 36, 1930 (5) : 471-480.

Ha unumepusupoBaHHOI noyBe CO CKAOHOM Kk orneesaHuio B Kneuatax B paiioHe Tabop
uccnepoBanoCb BNWMSHWE TPaBOCTOSB, MOAEBbIX KYNbTyp, HeoGpabaTbiBaeMblX TPaBOCTOEE
M rbagauumn asoTMCTOro NUTAHUA Ha KaueCTBO MHMUNLBTPUpOBaHHbIX Boa. MMoaTRepAunach
BbICOKas 3awuTHaa YyHKUWs TpasocToeB (MakcC. 38,66 mr NO3 B WMHMOUALTPUPOBAHHOI
BOAE) NO CpaBHEHW:0 c naxoTHoi zemnen (1144 mr NOs) u Heo6pabaTbiBaeMbiM Tpa-
BocToiomM (65,40 m- NO3). DTuMi CnoCoGHOCTAMW XOPOIMK ypoxaeB (B CpegHeM McChe-
Ayembix net u po3 yaobperuin 0, 80, 160, 320 «r . N'ra) ornWuanucb TpasoCTou TUMOMeEeBKH
NYroBOM, OBCsHWUbI KPAaCHOW U nyrosoi, knerepa nyrosoro (19,57 mr), Tako# xe TPaBOCTOM
6e3 knesepa (26,02 wmr), kneseporpae, Tumodeeska + knesep nyrosoi (38,66 Mr) M exwu
oSbikHoBeHHon (38,33 mr 113). KomGuHuposaHHOoe yao6peHue 1H3IBO3CM C MMUHEPaNnbHLIM
a30THLIM YA0OpEHUEM NPEeAOCTaBMNO XOPOLLCE KauecTBo BOAbl. JAuddepeHynpoBaHHoe a3so-
TMcTOoe yaodpenune pgo 60 xr.N'ra Ha BCex MCCAegyembix TPaBOCTOAX HE MNOB/AWAND OTPH-
uaTenbHO Ha COAEpaHWe HUTPATOB B MHMUILTPUpoBaHHOW Boae. CoaepxaHue HUTPaToB
6bIn0 B pamMkax HOPMbI ANa NuTbesoi Boasi. MNpu goze 320 xr . N'ra (B kom8uHauuu aHop-
raHUuecKkoro ¥ OPraHMuYecKkoro a3oTa) 3Ta HOpMma He Gbina NpeBbileHa y CNOXHbIX Tpa-
BOCTOEB, a MMEeHHOo 6e3 Knesepa NyroBOro ¥ C HUM. 1Py nPUMeHeHUM G30Ta NuWwb B opra-
HUUECKON ODMe HOPMa AN NWUTLEBOM BOAbI He OslAa NpeBbliieHa, NWilb B WHMUNLTPH-
pPOBaHHOM BOAE NOA TPABOCTEUM CHOXHbLIM C KASBEPOM AYrOBbIM.

TPasOCTOM,; CAOXHbIe CMECHU; auddEepPeHUUpPOBaHHbIe &a3CTHhie YA06peHMﬂ; npoaykuyua, ka-
yecTBo MHCDMIlepMpOBaHHOﬁ BOAY!

The author’s address:

Ing. FrantiSek Havelka, CSec, ing. Jan Sonka, CSec., Vyzkumny dustav pro
zirodnéni zemédélskych pud, Ceské Budé&jovice, Praha, Vyzkumna stanice, 39191
Borkovice
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QUALITY OF SURFACE WATERS IN THE PASTURE AREA

I. Rais, J. Kralovec, A. Kopta

RAIS, I. — KRALOVEC, J. — KOPTA, A. (Grassland Station Zavisin, Marian-
ské Lazné): Quality of surface waters in the pasture area. Rostl. Vyr., 36, 1990
(5) :481-488.

Quality of surface waters was studied in a watershed largely covered by a past-
ure area for cattle (Stfibrny potok) and in a watershed with a prevalence of
arable land where water courses were iregularly lined with grassy spots
(Vysodansky potok). Neither the parameters of oxygen regime, nor the essential
chemical composition did change in the course of years. Surface water was
evaluated as very pure. Nitrate content changed during the seven-year period
but no trend can be confirmed statistically. Pasture management had no ad-
verse effects on the quality of surface waters.

small watersheds; surface waters; -quality of waters; pasture area

Cattle grazing is a technology of grassland harvest which is currently
used in the potato growing, submontane and montane regions in Czecho-
slovakia. The animal categories that can be kept on pasture include,
in practice, heifers, beef cattle and sheep. Pasture management is dif-
ferent for each category but mostly certain degree of specialization of
large-scale production is required which in turn requires some con-
centration of pasture opportunities. This is important from the point of
view of water resources because pasture areas are concentrated in some
localities and in a number of cases they are dominant in small water-
sheds. '

The quality of surface waters was studied in the small watershed
of the StFibrny potok where the pastures prevail and in the adjacent
small stream of the Vysofansky potok with a prevalence of arable land
and with intermittent grassy strips of unexploited meadow stands along
the streams (Tab. I).

Grazing in protective zones of water resources is considered as risk
or even undesirable. The extent to which this view is justified is the aim
of this study.

MATERIALS AND METHODS

Watersheds were selected with respect to the possibility of comparing a small
stream with a large proportion of cattle pasture land (Stfibrny potok) with a water-
shed with a larger proportion of arable land (Vysoéansky potok). Both the streams
are located in the western part of the Tepelskd vrchovina (Tepelskda Highlands) at
an altitude ranging from 660 to 700 m above sea level. The climatic district Bs has
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I. Characteristics of watersheds (1981—1984)

Temporarily
| Arabie land Meadows and Forest unexploited Other areas Total
pastures seil

ha l 9% ’ ha % ha k % ha oL ‘ha % ha %
Stfibrny |
potok 45.0 | 16.8 | 128.0 | 47.8 | 60.0 } 22.4 | 250 | 9.3 | 10.0 3.7 | 268.0 | 100
Vysocansky i 3
potok 50.4 ’ 48.4 25.5 | 245 | 185 | 17.8 8.2 7.9 | 1.4 1.4 | 104.0 | 100

an average yearly temperature of 6.4 °C (in the growing season 12.4°C), the average
yearly precipitation sum is 702 mm (for the growing season 404 mm).

It follows from the given data that the stand is characterized by a short grow-
ing season and by a comparatively high rainfall whose sum and distribution vary
considerably during the growing season. As far as the terrain, climate and soil are
concerned, both these watersheds are typical of the submontane regions of the
.Czech Socialist Republic.

The farm land of watersheds of the Stribrny and Vysodansky potok consists
of three soil associations with the following proportions:

Association III

Association I Association II

10 9/,
5%

Association I practically consists only of acid brown soils, mostly deep to very
deep; the soil may also be skeletal in the peaks, ridges and in exposed terrain. The
soil-forming substrate is amphibolite and paragneiss. As far as the texture is con-
cerned, the soils are light-textured to very light-textured; the soil acidic.

Association II consists of soils below water sources on slopes; they are irre-
gularly waterlogged with the subsurface flow. Typologically, most of these soils are
elluviated pseudogleys (grey brown podzolic soils, local mumic pseudogleys — as
secondary soils of this association). Major part of these soils is acid, with mosaic-
-like waterlogging, most of them being temporarily unexploited soils (TUS).

Association III contains depression bottoms and adjacent slopes. These are
most significantly waterlogged. The soil cover consists of a mosaic: catenas with
increasing waterlogging. Typologically these are solely pseudogley soils, elluviated
pseudogleys, humic pseudogley soils, gley soils, gley soils locally peatified, hydro-
gley soils. The waterlogging is of surface type, in upper part are slopes of the catena
they are with more difficult outflow in the depresion.

The forest soil of the investigated watersheds is grey brown podzolic soil,
medium deep on amphibolite. It is very light-textured, considerably permeable,
strongly acidic, unsaturated, with low sorption capacity. Typical forest soil, suitable
only for forest.

Agricultural production is concentrated on grasslands in the watershed of
Stribrny potok which are grazed down by heifers or cut for preservation (wilted
silage). The species composition of the stands was as follows: cocksfoot, timothy,
smooth-stalked meadow grass and white clover. The output of hay ranged from 3 to
6 t per ha. To a lesser degree, arable land on which cereals, potatoes and perennial
fodder crops are rotated reaches into the watershed. Pasture technology and pasture
management consist in grazing in permanently enclosed pastures. The herds are
composed of 100 to 200 heads and the stocking rate is 1,000-1,200 kg of live weight
per ha. The enclosed strips are equipped with watering places, feedlots and fixation
devices. Animals mostly do not have to walk longer than 300 m to reach these
places. Animals graze all day long, and the grazing season lasts 160 days, on an
average.

The crops that prevail in the rotations used in the watershed of the Vysoéan-
sky potok include cereals, potatoes, perennial forage crops.

70 %
85 %,

20 %,
10 9%

Stiibrny potok
Vysodansky potok
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Nutrients, particularly nitrogen, were applied at higher rates in both the
watersheds. Nitrogen was applied at two to three rates in the watershed of the
Stiibrny potok and only at one to two rates in the watershed of the Vysocansky
potok. The total amounts of nutrients supplied through fertilization and rainfall are
given in the Tabs. VII and VIII.

The effect of pasture on surface water was determined by measuring the flow
rate and chemical composition of waters. The flow rate was measured at limni-
graphic stations. Besides flow rate, the amount and quality of rainfall were in-
vestigated at ZAaviSin (at a distance of three to four km from both watersheds).

Up to 1984 the waters were sampled in both watersheds irregularly throughout
the year, since 1985, with respect to the slight differences in the results of analyses,
the samples were taken in the spring at the beginning of the grazing season and in
the autumn after the grazing season. The samples were taken with regard to the
actual start of grazing. Nitrate content was selected as the only criterion of con-
tamination, having the largest variation. The results were evaluated by analysis of
variance and the found differences were compared with the calculated differences
at a minimum significance level of 5%, (Dmin 0.05) and 1%, (Dmin 0.01). Changes
in nitrate contents were evaluated by regression analysis of several years’ period.

RESULTS AND DISCUSSION

Flow rates in the Vysofansky potok and St¥ibrny potok are given in
Tab. II. The average outflow from 1 sq km of the watershed of the
Sti¥ibrny potok was 6.65 1 per sec and in the Vyso¢ansky potok 6.60 1 per
sec. This amount equals 23 % of the sum of rainfall at the St¥ibrny potok

I1. Average flows (1981—1984)

1981 1982 ’ 1983 ‘ 1984
Watershed —
@ flow (1.s°1)
Stribrny potok 21.7 16.8 l 16.4 16.6
Vysoéansky potok 6.8 a1 | 5.7 4.9

II1. Average quality of water (1981—1984)

Stfibrny potok Vysocansky potok

1981 1982 1983 1984 1981 ' 1982 ‘ 1983 1984
BODs 1.23 2.05 1.21 1.72 1.34 1.37 1.42 1.69
O3 saturation 89.29 | 85.54 | 80.74 | 86.47 | 84.53 | 77.81 | 78.78 | 83.31
pH 7.30 7.00 6.50 7.50 7.20 6.90 6.60 7.30
SO,2 45.54 | 52.85 | 67.09 | 71.70 | 36.87 | 52.69 | 59.58 | 60.92
PO3- 0.04 0.05 0.01 0.04 0.02 0.04 0.02 0.03
NOs3- 14.40 | 17.30 | 25.20 | 22.40 ’ 11.90 | 13.80 | 36.30 | 30.10
NO2~ 0.01 0.01 0.01 0.02 | 0.01 0.02 0.02 0.04
NH,+ 0.37 0.41 0.20 0.09 ! 0.44 0.36 0.24 0.43
| g 0.49 : 1.01 1.39 1.23 f 0.16 0.79 1.36 0.87
Ca?+ 27.94 4 28.42 | 30.66 | 32.36 l 24.40 | 27.74 | 31.24 | 31.20
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IV. Nitrate contents; Stiibrny potok — surface water (1981—1984)

Month = o il
1981 1982 1983 1984
1. 13.4 22.4 23.7 41.5 25.2 (
2 13.9 16.8 25.3 22.4 ; 19.6
3. 18.4 16.2 24.0 227 | 203
4. 18.6 16.2 23.2 26.1 21.0
5. 10.8 124" " ol 21.8 17:2
6. 11.7 140 | 177 18.1 15.4
| 104 x
T 9.6 17.4 18.4 243 | 174
8. 26.4 19.3 16.8 15.4 19.5
9, 146 | 156 18.2 16.3 16.2
10. 9.8 { 20.4 29.0 14.5 18.4
11. 114 | 184 42.2 21.5 23.4
12. 13.6 ‘ 19.0 39.5 240 | 240 !
| |
ol | 144 i 173 | 252 | 224 :
|
Din 0.05 4.6 '
Dmin 0.01 5.8 |

V. Nitrate contents; Vysocansky potok — surface water (1981—1984)

Month o | fmr | fa
1981 1982 1983 1984 |
1. 70 | 142 41.0 | 444-| 2656 {
5 12.0 14.2 45.3 19.0 22.6 l
3, 15.0 12.0 49.6 39.9 29.1
4. 150 | 1638 52.6 42,6 31.8
5. 120 | 118 30.0 57.6 27.8
6. 170 | 110 14.4 23.7 16.5
| 144 | 171
% 2.8 241 | 152 28.9 17.8 |
8. 23.0 200 | 172 28.9 223
9. 7.5 15.2 16.2 9.8 12.2
10. 10.4 9.4 19.2 11.8 12.7
11. 13.4 8.7 67.3 25.0 28.6
12. 13.4 8.7 67.3 29.4 207 |
@ 12.4 13.8 ! 363 | 30.1
Duin 0.05 6.4
Dutn 0.01 8.0
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VI. Nitrate contents in investigated watersheds in the spring and autumn seasons

) Dmin
1981 | 1982 | 1983 | 1984 | 1985 | 1987 | 1988 | oS0t
Spring samplings
Vysotansky potok | 12.00 | 1000 | 1539 | 20.38 | 17.63 | 1400 | 1210 | o o
Stiibrny potok 9.40 | 1340 | 1531 | 16,98 | 17.98 | 1513 | 11.30 |
Autumn samplings
Vysotansky potok | 8.00 | 1489 | 1830 | 050 | 588 | 1460 | 1320 | .
Stiibrny potok 1120 | 22.12 | 17.68 | 1540 | 13.82 | 1530 | 11.70 |

VII. Balance of nutrients in the watershed of the Stribrny potok (1981—1984)

1981 1982 1983 1984
Nutrients supplied through fertilization and precipitation (kg per ha)
N 147.3 1255 128.8 122.7
P 25.6 29.9 25.1 28.1
K 60.2 68.8 71.7 60.1
Ca 385.9 242.3 316.0 276.3
S 78.3 47.7 65.1 73.2
Outflown nutrients (kg per ha)
N 7.571 7.593 11.051 9.919
P 0.036 0.041 0.007 0.027
K 0.850 2.075 2.823 2.589
Ca 70.469 55.519 58.976 63.504
f S 39.840 32.804 44.548 46.470

precipitation (%)

Proportion of outflown nutrients out of nutrients supplied through fertilization and

N

-

Ca

5.14
0.14
1.41
18.26
50.88

6.05
0.14
3.02
22.91
68.77

8.58
0.03
3.94
18.66
68.43

8.08
0.10
4.31
22.98
63.48
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VIII. Balance of nutrients in the watershed of the Vysofansky potok (1981—1984)

1981 1982 1983 ’ 1984
Nutrients supplied through fertilization and precipitation (kg per ha)
N 154.0 128.1 138.4 125.3
P 24.8 34.1 26.9 27.2
K 58.2 72.6 72.2 58.3
Ca 375.8 251.1 309.9 268.5
S 78.3 47.7 65.1 | 73.2
Outflown nutrients (kg per ha)
N 6.076 3.953 14574 | 9.877
P 0.011 0.017 0.002 0.020
K 0.200 0.912 2.710 0.990
Ca 51.566 33.190 55.315 49.010
S 26.236 22.049 37.362 29.724

3.95
0.04
0.34
13.72
33.51

Proportion of outflown nutrients out of nutrients supplied through fertilization and
precipitation (%)

3.09
0.05
1.26
13.22
46.22

10.53
0.01
3.75

17.85

57.39

7.88
0.07
1.70
18.25
40.72

and 20 % at the Vysocansky potok. This corresponds to the data reported
by ZajiCek (1984).

Quality of surface waters (Tab. III) is markedly influenced, beyond
dispute, by rainwater in the investigated watersheds. The average com-
position of rainwater (in mg per 1) is as follows:

Year 1981 1982 1983 1984
NO3~ 7.02 8.47 5.93 6.14
S042- 19.50 15.20 22.20 27.78
Ca2- 8.75 8.29 6.42 6.65

Nitrate contents in rainwater correspond to data obtained by Bulicek
(1977) and Skoda (1988). The parameters of oxygen regime and
basic chemical composition of surface waters in both watersheds classify
the waters as very clean. Total hardness and contents of dissolved and
undissolved substances are at a satisfactory level.

As to the specific parameters, attention was tocused on nitrate
content. The average monthly values are given in Tabs. IV and V. Nitrate
contents were lower in the growing season than outside it. Svobodo-
va (1982) arrived at a similar conclusion. The data on nitrate con-
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tents in surface water during the spring and autumn seasons for longer
period of time are given in Tab. VI. Nitrate contents obviously varied as
a result of climatic effects, rotating of crops and aplication of com-
mercial and organic fertilizers. Nitrate contents exhibited no significant
trend for the investigated period. Through a regression line can be drawn
through the values obtained, no statistically significant regression de-
pendence was ascertained in the limited period of time.

The amount of outflown nutrients is given in Tabs. VII and VIIL
It is obvious that the amounts of outflown nitrogen, phosphorus and
potassium are low, but on the other hand, the amount of outflown
calcium is comparatively high.
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RAIS, I. — KRALOVEC, J. — KOPTA, A. (Lukafrskopastvinarska stanice Zavisin,
Marianské Lazné): Kwvalita povrchovych vod v pastevnim aredlu. Rostl. Vyr. 36,
1990 (5) :481-488.

Kvalita povrchovych vod byla sledovana v povodi, kde zaujimal vyrazny podil pas-
tevni aredl pro skot (Stfibrny potok) a v povodi s prevahou orné pldy, kde byly
podél vodotedi zatravnéné prulehy (Vysolansky potok). V prib&hu let se neménily
ukazatele kyslikového reZimu ani zdkladniho chemického sloZeni. Povrchova voda
byla hodnocena jako velmi éistd. Obsah nitrati se v prub&hu sedmi let ménil, ale
statisticky nelze prokazat Zadnou tendenci. Pastevni hospodaieni nepusobilo nega-
tivné na kvalitu povrchovych vod.

mald povodi; povrchové vody; kvalita vod; pastevni areal

PAUC, U. — KPANOBEL, M. — KOMNTA, A. (/lyro-nact6uwHas craHuyus 3aBuiuuH, Ma-
puatHcke [lasHe): KaueCTBo Haj3eMHuIX BOA B nact6umuHom apeane. Rostl. Vyr., 36, 1990
(5) : 481-488.

Kauectso Hajg3emHbix Boa 6Obino uccnegoBaHo B 6GacceiHe, rAe CYWeCTBEHHYIO [0Nb 3a-
HWMan nacTéMWHbIA apean Ans KpynHoro poratoro ckoTa (CTpxXWOpHbl MOTOK) M B Gac-
CeWHe C npeobnagaHWeM naxoTHOW 3eMAu, rhe OGbinM BAONL BOAOTOKOB MecTa C 06CEBOM
TpaBoi (BbiCouaHCKM NOTOK). B TeueHue netr He M3IMEHUNUCH nOKa3aTenNu KUCNOPOAHOrO
pexuma, a Takxe OCHOBHOrO XWMMUueckoro cocrtaBa. Hap3lemMHas Boga oueHMBanacb Kak
BeCbMa uuctas. CopepxaHuWe HWUTPaToOB B TEUEHWE CEeMU ST MEHANOCb, 0AHaKO CTaTUCTH-
UECKMU Henb3s AOKa3aTb KakKyl-TMbo TeHaeHuuwo, lMacTéuiuiHoe XO3SWCTBOBaAHME HEe BAUANO
OoTpUUATEeNbHO Ha KaueCTBO HAaA3EMHOM BOAbI.

HeGonbuwMe GacCerHbl; Haa3eMHble BO/Abl; KaueCTBO BOAbl; NacTOMUIHLIA apean

RAIS, I. — KRALOVEC, J. — KOPTA, A. (Griinland-Station Zavi§in, Maridnske
Lazné): Qualitdit der Oberflichenwdsser in einem Weideareal. Rostl. Vyr. 36, 1990
(5) :481-488.

Die Qualitdt der Oberflichenwisser wurde in einem Einzugsgebiet untersucht, wo
einen betriachtlichen Anteil der Fliche ein Rinderweideareal einnahm (Stiibrny
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potok) und ferner in einem Einzugsgebiet mit liberwiegendem Anteil an Acker-
boden, wo sich entlang der Wasserlaufe begraste Grabenterrassen befanden (Vyso-
¢ansky potok). Im Verlauf mehrerer Jahre dnderten sich weder die Parameter des
Sauerstoffhaushalts noch die der grundsitzlichen chemischen Zusammensetzung.
Das Oberflichenwasser wurde als sehr rein bewertet. Der Nitratgehalt variierte
zwar im Verlauf von sieben Jahren, statistisch lie sich jedoch keine Tendenz nach-
weisen. Die Weidewirtschaft hatte keine negative Einwirkung auf die Qualitdt der
Oberflichenwisser.

kleine Einzugsgebiete; Oberflichenwisser; Wasserqualitdt; Weideareal
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CHANGES IN HERBAGE OUTPUT FROM GRASSLAND
OVER TWENTY YEARS

J. Kralovec, A. Fryéek, K. Toman, J. Balas

KRALOVEC, J. — FRYCEK, A. — TOMAN, K. — BALAS, J. (Grassland Sta-
tion Zavisin, Maridnské Lazné&; Czechoslovak Academy of Agriculture, Praha;
Research Station, Mirovka, Klatovy; Special Services Co-ordination Group,
Zamberk): Changes in herbage output from grassland over twenty years. Rostl.
Vyr., 36, 1990 (5) : 489-500.

At two sites (Klatovy 420 m above sea level, Zavisin 750 m a .s. 1.), grasslands
were studied for twenty years at gradated application rates of nitrogen (0 to 320
kg per ha) and at constant rates of phospohorus and potassium. The hay-
-making and multiple-cut exploitation systems were used. Over the twenty-year
period, yields varied with weather, depending mainly on the levels (and distrib-
ution) of rainfall during the growing season. Larger fluctuations in yields were
recorded in the control treatments (no fertilization; PK fertilizers and no nitro-
gen), where the proportion of clovers showed the highest variability. Division
of the supply of nitrogen into three equal doses applied during the year mostly
failed to provide a higher output in the given system of exploitation than did
the single application of fertilizers in spring. Nitrogen fertilization was effec-
tive, in practice, only up to an application rate of 160 kg per ha. Herbage
quality, evaluated from the contents of nitrogen and mineral nutrients in dry
matter, remained satisfactory for the whole period of study.

grassland; long-term trials; nitrogen fertilizitation; herbage

Grasslands as an intensification factor in the agricultural system
(Kudrna, 1979) deserve closer attention, aimed mainly at maintain-
ing their productivity. Adequate exploitation is the main prerequisite for
satisfactory herbage yields; adequate (nitrogen) fertilization is another
major prerequisite.

In the late nineteen-sixties, these considerations led to large-scale
international research within CMEA member countries. Based on common
methodology which had been worked out at the Fodder Crop Research
Institute (Institut fiir Futterproduktion) at Paulinenauer, GDR, experi-
ments were conducted in all European socialist countries and were
finished in 1973 (Kaltofen, 1973; Frycek et al, 1974). In Cze-
choslovakia most of these experiments were closed in 1977 to 1980
(Balas§ et al, 1981), but at two sites (Klatovy, Z&aviSin) the trials
still continue.

In the starting stage the research was focused mainly on evaluation
of the rates, distribution and effectiveness of nitrogen fertilization dur-
ing the growing season. Now in the final period of the research, the
main objective has been to evaluate the effect of long-continued in-
tensive nitrogen fertilization on maintaining a high grassland product-
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ivity with no adverse influence on herbage quality. This paper sums up
the results obtained during the twenty years of investigation within the
two experiments.

MATERIALS AND METHODS

The Klatovy trial was conducted at a site 420 m above sea level. The average
annual temperature at the site is 7.6 °C (13.7 °C in the growing season) and the aver-
age annual precipitation sum is 596 mm (of this, 372 mm for the growing season).
Meadow fescue, followed, by white clover, prevailed in the herbage of the original
association (35 and 309, by weight, respectively). The soil at Klatovy is podzol on
gneiss, sandy, slightly humic, with a slightly acid reaction (pH KCI 5.9) and an un-
saturated sorption complex. When the experiment was started the soil had a low
content of available phosphorus (12 mg P) and a medium content of available po-
tassium (87 mg K per 1 kg of soil).

A reclaimed plot was chosen for the experiment at Zavi§in near Marianské
Lazné. It is located 750 m above sea level, on slight slope facing southeast. The
site’s average annual temperature is 6.4 °C (124 °C in the growing season) and
annual rainfal total above 700 mm (of this, 400 mm for the growing season), but
the year-to-year fluctuation in rainfall is great (Tab. I). The stand was established
as a meadow fescue (20 % by weight) and timothy (209, prevailed. The ZAavisin
soil is medium heavy-textured sandy loam with a larger content of gravel, genetic-

1. Precipitation sum for the growing season at the experimental sites

Precipitation (mm) |
s Klatovy : Zavisin |
altitude 420 m a. s. 1. altitude 750 m a. s. L. {
1969 . 296 f 344
1970 i 374 } 428 :
1971 i 391 ‘ 369 I
1972 | 415 347 .
1973 299 | 282 y
1974 408 | 479 r
1975 396 r 409 ’
1976 ‘ 310 | 245
1977 477 z 348
1978 426 : 541
1979 395 | 396 |
1980 _ 382 ; 452 |
1981 | 476 F 503 |
1982 248 359 |
1983 377 ! 469 |
1984 427 501 |
1985 408 ' ; 359 |
1986 607 j 492 |
1987 404 l 414 |
1988 406 | 332 |
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ally belonging to the acid brown soils. The parent rock is amphibolite. The soil
reaction is acid (pH KCIl 4.2) and the sorption complex is unsaturated. The content
of available phosporus was very low (8 mg P per 1 kg of soil) and the content of
available potassium was good (174 mg K per 1 kg).

The trials were based on the above-mentioned methodology of investigation in
nitrogen fertilization of grassland. Phosphorus and potassium fertilization was
maintained at a constant level of 32 kg P and 100 kg K per 1 ha. Nitrogen. on the
other hand, was used at gradated rates (0 to 320 kg per ha), the nitrogen fertilizer
being applied either in three equal doses distribution over the growing season or at
a single rate, incorporated in the soil at the onset of vegetation. The nitrogen fertiliz-
er used during 'the experiment was ammonium nitrate with limestone (30 %, until
1981, later 27.5 9, N).

The experimental plots were harvested either as meadows (twice to thrice
for the growing season, the first cut being made at hay-making ripeness when the
stand was 35 — 40 cm tall) or as pastures (several [usually three to four] cuts
annually, first cut at a stand height of 20 cm). At both sites, on an average for the
experimental years, the difference in the first cut date between the hay-making
cut and multiple-cut systems of exploitation was 14 days. The dates of the first
harvestes at Klatovy and Zavisin were about the same, on an average for the years:
the 25th to 26th of May in the multiple-cut system and 9th to 10th of June in the
system with the hay-making cut.

Besides the output of dry mater, the characteristics evaluated in the ex-
periments included the botanical composition of the herbage of the stands as the
weight percentages of grasses, clovers and other herbs at all harvests of all treatments
in the whole experiment. Forage quality was evaluated on the basis of inorganic
plant analysis: at Zavisin this has been done continuously since 1970 and
at Klatovy since 1971. However, the Xlatovy data for 1978, 1979, 1980
and 1986 are lacking for technical reasons. In this study, the quality of the forage
is evaluated just generally by the weighted mean for nutrient contents in the herb-
age harvested over 19 years at ZaviS$in and over 14 years at Klatovy. Detailed
evaluation of the species composition and quality of the herbage will be the subject
of a special report.

Analysis of variance was used for the elimination of random effects. To assess
the uniformity of the set under study, the yields obtained from the treatments were
complemented by means of the variance coefficient V, which is a percent expression
of the standard deviation from the arithmetical mean.

RESULTS AND DISCUSSION

A high variability, which was particularly high between years, was
recorded during the statistical evaluation. Output in the experiments
(Tabs. II to V) was very dependent on weather, especially on sufficient
rainfall (Tab. I) which was the only source of moisture at both sites.
The coefficient of variation V for the sum of precipitation was practic-
ally the same at Zavi$in and Klatovy (19.6 % and 19.2 %, respectively),
but that for the yields differed markedly between the two sites. The
highest variability was observed in the unfertilized control treatment
and in the treatment using only phosphorus and potassium fertilizers.
On the other hand, the best uniformity was recorded at high rates of
nitrogen fertilization, which offset the fluctuation of weather to some
extent. The lower values of the variation coefficient at the system
of hay-making cut, in which the first harvest represented a prevailing
part of output, testifies to a greater dependence of the stands used as
pastures mainly upon the distribution of rainfall during the growing
season. Divided nitrogen fertilization intensified this trend.

The effect of year on output was so high that the differences in
yields between the fertilization treatments within each year were often
smaller than the differences between years within each treatment. In
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II. Dry matter output over twenty years: multiple-cut exploitation system (Klatovy,
1969—1988)

Fertilization (kg pure nutrients per 1 ha)

N — - 80* | 160* | 320* | 80 | 160 | 240 | 320

P — 132032 | 32|32 |32 ! 32!32]!32

K — 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Year Dry matter yields (tonnes per 1 ha)
1969 3.17 | 4.02 | 449 | 554 | 814 | 480 | 554 | 6.75 | 7.43
1970 342 | 430 | 443 | 540 | 824 | 5.07 | 598 | 7.03 | 7.66
[ 1971 542 | 7.07 | 6.62 | 622 | 7.36 | 7.80 | 7.91 | 8.19 | 8.82
1972 481 | 581 | 723 | 6.62 | 7.88 | 7.10 | 7.35 | 8.04 | 846
1973 430 | 506 | 539 | 6.16 | 793 | 643 | 7.19 | 8.43 | 8.90
1974 432 | 568 | 6.10 | 7.43 | 9.68 | 7.21 | 7.50 | 8.76 | 8.74
1975 527 | 6.64 | 6.22 | 6.20 | 7.65 | 6.82 | 6.56 | 6.25 | 7.76
1976 292 | 328 | 3.82 | 392 | 470 | 410 | 4.72 | 499 | 5.78
1977 399 | 448 | 5.49 | 7.84 | 054 | 578 | 6.94 | 7.40 | 8.40
1978 392 | 567 | 508 | 6.41 | 7.37 | 580 | 6.92 | 6.94 | 7.78
1979 335 | 3.70 | 436 | 532 | 6.50 | 4.84 | 5.88 | 6.03 | 7.25
1980 456 | 6.24 | 534 | 7.29 | 8.06 | 6.26 | 7.63 | 8.00 | 9.08
1981 281 | 3.76 | 3.98 | 478 | 6.30 | 432 | 529 | 5.78 | 7.02
1982 092 | 099 | 1.50 | 1.96 | 2.31 1.62 | 2.20 | 2.59 | 3.07
1983 346 | 3.86 | 542 | 731 | 852 | 523 | 658 | 6.85 | 7.34
1984 156 | 198 | 2.88 | 4.68 | 6.48 | 3.69 | 456 | 5.94 | 6.69
1985 453 | 698 | 7.06 | 781 | 9.60 | 8.04 | 7.98 | 8.68 | 9.26
1986 6.59 | 850 | 948 | 7.78 | 950 | 9.10 | 9.44 | 8.36 | 8.74
1987 6.31 | 855 | 9.58 | 822 | 9.08 | 8.67 | 9.04 | 8.95 | 9.25
1988 i 406 | 541 | 6.02 | 6.02 | 7.29 | 659 | 7.06 A 7.54 | 7.78
Mean 398 | 5.10 | 552 | 6.15 | 7.61 ‘| 5.96 | 6.61 : 7.08 | 7.76
Coefficient of variation
{ V9% ‘ ’ 35.0 I 38.5 ' 35.3 i 25.1 (235 |30.6 ’ 24.9 ' 21.8 ‘ 18.6

* fertilization divided into three applications.
It holds for the average yields that:
Dpin 0.05 0.24 tper 1 ha
0.01 0.28 tper 1 ha

the majority of cases, statistically significant differences were recorded
only between the extreme values. This fact can be offset, to some
extent, in the average yields which also allow to identify more pro-
nounced dependences: the average yields increased with gradated nitro-
gen application rates up to the highest rate used (320 kg per ha],
although this tendency was not uniform. It should be noted in this
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III. Dry matter output over twenty years: hay-making cut system (Klatovy, 1969—
—1988)

Fertilization (kg pure nutrients per 1 ha)
N L | — | 8o*|160% | 320x| 80 | 160 | 240 | 320
P | < |32 | 32 {-22 | 33 | 32 | 32 | 32 | 82
K . — | 100 [100 | 100 | 100 ’ 100 | 100 | 100 | 100
Year Dry matter yields (tonnes per 1 ha)
1969 3.16 | 4.08 | 424 | 510 | 7.13 | 5.14| 593 | 6.62 | 7.45
1970 | 348 | 449 | 432 | 528 | 7.21 | 537 | 6.76 | 7.61 ! 8.16
1971 4.49 | 582 | 530 | 5.83 | 695 6.62 | 7.49 | 825 | 8.54
1972 470 | 5.90 | 574 | 558 | 7.05 | 6.41 | 670 | 6.99 | 7.91
1973 402 | 456 | 476 | 524 | 6.72 | 5.43 | 6.71 | 7.26 | 8.10
1974 346 | 428 | 5.19 | 571 | 7.32 | 5.82 | 6.91 | 7.62 | 7.62
1975 445 | 484 468 | 476 | 5.96 502 | 552 | 6.03]| 7.04 |
1976 310 | 332 | 3.56 | 3.66 | 449 | 3.74 | 4.19 | 4.68 | 5.12
1977 | 422! 432 | 490 | 6.33 | 842 | 544 | 650 | 7.38 | 8.73
1978 4386 | 628 | 549 | 6.73 | 7.86 | 581 | 7.44 | 7.81 | 8.26
1979 402 | 425 | 512 | 628 776 | 482 | 566 | 574| 6.62
1980 ' 383 | 621 | 546 | 6.44 | 880 | 6.43 | 7.44 | 8.05 | 9.24 |
1981 292 | 438 | 4.43 | 4.66 | 7.08 | 4.42 | 4.90 | 6.08 | 7.20
1982 130 | 1.41 | 1.96 | 245 | 3.02 | 1.88 | 2.76 | 2.99 | 3.58
1983 258 | 3.12 | 443 | 559 | 6.76 | 4.83 | 631 | 6.47 | 7.36
’ 1984 138 | 177 | 256 | 3.98 | 552 | 3.68 | 4.90 | 5.86 | 6.56 |
1985 411 | 626 | 572 | 7.11 | 891 | 7.22 | 6.96 | 7.99 | 8.74
1986 6.36 | 7.41| 732 | 651 | 7.81 | 7.34 | 7.44 | 7.99 | 7.92
1087 412 | 684 | 6.96 | 6.72 | 7.68 | 6.92 | 7.67 | 7.46 | 7.97 |
1988 462 | 592 | 6.22'| 6.34" 6.98 | 6.92 | 7.23 | 8.06 | 8.22
I

| Mean 3.76| 477 | 492 | 552 | 6.97 | 546 | 627 | 6.85 | 7.52

Coefficient of variation

Vo, - 131.1 |33.4 26.1 ]21.3 ]20.0 250 |205 |1904 |17.4

* fertilization divided into three applications.
It holds for the average yields that:
Dpin 0.05 0.23 tper 1 ha
0.01 0.27 tperl ha

context that the method of the experiment bears traces of the time when
it was worked out (emphasis laid on maximum yields). Output was mostly
higher after single application of the whole fertilizer dose in springs.
Nitrogen applied in this way adds regularity to the normal course of the
yield curve which has its maximum at the onset of the growing season.

It is very interesting to evaluate the production efficacy of nitrogen
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IV. Dry matter output over twenty years: multiple-cut exploitat

ion system (Zavisin,

1969—1988)

l Fertilization (kg pure nutrients per 1 ha)

|

| -

N - - l go* | 160% | 320 | 80 | 160 | 240 ‘320

1 P _ 13 13 13! 32 132! 3|32/ 3

; K — | 100 ’100 IIOO | 100 ’100 100 | 100 ‘100

|

: Year Dry matter yields (tonnes per 1 ha)
1969 3.4 | 618 | 4.96 | 6.76 | 8.68 | 4.26 | 7.45 | 718 | 7.03
1970 261 | 412 | 535 | 623 7.01 | 4.03 | 6.49 | 671 | 7.03

| | 1
1971 | 248 | 3.98 | 4.66  6.46 6.57 | 4.04 | 612 676 | 677
1972 408 | 611 | 642 870 | 9.12 | 5.68 | 7.98 | 831 | 9.09
1973 371 | 465 | 558 | 7.12 | 855 | 5.76 | 6.74 | 7.54 | 7.71
1974 478 | 6.04 | 687 | 972 | 992 | 7.12 | 9.44 | 932 | 878
1975 255 | 322 | 4.73 l 6.35 | 6.99 | 437 | 5.98 | 6.65 | 6.17
1976 191 | 254 | 3.92 | 521 | 555 | 386 | 518 | 555 | 507
1977 246 | 406 | 506 | 7.60 740 | 440 | 6.48 | 7.36 | 7.08
1978 232 | 374 | 511 | 622 | 7.10 | 4.60 | 6.49 | 655 | 6.85
1979 191 | 388 | 4.65 676 | 739 | 442 | 5.94 | 7.63 | 7.64
1980 233 | 432 | 5.05 ‘ 672 | 824 | 445! 669! 7.62 | 7.91
1081 437 | 6.11 | 6.78 i 812 | 851 | 568 | 677 | 784 | 8.02
1982 2.88 | 556 | 5.72 | 8.02 | 8.90 | 5.69 | 6.85 | 7.58 | 8.16
1983 283 | 6.19 | 551 | 6.95 844 | 575 | 1.73 | 7.05 | 1.73
1984 2.67 | 458 | 559 | 6.11 | 6.99 | 509 | 6.61 | 6.56 | 6.43
1985 2.64 | 457 | 5.65 | 8.03 | 839 | 510 822 | 7.12 | 691
1986 2.29 | 451 l 489 | 755 | 952 | 468 | 6.86 | 747 | 157
1987 301 | 624 | 545 | 6.79 | 7.96 | 4.97 | 7.02 | 7.49 | 751
1088 272 | 566 | 540 | 7.47 | 771 | 536 | 7.04 | 7.09 | 7.69
Mean 2.95 | 4.81 ’ 537 | 7.14 | 7.95 | 497 | 6.90 | 7.27 | 7.36
Coefficient of variation
| V% 27.2 '23.3 134 |145 ,13.6 ‘16.3 13.5 |10.5 |12.3

* fertilization divided into three applications.

It holds for the average yields that:
Dmnin 0.06 0.32 tper1 ha
0.01 0.36 t per 1 ha

fertilization, although this is complicated by the absence of a treatment
with divided application of 240 kg nitrogen per ha (this treament was
not included in the experimental layout).

Velich

(1968) arrived at a conclusion that from the point of

view of energy, the increment of output should not fall below 15.4 kg
of dry matter per the last one-kg increase in nitrogen fertilization. At
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V. Dry matter output over twenty years: hay-making cut system (Zavisin, 1969—
—1988)

Fertilization (kg pure nutrients per 1 ha)

| N - — 80* | 160* | 320* 80 . 160 240 320
P — 32 32 32 32 32 32 32 32
K = 100 100 100 100 100 100 100 100
. Year Dry matter yields (tonnes per 1 ha)
1969 535 | 4.77 | 6.89 | 7.59 | 825 ‘ 700 ' 7.66 | 8.47 ' 8.07
1970 6.02 | 401 | 684 | 738 | 7.58 | 6.75 | | 7.86 | 7.83 [ 8.14
1971 5.81 | 454 | 7.01  8.28 : 8.56 7.08 f 7.45 | 8.27 | 8.83
1972 | 470 | 4.21 | 5.30 | 7.16 | 7.43 | 551 | 5,59 | 7.71 | 6.98
1973 4.02 | 4.37 | 4.75 | 6.60 1 735 | 498 | 5.59 | 6.76 | 8.00
1974 486 | 480 | 6.30 | 821 | 9.16 | 7.04 | 6.88 | 8.48 | 8.46
1975 472 | 3.14 | 5.35 | 6.90 ! 743 | 592 | 6.64 | 7.25 | 7.68
1976 ) 2.80 | 3.09 | 490 | 550 | 5.68 ‘ 4.70 | 6.00 | 6.19 | 5.96
1977 352 | 4.00 | 543 | 592 | 6.70 | 537 | 5.46 | 6.69 | 6.48
1978 397 | 448 | 593 | 6.64 | 7.14 | 5.84 | 6.40 | 7.86 | 6.94
1979 4.00 | 429 | 6.36 | 7.30 | 7.67 | 6.87 | 7.44 | 8.10 | 8.91
1980 3.81 | 486 | 6.32 | 7.28 | 7.73 | 5.38 | 5.67 | 898 | 9.05
1981 465 | 6.38 | 554 | 6.72 | 758 | 552 | 592 | 7.04 | 6.83
1982 3 434 | 637 | 583 | 751 | 882 | 595 | 6.75 | 7.63 | 8.54
1983 | 399 | 490  5.28 | 6.43 | 753 | 584 | 7.76 | 831 | 9.82
1984 ‘ 3.56 | 3.67 | 512 | 7.00 | 659 | 546 | 5.69 | 6.74 | 7.28
1985 3.24 | 4.24 i 597 | 7.70 | 791 | 590 | 6.95 | 8.31 | 8.29
1986 3.17 | 580 | 548 | 7.01 | 754 | 588 | 6.65 | 8.36 | 8.72
1987 420 | 6.10 | 6.17 | 6.87 | 8.31 5.84 | 6.71 8.12 | '8.70
1988 3.04  5.89 | 640 | 6.99 | 742 | 7.16 | 7.09 | 7.29 | 7.63
Mean 419 | 470 | 586 | 7.05 | 7.62 | 6.00 | 6.61 | 7.72 | 7.97
Coefficient of variation
v, 21.1 [208 [11.4 | 9.6 ’10.3 ’12.3 ’12.0 | 9.7 |12.3

* fertilization divided into three applications.
It holds for the average yields that:
Dpnin 0.05 0.35tper1 ha
0.01 0.40 tper 1 ha

Klatovy, the production efficacy was far below this level, on an average
for the experimental years, and ranged from 3.5 kg dry matter (at
divided application of 80 kg N) to 9.1 kg dry matter per 1 kg of fer-
tilizer nitrogen (at single application of 160 kg of nitrogen per ha in
spring). At Z&avisin the production efficacy was better: on an average
for the years, it was the highest at a fertilization rate (both divided and
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VI. Nutrient contents in herbage: weighted mean for all harvests (Klatovy, 1971—
—1988)

Every-year fertilization (kg pure nutrients per 1 ha)
N — — 80* | 160* | 320+ | 80 | 160 | 240 | 320 [
P i — |2 | 2 |2 |2 |2 |2 |2 2/ | ; (%'/"(;"01 |
K | — [100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | |
N, percent of dry matter ;
v 2.41 | 246 | 230 | 227 | 2.65 | 242 | 243 | 275 | 3.05 | 0.32/0.38 i
1 212 { 215 | 207 | 2.02 ! 230 | 1.95| 2.09 | 2.31 | 2.67 E 0.31/0.36 f
. P, percent of dry matter
v 0.30 | 0.39 | 036 | 0.36 | 0.33 | 0.36 | 0.36 | 0.35 | 0.33
1 035 | 045 | 044 | 040 | 0.38 ( 0.43 | 0.42 | 0.42 | 0.41 —
K, percent of dry matter
v 234 | 288 | 291 2.72 | 244 | 294 | 2.75 | 2.68 | 2.59 0.18/0.21 ‘
1 220 | 278 | 2.71 | 254 | 2.12 | 2.50 | 240 | 2.25 | 2.09 0.18/0.20 }

* fertilization divided into three applications
-) no significance recorded

v multiple-cut exploitation system

1 hay-making cut system

single) of 160 kg per 1 ha and the lowest at 320 kg per 1 ha. The lower
level of production efficacy at Klatovy is largely ascribable to the com-
paratively high yields in the PK treatment where the proportion of
clovers in the stand remained high. However, there was a considerable
year-to-year fluctuation at both sites, obviously caused by the different
courses of weather, particularly of sum and distribution of precipitation.
This can be seen from the fact that in some years the yield declined
after divided fertilization with 80 kg per 1 ha in comparison with the
PK treatment, whereas after single application of the fertilizer this
occurred only sporadically (more frequently at Klatovy than at ZaviSin;
in the hay-making cut system rather than in the multiple-cut system of
exploitation at both sites). Considering the output ‘achieved and the
production efficacy of nitrogen, the optimum nitrogen aplication rates
were up to 160 kg per 1 ha. Application of more nitrogen was unnecess-
ary and uneconomical.

Of course, output is influenced by the system of exploitation of
the stand. The yield differences between the systems of exploitation
were not very large because in the multiple-cut system the first harvest
was comparatively late (the plants were 20—25 cm tall). It is perhaps
better to talk about different dates of harvests of the same exploitation
system rather than about different exploitation systems. As suggested
by experience gathered until now, exploitation of the stand as pasture
requires keeping the stand 13 cm tall for the whole growing season
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VII. Nutrient contents in herbage: weighted mean for all harvests (Zavisin, 1970—
—1988)

’ Every-year fertilization (kg pure nutrients per 1 ha)
N — — 80* | 160* | 320* | 80 160 | 240 | 320
Dmin

P — 26 26 26 26 26 26 26 26 0.05/0.01
K — 100 100 100 | 100 | 100 100 100 | 100

N, percent of dry matter
% 242 | 254 | 247 | 282 | 343 | 2.76 | 3.13 | 3.48 | 3.62 0.23/0.26
1 234 | 238 | 215 | 243 | 3.08 | 227 | 2.62 | 3.04 | 3.34 0.26/0.30

P, percent of dry matter
v 031 036 | 036 | 035, 035 | 037 | 037 | 0.38 | 0.37 —
1 032 034 | 033 | 033 034 | 033 | 033 | 0.33 | 0.35 —

|

K, percent of dry matter ‘
v 207 | 278 | 260 | 270 | 253 | 2.60 | 2.79 | 2.50 | 2.39 0.19/0.22
1 215 | 239 | 260 | 2.40 | 231 | 252 | 225 | 234 | 2.32 0.24/0.27

* fertilization divided into three applications
—) no significance recorded

v multiple-cut exploitation system

1 hay-making cut system

(Rais, Kralovec, 1989); in such conditions, of course, the output
as well as other parameters will be quite different. Nevertheless, it can
be derived from hitherto results that divided application is justified
mainly at higher levels of nitrogen nutrition and at higher frequencies
of harvest, as indicated in the Rational System of Grassland Fertilization
(Frycek etal, 1976; Neuberg et al., 1985).

As to the quality of the herbage, nitrogen content in herbage was
observed to increase markedly with increasing nitrogen fertilization.
More nitrogen in herbage was also produced when the first harvest in
the multiple-cut system started earlier: the herbage of the natural grass-
land at Klatovy where — owing to the lower altitude above sea level —
the first harvests were performed somewhat later, contained much less
nitrogen than did the regenerated stand at ZaviSin. It should be taken
into account in this respect that nitrogen content in the herbage from
the first cut is often much higher than the values of weighted means
given /in Tabs. VI and VII. This is important with regard to the re-
quirement for timely harvests, so nitrogen fertilization should always
be divided into more than one application, particularly at high fertili-
zation rates. What should also be borne in mind is that a high nitrogen
content implies also a high content of nitrates which may affect the
health of the livestock. However, it should be mentioned in this connect-
ion that, as confirmed by our results obtained from the present and
other experiments (Frydek, Krédlovec, 1979; Kré4lovec et
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al,, 1980), grassland fertilization remains entirely safe up to a single
(spring) application of 160 kg nitrogen per 1 ha which is, after all,
considered. as maximum bearable in normal grasslands if forage quality
is to be maintained and non-productive nitrogen losses are to be avoided.

Potassium content in herbage also varied markedly with the date
of harvest and with the weather in each year. However, the weighted
mean for all harvests, including the unfertilized control, showed a higher
potassium content than the livestock need fabout 1 % K in dry matter)
and higher than what is considered optimum for grassland nutrition
(2.0 to 2.4 % K in dry matter). However, potassium content in herbage
can hardly be controlled by fertilization alone because potassium is in-
volved in water and nutrient transport in plants and is accumulated
mainly in the dividing meristems. Hence, herbage which is younger by
its development (herbage cut earlier and more frequently) contains more
potassium than older material. It is suggested by the results of our
parallel experiments that a long absence of potassium fertilization leads
to a decline in the content of available potassium in the soil rather
than to a decrease in the potassium content in herbage (FrycCek et
al.,, 1980). The use of mineral supplements to offset the increased po-
tassium content in forage will have to continue and potassium fertiliz-
ation will have to be shifted to the latter half of the growing season
(Krdalovec et al, quoted by Neuberg et al, 1985). The contents
of other nutrients stayed within the optimum limits.
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KRALOVEC, J. — FRYCEK, A. — TOMAN, K. — BALAS, J. (Lukatskopastvinar-
sk stanice Zavisin, Maridnské Lazné&; Ceskoslovenskd akademie zemé&délska, Praha;
Vyzkumnd stanice Mirovka, Klatovy; Koordinaéni dtvar odbornych sluZeb, Zamberk):
Zmény v produkci pice travnich porostd v pribéhu dvaceti let. Rostl. Vyr., 36, 1990
(5) :489-500.

Na dvou stanovistich (Klatovy, 420 m nad moifem a Zavisin, 750 m nad moifem)
byly po dobu dvaceti let sledované travni porosty pii stupfiovaném hnojeni dusikem
(0 az 320 kg .ha—1) a konstantni hlading fosforu a drasliku p#i senoseéném a vice-
seéném vyuzivani. Vynosy v prubéhu dvaceti let kolisaly v zavislosti na poéasi, a to
predev§im na mnozstvi (a rozdéleni) srazek za vegetaci. K vét§im vykyvim ve vy-
nosech pritom dochézelo na kontrolnich variantiach (bez hnojeni a pii hnojeni jen
fosforem a draslikem), kde se nejvice projevovalo proménlivé zastoupeni jetelovin.
Rozdéleni doddvaného dusiku do t¥i (shodnych) davek roku neposkytovalo vétSinou
pii daném zpusobu vyuZivani vys8i produkeci pice neZ jednoriazové jarni hnojeni.
Dusikaté hnojeni bylo uéinné prakticky jen do 160 kg.ha—-1. Kvalita pice, posuzo-
vand podle obsahu dusiku a minerdlnich Zivin v su$iné, zustala zachovana po celou
dobu sledovani na uspokojivé trovni.

travni porosty; dlouhodobé pokusy; dusikaté hnojeni; kvalita pice

KPANORBELU, M. — QPUYEK, A. — TOMAH. K. — BANALW, M. (/lyro-nactéuuwHas craH-
umna 3asuiunMH, MapuaHcke [ladHe; Yexocnosaykas CenbCkoxo3qauMCTBeHHas akajgemus, lpara;
HayuHo-uccneporatennckas cTaHuus Muposka, Knatosbi; KoopauHauMoHHOe BEAOMCTBO
cneuunanbHbix cnyx6, Xambepk): W3MeHeHne B NpOAYKUKMM KOPMOBbIX TLaBOCTOEB B Te-
ueHre aBaguartu net. Rostl. Vyr., 36, 1950 (5) : 489-500.

Ha aByx mectonpoucxoxaeHusx (Knatoen, 420 M Hap ypoBHeM mops B 3aBuluHe, 750 m
Hajg y.M.) B TeueHue aBajuaTWM neT NPOBOAMIOCH MCCNEeAOBaHWE TPaBOCTOEB Npu Audde-
peHuupoeaHHOM ypo6peHun azoiom (0—320 kr.ra) WM KOHCTaHTHOM ypoBHe ocdopa
M Kanus npu CEHOKOCHOM W MHOrOKOCHOM MCMONb30BaHWW. Ypoxaun B Nepuoa ABajuati
ner kone6anucb B 3aBUCHMMOCTW OT MOFOAbl, @ UMEHHO B MEPBYIO Oouepejb OT KO/NMYecTBa
(n paspeneHus) ocaiakoe B BereTauUoOHHbIW nepuos. Bonbuive koneGaHus ypoxaes, Npu-
TOM, HabNloAanucCb y KOHTPOMbHbIX BapuaHTOB (6e3 yao6peHus WM Npu yAoOpeHWn Nuwb
docthopoM 1 Kanuem), koraga 6onblie BCEro NpPORBASAOCH U3MEHUWBOE HaUuUe KNEeBEepHbIX.
PasgeneHne noctaBnsemMoro a3oTa Ha Tpu (nogo6Hbie) [03bl B TeueHWe roaa, B GONbIIKH-
CTBe CNyyaes, He NPEAOCTABASNO MPU AaHHOM crnocobe MCNonb30BaHUA Gonee BLICOKYIO
NpPOAYKUMUIO, ueM OAHOpa3oBoe sApoBOe YyAobpeHue. A3oTuCTOe YyjaobpeHue 6bino addek-
TUBHbBIM, npakTUUYECKHU, Auwb Ao 160 kr:ra. KauyecTtBo 3eneHOro Kopma, oueHuBaemoe,
COrnacHo CoaepxaHUI0 a3oTa U MUHEpanbHbIX NUTaTENbHbIX BEWECTB B CYXOM BeuwecTBe,
COXpaHUNOCh, 3a BECb MEPUOA MCCNEfOBaHUs, Ha Y/AOBNETBOPUTENbHOM YpOBHe.

TPaBoCTOWU, MHOroneTtHue MUCCnepoBaHWUs; az0TUCTbIE ynoépeHuﬁ; KauyeCTBO 3e/ieHblX KOpMOB

KRALOVEC, J. — FRYCEK, A. — TOMAN, K. — BALAS, J. (Griinland-Station Za-
visin, Marianské L&azné; Tschechoslowakische Landwirtschaftsakademie, Praha;
Forschungsstation Mirovka, Klatovy; Koordinationsabteilung fiir Fachdienstleistun-
gen, Zamberk): Verdnderungen in der Futterproduktion von Grasbestinden im Ver-
lauf von zwanzig Jahren. Rostl. Vyr., 36, 1990 (5) : 489-500.

Auf zwei Standorten (Klatovy, 420 m ii.d. M. und Z4vi$in, 750 m. ii. d. M.) verfolgten
wir im Verlauf von zwanzig Jahren die Graserbestéinde bei gesteigerter Stickstoffdiin-
gung (0 bis 320 kg . ha-1) und konstanten Phosphor- und Kaliumniveaus bei Ein- und
Mehrschnittnutzung. Im Verlauf der zwanzig Jahre schwankten die Ertridge in Ab-
héangigkeit von der Witterung u.zw. insbesodnere von der Menge (und Verteilung)
der Niederschlige wihrend der Vegetation. Zu stirkeren Ertragsschwankungen kam
es auf den Kontrollvarianten (ohne Diingung und bei Diingung ausschlieBlich mit
Phosphor und Kalium), wo sich die variable Vertretung der Kleearten am stidrksten
bemerkbar machte. Die Verteilung des zugefiihrten Stickstoffs in drei (gleichgrofe)
Teilgaben im Laufe des Jahres gab bei der gegebenen Nutzungsweise meistens keine
hohere Griinmasseproduktion als bei einmaliger Friihjahrsdiingung. Wirkungsvoll

ROSTLINNA VYROBA — 1990 499



war die Stickstoffdiingung praktisch nur bis zu den 160 kg.ha-1. Die anhand des
Stickstoff- und Mineralnihrstoffgehalts in der Trockensubstanz bewertete Futter-
qualitdt blieb wihrend der gesamten Beobachtungszeit auf befriedigendem Niveau
erhalten.

Griaserbestinde; Langzeitversuche; Stickstoffdiingung; Futterqualitit
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PRODUCTIVITY OF GRASSLANDS IN THE BOHEMIAN-MORAVIAN
UPLANDS

J. Lesak

LESAK, J. (University of Agriculture, Brno): Productivity of grasslands in the
Bohemian-Moravian Uplands. Rostl. Vyr., 36, 1990 (5) : 501-508.

Research was conducted by the Fodder Crop and Feed Production Department
of the University of Agriculture, Brno, in the meadows and pastures of the
Bohemian-Moravian Uplands in 1965 to 1985. The productivity of the grasslands
included in intensity classes III and IV was found to be high, provided that
there is optimum nutrition and an optimum species composition. Temporary
grasslands, fertilized at a rate of 100 to 200 kg N (-+ PK) per hectare, are able
to produce more than 8 t dry matter per ha in four to five grazing cycles. The
nutritive value of the above-ground biomass is high. Permanent meadows and
stands newly established in reclaimed areas, fertilized at a rate of 150 kg N
(+ PK) per ha, can produce more than 9 t of dry matter. In the region of the
Bohemian- Morav1an Uplands, grasslands are not only fodder producers but they
also have an important landscaping function.

grassland; productivity; nutrition; succession of stands

Geomorphologically, the Bohemian-Moravian Uplands form a water-
shed which divides the drainage areas of the Northern Sea and the Black
Sea. Acting like a meteorological barrier, it allows to retain rainfalls
which are the main source of drinking and household water for the
central areas of Bohemia and Moravia. Many rivers have their springs
in the Uplands, e.g. the Svitava, Dyje, Sazava, Oslava, Jihlavka, Zeliv-
ka, Doubravka, Chrudimka, Kfetinka and others. Hence, it is very im-
portant for water management to maintain the regenerating ecosystems,
i. e. forests and grasslands, in this area and to keep their function active.
The structure of the areas of permanent grassland in the Bohemian-
-Moravian Uplands is shown in Tab. I.

For the purposes of large-scale production technologies, permanent
grasslands were included in four grades of intensity. Of the total area
of grasslands in the Uplands, 13.7 % was included in intensity grade I
(grasslands where machines cannot be used and where the p0331b111t1es
‘of thorough reclamation are poor). Grasslands of intensity grade II,
‘those allowing a limited use of cultural practices and having less fa-
'vourable site conditions cover 20.3 % of the total area. Good conditions
for intensive cultural practices exist in 66 % of the permanent grasslands
included in intensity grades III and IV (Rimovsky et al. 1988). The
'‘average yields of hay from the meadows in the ahbove-mentioned avess
were 3.64 t per ha in 1960 ard as much as 5.66 t per ha in 1985. In
the pastures the yields of hay were 1.53 t per ha in 1960 and 2.60 t in
1985.
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I. Structure of permanent grasslands in the different areas of the Bohemian-Mora-
vian Uplands

Grassland Decrease in Percent
Area acreage (ha) acreage (%) Grassg'jmd proportion
(district) in comparison a8
1960 1985 with 1960 of farm land meadows | pastures
Zd4ar nad Sédzavou 23 264 21 590 — 172 20.6 73.0 27.0
Jihlava 17 871 14 188 —20.6 20.1 78.6 21.4
Trtebic¢ 12 860 9118 —28.6 9.3 76.8 23.2
Havlickav Brod 18 094 16 357 — 9.6 20.3 84.9 15.1
Svitavy 16 573 13 820 —16.6 16.9 69.4 30.6
Pelhfimov 19 041 16 872 —11.4 21.0 91.0 9.0

The problems of intensification of grassland management in the
Bohemian-Moravian Uplands have been studied by the Fodder Crop and
Feed Production Department of the University of Agriculture, Brno, for
25 years, both on an experimental scale and on a farm scale. Some
results of this investigation, particularly those concerning plant nutrition,
grassland renewal and composition of grassland mixtures, are given in
this paper.

MATERIALS AND METHODS

In 1968, an experiment was started in the grasslands of the Sazava Co-operative
Farm to study NPK fertilization of temporary grassland. The composition of the
pasture mixture is shown in Tab. II. The parameters under study includ-
ed the production characteristics of the stands and the successive changes and variat-
ions in nutrient contents in the above-ground biomass. The nutrients were applied
according to the following scheme:

Treatment N P K
1 P — f—
2 100 35 66
3 200 44 100
4 300 53 125

Nitrogen was applied in four parts: 459, in spring, 30 %, after the first grazing
cycle, 159, after the second grazing cycle, and 10 %, after the third cycle. Phosphor-
us and potassium were applied in autumn.

In 1971 to 1973, research efforts were focused on the nutrition of the meadow
associations and the objective was to achieve a high production efficacy and eco-
nomic effectiveness of the nutrients applied. The experimental sites were chosen
so as to include types of meadow stands with a species structure typical of the potato
growing regions and the mountain farming area of the Bohemian-Moravian Uplands.

SAazava: the meadow site is located 565 m above sea level. The genetic soil
representative is pseudogley sandy loam. The plot lies on a hillside. The soil profile
is periodically influenced by excess moisture. This leads to the process of gleification
which worsens, to some extent, the physical and chemical properties of the soil.

JAmy: the site is located at an altitude of 590 m above sea level. The relief is
slightly inclined. The genetic soil representative is gley soil. The ground water table
ranges between 0.3 and 0.8 m. The humus horizont hq reaches to a depth of 230 mm.
Owing to more or less permanent excess moisture, these soils are not very suitable
for the cultivation of good-quality grassland.

Tri Studné: the altitude of the site is 725 m above sea level and the ter-
rain is slightly inclined. The pedogenetic representative is gley soil. The water table
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II. Average percent proportion of species in the different pasture treatment variants
(Sazava, 1968—1970)

Clover and grass species
Grazing Treat- 2 ..3 s .
cycle ment 3 = 33 2 SR ) 5

Se | ¢8| 58 S| S5 | §8 |58 1| y8
TS| SE | B8 | 85 | &S| S5 |58 | 85| g
IR 3 Ml | R | WS | NG N | NS o &
sowing | 10.00 | 5.00 | 5.00 | 8.00 | 25.00 | 12.00 | 25.00 | 10.00 | —
1 53.00 | 031 | 2.1 | 232 15.08 | 12.95 | 4.36 | 171 | 2.16
E)‘;i:f 2 3133 | 0.06 | 127 | 612 | 2779 | 1446 | 13.13 | 2.41 | 3.43
% 1752 | 0.06 | 0.84 | 1499 | 33.12 | 14.28 | 10.89 | 239 | 5.91
4 11.70 | 0.06 | 0.72 | 2030 | 32.49 | 1343 | 1250 | 1.69 | 7.11

is 0.2 to 0.8 m under surface. The soils of this site are waterlogged all the year
round and peatification occurs in some places.

Samotin: this meadow site is 755 m above sea level. Its terrain is slightly
inclined. The pedogenetic representative is acid brown soil. The humus horizon
reaches to a depth of 200 mm. The sandy loam (up to sandy) profile is readily per-
meable to rainfall.

SnézZné: the site is located 650 m above sea level and its surface is slightly
inclined. The pedogentic representative is peatified gley soil. The water table usually
ranges between 0.25 and 0.80 m.

As for nutrient contents, soils at all sites were high in potassium. Phosphorus
content was insufficient at Tri Studné and Snézné, good at Sizava and Samotin,
and high at Jamy.

The experiment had seven variants of fertilization treatments but only three
are evaluated here:

A — unfertilized control;

B — 150 kg N + 35 kg P -+ 62 kg K per early in spring;

C — 100 kg N + 33 kg P + 62 kg K per ha early in spring plus 50 kg N after the
first cut.

Nitrogen was supplied in the form of urea, phosphorus in the form of super-
phosphate, and potassium in the form of 409, potassium salt.

The natural meadow stand of the Polygalo-Nardetum type was studied from the
point of view of the complex of problems of primary production in comparison with
a reclaimed and newly established meadow association. The original association as
well as the newly established meadow stand were influenced by the application of
the same NPK application rates at two NPK levels. The experimental plots are locat-
ed in the catastral area of the village Kameni¢ky at an altitude of 624 m above sea
level.

Experimental treatments:

Block A — natural meadow association;

Block B — newly established grassland;

1 and 4 — not fentilized;

2 and 5 — 100 kg N + 22 kg P + 41.5 kg K per ha;
3and 6 — 200 kg N + 44 kg P 4+ 83 kg K per ha.

Two-thirds of the nitrogen application rate were applied in spring and one-
-third after first cut. Phosphorus and potassium were applied in spring.

RESULTS AND DISCUSSION

Temporary pastures, established in reclaimed grasslands, give high
outputs of above-ground biomass in the region of the Bohemian-Moravian
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III. Productivity of the temporary pasture (Sazava, 1968—1970)

! 5 Dry matter Crude protein
Teatmeni | N ap‘plxcauon rate :

(kg per ha) )
’ t per ha I rel. 9, t per ha I rel. %
1 | N | 6.07 } 100.00 1.120 ‘ 100.00
2 100 8.30 ; 136.68 1.572 140.45
3 200 8.87 146.04 1.804 161.07
4 300 I 9.79 161.14 2.100 187.50

Uplands. Intensive fertilization still increases this output (Tab. III).
The largest differences in dry matter output were recorded between
unfertilized grassland and a stand fertilized with 100 kg N (+ PK)
per ha. Further increase of the nitrogen application rates (200 and
300 kg per ha) does not lead to a linear increase in output, hence the
efficacy of the supplied nutrients declines. Gradated nitrogen application
rates had a greater influence on the output of crude protein than on
the output of dry matter (Tab. III).

Gradated application rates of nutrients markedly influenced the
species composition of the temporary grassland. In particular, gradated
application rates of nitrogen supported the competitiveness of grasses
~and suppressed clovers. It was in almost all variants of treatment that
the untertilized stands and those dressed with nitrogen at rates up to
200 kg per ha had a large proportion of Trijolium repens, which provided
a high output of above-ground biomass and influenced the quality of
forage (Tab. II}J. As to stoloniferous grasses, Poa pratensis flourished
best: its presence increased with the intensity of nutrition. Festuca pra-
tensis and Phleum pratense (Tab. 11) were the most vigorous loose bunch
grasses. Lotus corniculatus and Poa Jertilis had a poor competitiveness,
so they played no significant role in intensively fertilized grasslands
(Lesak, 1971).

The productivity of various types of meadow stands manifested
itself as follows at each experimental site in the Bchemian-Moravian
Uplands:

IV. Effect of fertilization on production in different types of meadow stands in the
Bohemian-Moravian Uplands (1971—1973)

Dry matter output at the five sites

Treat- Fertilisiion Séazava Jamy Tti Studné Samotin Snéziné
ment -
tper | rel. | tper | rel. | tper| rel. | tper| rel. | tper | rel
ha % ha % ha o ha % ha 9%
no NPK 3.98 100 6.14 100 4.90 100 2.82 | 100 5.33 | 100

150N + PK* | 8.91 ; 224 | 9.67 ; 157 | 9.13 | 186 ; 847 , 299 ; 9.37 | 175
150N + PK#**| 789 | 198 | 873 | 142 | 9.88 | 202 | 8.00 | 283 | 9.03 | 169

ow:»'

* N — single application in spring
** N — two-thirds in spring; one-third after first cut
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Séazava: the meadow community formed a transient association
of Festuca rubra and Cirsium oleraceum. The output of dry matter in
the unfertilized grassland was 3.98 t per ha; when the stand was dressed
with 150 kg N (+ PK) per ha, applied early in spring, the dry matter
output was 8.91 t per ha (Tab. IV).

Jamy: The site was overgrown with a cultivated seeded stand of
the Poa pratensis and Dactylis glomerata type in the six harvest year.
On a three-year average, the output of dry matter was 6.14 t per ha in
the unfertilized stand and 9.67 t per ha in the stand dressed with
150 kg N (+ PK) per ha, applied in spring.

Tfi Studné: the meadow community of the natural grassland
was included in the association of Polygono-cirsietum palustris. Dry
matter output was 4.90 t per ha in the unfertilized stand and 9.99 t per
ha in the stand fertilized with 100 kg N (+ PK) early in spring and
50 kg N per ha after the first cut (Tab. IV).

Samotin: the locality had a cultivated stand in its fourth harvest
year; the stand was of the Trisetum flavescens and Dactylis glomerata
type. On a three-year average, dry matter output was 2.82 t per ha in the
unfertilized stand and 8.47 t per ha in the grassland dressed with
150 kg N (+ PK) in spring.

SnéZné: the meadow community belongs to the association of
Polygonocirsietum palustris. Dry matter output was 5.33 t per ha in the
unfertilized stand and 9.37 t per ha in the stand dressed with 150 t N
( + PK) per ha applied early in spring (Tab. IV).

It follows from these data that the meadow sites in the Bohemian-
-Moravian Uplands are able to produce good yields of good-quality
above-ground biomass if they are adequately fertilized. The best results
were obtained in those treatments when the whole intended amount
of N 4+ PK was applied early in spring. In the meadows located in the
protective zones in the vicinity of water sources it is reccommended to
apply two-thirds of the nitrogen in spring and the rest after the first
cut (Halva, Lesak, 1974).

At meadow sites located higher above the sea level, similar results
at the same nitrogen application rates were obtained by Velich
(1986), Haken et al. (1981), and Haken (1987).

The economic effectiveness of the nutrients supplied to the grass-

V. The output of dry matter and crude protein in the natural and newly established
meadow association' (Kamenic¢ky, 1974—1981)

A ' Preat Application rate Dry matter Crude protein
ssociation .
ment (kg N per ha)
t per ha % t per ha l %
4 " 171 | 10000 | 0180 | 100.00

Natural 2 100 ! 543 300.00 , 0.566 314.44

3 200 7.34 £26.23 0,925 513.88
_ 4 f - 2.32 100.00 0.260 100.00

ewly - . |

established 5 | 100 3 7.95 342.67 | 0.824 316.92 |

6 | 200 034 | 402.58 | 1122 | 43153
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VI. Percent proportions of the main species in the natural meadow association (Kamenic¢ky, 1974—1981)

0661 — VEOYHAA VNNITLSOYH 909

Plant species
Year Treament Nardus | Deschampsia | Holcus Festuca | Festuca Carex Agrostis | Sanguisorba | . Other
stricta caespitosa lanatus rubra capillata ssp. canina officinalis species
1 45.80 1.96 5.00 4.62 15.89 8.10 2.93 4.63 11.05
‘l*g";ffigfgf 2 12.41 20.14 19.67 9.30 7.81 0.89 4.69 2.95 12.15
3 5.66 23.88 33.42 9.66 2.25 0.36 4.13 2.58 18.07
VII. Percent proportions of the species in the newly established meadow association (Kameni¢ky, 1974—1981)
Plant species
Year Treatment Trifolium | Trifolivum Poa Festuca Alopecurus Festuca | Phleum Dactylis Other
pratense | hybridum | pratensis rubra pratensis pratensis | pratense glomereta species
sowing 10.00 10.00 5.00 5.00 5.00 25.00 20.00 20.00 —
Average for 4 5.28 7.09 3.14 17.02 6.02 16.98 10.35 6.83 27.29
1974—1981 5 3.89 7.66 10.01 6.87 8.48 13.76 16.26 22.75 10.32
6 1.75 3.83 2.26 2.26 10.48 10.40 19.38 35.54 9.50




land is shown by the relative comparison in Tab. IV: nitrogen fertilization
at a rate of 150 kg per ha ( + PK), compared with the unfertilized stand,
increased dry matter yield at the different sites by 57—199 %. The dry
matter increment per 1 kg of nutrients (NPK) applied was 11.75 kg at
the Jamy site, 18.80 kg at Samotin and 21.19 kg (treatment B) at Sazava.

From the results of scientific research efforts (1974—1981) with
investigation of the primary production of herbage in a natural and
newly established meadow association in relation to the anthropogenic
and environmental factors it follows that gradated NPK application
rates had a positive influence on the trend in the yields of above-ground
biomass and nutrients. The application of 100 kg N (+ PK) per ha
increased the output of above-ground biomass about three times, in
comparison with the unfertilized grassland and the application of 200 kg
N (+ PK]) per ha increased it four times (Tab. V). Comparison of dry
matter and crude protein output in natural grassland with that in
a newly established meadow will show that, on an average for the
years of the experiment, the newly established meadow association
produced significantly larger amounts Halva, Lesak (1980).

Gradated fertilization rates had a significant influence on the
succession of the meadow associations. In the natural association of the
Polygalo-Nardetum type, nutrients supplied in fertilizers suppressed the
proportion of the low-value species Nardus stricta and encouraged the
spread of Holcus lanatus, Deschampsia caespitosa and Festuca rubra
(Tab. VI). These results confirm those obtained at the same site by
specialists of the Czechoslovak Academy of Sciences (Rychnovska,
1985).

The seeded clovers, Trifolium pratense and Trifolium hybridum,
played an important role in the new-established meadow association in
the first and second harvest year. These clover species had a positive
influence on the total output and on the quality of above-ground bio-
mass, especially in the unfertilized stand and in that dressed with
100 kg N (+ PK) per ha. The grasses that complemented successfully
the clovers in these two years included, first of all, Festuca pratensis
and Phleum pratense; Dactylis glomerata was also very useful in the
grassland plots dressed with 200 kg N (+ PK) per ha. In the sub-
sequent years the main producers of above-ground biomass in the
fertilized stands were Dactylis glomerata, Poa pratensis and Phleum
pratense. In the unfertilized stands, Festuca rubra and weeds spread
considerably and in the eighth year of investigation they constituted as
much as 70 % of above-ground biomass (Tab. VII).
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LESAK, J. (Vysoka Skola zemédélska, Brno): Produkéni schopnost luénich a pastev-
nich porostii Ceskomoravské vrchoviny. Rostl. Vyr., 36, 1990 (5) : 501-508.

Z vysledkt vyzkumnych praci provadénych katedrou picninaistvi a vyroby krmiv
VSZ v Brné na loukach a pastvinach Ceskomoravské vrchoviny v letech 1965 aZ
1985 vyplyva, Ze produkéni schopnost porostt zarazenych do III. a IV, stupné inten-
zity pri optiméalni vyzivé a vhodné botanické skladbé je vysoka. Docéasné pastevni
porosty jsou schopny ve ¢tyfech az péti pastevnich cyklech pfi vyzivé 100 az 200 kg .
.ha-! N + PK poskytovat pfes 8 t.ha—1 suSiny s vysokou nutrié¢ni hodnotou nad-
zemni biomasy. Trvalé i nové zaloZené luéni porosty na rekultivovanych plochach
jsou schopny pii vyzivé 150 kg.ha-1 N + PK poskytovat pfes 9 t.ha-1 suSiny.
Travni porosty v této oblasti mimo produkéni funkce maji i velmi dualezitou mimo-
produkéni funkcei i v tvorbé a ochrané krajiny.

luéni a pastevni porosty; produkéni schopnost; vyZiva; sukcese porosti

NECAK, W. (Censckoxo3siCTBEHHbIA MHCTUTYT, BpHO): FPOAYKTMBHAs CNOCOGHOCTH nyro-
BbIX 1M NacTGMIIHLIX TPABOCTOeB YeiwCKOMOpasCkoii BpxosuHul. Rostl. Vyr., 25, 1990 (5):
: 507-508.

PesynbTaTsl HayuHo-ucCnegoBaTenbCkux paGoT, NPOBOAUMbLIX Kacheapoil KOPMOBOACTBa
u npoussoacTBa kopmos CXM B BpHo Ha nyrax M nactéuwax YeuwCKoOMOpPaBCKOW BpXO-
BUHbI B 1965—1985 rr. nokasanu, uTo NPOU3BOACTBEHHasi CHOCOGHOCTb TPaBOCTOEB BKNIO-
ueHHbx B Il 1 IV cTeneHn MHTEHCUBHOCTM NPWU ONTUME/LBHOM MUTAHUM WM NPUrOgHON 6O-
TEHUUYECKOM COCTaBC $SIB/ISETCA BLICOKOW. BpeMeHHble naCTOMUWHbIE TPaBOCTOM CrOCO6HbI
3a ueTbipe—naTh NacTOMIHbLIX tuKNa Nou nnTaHuu 100—200 kr.ra N + PK npejgocrasastb
CBblile 3 T.ra CyXOoro BEuieCTca C B5COXOW NUTATETbHOW USHHOCTbIO Hag3eMHow 6uo-
Maccol. MHOrONETHME WM HOBbie NYrOoBSIE TPAsOCTOM HA PEKYNbTHBUPOBAHHLHIX raowajax
cnecofHbl npy nutanuu 150 kr.ra N + PK npesocTtagutb cBeitie 9 T.ra cyxoro Beujectea.
TpasocTtou B 2TCiH 06NaCTU KPOME NPOU3BOAMTENbHOI MYHKUMM 06NanaloT TakXe U BecbMa
B2XHOW BHENPOM3BEAUTENbHON hyHKUMENW Npu oOpa3cBaHUKU M OXPaHe naHjwadTa.
NYroBBIC M [ACT3WuHble TPaBOCTOM, MPOMU3BOAMTENbHAS CNOCOGHOCTL; MUTaHUE, CYKUECCUs

TpaBoCToe:s

LESAK, J. (Landwirtschaftliche Hochschule, Brno): Produktionsvermégen der Wie-
sen- und Weidenbestinde der BoOhmisch-Mdhrischen Hohen. Rostl. Vyr., 36, 1990
(5) :501-508. ‘

Aus Ergebnissen der durch den Lehrstuhl fiir Futterpflanzenbau und Futterpro-
duktion der Landwirtschaftl. Hochschule Brno in den Jahren 1965 bis 1985 vor-
genommenen Forschungsarbeiten ergab sich, daB Produktionsvermégen der in
die III. und IV. Intensitdtsstufe eingereihten Bestinde bei optimaler Erndhrung und
geeigneter botanischer Zusammensetzung hoch ist. Wechselweiden konnen in vier
bis fiinf Weidezyklen bei einer Erndhrung von 100 bis 200 kg .ha-! N + PK mehr
als 8 t.ha-! Trockensubstanz mit hohem N&hrwert der oberirdischen Biomasse
gewihren. Sowohl die Dauerwiesen als auch die neu angelegten Wiesen auf re-
kultivierten Flichen sind bei einer Erndhrung von 150 kg .ha-1! N + PK imstande
mehr als 9 t.ha—! Trockensubstanz zu geben. Die Griserbestinde in dieser Re-
gion erfiillen neben ihrer Produktionsfunktion auch eine duflerst wichtige nichtpro-
duktive Funktion bei der Landschaftsgestaltung und beim Landschaftsschutz.

Wiesen und Weiden; Produktionsvermdgen; Erndhrung; Bestandssukzession

The author’s address:
Doc. ing. Josef Lesak, CSc., Vysokd skola zemédélskd, Zemédélska 1, 613 00 Brno
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CHANGES IN SOME QUALITATIVE CHARACTERISTICS
OF PRATOCOENOSES UNDER DIFFERENT AGROECOLOGICAL
CONDITIONS AT DIFFERENTIATED NUTRITION

F. Turek, L. Kuncl

TUREK, F. — KUNCL, L. (University of Agriculture, Praha, Faculty of Agro-
nomy Ceské Budé&jovice): Changes in some qualitative characteristics of prato-
coenoses under different agroecological conditions at differentiated nutrition
Rostl. Vyr., 36, 1990 (5) : 509-518.

Productional and qualitative characteristics of permanent meadows were studi-
ed at altitudes of 550 to 900 m above sea level. The sites are characterized by
the acid brown soils with various degrees of gley formation, pH value ranging
from 4.0 to 5.4 with low reserve of phosphorus and good to high reserve of
potassium. The species composion of the stand was varied with the dominance
cockfoot, false oat, meadow fescue and meadow foxtail which significantly
influenced the herbage quality. Higher nitrogen application rates increase the
performance of the stands but herbage quality decreases and proportion of clo-
vers and valuable herb species declines in the stands. A dangerous increase
in nitrate contents occurs in the herbage of most phytocoenoses when 200 kg
of nitrogen per ha is applied under the given conditions. Such herbage is more
difficult to preserve, 3-carotene content changes, being influenced, among other
factors, by the modifying effect of altitude and species composition of the
stand. Potassium content increases in intensively fertilized grasslands and the
ratios of potassium to sodium, calcium and magnesium widen.

grasslands; higher-altitude regions; nutrition; mineral substances; beta-carotene

~ High yields and optimum quality of roughage can be obtained from
meadows and pastures if, first of all, there is a balanced ratio of
nutrients in the soil. At present, the main concern is to provide a rational
nitrogen and potassium, well-balanced with phosphorus, if high-quality
herbage is to be produced. High potassium contents appear to reduce
the contents of trace elements, e. g. zinc, copper, manganese and boron,
available in the soil for the phytocoenose (Bedrna, 1985).

A deficit of mineral substances including trace elements, or their
inadequate ratio in the fodder, affects the health — hence also perform-
ance — of the most productive animals even though there may be plenty
of protein and energy in the feed ration (Vesely et al, 1984).

Other biologically active substances — vitamins also play a very,
important role in animal nutrition. Though they occur in the plant
organisms in very low concentrations, they induce and regulate vital
processes, and the metabolism of substances and energy (Labuda et
al., 1982). Carotenes are essential for ruminants: they not only act as
vitamin A (retinol) precursors, but for cattle they are also a substance
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with a fully independent biological activity (Davidek et al, 1983;
Privalo, 1983).

Among the natural kind of fodder available in Czechoslovakia, the
green fodder from the permanent graslands — pastures and meadows
— contains the largest amounts of vitamins, because grassland herbage
is a valuable mixture of various species and families, very often differ-
ing considerably in their nutrient contents (Thompson, 1975; Cin -
kov, Laptev, 1976; Klesnil, Turek, 1977, Zubricky, Jen-
€1k, 1977; Turek, Klime$§, 1984).

An important ecological factor is the altitude above sea level in the
mountain and submontane regions which is negatively correlated with
air temperature; thermic conditions become, under the given conditions,
one of the limiting factors of plant production. The effect of altitude
above sea level on the productional and qualitative parameters of pe-
rennial fodder crops on arable land was demonstrated by Habov-
Stiak (1977), Turek, Kuncl (1987) and of protocoenoses by T u -
rek, Klime$§ (1981).

MATERIALS AND METHODS

The productional and qualitative parameters of meadows were studied at
altitudes of 550 to 900 m above sea level over the years 1984—1986.

Precipitation and temperatures were monitored at two weather stations at an
altitude of 600—800 m above sea level (Tab. I).

I. Precipitation and temperature

Precipitation sum in mm for Average temperature in °C
Altitude above whole year/for growing season for whole year/for growing season
sea level e e — s
719841986 | %50 let 719841986 | %50 L
600 678/462 715/502 4.5/10.9 [ 6.7/12.5
800 782/507 793/543 4.8/11.2 5.5/11.5

The basic observations were performed in the exact trials at three sites of
mesophytic nature 700, 800 and 900 m above sea level. The characteristics of each
site are given in Tab. II.

II. Characteristics of the sites

Altitude P ’ K ‘ Mg

above sea pH/KCI A Dominant species
level mg per kg of soil
700 4.2 5 ' 403 81 Dacrylis glomerata
800 4.0 8 326 81 Avrrhenatherum elatius
900 4.5 24 } 144 ’ 44 Alopecurus pratensis
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Soil type: Acid brown soil [BSa] — pseudogley acid brown soil [BSa(g)l.

Nutrition: N — in three treatments 0, 100, 200 kg (100 + 100) in pure nutrients
per ha;
P — uniformly at a rate of 40 kg per ha;
K — at a rate of 50 kg per ha at the site located 900 m above sea level;
at altitudes of 700 and 800 m above sea level no potassium was
applied because there was plenty of potassium in the soil;

The two-cut management system was used. The exact trials were supplemented
with analyses of the biomass of grasslands with different moisture regimes, extens-
ively utilized, with a high proportion of herbs, and with nitrogen application rates
up to 50 kg per ha at sites located 580 to 810 m above sea level. The analyses were
carried out on the basis of Czechoslovak Standard CSN 46 707 — Methods of Feed
Testing.

RESULTS

Stand composition

Different levels of nitrogen nutrition contributed significantly to
the changes in the proportions of agrobotanical groups and separate
species in interaction with the altitude of the stand. The largest dif-
ferences can be seen in the agrobotanical group of grasses whose do-
minance increased significantly with gradated nitrogen rates at an
altitude of 700 m above sea level, whereas at an altitude 900 m above sea
level the changes were comparatively small. Dactylis glomerata
responded best to increased nitrogeneous nutrition.

Nitrogen nutrition is a factor that highly improves stand canopy.
A rate of 100 kg of nitrogen per ha was sufficient (Tab. III).

11I. Dominance of agrobotanical groups in 9, in the third year after differentiated
fertilization

| Altitude above sea level (m)
N rate in ) ) r_— R
e w0 800 900
T/V/B { total T/V/B | total T/V/B total
0 42/10/32 l 84 45/10/33 l 88 } 56/8/25 87
100 58/10/32 100 56/10/31 97 61/8/23 92
200 ’ 66/ 7/27 | 100 64/ 9/26 1 99 l 62/7/24 93

T — grasses V — vetch family B — herbs

In the agrobotanical groups of the vetch family and herbs, especially
in the valuable species, the nitrogen nutrition appeared to be a factor
limiting their effectiveness in the coenosis.

Herbage output

The productivity of permanent grasslands slightly decreased with an
increasing altitude above sea level at which the site was located. Nitro-
gen nutrition significantly influenced the variability of output (Tab. IV).
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IV. Dry matter output in t per ha and effectiveness of 1 kg of nitrogen in kg per kg
of dry matter (average for 1984—1986)

‘ Altitude above sea level (m)
N rate in 700 800 900
kg per ha —
N- N- N-
output | . fectiveness | CUtPUL -effectiveness e e -effectiveness
0o 7.55 - 7.40 - 7.20
|
100 10.60 30.5 10.20 38.0 9.50 23.0 |
200 10.70 15.8 10.55 15.8 10.25 153 |

The limit difference for P, is 0.41 t of dry matter per ha and for P,
it is 0.56 t of dry matter per ha. '

Productive efficiency of nitrogen f{fertilization was inversely de-
pendent on the altitude of the sites; the highest value [30.5 kg dry matter
per 1 kg nitrogen) was obtained at an altitude of 700 m above sea level
at a rate of 100 kg of nitrogen per ha (Tab. IV).

Herbage quality at intensive nutrition with nitrogen

At all sites, increased nitrogen nutrition led to an increase in the
contents of crude protein (CP) and digestible crude protein (DCP) in
herbage (Tab. V). With the parallel modifying effect of altitude and
with the altitude-dependent pedoclimatic factors and stand composition,
the highest (CP) values were recorded at an altitude of 700 m [(208.6 g
crude protein per kg of dry matter) and the lowest values at an altitude
of 900 m above sea level (on the average 170.9 g crude protein per kg
dry matter).

V. Contents of important organic substances in herbage dry matter (weighted mean
for all cuts for 1984—1986)

. Crude Digestible N-free Fibssa f-carotene
Altitude N rate in protein crude protein| extract T
ab(l)ve 1sea kg per ha mg per kg of

W . g per kg of dry matter dry matter
0 ' 198.9 144.5 391.1 284.3 100.6
700 100 202.1 152.0 384.8 288.2 105.0
200 224.7 170.0 356.0 287.9 90.7
0 171.8 124.9 412.1 305.5 67.7
800 100 204.7 154.6 364.0 3124 108.3
200 212.8 163.0 355.8 300.8 114.6
0 143.7 107.0 449.9 315.4 88.0
900 100 177.3 136.3 392.5 320.2 89.3
200 191.8 144.3 369.6 312.1 115.7
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VI. Contents of selected mineral substances in herbage dry matter (weighted mean
for all cuts for 1984—1986)

l t 74 5 T -
l Altitude above N rate in Adh 4 K Ca | Mg | Na | NOs|
sea level kg per ha |
g per kg of dry matter

0 95.7 3.0 36.4 5.0 1.7 0.14 3.3

700 100 94.9 4.5 35.4 4.9 1.6 0.17 6.5

200 101.4 4.9 41.6 5.3 1.5 0.42 | 13.9

0 80.6 3.4 36.6 4.4 1.7 0.14 2.2

800 100 85.7 3.8 38.2 4.1 1.8 0.16 5.9

200 100.6 4.6 42.1 4.2 1.8 0.21 | 16.3

0 61.0 3.1 19.8 5.1 1.4 0.14 0.7

S00 100 80.0 4.4 32.6 4.7 1.4 0.18 3.4

200 96.5 5.2 38.3 4.2 1.6 0.27 | 38.5

There were similar dependences in the case of nitrate content in
the herbage; the difference was that at a rate of 200 kg of nitrogen per
ha the absolutely highest nitrate content of 38.5 g NO3~ per kg of dry
matter was recorded at an altitude of 900 m above sea level.

The limit of health safety (3.1 g of NO3~ per kg of dry matter, as
reported by Javorsky et al (1987) was exceeded at all sites already
at a rate of 100 kg of nitrogen applied per ha. The toxicity threshold
(9.2 g of NO3~ per kg of dry matter) was exceeded at a rate of 200 kg
of nitrogen per ha (Tab. VI).

A direct dependence was recorded between altitude of the sites and
fibre content. The values were increased, on an average, from 286.8 g
per kg of dry matter at an altitude of 700 m to 315.9 g per kg of dry
matter at an altitude of 900 m above sea level (Tab. V). In the treat-
ments with no nitrogen fertilizers, a direct dependence was found
between an altitude and the contents of nitrogen-free extract. Nitrogen,
nutrition, especially a rate of 200 kg per ha, significantly reduced these
differences but at the same time it caused an absolute decrease in nitro-
gen-free extract, and thereby also in the available energy, including
a worsening the ensiling capacity.

Ash contents decreased (97.3—89.0—79.2 g per kg of dry matter,
on an average) with increasing altitudes, and the species composition
of the stand played an important role in this. With higher nitrogen
rates, the effect of dominant species manifested itself most favourably.
in the relation to the potassium content and its ratio to sodium. In this
respect, the effect of Alopecurus pratensis can be regarded as favour-
able. Higher nitrogen fertilizer rates caused, besides an increase in
potassium in the herbage, also an increase of phosphorus and sodiumn
contents at all sites. The variahility of calcium and magnesium contents
was low (Tab. VI).

At an altitude of 700 m above sea level, the content of g-carotene
(Tab. V) was the highest. on anaverage, at a nitrogen application rate
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of 100 kg per ha, and decreased when nitrogen was applied at a rate
of 200 kg per ha. However, at higher altitudes of 800 and 900 m above
sea level, nitrogen application rates increased up to 200 kg per ha,
particularly in the second cut, had a positive effect on vitamin value of
the herbage, especially in the second cut. The vitamin value of the
herbage from the second cuts, in comparison with the first cut, was
significantly higher three to five times (Tab. VII]) in all the stands
studied. Arrhenatherum elatius appears to be the best source of g-carotene
of all the grass species studied.

VII. Content of g-carotene in mg per kg of herbage dry matter from the first and
second cuts (average for 1984—1986)

Altitude above sea level (m) l
N rate in kg per ha 700 800 900
first second first second first second
cut cut cut cut cut cut
0 55 161 29 120 23 ‘ 174
100 40 185 51 178 38 163
200 27 169 34 213 l 38 l 217

Herbage quality of the grasslands with low intensity of nutrition and exploitation

Chemical analyses of the herbage based on samples taken from 10
extensively managed permanent grasslands, characterized by different
species composition, confirm some adverse effects of the intensification
of the production of roughage (Tab. VIII).

VIII. Chemical composition of herbage dry matter harvested from grasslands at low
rates of nutrition and high proportion of herbs; first cut (average for 1985—1986)

Altirude . | e | vt | Fibre | P | K } ¢ | Mg *Nof frearonene

above sea Dominant species = oF

level (m) g per kg of dry matter matter)
580 Agrostis tenuis 95.0 | 464.9 | 366.3 | 1.9 | 17.4| 2.4 | 1.1 | 0.56 75
580 Festuca rubra 78.0 | 530.3 | 307.6 | 1.8 | 16.7| 4.8 | 1.2 | 0.37 54
630 Alopecurus pratensis 92.7 | 472.6 | 3365 | 1.8 | 255| 2.6 | 1.4 | 0.83 75
700 Festuca pratensis 95.3 | 486.5 | 3059 | 2.6 | 25.6| 7.3 | 1.2 | 1.26 107
700 Cynosurus cristatus 101.2 | 5155 | 2838 | 1.4 | 22.8| 5.2 | 1.6 | 0.61 111
720 Poa pratensis 95.9 | 4746 | 341.8 | 3.1 | 16.9| 4.0 | 1.5 | 1.05 94
780 Arrhenatherum elatius | 139.0 | 451.3 | 319.4 | 2.1 | 22.5| 5.5 | 1.4 | 0.81 164
800 Arrhenatherum elatius | 107.6 | 526.0 | 303.3 | 2.5 | 26.1| 5.8 | 2.2 | 0.79 73
800 Daciylis glomerata 85.1 | 497.7 | 325.2 | 2.6 | 23.9| 2.1 | 1.2 | 0.45 58
810 Phleum pratense 112.4 | 484.2 | 2889 | 3.7 | 27.3| 6.8 | 1.1 | 0.69 114
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Stands with a prevalance of Arrhenatherum elatius, Festuca praten-
sis, Phleum pratense and Cynosurus cristatus may be considered as
positive with respect to quality. The favourable proportions of species
of importance for fodder in all agrobotanical groups led to an increase
in the content of structural substances (crude protein, phosphorus, cal-
cium, magnesium) as well as biologically active substances (g-carotene),
and to a decline in fibre content. When potassium fertilization was
eliminated, the potassium content in dry matter did not decrease below
16.7 g under the given conditions and did not exceed 27.3 g per kg of dry
matter.

DISCUSSION

Rational nutrition with nitrogen can significantly increase the per-
formance of the grasslands but unbalanced nitrogeneous nutrition re-
duces the variedness of the species composition, supports the grasses
and reduces the proportion of clovers and valuable herbs (Klesnil,
Turek, 1977).

The determination of optimum nitrogen application rates is clearly
reflected in the evaluation of herbage quality. In the majority of stands
under study, higher nitrogen application rates increased the contents
of crude protein and digestible crude protein in the herbage. However,
nitrate contents in the herbage rose at the same time and g-carotene
content declined at the altitude of 700 m above sea level. As suggested
by the results, at higher altitudes the accumulation of nitrates in the
herbage above the safe level may occur at a nitrogen application rate
as low as 100 kg per ha. Some other factors also contribute to the
formulation of nitrates, including first of all lower temperatures, high
precipitation, and often also a short interval between the fertilization
and harvest. At altitudes up to 300 m above sea level, at rates high above
100 kg of nitrogen per ha, there is no acute risk of an increase in nitrate
contents above safe level (Lichner et al., 1975). Festuca pratensis
and Dactylis glomerata are especially predisposed to nitrate accumul-
ation, as also confirmed the results of other trials conducted under
comparable conditions (Turek, Kuncl, 1987). Nitrate contents above
the limit of toxicity, i. e. above 9.2 g of NO3~ per kg of dry matter, was
recorded when nitrogen was applied at a rate of 200 kg per ha.

The content of g-carotene decreased at application rates of 200 kg of
nitrogen per ha in permanent grasslands at an altitude of 700 m above sea
level whereas at higher altitudes its content increased at rates above
100 kg of nitrogen per ha, as also reported by TuSanova (1972).

In comparison with earlier trials performed under similar conditions
([Turek et al. 1986), the potassium content in herbage increased in
all intensively utilized coenoses, which brought about an extension of
the ratio between potassium and sodium to 170 — 236:1 (cf. the ma-
ximum of 150 : 1 for the period of 1978 to 1982); at an increase of the
K : Na ratio above 60 : 1. metabolic disorders can be expected (Zubric-
ky. Jenc¢ik., 1977). The K:[Ca + Mg) ratio. the so called tetanic
factor, is important from the viewpoint of feeding value; its required
value is 1.8 : 1 at all cuts. This ratio extended with higher nitrogen rates
in permanent grasslands. and at an application rate of 200 kg of nitro-
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gen per ha it ranged between 6.07 to 7.11. The question of differentiated
fertilization and better utilization of clovers arises in this connection.
The contents of mineral substances in the forage harvested from the
permanent grasslands are also considerably influenced by herbs (Kles-
nil, Turek, 1977]).

For production of herbage high in the content of g-carotene are
suitable the stands of a varied species composition with a favourable
proportion of species of fodder-production importance.

False oat played a favourable role in this context. Grasses can be
listed as follows in a descending order according to g-carotene content
in herbage (after Thompson, 1975): Lolium perenne > Poa praten-
sis > Arrhenatherum elatius > Festuca pratensis > Dactylis glomerata >
> Phleum pratense.

The vitamin content in the herbage of the second cuts was three to
five times higher than in the first cuts. Higher levels of carotene in the
herbage from the second and third cuts are also reported by Zubric-
k¢ (1965).
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TUREK, F. — KUNCL, L. (Vysoka Skola zemédélska, Praha, agronomicka fakulta
Ceské Budeéjovice): Zmény nékterych kvalitativnich ukazovateld pratocendz v odlis-
nygch agroekologickych podminkdch p¥i diferencované vyZivé. Rostl. Vyr. 36, 1990
(5) : 509-518. .

V nadmotskych vyskach 550 aZz 900 m byly sledovany produkéni a kvalitativni hod-
noty trvalych luénich porostll. Stanovi$té charakterizujici hn&€dé pudy kyselé s riz-
nym stupném oglejeni, pH 4,0 aZ 5,4, mali zisoba fosforu a dobri aZ vysokéd drasli-
ku. Porostova skladba byla pestra s dominanci srhy fiznadky, ovsiku vyvySeného,
kostfavy luéni a psarky luéni, které vyznamné ovlivnily jakost pice. Vys8§imi davka-
mi dusiku se zvysuje vykonnost porostl, ale kles4 jakost pice a sniZuje se podil je-
telovin a hodnotnych bylin v porostech. P#i ddvkach dusiku 200 kg.ha-1 dochézi
v danych podminkiach k nebezpeénému zvySeni obsahu dusiénani v pici u vétSiny
fytocenéz. ZhorSuje se konzervadni schopnost pice. Mé&ni se obsah B-karotenu, pti-
¢emzZ modifikaéni G¢inek nadmoiské vysky a porostového sloZeni neni zanedbatelny.
V intenzivné hnojenych travnich porostech se zvy$uje obsah drasliku a rozsifuje
jeho pomér k sodiku, vipniku a hoié¢iku.

travni porosty; vy$$i polohy; vyZiva; mineralni 14tky; beta-karoten

TYPEK, ®. — KYHUAN, N. (Cenbckoxo3aiCTBEHHbIH WMHCTUTYT, [lpara, arpoHOMMUUYECKMit
dakynbTer Yeuwcke Byaeiiosuue): M3MeHeHMe HEKOTOPbIX KaueCTBEHH%X MoOKasatenei npa-
TOUEHO3 B OT/NMYAIOWIUXCS arpo3aKONOrMUECKUX YCNOBUSAX npu audbdepeHUUpPOBaHHOM nu-
TtaHuu. Rostl. Vyr., 36, 1990 (5) :509-518.

B mectax c BbicoToi Hag y. M. 550—900 M wuccneaoBanu nNpOAYKTUBHbIE U KaueCTBEHHbIe
8E/IMUMHBI MHOrONeTHUX Nyroebix TpaBOCTOeB. MeCTOHaxOX/AeHUe xapakTepu3upyloT Gypbie
KMCAble MOuUBbl C Ppa3HOW cTerneHblo orneeHus, pH 4,0—5,4, He6Gonbwoi 3anac docdopa
M XOPOWMWI U gaxe BbICOKUW 3anac kanus. CocrtaB TpaeocTos Gbin necTpbii U npeobnaganu
exa c6opHas, paWrpac MpaHUY3CKUH, OBCAHWUA ANyroeas, NUCOXBOCT NYroBOW, KOTOpble
B 60NbLWIOK CTEeNeHW NOBAUSAM Ha KaueCTBO 3eneHoro kopma. MMoBbilEHHbBIMU A03aMK a3o0Ta
noBbILIAETCS NPOU3BOAUTENbHOCTb TPaBOCTOS,, HO MNOHWUXAETCA KauyeCTBO 3eNeHoro Kopma
M NOHMXaAETCsi AONSA KNEBEPHbIX U LEHHbIXx Tpas B TpaBocTosx. MNpu goszax asora 200 kr.ra,
B faHHbIX YCNOBUsiX HacTynaer onaCHoe TMoBbilieHWe COAepXaHUs HUTpaTa B 3e1eHOM
KOpMe Yy 6ONblIMHCTBAa (PUTOLEHO3. YXY/ALIAeTCs CnOCOGHOCTb KOHCEPBUPOBAHUS 3E€1EeHOro
Kopma. MeHsaeTcs coaepxaHue (-kapoTUHa, NpUUueM AeWCTBUEM MoAMMUKAUMM BbICOTbI Hag
Y. M. U COCTaBOM TPaBOCTOEB HeNb3s npeHebpeub. B MHTEHCHBHO yao6psemMbix TPaBOCTOAX
NoBbILLAETCH COAEpPXaHWe Kanug K pacliUpseTCs ero OTHOLWEHWe K HaTpUio, WU3BECTHSKY
M MarHuio,

TpaBOCTOH; BbICOKME MECTOHaxXOXAEHUS, nuUTaHWe, MUHEepanbHble BeuwecTBa; GCTB-KapOTMH

TUREK, F. — KUNCL, L. (Landwirtschaftliche Hochschule, Praha, agronomische
Fakultidt Ceské Budé&jovice): Verdnderungen einiger qualitativer Merkmale von Pra-
tozonosen in wunterschiedlichen agrodkologischen Bedingungen bei differenzierter
Erndhrung. Rostl. Vyr., 36, 1990 (5) : 509-518.

In Meereshéhen von 550 bis 900 m. {i. d. M. untersuchte man die Produktions- und die
qualitativen Werte von Dauergriinland. Der Standort ist als sauere Braunerde mit
unterschiedlicher Stufe der Gleybildung zu charakterisieren, mit pH 4,0 bis 5,4, mit
geringem Phospor- und gutem bis hohem Kaliumvorrat. Die Zusammensetzung des
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Bestands ist mannigfaltig, mit dominierenden Knaulgras, Glatthafer, Wiesenschwin-
gel und Wiesenfuchsschwanz, die die Futterqualitit in betridchtlichem Mafle beein-
fluBten. Durch hohere Stickstoffgaben erhoht sich die Produktivitit der Bestdnde,
die Futterqualitdt vermindert sich jedoch und es sinkt der Anteil von Kleearten und
anderen wertvollen Futterkrdutern in den Bestinden. Bei Stickstoffgaben um 200
kg.ha-1 kommt es in den gegebenen Bedingungen zu einer Erhéhung des Nitrat-
gehalts im Futter in den meisten Phytozonosen. Auch die Konservierfahig-
keit des Futters verschlechtert sich. Es &#ndert sich der B-Karotin-Gehalt, wo-
bei die Modifikationswirkung der Seeh6he und die der Bestandszusammen-
setzung nicht unbedeutend sind. In intensiv gediingten Griserbestinden erhdht
sich der Kaliumgehalt und sein Verhiltnis zu Natrium, Kalzium und Magnesium
erweitert sich.

Griinland; hohere Lagen; Erndhrung; Mineralstoffe; Beta-Karotin

The author’s address:

Doc. ing. FrantiSek Turek, CSc., ing. Ludvik Kuncl CSc., Vysoki $kola zemé-
délska, Praha, agronomicksi fakulta. Sinkuleho 13, 370 05 Ceské Budé&jovice
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EFFECTS OF LONG-CONTINUED NITROGEN FERTILIZATION
ON NUTRIENT CONCENTRATION IN THE SOIL
AND HERBAGE OF PERMANENT GRASSLAND

J. Fiala

FIALA, J. (Research Station Liberec): Effects of long-continued nitrogen ferti-
lization on nutrient concentration in the soil and herbage of permanent grass-
land. Rostl. Vyr., 36, 1990 (5) : 519-528.

Trials were conducted in 1977—1987 to study the effect of changes in available
nutrients, Cor and pH in the soil and the effect of gradated nitrogen rates on
the concentrations of nutrients and elements in the herbage dry matter of semi-
natural grassland. Except in the control, three- and five cut treatments were
fertilized at constant rates of 31.6 kg of phosphorus per ha and 66 (83) kg of
potassium per ha plus three different rates of nitrogen: 50, 150 and 300 kg per
ha. A significant dependence on the time and depth of sampling was found
when the parameters of soil fertility were determined. The concentrations of
total nitrogen and available phosphorus were higher in all treatments under
these conditions. The values of pH and Cox increased only at magnesium rates
up to 150 kg per ha and nitrogen rates up to 50 kg per ha, while available
potassium decreased. Gradated nitrogen application rates increase the concen-
trations of fibre, nitrogen, phosphorus and sodium in herbage dry matter. The
concentration of potassium increases only when nitrogen is applied at a rate
of 50 kg per ha, and then it decreases. Nitrogen fertilization reduces the contents
of calcium and magnesium.

nitrogen fertilization; available nutrients; nutrients in herbage; rynamics of
nutrients

Extensive research in grassland management has suggested that
yields in grass ecosystems can be increased up to the limit of potential
yield capacity if plenty of moisture and macro-nutrients is supplied,
particularly nitrogen. Extreme rates and unbalanced ratio of nutrients are
a serious danger to the health of livestock and to the quality of animal
products. Hence, it is not right to strive just for high herbage yields.
what should be striven for are yields which are optimum in the sense
of economic effectiveness and quality, provided in due proportions.
Nitrogen is, among other factors, an evidently decisive regulator of
herbage yield and quality. Its benefits for the yield and for crude protein
(Tomka, 1976; Krajcovicé et al, 1983; Velich. 1986; etc.) as
well as its negative consequences [(nitrates and increased potassium
content in herbage are known well).

Potassium fertilization appears to be a problem today, especially
in interaction with nitrogen. Previous preference to potassium fertiliz-
ation (Wetzel, 1965) has passed into another extreme: reduction of
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1. The development of concentration of available nutrients and pH in the soil at

! N rate 0of N 50 N
ME . | date of sampli i | - spri
per kg ate of sampling spring autumn spring
| depth in mm | 0-110 100-200] 0-100 100-200] 0-100 \100-200
| " £1977-1979 | 2357 | 1866 = 1890 | 1773 | 2310 | 1820
| : % 1985 1987 1 2167 | 1733 | 2400 | 1900 | 2200 | 1967
l ’ |
| & £ 19771979 | 189 | 136 | 82| 71| 172 | 158
| | £1985--1987 | 150 | 113 | 87 | 57 ‘ 220 | 393
| | —~1 | (| I !
I o ' £1977-1979 | 695 | 43.7 | 408 | 317 | 629 | 45.7 |
’ £1985-1987 | 347 383 | 480 | 357 | 757 | 417
Lot | bl e
sl e | Flo77-1979 | 823 | 723 | 777 | 717 | 703 560
B ® | £1085-1987 | 1286 | 1027 | 1263 | 99.7 | 1093 837
| . | ®lomr—1979 | 25| 20| 21| 17| 20| 19|
| | i ! ! i
i | (%) 71985—1987 20 | L7 2e| L¥) 22| 19
| | i |
| o | F1O77-1979 | 46 | 48 Y ! 46 | 44 | 16 |
| £1985-1987 | 52 | 50 | 46| 45| 52 ! 54 |
- ‘ i |
N, | E1077-1979 | 2473 | 1633 | 1800 1505 | 2357 | 1658 |
, ' 719851987 | 2367 | 2133 | 2467 | 1933 | 2300 ; 1900
1 ! | [ N
l b £1977-1979 | 18.0 153 | 105 | 91| 163 | 184 |
| £1985-1987 | 16.5 | 163 | 190 | 380 | 340 | 187 |
t | i | 1 | :
g | FL7T-1979 649 | 420 | 428 | 300 665 397 |
. | | ®1085-1987 | 57.7 | 43.7 | 423 | 343 | 473 | 387 |
Five-cut | | ; | ‘ i E |
| ! ! |
| freatment | My | F1OT71979 1 760 | 653 | 762 | 108.0 | 80.7 | 623 |
1 | | | | | |
| ® | z1985-1987 | 1083 | 1043 | 997 | 830 | 950 | 943
1 [- i i
Cox ‘ £1977-1979 | 24 19 | 19 18 f 22| 18
%) { %1985—1987 | 22 | 20| 24 19| 22| 18
| [ | |
. I~ 1 1 | ‘ ‘
g | 171979 | a5 | 16 | 47 | | 45| 48
. 71085-1987 | 53 | 50 | 54 53| 48| 49

potassium nutrition up to elimination of potassium for several years.

Unfortunately, not many authors have ever conducted long-term
trials or investigated all the aspects and implications up to animal pro-
ducts. This is why knowledge relating to the effect of long-continued

fertilization on the sward is so important.
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gradated nitrogen application rates

e

P, K) | 150 N (P, K) 300 N (P, K)
|| autumn spring | autumn spring | autumn
| 0-100 100-200] 0-100 | 100-200 | 0-100 | 100-200 | 0-100 | 100-200 \ 0-100 l 100200
| 2147 | 1773 | 2100 | 1890 | 1820 | 1563 | 2350 | 1657 | 2193 | 1680
2267 | 1967 | 2333 | 1900 | 2433 | 2067 | 2433 | 1967 | 2333 | 2000
| ! ‘ = ‘ ‘ =
! 16.6 | 133 | 195 1 151 | 101 5.6 18.1 13.7° | 110 | 129
400 327 | 200 | 183 | 247 123 | 310 | 207 l 25.7 | 22.0
' i | - | 1 |
412 | 305 | 659 | 403 | 377 | 275 | 7.9 | 500 | 397 | 320
470 | 340 | 543 | 307 | 427 | 333 | 363 | 320 | 37.3 | 327
‘ 1 | ! : | |
| 81.0.| 797 | 720 | 623 | 642 | 750 | 747 | 683 j 79.7 | 11255

1113 | 1053 | 653 | 680 | 700 | 67.3 | 487 | 803 | 47.3 47.3

|
|
f— | —
|
|

24 | 17| 25| 19 | 22| 15 25 20 | 22 1.8
23 | 19 t 21 | 1.8 25| 19 | 21| 1.8 ‘ 23 | 1.8
i - [ | | i r \ ‘
| 5.1 E 52 ‘ 45| 48 | 45| 46 | 45| 47 | 46 5.0
| | | | ! | | |
| 51| 51 50 4.9 45 | 46 | 44 | 50 | 43| 45
‘ i ‘ [ ‘ ' -
1780 | 1727 | 1380 1960 | 1960 | 1733 | 2333 | 1657 | 1960 | 1377
2467 | 1933 . 2400 | 2033 | 2333 | 1967 | 2238 1 1900 1 2267 | 1900
| | [ —_ — |
133 | 95 | 245 190 @ 137 97 | 172 156 | 89 7.6
| 440 287 | 277 | 180 | 357 | 220 | 233 | 15.0 i 213 13.0
400 | 325 | 652 : 50 | a0 | 308 | 519 | 353 | 310 | ,27.8
| | \
42.0 323 | 480 | 383 : 3.7 | 307 | 393 | 310 | 363 | 320
67.0  74.7 | 790 617 | s12 | 617 | 727 | s67 1 61.7  65.7
917 | 887 | 660 | 60.7 | 650 | 600 | 60.7 = 560 | 47.0 | 483
= ] ‘-H-_ ; | (
ol | 1% t 17| 20 | 21 1.6 | 23 19 | 21| 19
| 22| 17, 23| 19 | 23 1.7 20| 17 | 21| 17
| | ! | 1 ; |
47 | 49 | 46 48 | 47 4.8 4.4 4.6 | 45 | 46
46 | 48 | 47 | 49 | 47 4.8 46 | 48 | 44 | 46
| | | { { |

MATERIALS AND METHODS

A 12year-trial (1976—1987) was used to study this problem in the region of the
Giant Mts. at an altitude of 620 m above sea level. The site faces south exposition
and has a soil-forming substrate consisting of different types of phyllites. Its soil
is medium deep, slightly skeletal sandy loam of the brown soil type on colluvial
mg per kg. The C/N ratio was 9.8 the degree of sorption saturation (V) = 669,
deposits with the following starting major values: pH (KCl), P 25, K 70, Mg 105
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II. Changes of concentration in the soil in comparison with initial state in ¢

‘ N, P K
3rd 5th = 3rd 5th % 3rd 5th
cut cut * cut cut cut cut

0N 104 118 111 85 170 128 84 99
50 N 104 114 109 245 239 242 110 90
150 N 118 109 114 172 155 164 99 85
300 N 110 113 112 176 147 162 71 91
x 169 114 112 170 178 174 91 91

Initial state = 100 9,

humic acids 15.3 9, fulvic acids 27.0%,. The twelve-year average precipitation was
910 mm per year, 470 mm for the growing season), the average daily temperature
for a year is 6.3°C, for the growing season 11.9°C. The original stand was semi-
-natural dominated by Trisetum flavescens, Festuca pratensis, Festuca rubra and
Dactylis glomerata.

Fertilization treatments

Three cuts

treatment 1 — unfertilized control
treatment 2 — 50 N + 32 P + 66 (83) K
treatment 3 — 150 N (3 X 50) + P, K
treatment 4 — 300 N (3 X 100) +~ P, K

Five cuts

treatment 5 — unfertilized control
treatment 6 — 50 N + 32 P + 66 (83) K
treatment 7 — 150 N (6 X 30) + P, K
treatment 8 — 300 N (6 X 60) + P, K

Nitrogen was applied in the form of potassium nitrate with limestone in the
spring and after each cut. Phosphorus was applied as granulated superphosphate
in the spring, and potassium as a 509, potassium salt in the spring; until the end
of 1979, the potassium application rate was 66 kg per ha, later 83 kg per ha.

The concentration of elements and nutrients in the soil was determined every
spring and autumn, using soil samples from the layers of 0—100 mm and 100—200
mm. Herbage was analysed for the contents of elements by common methods at
each cut.

RESULTS

The data on available soil nutrients exhibit a high variability: 5 to
70 % between years and 20—25 % within a single growing season. The
largest differences were recorded in P and Mg, smaller differences in
K, N, C., and low in pH. Marked differences in the values of the studied
nutrients were observed between the dates of sampling as well as
between the depths of sampling (Tab. I). The samples taken in the
spring usually had higher nutrient contents than the autumn samples
from both soil layers though with increasing nitrogen application rates
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Mg Cox pH
B 3rd 5th _ 3rd 5th : 3rd 5th _
X X x X
cut cut cut cut cut cut
92 148 121 135 92 106 99 104 114 109
100 143 130 137 104 101 103 109 101 105
92 99 87 93 102 111 107 .| 103 101 102
81 67 83 75 94 91 93 97 102 100
91 114 105 110 98 102 100 103 105 104

and towards the end of the investigation this trend disappeared in most
vases, or was reversed. The pH values were in turn higher in the
autumn at the beginning of the investigation, and in the spring at the
end of it. As far as the differences between soil layers are concerned,
the elements supplied through fertilization, i.e. N, P, K, always had
a higher concentration in the upper soil layer of 0—100 mm. The reverse
was usually the case in the values of magnesium. There is of course
more oxidizable carbon in the upper layer, and the pH values are in
turn, except for the unfertilized control, higher in the lower layer.

In comparison with conditions at the beginning of the investigation
and with respect to the increasing nitrogen application rates, the
soil reserve and pH changed as follows over the eleven years: the total
nitrogen exhibits an increase, except for the spring samplings at a depth
of 0—100 mm in the unfertilized plot and in the case of fertilization
with 50 kg of nitrogen per ha. On the whole for all samplings, in both
the three- and five-cut systems, this increase amounts to 12 % added to
the initial value. There are no significant differences ascribable to the
methods of application and to nitrogen application rates; an increase
was also observed in the control (Tab. II). The reserve of available
phosphorus increased significantly, reaching a maximum at a rate of
50 kg of nitrogen per ha; then the phosphorus reserve declined with
increased nitrogen application rates. On an average, the increase in
phosphorus reached 174 %. A decrease in phosphorus, compared with
initial state, was recorded only in the unfertilized control with three
cuts: 85 %. Available potassium always had a decreasing trend. The
higher the nitrogen application rates, leading to higher fodder yields,
the lower is the nitrogen reserve. Lower values were recorded also in
the control; the conditions remain unchanged only at an application rate
of 50 kg of nitrogen per ha. In spite of the fact that no magnesium
fertilizer was applied, an increase of magnesium content (135 %) was
obtained in the control and in the plot fertilized with 50 kg of nitrogen.
With higher nitrogen application rates, magnesium content declined to
75 % of the initial value. Oxidizable carbon exhibited no significant
changes and its content dropped to 93 % only at a nitrogen fertilizer
rate of 300 kg per ha. The pH values were practically unchanged, or
a slight increase was observed, proportional to decreasing nitrogen
application rates, so the increase was the greatest in the control.
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III. Effects of nitrogen fertilization on the concentration of dry matter and elements
in dry matter (%)

kg N Ist 2nd 3rd 1st 2nd 3rd 4th 5th
per ha cut cut cut Total cut cut cut cut cut Total
0 186.3 | 214.4 | 2175 | 198.6 | 179.9 | 186.1 | 190.7 | 212.4 | 192.0 | 192.7
Dry 50 97.0 | 948 | 102.1 | 96.2 | 95.7| 104.1 | 101.5 | 96.1 | 100.1 | 99.1
matter | 150 987 | 962 | 107.4| 1005 | 973 | 97.0| 963 | 988 | 99.4| 97.0
300 100.5 | 111.2°7 109.0 | 1058 | 96.6 | 96.1 | 90.4 | 101.9 | 103.0| 97.9
0 | 2587 | 236.6 | 227.4 | 246.8 | 183.4 | 247.2 | 233.1 | 229.8 | 218.1 | 230.3
i 50 98.1 | 103.3 | 108.2 | 111.7 | 110.4 | 104.7 | 105.7 | 107.3 | 115.3 | 105.9
T

€ 150 | 1033 | 103.7 | 117.1 | 105.7 | 107.7 | 106.7 | 103.8 | 107.0 | 108.7 | 106.0
300 99.2 | 110.0 | 119.2 | 105.8 | 103.4 | 105.2 | 105.3 | 110.1 | 109.8 | 106.8
0 240 | 243 | 228 | 238 326 | 276| 259 | 253 | 282| 273
it 50 100.5 94.0 | 105.7 | 100.1 | 107.9 | 97.2 | 96.5 | 108.1 | 100.2 | 103.3
150 | 100.3 | 98.4 | 101.8 | 99.8 | 107.0 | 101.4 | 103.4 | 107.4 | 97.3| 103.5
300 105.7 | 90.7 | 109.1 | 102.3 | 1235 | 120.4 | 115.6 | 115.9 | 107.5 | 116.3
0 4.0 4.3 2.9 4.0 5.1 4.7 5.0 5.0 5.0 4.9
# 50 107.0 | 106.8 | 153.9 | 107.2 | 100.0 | 111.1 | 105.7 | 106.2 | 99.4 | 106.1
150 | 109.5 | 109.1 | 147.1 | 108.9 |, 107.1 | 104.1 | 109.1 | 110.6 | 101.0 | 106.8
300 106.5 | 102.3 | 144.4 | 106.2 | 105.9 | 103.6 | 101.0 | 1024 | 925 | 101.4
0 18.4 182 16.0| 179 | 20.7| 204 | 21.1 177 | 16.1| 194
i 50 121.1 | 113.1 | 102.8 | 117.0 | 1225 | 113.1 | 1125 | 112.1 | 105.1 | 115.4
150 124.5 974 | 872 | 943 | 119.6 | 108.8 | 108.4 | 98.7 | 101.5 | 106.2
300 979 | 93.0| 752 | 90.8 | 111.6 | 941 | 936 | 908 | 89.4| 93.0
0 5.9 8.7 8.7 ] 5.5 7.1 79 8.4 8.5 7.5
% 50 89.3 | 1098 | 1076 | 962 | 90.1| 860 | 952 | 950 123.4| 918
150 85.6 8.2 | 91.8| 884 | 85| 785| 883 | 847 81.7| 833
300 80| 8. | 881 70.1| 846 | 705| 843 | 80.0| 76.7| 78.9
0 3.7 4.9 4.8 4.2 4.0 3.8 4.1 5.1 6.0 45
- 50 935 | 101.6 | 909 | 936 | 846 | 110.2 | 86.7 | 1043 | 946 | 96.4
% 150 886 | 103.9! 996 | 972 | 953 | 101.8| 784 | 955 | 831 | 935
300 943 | 914 | 932 | 948 | 903 | 971 | 948 | 947 | 936 | 973
0 043 | 062| 041 | 048 | 050| 032| 040 | 0.36| 044| 0.38
& 50 111.6 | 80.6 | 119.5 | 102.1 | 124.0 | 137.5 | 112.5 | 130.6 | 127.3 | 128.9

a
150 104.7 | 104.8 | 148.8 | 104.2 | 132.0 | 137.5°| 115.0 | 113.9 | 131.9 | 126.3
300 1233 | 935 | 109.8 | 108.3 | 172.0 | 146.9 | 115.0 | 130.6 | 150.0 | 142.1

0 lg of nitrogen per ha (g per kg) = 100 9%,
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Gradated nitrogen application rates used in long-term fertilization
systems lead to changes in dry matter concentration in green forage
and nutrient concentration in dry matter, as shown in Tab. III. The
average dry matter concentration was 199 g per kg at three cuts, and
at five cuts it was, naturally, lower: 193 g per kg. Dry matter con-
centration increases successively with cuts. In the three-cut system
the concentration of dry matter increases only at high nitrogen rates
(300 kg nitrogen per ha). At a low nitrogen rate (50 kg per ha) the
dry matter concentration decreases. In the five-cut system, the effect
of fertilization on the dry matter concentration is lower: dry matter
concentration declines in comparison with the control.

The average concentration of fibre was 247 g per kg in three cuts
and 230 g per kg in five cuts. Fibre concentration is generally higher
when nitrogen fertilizer is applied. The nitrogen concentration did not
develop as expected in the three cut system and increased only by
2.3 % at the highest nitrogen application rates. In the five-cut system
a greater increase (by 16.3 % in comparison with the control) occurred.
only when 300 kg of nitrogen was applied per ha. Phosphorus con-
centration was influenced more significantly by fertilizer rates of 50 to
150 kg of nitrogen per ha (phosphorus concentration higher by about
7 % than in the control), whereas high rates (300 kg of nitrogen per
ha) increased it only by 1 to 6 %. Potassium concentration had an even
more interesting development. Low rates of 50 kg of nitrogen per ha
increased potassium concentration by 15—17 %, medium rates of 150 kg
per ha increased it by 6 % in five cuts. In three cuts the medium nitro-
gen fertilizer rate reduces it by 6 % and a rate of 300 kg nitrogen per
ha by 7 to 9 %. Nitrogen fertilizing had the worst effects on calcium
concentration. This decreased progressively as much as 30 % in three
cuts and 21 % in five cuts. Magnesium concentration was also adversely
affected by nitrogen, by which it was reduced by 3 to 6 %. Nitrogen in
turn had positive effect on sodium concentration which increases succes-
sively by 8 % or even by 42 % in five cuts.

DISCUSSION

Balanced uptake of nutrients by the plant is pointed out as.a pre-
requisite for the formation of a high yield of grassland herbage whose
nutrient proportions should be as close to the optimum as possible. For
this, the nutrient contents in the soil should be adjusted to provide an
optimum “nutrient offer” to the plants. It is mainly in grasslands that
the importance of respecting at least the main principles of plant
nutrition is often underestimated for various reasons, resulting in ad-
verse effects (especially in the potato growing regions), caused by low
contents of calcium, magnesium and sodium and by high contents of
potassium and nitrates in the herbage.

It follows from the results of determination of values of available
nutrients, C,, and soil pH by common methods that there is a significant
dependence on the date of sampling and sampling depth. For example,
the amount of available phosphorus determined in the autumn reached
only 38 % of value found in the spring samples. Phosphorus concentr-
ations in samples taken from a depth of 100—200 mm averaged 76 % of
those in samples from the upper layer, of 0—-100 mm, etc. (Tab. I).
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The standard procedures of field testing of soils for the period
1981—1990 suggest neither the data of sampling nor its depth, only
Czechoslovak Standard CSN 46 5310, valid since 1974, fixes the depth
of sampling at 100 mm.

The changes in soil nutrient reserve and pH as a consequence of
long-term gradated nitrogen aplication are interesting mainly in the
case of potassium, magnesium, phosphorus, and pH. Potassium “export”
by harvests to a level of 140—170 % of the average amount supplied with
fertilizers, i. e. 75 kg of nitrogen per ha, occurred at slightly increasing
yields in each variant in the three-cut system and at decreasing yields
in the five-cut system. In these circumstances, in a time series of eleven
years under the studied conditions, the content of available potassium
decreased to 92 % of the initial level in the control (where 65 kg of
potassium per ha was “exported” annually through harvests): at a nitro-
gen fertilization rate of 50 kg per ha the available potassium level re-
mains the same, and at higher rates of nitrogen it falls even to 81 %.
It seems desirable from this point of view to increase potassium levels
by higher potassium application rates at a certain ratio to the rates
of nitrogen, but in practice this could be done only at nitrogen rates
of 150 kg per ha or higher which, unfortunately, is not economically
effective. There is no reason to increase the potassium application rates
in relation to potassium concentration in herbage (Tab. III). The average
contents of 17 to 20 g per kg are more than sufficient. Although it has
been traditionally believed that nitrogen acts synergistically on po-
tassium content in herbage, increasing nitrogen application rates were
observed to reduce the potassium levels. The highest concentration
occurs at a rate of 50 kg of nitrogen per ha and gradually decreases from
the first to the last cut. This can be explained on the basis of conclusions
published by Matula (1989): though potassium is most active element
in plant’s uptake, NH4* was demonstrated to be its greatest competitor.
In nitrogen supplied by fertilization, about half of it was in the ammonia
form. so at a higher concentration it could compete with the K* cations.

The dynamics of soil magnesium contents indicates that it de-
creases when nitrogen is applied at higher rates, i.e. 150 and 300 kg
per ha. On the other hand, its concentration in soil increases in the
control and at lower nitrogen application rates. If fodder dry matter
contents ranging from 1.8 to 2.4 per kg is regarded as sufficient, then
the average potassium content in dry matter was more than twice higher
than required, particularly in young herbage. All the nitrogen applic-
ation rates decreased the magnesium concentration in herbage though
the decrease was not proportionate to the nitrogen rates. Contrary to
this, Jancdovic¢ (1982) who used the same fertilization rates found
a higher intake of magnesium in the fertilized treatments in comparison
with the control. There was a somewhat greater decrease in soil mag-
nesium content in grazed grassland fertilized at a rate of 150 g of
nitrogen and a still greater decrease in the herbage of the same grass-
land, with a decline in magnesium intake by the grazing stock, leading
to the danger of grass tetany. Hence, some additional magnesinm
fertilization of pastures can be recommended in spring.

In comparison with the beginning of the trial (also observed by
another author — Tom ka. 1976), an increase was recorded in phos-
phorus reserve. The annual rate of 32 kg of phosphorus per ha was

526 ROSTLINNA VYROBA — 1990



recovered through the “export” of nutrients by harvests in grasslands
dressed with up to 300 kg of nitrogen per ha. Where the fertilizer
phosphorus was not utilized at nitrogen rates lower than 300 kg per ha
(implying lower yields), it will obviously be useful to modify the phos-
phorus rates with respect to the rates of nitrogen. In this particular
case, due utilization (“export” of phosphorus by harvests) would re-
quire the following phosphorus application rates: 24 kg P per ha when
nitrogen is applied at a rate of 50 kg per ha, 29 kg P per ha when
nitrogen is applied at a rate of 150 kg per ha, and 32 kg P per ha
when the nitrogen application rate is 300 kg per ha. A similar ratio
is given by Novak (1980) who points out that the phosphorus fertiliz-
ation rate is sufficient when it is just slightly higher than the amount
of phosphorus removed from the soil by the stand. In spite of the low
to medium phosphorus reserve in the soil, plant analyses indicated that
its average concentration was high, ranging from 4.0 to 4.9 per kg. Nitro-
gen fertilization increased phosphorus concentration in herbage but this
was not the case of 300 kg per ha: their effect on phosphorus con-
centration was either slight or none. The same results were obtained by
JancoviC (1982).

The pH value increase slightly, the increase being inversely pro-
portional to the nitrogen rates, so that at a rate of 300 kg of nitrogen
per ha the pH is practically the same as the initial pH value. This
trend in pH probably follows from the positive balance, which is based
on calcium supply (received from fertilizers and precipitation), on
calcium removal by harvests and leaching from the soil, and on in-
creasing soil magnesium contents, so there is no reason for soil sweeten-
ing. It is also pointed out by Haken (1980) that sweetening of the
permanent grasslands is not effective from the viewpoint of production.
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FIALA, J. (Vyzkumna stanice Liberec): Vliiv dlouhodobého hnojeni dusikem na
koncentraci Zivin v pidé a pici trvalého travniho porostu. Rostl. Vyr., 36, 1990 (5) :
: 519-528.

V letech 1977 aZ 1987 byla u poloprirozeného travniho porostu sledovdna dynamika
prijatelnych Zivin, C.x a pH pudy, jakoz i vliv stupniovanych davek dusiku na kon-
centraci Zivin a prvki v sudiné pice. Kromé kontroly byly troj- a pétiseéné varianty
hnojeny fosforem 31.6 kg a draslikem 66 (83) kg.ha—! stabilné a dusikem 50, 150
a 300 kg .ha-! Pri stanoveni hodnot ukazateli pudni drodnosti se ukézala znaéni
zavislost na terminu a hloubce odbéru. Za téchto podminek doslo ke zvySeni kon-
centrace celkového dusiku a prijatelného fosforu na vSech variantdch. Hodnoty pH
a Cox se zvySily pouze do davky 150 kg N .ha-! hoféiku do 50 kg N .ha—1, zatimco
plijatelny draslik klesal imérné se zvysSujicimi se davkami dusfku. Stupriované dav-
ky dusiku zvys$uji koncentraci vlakniny, dusfku, fosforu a sodiku v suginé pice a kon-
centrace drasliku se zvysuje pouze pii 50 kg N .ha~-1 a potom se snizuje. Ke sniZeni
obsahu vlivem dusikatého hnojeni dochézi u vapniku a horéiku.

hnojeni dusikem; prijatelné Ziviny; Ziviny v pici; dynamika Zivin

OUANA, M. (Hayuro-uccneaoaTennckas cTaHuus /lubepeu): BAusHWe MHOroneTHero yAo-
GpeHUs Ha KOHUEHTPAUMIO NUTATeNbHLIX BEUISCTB B MNOUBE W 3€MEeHbI2 KOOMa MHOroNeTHero
Tpasoctoa. Rostl. Vyr., 25, 1990 (5) : 519-528.

B 1977--1987 rr. y nonynpogHoro TpaBOCTOS MCCNEAOBaNu AUHaMWUKY TNPUEMNEMbIX MH-
TaTenbHblx BewecTs, Cox M pH NouBbl, @ TakXe U BAUSHUE AUdDEPEeHUUPOBAHHbIX 403 a30Ta
Ha KOHUEHTpPauuMu NUTaTENbHbIX BEWECTB U I1€MEHTOB B CyxOM BewecTtee. KpoMe KOHTpons
TPU- M NATUYKOCHbIE BapuaHThl yaobpsnuch cocchopom 31,6 kr u kanvem 66 (83) kr.ra
ctabunbHo u aszotom 50, 150 u 300 kr.ra. Mpu onpeaeneHun BenWuMH nokasaTenei NOUYBEH-
HOW ypOXaWHOCTU OKka3anaCb 3HauuTeNbHas 3aBUCUMMOCTb OT CPoka W rny6uHbl oT6opa. Mpu
3TUX yCnosuax Hab6NAanoCb MNOBbIWEHWE KOHLUEHTpauuuM obuwero a3ota UM MPUEMIEMOro
docdopa y BCex BapuaHToB. BennumHbr pH u Cox nosbicunuch nuwb 4o go3bl 150 kr/ra,
Marius ao 50 kr.N/ra, npuuem NPUEMASMbI KanuHW NOHUXANCA COOTBETCTBEHHO C MNo-
BbILUAOWMUMUCA a03aMu a3oTa. JluddepeHumposaHHble A03bl a30Ta MNOBLIWAIOT KOHUEHTpa-
UM KNeTuaTku, a3oTa, Gocdopa U HaTpUs B CYXOM BeweCTBE 3e/NeHOro KopMa, a KOH-
UeHTpauMs Kanus nosbiwaercs nMwb npu 50 kr N.ra, a notoMm noHuxaercsa. lMoHuxaercs
CofepxXaHue noj BAMSHMWEM a30THOro yAO6peHUs y M3BECTHAKA M MarHus.

YAOGPeHMe a30ToOM; NpUEMNESMble nuTaTeNbHble BElleCTBa; nNUTaTenbHble BewecTBa U 3e-
NeHble KOpMa;, AUHaMUKa MNUTaTeNbHbIX BewecTe

FIALA, J. (Forschungsstation Liberec): Einfluf langfristiger Stickstoffdiingung auf
die Ndhrstoffkonzentration im Boden und im Futter aus Dauergriinland. Rostl. Vyr,,
36, 1990 (5) : 519-528.

In den Jahren 1977 bis 1987 wurde auf halbnatiirlichem Griinland die Dynamik der
verfligharen Néahrstoffe, C,« und der pH-Wert des Bodens sowie der EinfluB ge-
steigerter Stickstoffgaben auf die Konzentration der Néhrstoffe und der chemischen
Elemente in der Trockensubstanz des Futters untersucht. Abgesehen von der Kon-
trolle wurden die Drei- bis Fiinfschnittvarianten stabil mit Phosporgaben 31,6 kg und
Kaliumgaben 66 (83) kg.ha-1 sowie mit Stickstoffgaben von 50, 150 und 300 kg.
.ha-1 gediingt. Bei der Bestimmung der Werte der Bodenfruchtbarkeitsparameter
kam eine betriachtliche Abhidngigkeit vom Termin und der Tiefe der Entnahme an
den Tag. Unter diesen Bedingungen kam es zu einer Erhéhung der Gesamtstick-
stoffkonzentration sowie des aufgenommenen Phosphors bei allen Varianten. Die
Werte pH und Cor erhdhten sich nur bis zu der Dosis 150 kg N .ha—-1, die des Mag-
nesiums bis zu 50 kg N.ha-1, wihrend das verfiigbhare Kalium mit den steigenden
Stickstoffgaben proportional abnahm. Gesteigerte Stickstoffgaben erh6hen die Fa-
serstoff-, Stickstoff-, Phosphor- und Natriumkonzentration in der Trockensubstanz
des Futters, die Kaliumkonzentration steigt nur bei 50 kg N.ha-!, um sich dann
zu vermindern. Zu einem Riickgang des Gehalts infolge Stickstoffdiingung kommt es
bei Kalzium und Magnesium.

Stickstoffdlingung; verfiighare Nihrstoffe; des Futters; Nihrstoffdynamik
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EFFECTIVENESS OF PHOSPHORUS IN THE NUTRITION
OF GRASSLANDS

F. Klimes

KLIMES, F. (University of Agriculture, Praha, Faculty of Agronomy Ceské
Budéjovice): Effectiveness of phosphorus in the nutrition of grasslands. Rostl.
Vyr., 36, 1990 (5) : 529-535.

In 1979—1981 in a submontane region of south Bohemia, gradated phosphorus
application rates were studied for their effect on change in the yields and
quality of the herbage of permanent grasslands treated with different nitrogen
application rates and with constant rates of potassium. The herbage yields
were statistically highly significantly increased by phosphorus fertilizing only
in those cases when nitrogen was applied at a rate of 300 kg per ha. The best
yvield stability was provided when the grassland was dressed with 200 N -+
+ 40 P + 100 K (Vx = 9.69 9;). More phosphorus applied together with more
nitrogen increases the productive efficacy of high nitrogen application rates and
helps to provide a good quality of the herbage, i. e. to maintain the required
phosphorus concentration in the herbage and to decrease the accumulation of
NOs3-N in biomass.

permanent grasslands; gradated phosporus application rates; gradated nitrogen
rates; herbage yields; herbage quality

In the system of rational grassland management, at sites with
adjusted water regime, grass nutrition and fertilization are a basic pre-
requisite for a favourable stand composition as well as for the required
quantitative and qualitative aspects of herbage production (Klesnil,
Turek, 1975). The grasslands respond dynamically, especially to
nitrogeneous nutrition; nevertheless, only full NPK-nutrition (Kla pp,
1971; Turek, 1973; Haken et al, 1981; Velich, 1986; Ram on,
1986 and others]) is considered as rational.

Phosphorus fertilization acts favourably on the botanic changes in
the stands and on herbage quality (Klesnil. Turek, 1975). A mi-
nimum of 0.3 % of phosphorus should be contained in the dry matter of
good-quality herbage at adequate yields. A sufficient phosphorus content
in the herbage at which the yield is not limited by phosphorus deficit
also corresponds to the requirements for rational nutrition of cattle
(Petfik et al, 1987). Phosphorus concentration in the herbage varies
in a wide range (from 0.1 to 0.45 % in dry matter), though it is usually
lower in the grassland than required for animal nutrition (Haken
et al., 1981). Phosphorus is next to nitrogen as for its importance for
yield formation in the grasslands (Habov3tiak, 1972). It often
happens, owing to the phosphorus in the soil, that the effect of
phosphorus is poor at the beginning and as a rule several years must
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have elapsed before this effect can manifest itself fully (Petfik et
al., 1987).

Effects of gradated phosphorus application rates were studied, as
exerted on the effectiveness of phosphorus in the formation of the
quantitative and qualitative traits of the output in permanent grasslands
treated at different intensities with nitrogen fertilizing.

MATERIALS AND METHODS

In the years 1979—1981, the effects of gradated nitrogen and phosphorus appli-
cation rates, together with constant potassium application rates, on the yield chang-
es and on herbage quality in permanent grasslands were studied at two sites in the
submontane and montane regions of the Sumava Mts. (Tab. I). The stands under
study belong to the range of the association of Arrhenatheretum elatioris BRAUN
BLANQUET 1919, stand type Trisetetum. The stands were cut twice in four replic-
ations. The following forms of fertilizers were used: LAV30, SP18, DS60. Phospohorus
and potassium were applied every year in spring. Nitrogen was provided through
a single application up to a total rate to 100 kg per ha applied in spring, but higher
nitrogen rates were divided: 200 kg (150 -+ 50), 300 kg (200 + 100).

I. Ecological characteristics of the sites under study

Contents of main
& ; v nutrients in sward

; Altitude verage air S layer of soil
Site i temperature |precipitation sum| pHgel {mg per ke of soil
above s. L. CC) o) (mg p_‘j_‘ )
‘l K ' Mg
S1 545 6.3 675 6.5 8 47 110
S» 704 6.2 683 7.9 7 42 105

The herbage yields were determined at harvest and were converted to hay
yield (at 85 %, of dry matter). Samples were taken for the determination of herbage
quality. The samples were chemically analysed by methods prescribed by the Central
Agricultural and Testing Institute.

The yield results were evaluated by correlation and regression analyses with
verification of a suitable type of yield curve for determination of the relationship
between nitrogen rate and herbage yield at separate phosphorus application rates
(Po — treatment 2 to 6; P20 — treatment 7 to 11; Poa — treatment 12 to 16). The va-
riability of yields was also evaluated by variation coefficients (V. in %) in each
treatment. Of the qualitative characteristics, phosphorus and NO3-N concentrations in
herbage are evaluated along with the rations of P : Ca and (Ca : Mg) : K. Weighted
arithmetical means were determined as the mean values for each component of the
herbage. The changes in phosphorus concentrations were evaluated using individual
basic indexes. Evaluating the NO3-N concentration in herbage, 999, — 100P%,
quantiles were also determined as characteristics of probability (K1imes§, 1985).

RESULTS AND DISCUSSION

It follows from comparisons of the obtained herbage yields (Tab.
IT) that phosphate fertilization provided a statistically highly signific-
ant increase in herbage yields only at the highest nitrogen application
rate under study (300 kg per ha). When the combination of 300 N +
+ 20 P + 100 K (treatment 11) was used, the highest productive effecti-
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1I. A survey of the tested combinations of nutrition and average yields of hay (at
859, of dry matter). Yield variability expressed by the variation index V. (%)

} Rate pure of nutrients . :
| Treat- Set (kg per ha) Average hay yield Va
| ment (in t per ha) (%)
N P K
1| 0 0 0 4.538 21.56
2 0 0 100 3.952 16.33
; 3 50 0 100 5.750 13.49
4 Po 100 0 | 100 6.914 | 18.38
5 200 0 : 100 8.457 18.01
6 300 0 | 100 8.443 19.46
| | B
7 0 20 | 100 4.782 . 28.33
8 50 20 | 100 5.718 | 23.16
. 100 20 | 100 6.775 15.29
10 200 | 20 | 100 8.675 15.34
n | 300 | 20 100 10.161 20.61
12 l 0 | 40 100 4.817 15.46
13 ‘ 50 40 100 5.265 24.46
14 Po | 100 40 100 6.930 17.66
| |
15 200 | 40 100 9.162 9.69
16 { 300 } 40 100 9.635 18.82 |

do.os = 0.696; do.or = 0.916

veness of 1 kg of phosphorus was obtained (yield increase 85.9 kg of
hay per kg of phosphorus). The effect of phosphorus application on the
yields was more or less indifferent at nitrogen application rates of
50 to 100 kg per ha. However, phosphorus appears to influence the
production efficacy of nitrogen through the phosphorus-nitrogen interact-
ion rather than through the action of phosphorus alone (Habov3§tiak,
1972; Petfik et al., 1987).

A shift of the minimum level of the relative herbage yield variability
towards higher nitrogen application rates is seen from comparisons of
the determined values of this important production trait at gradated
phosphorus application rates. In stands without phosphorus application
the lowest yield variability was recorded when nitrogen was applied
at a rate of 50 kg per ha. At a phosphorus application rate of 20 kg per
ha the yield variability was the lowest at a nitrogen rate of 100 kg per
ha, and at the highest phosphorus rate under study, 40 kg per ha, the
lowest yield variability was recorded only at a rate of 200 kg of nitrogen
per ha; this. in fact, was the lowest yield variability of all (V, =
=9.69 %).

There is certain coincidence with the values of productive effecti-
veness of nitrogen: in treatments with the lowest values of yield va-
riability (within separate sets with different rates of phosphate fertiliz-
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III. Weighted arithmetical means of phosphorus concentration in herbage (in 9, of
absolute dry matter); dynamics of phosporus concentration changes expressed by
means of individual basic indexes (IIB)

Year IIB (%
Treatment Set x
1979 1980 1981 80/79 | 81/79
1 0.263 0.280 0.272 ; 0271 | 106.46 | 103.42
) 0.279 0.301 0.309 0.295 l 107.89 | 110.75
3 ) 0.272 0.267 0.242 0.262 98.16 88.97
4 Po 0.271 0.280 0.252 0.269 | 103.32 92.99
5 0.244 0.256 0.231 0.244 | 104.92 94.67
6 0.214 0.229 0.208 0218 | 107.01 | 97.20
7 | 0284 | 0337 | 0333 | 0312 | 11866 | 117.25
8 0275 0.335 0346 | 0313 | 121.82 | 13091
9 P2o } 0.269 0.308 0.295 | 0.290 | 11450 = 109.66
10 . 0.256 0.317 0.280 0.282 | 123.83 | 109.38
11 | 0.264 0.299 0.250 0273 | 11326 | 9470
12 0311 0.381 0.369 0.352 | 12251 | 118.65 |
13 | 0.293 0.328 0.371 0.324 | 111.95 | 126.62
14 Pso | 0.280 0.367 0.367 0332 | 131.07 | 131.07
15 i 0.292 0.339 0.338 0322 | 116.10 | 115.75
16 | 0.265 0.321 0.334 0.304 | 121.13 | 126.04

ing), the highest productive effectiveness was recorded, representing an
average yield increment of 35.96 kg of hay per 1 kg of nitrogen at a rate
of 50 N + 100 K, 19.93 kg at a rate of 100 N + 20 P + 100 K, and
21.73 kg at a rate of 200 N + 40 P + 100 K. At the same time, the
lowest productive effectiveness of 1 kg of NPK |(yield increment of
13.60 kg of hay per kg of NPK) was recorded in the combination of
200 N + 40 P + 100 K.

Mutual interaction of nitrogen and phosphorus influenced even the
patterns of the production functions, expressing the relationship between
the nitrogen rate (x in kg per ha) and the hay yield (y in kg per ha)
as can be seen in separate application rates (Po — treatment 2 to 6;
P20 — treatment sets, differing in their phosphorus rates.

Po:y’ = 3974 + 38x — 0.000,018x3 [I,, = 0.834**]
P2:y’ = 4774 + 19x + 0.018x2 — 0.000,068x3 [I,. = 0.825%*]
P4 :y’ = 4746 + 8x + 0.162x2 — 0.000,447x3 [I,, = 0.862++]

In the Po set a production function exhibits a degressive course,
analogous with the course reported by Velich (1986) and Haken,
Kvitek (1988) as the prevailing course of the yield curve which"
Velich (1986) designated as the mineralization type. Transition to
the progressive-degressite type, i.e. type of immobilizing nature, is
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IV. NOs—-N concentration in herbage (y — weighted arithmetic mean, yo.9» — 999,
100PY%, quantiles) and average values Ca : P and K : (Ca + Mg) ratios

NO3;—-N (% in absolute dry matter)
Treatment Set , Ca:P |K:(Ca+Mg)
y } Ymin Ymax Y0.99
1 0.059 0.027 ‘ 0.108 0.128 3.700 1.708
2 0.035 0.011 0.101 0.109 3.318 2.091
3 0.036 0.019 0.088 0.096 2.737 2.542
4 Po 0.087 0.031 | 0.302 0.334 2.948 2.441
5 0.082 0.026 ! 0.176 0.201 2.871 2.574
6 0.147 0.055 0.300 0.361 3.053 2.505
7 0.031 0.015 0.068 0.075 | 3.005 2.046
8 f , 0.033 0.016 0.066 0.075 2.558 2.375
9 ' P20 ; 0.037 0.021 0.071 0.081 2.900 2.261
10 ! f 0.140 0.031 0.462 0.512 2.299 2.765
11 ' | 0.264 0.062 0.405 0.676 2.576 2.465
| | |
12 ’ [ 0.074 0.019 0.172 0.204 2.587 2.072
13 ,‘ { 0.043 0.030 0.065 0.073 ' 2.980 2.045 ;
14 f Pao 0.052 0.028 0.097 0.110 2.431 2.424 {
15 f [ 0.070 0.016 0.130 0.165 2.069 2.452 '
| 16 ! i 0.193 \ 0.117 0.366 ‘ 0.447 | 2.086 2.555

obvious in the P20 and P40 sets, the P20 set being slightly inclined to the
linear (transitive) type; hence, gradated phosphorus application rates
can be considered as being actively involved in the process of increasing
the biological immobilization of nitrogen.

The process of gradual saturation of hay with phosphorus (Lich-
ner et al, 1977) is indicated by changes of phosphorus concentration in
herbage, particularly at a higher level of phosphorus fertilization (P4,
Tab. Iil). At the same time it can be seen that the higher nitrogen rates,
the lower phosphorus concentration in herbage. Hence, it is useful to
increase proportionately the rates of phosphorus when nitrogen fertilizers
are applied at high rates (Klime$§, 1985).

It is seen from the determined values of NO3-N concentration that
with suitable combination of nitrogen and phosphorus fertilization,
phosphorus can help to slow down effectively the growth of nitrate
concentration in herbage at gradated nitrogen application rates. Within
the Po set, the average value of NO3-N concentration in herbage did not
exceeded 0.07 % in absolute dry matter at nitrogen application rates
up to 50 kg per ha, in the P20 set up to a nitrogen application rate of
100 kg per ha and, in the P40 set even up to 200 kg per ha.

It follows at the same time from the values of 99% 100P% quantiles
(Tab. IV) that the above-mentioned nitrogen application rates and cor-
responding levels of phosphorus application theoretically provide a mi-
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nimum 99% probability of not exceeding, with such application rates, the
threshhold of potential toxicity (0.20 % NO3-N in absolute dry matter).
The lowest probability exceeding the NO3-N concentration in individual
cases above the value characterizing absolutely safe herbage (0.07 %
NO3~-N in absolute dry matter) is provided at an application rate of
50 N +40 P+ 100 K (Klimes§, 1985) at which, at the same time,
the lowest value of the (Ca 4+ Mg):K (1:2.045) was recorded. On the
other hand, from the point of view of the P :Ca ratio in herbage, the
combination of 200 N + 40 P + 100 K appears most suitable: in that
case the mentioned ratio was 1 : 2.069.
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KLIMES, F. (Vysoka $kola zemédé&lskd, Praha, agronomicka fakulta Ceské Budé&jo-
vice): Uplatnéni fosforu ve vyZivé travnich porosti. Rostl. Vyr., 36, 1990 (5) : 529-534.
V letech 1979 aZ 1981 byly v podhorské oblasti jiZnich Cech ovéfovany stupiiované
davky fosforu na zmény vynost a kvality pice u trvalych travnich porostt s apli-
kacf rtizné vysokych divek dusiku p#i konstantni Grovni draselného hnojeni. Fosfo-
reéné hnojeni zvysSovalo statisticky vysoce vyznamné vynosy pice pouze pfri davce
dusiku 300 kg.ha-1. Nejvyssi vynosova stabilita je zajisfovdna p¥i aplikaci 200 N -
+ 40 P + 100 K (V: = 9,69 %). ZvySovani davek fosforu pfi riistu intenzity hnojeni
travnich porostt dusikem se ukazuje jako pfedpoklad lepsiho produkéniho uplatnéni
vy$§ich davek dusiku a napoméhd téZ k zabezpeleni dobré kvality pice zejména
s ohledem na poZadovanou koncentraci fosforu v pici a na snifovani akumulace
NOs3-N v biomase.

trvalé travni porosty; stupfiované davky fosforu; stupiiované davky dusiku; vynosy
pice; kvalita pice
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KNMMELW, @. (CenbCKOXo3aiCTBEHHbIH WHCTUTYT, [lpara, arpOHOMMUECKMI PaKynbTeT
Yewcke Bypeinosuie): MpumeHendne pocdopa B nuTaHum Tpasocrtoer. Rostl. Vyr.,, 36,
1990 (5) : 529-534.

B 1979—1981 rr. B noaropHbix ofnacrax toxHon Yexun obGcnegoBann auddepeHUUpOBaH-
Hble [03bl (hOCHOPa BAUAOWME HA WM3MEHEHUS YpOXaeM M KayeCTBO 3€N1eHOro Kopma
Yy MHO;ONETHUX TPaBOCTOEB C MPUMEHEHWeM pa3HbiX BbICOKMX A03 a30Ta MNPU KOHCTAHTHOM
ypoOBHe kanuiiHoro ypobpenus. QocdopHoe yao6peHue NOBbIiLAN0 CTaTUCTUHECKU 3HauM-
TeNbHO YypoOXau 3e1eHOr0 KCPMa nuiib npu pgo3e asora 300 kr/ra. Camas BbiCokas CTa-
GunpbHOCTb Gbina onpegencHa npu eHecedun 200 N + 40 P + 100 K (V. = 9,69 %,). Mo-
BbllieHWEe 403 pocchopa NpU POCTE WUHTEHCUBHOCTU YAOGpPEHUS TPaBOCTOEB a30TOM OKa-
3bIBAETCS MPeAnoCbINKOW Nyylwero NMPOAYKUMOHHOrC BHeApeHUs 6Gonee BbICOKMX A03 a30Ta
W nomoraeTt, Takxe, oOeCneueHWi0 XOPOWEro KauecTBa 3E€NeHOro KOpMa, rnaBHbIM 06pa-
30M, C yueTom TpelGyemoii KOHUEHTpauuu pocdopa B 3e1€HOM KOPME MU MOHUXKEHMUS akKy-
mynsuun NO3-N B 6ruomacce.

MHOTONETHUEe TPaBOCTOM; AUMMEPEHLUMPOBaHHbIE A03bl pochopa; AUDdEpPEHLMPOBaHHbIE
AO3bl a30Ta; ypOxXaMn 3eNeHbiXx KOPMOB; KaueCTBO 3€NEHOro Kopma

KLIMES, F. (Landwirtschaftliche Hochschule, Praha, agronomische Fakultit Ceské
Budéjovice): Betdtigung von Phosphor in der Erndhrung von Grinland. Rostl. Vyr,,
36, 1990 (5) :529-534.

In den Jahren 1979 bis 1981 wurden in einem siidb6hmischen Vorgebirgsgebiet Aus-
wirkungen gesteigerter Phosphorgaben auf Verdnderungen der Erirdge und der
Qualitdt des Futters aus Dauergriinland mit einer Applikation verschieden hoher
Stickstoffgaben bei konstantem Niveau der Kaliumdiingung getestet. Die Phosphor-
diingung erhohte statistisch hochsignifikant die Ertrdge der Futterpflanzen nur bei
der Stickstoffdosis von 300 kg.ha—1. Die hochste Ertragsstabilitdt ist bei der Appli-
kation von 200 N + 40 P + 100 K (Vx = 9,69 %) sichergestellt. Eine Erhohung der
Phosphordosen bei steigender Intensitdt der Stickstoffdlingung der Graserbestédnde
erweist sich als Voraussetzung einer besseren Produktionsbetidtigung hoéherer Stick-
stoffgaben und hilft auch der Sicherstellung einer guten Qualitit des Futters, ins-
besondere in Hinsicht auf die geforderte Phosphorkonzentration im Futter und auf
die Herabsetzung der NO3-N-Akkumulation in der Biomasse.

Dauergriinland; gesteigerte Phosphordosen; gesteigerte Stickstoffdosen; Futterer-
trédge; Futterqualitit
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kulta, Sinkuleho 13, 370 05 Ceské Budé&jovice

ROSTLINNA VYROBA — 1990 D39



REVIEW

DIE SAUERGRASER — SCHLUSSEL ZU IHRER BESTIMMUNG
IM BLUTENLOSEN ZUSTAND

SOUR GRASSES — KEY TO THEIR IDENTIFICATION IN FLOWERLESS
STAGE
A. Petersen, W. Petersen, G. Wacker

Berlin, Akademie Verlag, 1989, 91 pp., 6 figs, 6 tables

This is the work of the world-known specialist in the field of botanics and
production of the grass comrnunities. It is a continuation of his previous works:
Clover and other species of clover family as cultivated crops, Wild plants and
weeds in fields and grasslands, Grasses as cultivated plants and weeds in
grassland and fields. Prof. Asmus Petersen had long worked for Research
Institute of grasslands and peat at Paulinenau near Berlin. The presented work
was reviewed by his former pupil and colleague Prof. G. Wacker.

Sour grasses of the family Cyperaceae, including the genera Scirpus, Erio-
phorum and Carex are distributed all over the world and represent about, 3,700
species. Their main morphological traits, in which they differ from economically
important grass species, are analysed in the introductory part.

The second part of the book contains, in fact, the key to the identification
of the genera and their species on the basis of the morphological pecularities of
the leaves, stems and roots. The third, most important part of the book deals with
the feeding value of each genus and species, with the site conditions under which
they are maintained in the natural environments, and with the various methods
of their control. From this point of view they are divided into the grasses of damp
sites, those of common mediocre grassland communities, those of dry regions,
those of mountain and Alpine regions, forest associations and salinized soils.

As to their feeding value, attention is drawn to the comparatively high yields
of some species (Carex gracilis, Carex acutiformis, Phalaris arudinacea, Phragmatis
australis, Molinia caerulea), which, under specific conditions, may even be of eco-
nomic use. Otherwise, they play an important conservation role in natural conditions.
They are fairly easy to control, mainly at damp sites, where drainage is essential
prerequisition. In many cases fertilization alone will suffice to convert them into
good meadows or pastures, because the valuable grass species usually react to this
treatment well enough to suppress, by their biological activity, the shorter species
of vigorous sour grasses. Every-year mowing is very important. Tillage and adjust-
ment of water conditions are recommended in some cases.

The book is intended for the experts in grassland management, land improve-
ment conservation, forestry, etc.

Ing. Jozef Habovstiak, CSc.
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POSSIBILITIES TO USE CATTLE SLURRY IN GRASSLAND
NUTRITION

Z. Vahala

VAHALA, Z. (Research Station Jevi®ko): Possibilities to use cattle slurry in
grassland nutrition. Rostl. Vyr., 36, 1990 (5) : 537-546.

Experiments were conducted on alluvial soil in a beet growing area, climatic
region MT-2, 340 m above sea level, to study various methods of using cattle
slurry in permanent grasslands. In the first experiment, slurry nitrogen was
found to have a lower effectiveness when slurry was applied every year onto
grass surface or into the sward; the difference from the control (nitrogen
applied in mineral fertilizers) was 13 9, With alternating application (one year
slurry, next year mineral fertilizer), the decrease in comparison with the
control was by 2 to 3%, In the second trial, slurry was incorporated in the
soil during pre-seeding preparation in the express renovation of permanent
grassland, the nitrogen rates being 150, 300, and 450 kg per ha. Dry matter
output was increased highly significantly by 5.1 to 10.4 %, on an average for
five years, in comparison with control. Applied slurry had a long-term action
which increased dry matter output by 5.3 9, in the first year, by 12.49, in the
second year, by 15.6 9, in the third year, by 4.4 9%, in the fourth year, and by
479, in the fifth year (on an average for the slurry application rates). In the
third trial, increased introgen amounts were applied during soil cultivation
when the grassland was renovated (225 kg per ha in slurry or in mineral
fertilizers). This reduced the proportion of Trifolium pratense (Kvarta variety)
by 569, in the first harvest year and by 189, in the second year. The pro-
portion of Trifolium pratense was also reduced by nitrogen applied in the
first and second harvest year.

permanent grassland; cattle slufry; nutrition; express grassland renovation

The development of the litterless system of cattle housing on large
farms has introduced the production of slurry in all types of production
regions; this in turn has raised the problem of its suitable and rational
use. The most widespread of the use of slurry is application onto the
surface of grassland. Tomka, Hrivnédk (1969) and Tomasik
(1984) observed that the nitrogen of the slurry applied in this way
has a lower efficacy than that applied in mineral fertilizers. N & g1
(1955) and Skarda (1978) recommend to apply 12 to 160 tonnes of
slurry per 1 ha, the total amount being divided into two to three batches
applied during the year. The best time to apply slurry to permanent
grassland — as Frycdek (1965) asserts — is after the first cut in
spring. The total slurry application rates are determined according to
the contents of nitrogen or potassium. Sladovnik (1964) and N 4 gl
(1955) explain that slurry application rates should be determined with
respect to potassium content because grassland has a tendency toward
luxury consumption of potassium. thus herbage of poorer quality. The
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1. Characteristics of the climatic conditions of the experimental site

Average temperature (°C) Precipitation sum (mm)
Year for growing for growing
annual == annual i
1981 7.1 13.0 613.2 295.0
1982 8.0 14.4 376.7 256.0
1983 8.2 14.1 412.1 244.6
1984 7.5 12.9 446.3 322.0
1985 4.6 11.7 514.5 396.7
1986 5.9 12.9 541.5 325.0
1987 4.7 11.3 548.5 391.1 ’
1988 6.9 12.5 504.3 295.2 ;
% za 50 let 75 13.9 629 397.0 |

reason why the content of nitrogen is used for the determination of
slurry application rates is the effort for reaching optimum yields of
herbage. This view is corroborated, as Skarda (1978) observed, that
increased slurry application rates do not increase NO3 -N content in
herbage so much as does the application of mineral nitrogen fertilizers.

Cattle slurry containing 0.30 % nitrogen and 0.24 % potassium can
be characterized as a nitrogen-potassium fertilizer. It also contains
phosphorus (0.07 %) and other nutrients in its organic matter, and its
biological activity is high. The objective of our investigation was to
identify the possibilities of non-traditional use of cattle slurry.

MATERIALS AND METHODS

Possibilities to use cattle slurry in the manuring of grassland were explored
in three experiments. These experiments were conducted in a beet growing region
340 m above sea level, in the MT-2 climatic region characterized as slightly warm
and slightly humid. The sums of the temperature of 10 °C and above 10 °C range
between 2200 and 2500 °C, the probability of occurrence of dry growing seasons is
15 to 30, moisture security is from 4 to 10, average annual temperature 7 to 8 °C,

II. Chemical composition of the soil to a depth of 0.20 m

Experiment
1 2 3
Total N (%) 0.196 0.190 0.215 after Kjehldahl
P (mg/1000 g) 6.7 10.5 55.0 after Egner
K (mg/1000 g) 201.5 53.5 64.0 after Schachtschabel
pH 6.43 6.65 6.6 active |
Humus (%) 2.75 2.57 3.04 after Tjurin ;
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II1. Experimental treatments (first trial)

Nutrients supplied
Treat- s L during four years
A Fertilizer Application
N P K
C mineral 300 26.4 66.4
2 cattle slurry every year into sward 300 65.9 | 251.3
3 cattle slurry every year into surface 300 65.9 | 251.3
4 cattle slurry 1st year into sward
2nd year mineral fertilizer 300 32.6 109.2
5 cattle slurry 1st year onto surface
2nd year mineral fertilizer 300 32.6 109.2

fifty-year precipitation normal 550 to 750 mm. The clinical conditions during the
experiments are surveyed in Tab. I. The soil of the experimental plots was alluvial
sandy loam. Its chemical composition is shown in Tab. II. The ground water table
was out of plant roots’ reach during the experiments. The grassland was harvested
in a three-cut system.

The first experiment was started in 1981 and comprised five treatments (Tab.
11I).

The nitrogen application rate was the same in all treatments: 300 kg per ha.
Slurry was applied either every year or in an alternating way (first year slurry,
next year mineral fertilizers). The total batch of 300 kg per ha was divided into 150
kg applied in spring and another 150 kg applied after the firts cut.

The second trial was started on three dates in 1982: in spring, after the first
cut, and after the second cut. The objective of the experiment was to explore the
possibilities of using cattle slurry for express grassland renovation in different pe-
riods of the growing season. Slurry was applied onto newly ploughed sward at
different nitrogen application rates: 150, 300, and 450 kg per ha. Twenty-four hours
later it was incorporated into the soil by means of a rotavator. The experimental
plot was sown with a clover-grass mixture including Dactylis glomerata (Milona)
— 30 kg, Trifolium pratense (Kvarta) — 4.80 kg, Trifolium repens (Huia) — 3.60 kg
per ha. The experimental treatments are surveyed in Tab. IV.

IV. Experimental treatments (second trial)

s e g : Fertilization in subsequent years
Treats Fertilization in year of establishment (mineral fertilizers)
ment
fertilizer | N P K 1983 | 1984 l 1985 ] 1986 | 1987
mineral | 150 26.4 66.6 150 200 250 250 250
slurry 150 32—42 120—159 150 | 200 | 250 | 250 | 250
slurry 300 64 —84 240—318 150 | 200 | 250 | 250 | 250
4 slurry 300 64—84 240—318 50 | 200 | 250 | 250 | 250
5 slurry 450 95— 126 360—477 50 | 200 | 250 | 250 | 250
Division of nitrogen application rate in subsequent years: 150 kg = 100 + 50
200 kg = 100 + 50 + 50
250 kg = 120 + 70 + 60

Phospherus and potassium fertilization:
contro | treatment: 26.4 kg P and 66.4 kg K per 1 ha
treatmernts 2, 3, 4, 5: up to the same nutrition level as in the control (C) — treatment
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V. Experimental treatments (third triai)

Nitrogen fertilization (mineral
Fertilization in fertilizers) in subsequent years
starting year
A 1987 1988
Block | Fertilizer Treat
ment
cut
N P K
Ist 2nd 3rd 1st 2nd | 3rd
1 60 35.2| 100 — — — - — -
A | pmeral | 3 | 60| 352{100] 60 | — | — |60 | — | -
[
3 60 35.2| 100 60 60 - 60 60 —
233 | 100 364 — — — - — -
B ;‘f‘&;‘r; 5 (233 (100 | 364 | 60 | — | — | 60 | — | —
233 | 100 364 60 | 60 — 60 60 -
muneral | 7 | 233|100 | 362 | 60 | — | — | 60 | — | -

Phosphorus and potassium fertilization in 1987 and 1988:
— block A: 35.2 kg P and 100 kg K per 1 ha
— block B: up to the same levels as in block A

The third trial was conducted in 1986 in two blocks. Cattle slurry was used
for basic grassland fertilization in block B at a nitrogen application rate of 225 kg
per ha. Block A was used for comparison: mineral fentilizers (60 kg N, 35.2 kg P,
100 kg K per ha) were used for the basic nutrition of the stand. Clover-grass mixture
of Dactylis glomerata (Niva) — 22.0 kg, Poa pratensis (Roznovska) — 3.0 kg, Tri-
folium pratense (Kvarta) — 5.0 kg, Trifolium repens (Dubrava) — 3.0 kg per ha
was used for the renewal of the grassland. The experimental treatments are shown
in Tab. V.

VI. Dry matter output (average for four years, first trial)

|
N Dry matter
Eecﬁi_ Fertilizer application output %%
rate (t per ha)
C mineral fertilization 300 11.736 100
2 slurry applied into sward
every year 300 10.192 86.8
3 slurry applied onto , :
surface every year 300 [ 10.167 | 86.6
4 Ist year: slurry into sward
! 2nd year: mineral fertilization 300 11.386 97.0
[ 5 1st year: slurry onto surface ] {
‘ 2nd year: mineral fertilization 300 ‘ 11.505 i 98.0 ‘
i 1
P 0.05 .‘ ‘ 0.454
| Po.o1 | 0605
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VII. Dry matter output in t per ha (second trial)

S Dry matter output
¥ f;'f“elg:f;ﬁ:h‘rﬁeyni” (% 1983 — 1987) according
Treat- to the time of establishment _
z %
ment s
s N rate ; after after
fertilizer (kg per ha) spring I1st cut | 2nd cut
C mineral 150 10.788 11.159 11.039 10.992 100
2 cattle slurry 150 11.284 11.804 11.722 11.603 105.6
3 cattle slurry 300 11.724 11.937 12.127 11.929 108.5
4 cattle slurry 300 12.112 12.309 11.995 12.136 110.4
5 cattle slurry 450 12.032 11.988 12.265 12.095 110.0
P 0.05 0.400 0.229
P 0.01 0.526 0.301
EESULTS

In the first trial, on a four-year average, the highest dry matter
output (Tab. VI) was obtained in the every-year treatment with mineral
fertilizers (11.736 tonnes per ha). The lowest dry matter output was
obtained in the treatment where the grassland was manured every year
with cattle slurry either by surface application or with incorporation
into the sward. The differences from the treatments with mineral ferti-
lizers (13.2 to 13.4 %) are highly significant. The alternating treatments
(one year slurry, next year mineral fertilizers) had an insignificantly
lower otput of dry matter (by 2 to 3 %) in comparison with the control.
Comparing the treatments which alternating and every-year applic-
ation of slurry (both onto surface and into the sward) it can be seen
that the differences of 11.7to 13.1 % are highly significant in favour of
the alternating treatment. There was no significant difference between

VIII. Subsequent effectiveness of cattle slurry (second trial)

Year
Treatment

1983 1984 1985 1986 1987
& t per ha 13.081 9.294 12.465 10.098 10.036

% 100 100 100 100 100
2 . % 104.8 105.7 110.8 104.0 101.3
3 9% 107.1 1104 115.2 102.7 116.0

4 % 104.7 116.3 117.6 106.7 107.2

5 9% 104.7 117.3 118.8 101.7 104.6

x 2-5 9% 105.3 112.4 115.6 104.4 104.7
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IX. Dry matter output in t per ha (third trial)

Year
Block Treatment %
1986 1987 1988
A — mineral nutrition 1,2, 3 9.180 14.995 13.254 12.476
B — slurry 4,5, 6 10.494 15.875 11.122 12.497
P 0.05 0.471 0.312 0.741 0.218
P 0.01 0.864 0.572 1.361 0.289

the surface application of slurry onto the grass and incorporation of
slurry into the sward.

The second trial lasted five years and was aimed at investigating
the effectiveness of cattle slurry used for the basic nutrition of a per-
manent grassland subjected to express renewal. In comparison with
treatments using mineral fertilizers, the use of slurry provided highly
significantly greater dry matter yields at all times of stand establish-
ment (Tab. VII). Slurry application rates up to 300 kg nitrogen per ha
were the best: in treatment 4 this application rate provided the highest
dry matter output. Further increase of slurry application rates (450 kg
per ha) failed to bring about the required effect. Slurry used for basic
stand nutrition in express regeneration has a long-persistent effect
(Tab. VIII). In the first harvest year slurry increased dry matter output
by 5.3 %, in the second harvest year by 12.4 %, in the third by 15.6 %,

X. The weight percentage & of Trifolium pratense in the experimental years

Trifolium pratense
Treat- ‘ Total N rate /i % = Drgume:lt: e
Block et | for three % t pg ha)
’ years 1986 | 1987 | 1988 | 1986 1088 | x 19861988
A j ‘ 60 ! 126 | 259 | 445 29.29 12.452
| ‘ 2 | 180 79 | 252 | 401 26.0 12.446
; 300 | 89 | 211 | 398 24.49 12.532
I - 9.79 | 24.05 ‘ 41.47 26.72
2l —| o
B 4 | 233 L 117 | 163 | 326 | 19.90 12.339
5 | 33 | 136 241 | 215 | 2040 12.448
6 473 120 | 165 | 164 . 1523 12.644
x 1243 18 90 23.48 1 18.49
i b i e
\ w ‘ ‘
|7 | 353 | 64 | 182 | 299 | 189 12.114
P0.05 0.356
P 0.01 0.473
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in the fourth by 4.4 %, and in the fifth by 4.7 %, in comparison with
treatments using mineral fertilizers, on an average for treatments 2 to 5.

Two blocks with different forms of fertilizers, used during grass-
land renewal, were studied in the third trial. Mineral fertilizers were
used in block A, cattle slurry was used in block B. Further nutrition was
the same in both blocks and different application rates of mineral
fertilizers were used. Cattle slurry proved to be effective only in 1986
and 1987 when the dry matter yields in the slurry-treated block were
highly significantly greater. In 19988 the reverse was the case, so in
general the dry matter output was about the same in both blocks (on
an average for the whole experiment). The use of high nitrogen applic-
ation rates, supplied in slurry in the year of renewal, reduced the pro-
portion of Trifolium pratense in the grassland in the first harvest year
by 5 % and in the second harvest year by 18 %. On an average for three
years this reduction amounted to 8.23 % (Tab. IX). Treatment 7 where
mineral fertilizers were used at similar NPK application rates in the
year of establishment showed a similar decline of the proportion of
Trifolium pratense as did treatment 5, fertilized with the same amounts
of nitrogen, phosphorus and potassium in slurry at establishment. The
adverse effect of nitrogen application upon the proportion of Trifolium
pratense in the stand was observed also in the subsequent years in both
blocks (Tab. X). Every-year application of 120 kg nitrogen per ha reduced
the weight proportion of red clover in the herbage by 5 %, on an
average. In the subsequent years, increased nitrogen application rates
failed to increase significantly the output of dry matter.

DISCUSSION

The experiments were conducted to test the methods of utilization of
cattle slurry for grassland manuring. When slurry was applied in the
traditional way onto grass surface, the nitrogen contained in the slurry
had a significantly lower effectiveness than when mineral fertilizers
were used. Our results confirm what is asserted by some authors (Fry -
cek, 1965; Tomek, Hrivndk, 1969; Sladovnik, 1964; To-
masik, 1984): The lower effect of slurry nitrogen is considered to be
due to evaporation which depends on the conditions and date of applic-
ation. Similar results were obtained when slurry was applied into the
sward by means of special shares.

Alternating application of slurry (one year cattle slurry, next year
mineral fertilization) appears to be better. In this system the output of
dry matter was just insignificantly lower than with the use of mineral
fertilizers; this confirms the results published by Krdlovec, Rais
(1981). Alternating use of slurry also eliminates the hazard of over-
manuring the grassland with phosphorus and, particularly, potassium.

The best method of slurry application is to incorporate it into the
soil during pre-seeding preparation when the grassland is subjected to
express renewal. During the five years of the second experiment, all the
slurry application rates increased the average annual output of dry
matter by 5.6 to 10.4 % in comparison with the treatments with mineral
fertilizers. Slurry has a generally favourable effect. In well aerated soil
it acts as an inoculating material encouraging microbial activity whose
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development largely depends on soil temperatuie and moisture, on nitro-
gen supply, on the amount of organic matter and on other factors
(Skarda, 1978). Intensified mineralizing activity of the microbes
proauces nitrogen compounds as available plant tood (Pokorna—
— Kozova, 1979). The slurry application rates used during express
grassland renewal should be determined not only according to the
content of potassium, but also nitrogen, because amounts of nitrogen
above 300 kg per ha fail to produce any further yield effect; moreover,
they suppress the clover component of the grass-clover mixtures. The
results of experiment 3 clearly indicate (Tab. X) that even the lower
amount of 225 kg of slurry nitrogen per ha, applied during establish-
ment, affected the proportion of Trifolium pratense in the stand.
Nor was there any increase in dry matter output (in comparison with
unfertilized control) when high nitrogen application rates were used
in the subsequent years; a further reduction of the proportion of red
clover was recorded in these cases. The supplied nitrogen prohably
offset the loss of microbial nitrogen fixed by the Kvarta variety of
Trijolium pratense. Hence, if Trifolium pratense is 1o be maintained in
the grassland as long as possible, the nitrogen application rates in
slurry should be reduced to 60 to 150 kg per ha in the year of renewal.
The adverse effect of nitrogen fertilization on the proportion of clovers
is described by Neuberg et al. {1985) who recommended to reduce
nitrogen application rates to keep clover in the stand. In their view,
slurry could be applied during renewal at rates of up to 350 kg nitrogen
per ha.

If output is compared in block A (minerals applied during renewal)
and block B (slurry) (Tab. X), a significant difference in yields will
be observed only in the year of establishment and in the first harvest
year. In the subsequent year the output was highly significantly lower
in the slurry block so that the average yields for the three years of the
trial were about the same in both blocks. This was due to the fact that
Trifolium pratense was suppressed in the stand by the high amounts
of nitrogen contained in the liberal application rates of slurry. All this
clearly suggests that nitrogen in slurry can be applied at high rates
only when grasslands are established without Trifolium pratense.
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VAHALA, Z. (Vyzkumna stanice Jevi¢ko): MozZnosti vyuziti hovézi kejdy pro vyzivu
travnich porosti. Rostl. Vyr., 36, 1990 (5) : 537-546.

V klimatickém regionu MT-2 na nivni pudé v fepaiské vyrobni oblasti v nadrmot-
ské vySce 340 m jsme sledovali riizné zpusoby vyuzZiti hovézi kejdy na travnich
porostech. V prvnim pokuse byla zjisténa niz$§i G¢innost dusiku dodaného v hovézi
kejdeé pti jeji kazdoroéni aplikaci na povrch nebo do drnu travnich porostd o 13,
oproti kontrolni varianté, hnojené mineralnimi hnojivy. Pfi stfidavé aplikaci (jeden
rok kejda, druhy rok mineralni hnojivo) bylo zjiténo sniZeni o 2 aZ 3 %, V druhém
pokuse pii zapraveni kejdy do pudy v dobé predsefové pripravy pii rychloobnové
trvalych travnich porostti v davkach dusiku 150, 300, 450 kg.ha-! bylo zjisténo
vysoce prukazné zvySeni produkce suSiny o 5,1 az 10,49, v pruméru péti let oproti
kontrolni varianté. Projevilo se dlouhodobé ptsobeni hnojeni kejdou, které priznivé
zvy$ovalo produkei su§iny v prvnim roce 05,3 %, v druhém roce o 12,4 9, ve tietim
roce o 15,6 9, ve &étvrtém roce o 4,49, a v patém roce o 4,7%, v priméru davek
kejdy. Ve tietim pokuse zvysené davky dusiku dodané v dobé piipravy pudy pii
obnové (a to v kejdé nebo v minerdlnich hnojivech 225 kg.ha—1) zpusobily sniZeni
zastoupeni Trifolium pratense odridy Kvarta v prvnim uZitkovém roce o 5,6 9
a v druhém uzitkovém roce o 189, Na sniZovani zastoupeni Trifolium pratense pu-
sobily i davky dusiku aplikované v prvnim a druhém uZitkovém roce.

trvalé travni porosty; hovézi kejda; vyziva; rychloobnova

BATANA, 3. (HayuHo-uccnepoeatensckass cCraHuus Eeuuko): BO3MOXHOCTb MCNONL3OBaHUS
HaBO3 CKOTa ANS NUTaTHUA Tpasoctoer. Rostl. Vyr.,, 36, 1950 (5) : 537-546.

B knumaTtuueckom pernoHe MT-2 Ha annOBAanbHOW nouse B CBEK/NOBWMUHOMW IPOU3BOACTBEH-
Ho# of%nactu npu Bbicote 340 M Haag ypoBHEM MOPS Mbl MCCNEAOBaAM pPa3Hbie CNocobbi
NPUMEHEHWs HaBO3a CKOTa Ha MHOroneTHWx TpasocTosx. [IpU nepsom wucnbiITeHUU OGbina
yCTaHOB/NeHa 6onee HU3Kas 3MMOEKTUBHOCTb a30Ta BHECEHHOrO B HaBO3e CKOTa MNpPU 3ro
€XercAHOM BHECEHWUW Ha MOBEPXHOCTL MAM B aepH TpasBoctoes Ha 13"/, no cpaBHeHuto
C KOHTPO/bHbIM BapuaHTOM, yA0OpPIEeMOM MUHepanbHbiMu yaobpeHusimu. MNMpu nooueposHoM
npUmMeHeHWn (OAUH roh HaBO3, BTOPOW roag MuHepantHoe ypo6peHue) 6bino yCTaHOBNEHO
noHuxeHve Ha 2—3"/,. MpW BTOPOM MCCNeaOBaHWK NPW BHECEHWW HaBO3a B NOYBY B Me-
puos nepeanoCeBHOW MOArOTOBKM Npu ObICTpOM OOGHOBNEHUM MHOrONETHUX TPaBOCTOEB
B ao3ax a3ota 150, 450 kr.ra 6bin0 YyCTaHOBNEHO BbICOKO AOCTOBEpPHOE MOBbILEHUE Mpo-
AyKUuuu cyxoro sewecTtsa Ha 5,1—10,4",, B cpeaHeM nsTU NeT no CpPaBHEHUIO C KOHTPO/b-
HbiM BapuaHTOM. [1posBMNOCL AonroneTHee AenCTBUe YyAOGpPEHUs HaRO30M, KoTopoe Ona-

rONPUATHO FOBbIWIANO MPOAYKUWIO Cyxoro sewectsa B nepebid rog He 5,3%, Ha BTOpOH
rog Ha 12,49, Ha Tpetuii rog Ha 15,67}, Ha uerBepToin — Ha 4,40/, u Ha naTbii Ha
4,79, B cpeaHem pgo3 Haeo3a. [pW TpeTbeM WCMbITAHUU NOBbIWEHWE A03bl a30Ta Mno-

CTaBNeHHOW B MNEpUMoj MOATOTOBKM NOUBHI NpU OBHOBNEHWU (a MMEHHO B HaBo3e WU
B MUHepa/bHbix yaobpeHusx 225 kr.ra) BbizBano noHwxeHue Hanuuue Trifolium pratense
copta KBapTa B nepsbiii NpoaykTuBHbIA roa Ha 5,67, M Ha APYyrod NpOAYKTUBHBLINA rog
Ha 189/,. Ha noHuxeHue Hanuuua Trifolium pratense Bnusinu n [03bl a30Ta BHECEHHbIE
nepsbiii U BTOPOW NMPOAYKTUBHBIE rOAbL.

MHOroneTHue TpaBoCTOU; HAaBO3 CKOTa; NUTaHUe; 5blCTp0€ ofHoBNEHUE

VAHALA, Z. (Forschungsstation Jevi¢ko): Médglichkeiten des Einsatzes von Rinder-
giille zur Erndhrung von Griinland. Rostl. Vyr., 36, 1990 (5) : 537-546.

In einer klimatischen MT-2-Region auf Auenboden im Riibenanbaugebiet in 340 m
Seehdhe testeten wir verschiedene Anwendungsweisen von Rindergiille auf Dauer-
griinland. Im ersten Versuch wurde eine um 139, niedrigere Wirksamkeit des in
Rindergiille bei ihrer alljahrlichen Applikation auf die Oberfldche oder in die Gras-
narbe des Griinlands zugefiihrten Stickstoffs gegeniiber der mit Mineraldiinger ge-
diingten Kontrollvariante, festgestellt. Bei Wechselapplikation (ein Jahr Giille, nich-
stes Jahr Mineraldiinger) wurde eine Verminderung um 2 bis 39/, festgestellt. Im
zweiten Versuch, beim Einbringen der Giille in den Boden zur Zeit der Saatbett-
bereitung bei einer Schnellerneuerung von Dauergriinland in Stickstoffgaben von
150, 300, 450 kg .ha—-! konnte eine hochsignifikante Erhéhung der Trockensubstanz-
produktion um 5,1 bis 10,49, im Durchschnitt von fiinf Jahren gegeniiber der
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Kontrollvariante verzeichnet werden. Dabei kam die langfristige Wirkung der
Gillediingung zum Ausdruck, die die Trockensubstanzproduktion im ersten Jahr
um 5,3 9%, im zweiten Jahr um 12,4 9, im dritten Jahr um 15,6 %, im vierten Jahr
um 4,49, und im filinften Jahr um 4,7 %, in bezug auf den Durchschnitt der Giille-
gaben, erhohte. Im dritten Versuch verursachten erhohte Stickstoffgaben u. zw. z.
Z. der Bodenbearbeitung bei der Erneuerung (in Form von Giille oder Mineral-
diinger in einer Hohe von 225 kg.ha—! zugefiihrt) einen Riickgang der Vertretung
von Trifolium pratense Sorte Kvarta im ersten Nuntzungsjahr um 5,6 % und im
zweiten Nutzungsjahr um 189, Auf den Riickgang der Vertretung von Trifolium
pratense hatten ebenfalls die im ersten und zweiten Nutzungsjahr applizierten Stick-
stoffdosen ihren Einfluf.

Dauergriinland; Rindergiille; Erndhrung; Schnellerneuerung

The author’s address:
Ing. Zden&k Vahala, CSc, Vyzkumnd stanice 569 43 Jevi¢ko

546 ROSTLINNA VYROBA — 1990



THE EFFECTIVENESS OF NO-TILLAGE UNDERPLANTING
OF CLOVER CROPS IN GRASSLAND STANDS

Z. Hrazdira

HRAZDIRA, Z. (Research Station Jevi¢ko): The effectiveness of no-tillage
underplanting of clover crops in grassland stands. Rostl. Vyr., 36, 1990 (5) :
: 547-552.

The effectiveness of underplanting of the thin sown grasslands with tetraploid
Trifolium pratense L. varieties (Radegast and Kvarta) was demonstrated in the
field trials. Through no-tillage technology using the rotary drills in eight sub-
sequent harvests, a similar yield of biomass was produced without mineral
nitrogen fertilization as it was in the continuous culture of DactYlis glomerata
L., annually fertilized at a rate of 240 kg of nitrogen (in pure nutrients) per ha.
A possibility of rational utilization of biological fixation of air-borne nitrogen
in highly productive grassland communities was demonstrated by the results
of the trial.

sown graslands; no-tillage underplanting; effectiveness of biological fixation
of nitrogen

An intensification of degraded or low-productivity grasslands by
classical technologies of rapid renovation is experimentally worked out
and successfully applied in practice if due technological discipline is
observed. There is also some negative experience with the used methods
of large-scale rapid renovation, especially a decrease of production in
the third to fourth years after establishment. The main reason consists
in a decline of the less persistent grass components, particularly diploid
varieties of clover crops. Thus, the thin grass communities cannot
respond effectively even to more intensive fertilization. This results in
infestation with weeds, reduction of the production ot biomass, decrease
in nutritive value along with all other negative consequences.

No-tillage underplanting of thin grass communities was studied
not only by foreign authors (Bousmamn, 1978;: Frame et al.. 1981;:
Heichel et al, 1981; Mott, Ernst, 1981; Naylor et al., 1983:
Taylor, Allinson, 1983; Vough, Decker, 1983 and others)
but alsn in Czechoslovakia (Holécy, 1975; Hrazdira, 1984).

The effectiveness of no-tillage underplanting in thin renewed meadow
stands with different species of clover crops was the objective of the
study.

MATERIALS AND METHODS

Experiments were conducted at a meadow site at an altitude of 330 m above
sea level with a total average precipitation of 629 mm (447 mm in the growing
alluvial deposits. Groundwater table over 800 mm) has no direct effects on the sod
season). The experimental plot was located at an arable site with loamy soils on
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I. Experimental treatments

Under- Annual fertilization
Treatment Underplanted species Variety ggﬁﬂgib‘fﬁ Un kg pet ha)

individuals N P K
1 Trifolium pratense L. Kvarta 7 — 60 60
2 Trifolium pratense L. Radegast 7 — 60 60
3 Trifolium repens L. Huia 5 — 60 60
4 Trifolium repens L. Pastevec 5 — 60 60
5 Medicago sativa L. Pilava 7 — 60 60
6 Onobrychis sativa L. Visnovsky 40 — 60 60
7 Dactylis glomerata L. Niva 10 240 60 60

layer. The soil profile down to 550 mm is marked by poor acid soil reaction and
medium value of sorption capacity.

The meadow stand renewed five years before the underplanting had the follow-
ing composition of agrobotanic species: cultivated grasses 65 9, weed species 20 %,
and 15%, of empty spots. In the period when the herbage grew for the first cut,
the weeds were chemically controlled with the Aniten Combi preparation (4 1 per
ha). After the first cut, the original grass species 50 to 70 mm tall, were retarded
with a 0.05%, solution of glyphosate immediatelly followed by mno-tillage under-
planting with clover crops. Phosphorus and potassium fertilizers were applied in
the autumn season, potassium fertilizer was applied before each cut at a rate of 80
kg per ha. The treatments of the trial are given in Tab. I.

The sowing was performed by a no-tillage rotary drill characterized by the
fact that separate working sections are swingly mounted so as to copy adequately
the unevenness of the soil surface (= 100 mm). This provides an optimum depth
of sowing into intact bottom grove, with immediate covering by a layer of 10 to 15
mm of softly cultivated soil (width of grooves 40 mm, depth 25 to 30 mm, row
spacing 150 mm). Just before the underplanting, the seed of the clover crops was
gloculated with the Rhizobin preparation according to the Czechoslovak Standard

SN 46 5708.

II. Dry matter yields in t per ha

1986 1987
Treatment cut ' cut
S
1 2 1. 2 3
1 4.208 1.350 5.558 6.804 3.647 3.071
2 4.566 1.291 5.857 7.093 3.690 3.211
3 3.650 0.957 4.607 5.810 4,719 2.211
4 3.766 0.843 4.609 5.818 4.279 1.803
5 3.658 1.216 4.874 4.787 4.743 2.323
6 2.657 0.294 2.951 3.493 2.165 0.729
7 3.761 0.226 3.987 5.162 2.930 3.420
P =00t 0.3213
P =001t 0.4406
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RESULTS AND DISCUSSION

The used technology of underplanting with the rotary drill not only
provided rapid sprouting of added seed (undisturbed water capillarity,
more intensive utilization of rainfall, condensation of water vapours,
lower unproductive evaporation) but also reduced the competitive power
of original species which was significant for the development of the
plants from the added seed.

The development of added species was intensive, so that two cuts
could be performed in the year of underplanting and three cuts in each
subsequent year.

It follows from the results (Tab. II) that the highest dry-matter
output was recorded in underplanting with Trifolium pratense, the Ra-
degast and Kvarta varieties, with no significant difference between them.
Other added clover crops produced significantly lower yields of dry
matter in comparison with treatments 1 and 2. The lowest yield of dry
matter was observed also in the treatment 6 — addition of Onobrychis
sativa, for which the ecological conditions were not suitable. A highly
significantly lower output of dry matter was obtained also in treatments
with an addition of Dactylis glomerata which, unlike the additionally
sown clover crops, were fertilized for each cut with nitrogen fertilizers
at a rate of 80 kg per ha.

The highest dry-matter output was also recorded in treatments 1 and
2 in the second harvest year. Neither in that year did the output of
Dactylis glomerata, underplanted and fertilized with nitrogen reach the
output recorded in treatments 1 and 2.

In the third harvest year it was mainly Trifolium pratense, the Ra-
degast variety that kept its high production capacity: compared with the
Kvarta variety of Trifolium pratense, it was highly significantly more
productive. Dry-matter output underplanted in Trifolium repens treat-
ments was significantly lower than in the preceding year, which can be
partly ascribed to damage caused by field vole (Microtus arvalis).

1988
s S Sum for
cut eight %
S S harvests
1. 2. 3.
13.522 3.122 3.811 3.627 10.560 29.640 102.04
13.994 4.014 4.651 3.470 12.135 31.986 110.12
12.740 3.329 4215 1.037 8.581 25.928 89.28
11.900 3.188 3.053 1.121 7.362 23.871 82.18
11.853 5.463 4.137 2.525 12.125 28.852 99.33
6.387 2.562 2.158 2.199 6.919 16.257 55.97
11.512 4.661 4.888 3.999 13.548 29.047 100.00
0.7833 0.5082
1.0743 0.6969
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Underplanted Medicago sativa had almost the same yield in the third
year as the Radegast variety oi Trifjolium pratense which had the highest
performance. Underplanted Dactylis glomerata, fertilized for each cut
with nitrogen at a rate of 80 kg per ha, had the highest dry-matter
output in that year.

Apart from other factors, high dry-matter output has a close correl-
ation to the sociological composition. Green matter was analysed agro-
botanically from each harvest as weight percentage. Attention was
focused mainly on the presence of underplanted species of the clover
family (treatments 1 to 6) and Dactylis glomerata (treatment 7). .

The success of the used technology of underplanting is conlirmed
by the presence and weight percentage of the added species, recorded
already in the herbage of the first cut after underplanting (Tab. III).
Except in treatment 5, other clover crops were found to account for
as much as 60—70 % by weight. Further spread of Trifolium pratense,
especially the tetraploid species, was observed in the subsequent
harvests, mainly owing to their growing capacity and strong competitive
ability. This finding is documented by a total disappearance of Dactylis
glomerata, which in the original stand of treatments 1 and 2, repre-
sented 20 to 25 % of area. Medicago sativa, grown at a non-typical
meadow site, also suppressed almost completely the grass species.

The addition of Dactylis glomerata in treatment 7 provided a perfect
establishment of the sod and at the given nitrogen {ertilization rates it
allowed tc form a highly productive continuous culture. The addition
of Cnobrychis sativa was not successful under the given ecological con-
ditions: first of all it produced a low output of biomass and provided
a poor stimulation of grass species through biological fixation of air-
-borne nitrogen. The grass community in treatment 6 was characterized
by a low ground layer and by evident signs of deficit in nitrogenous
nutrition. This aspect did not change even in the third harvest when
Onobrychis sativa in the seventh harvest reached as much as 73 % by
weight and formed a thin upper layer. On the other hand. in treatments
L to 5, a deep green colour was observed at all cuts in the original
grass species; as the stand was left without nitrogen fertilization, this
dark green colour is indicative of a good saturation with rhizobial
nitrogen which confirms the results of some authors (Heichel et
al., 1981; KaSper, 1984; MAachova 1988).

In the third harvest year, with the given method of utilization,
a considerable decrease of proportions of Trifolium repens was found,
particularly in the Pastevec variety, with subsequent weed infestation
mainly with Taraxacum officinale and Eritrigia repens.

It can be derived from the presence and production ability of
separate clover species that the Kvarta and Radegast varieties of T7ri-
folium pratense are suitable for underplanting in meadows stands, the-
Radegast variety being more productive and more persistent at the
given site.

The results of agrobotanical analyses and the presence of separate
species and varieties of clover crops can serve for explaining the
differences in dry-matter output between treatments left without mineral
nitrogen fertilization for eight harvests and treatments of continuous
culture of Dactylis glomerata fertilized with 80 kg of nitrogen per ha
before each harvest.
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III. Presence of clover crops in 9, by weight

j | 1986 ' 1987 1 1988

| S PP | . L - 1

| Plot cut

2. | 3 ! 1 ! 2 ’ 3 | 1 2 3
e - ! | .

1 60 61 : 81 80 97 76 79 71
2 70 83 ’ 67 82 88 78 82 85
3 60 71 | 55 66 71 30 60 20
4 62 76 | 57 60 61 23 39 3
5 44 81 | 61 7 05 83 93 99
6 18 24 i 33 25 40 45 73 58
7 57 ‘ 25 | 63 | 70 | 90 | 90 | 9% | 9

If treatment 7 is taken as the fertilized control and its dry-matter
is 100 %, it becomes evident that this comparatively high output was
outyielded by treatments (underplanting with Trifolium pratense Kvarta
variety by 2.07 %) and treatment 2 (underplanting with Trifolium pra-
tense Radegast variety by 10.14 %) which had received no nitrogen
tertilizers during eight harvests. The significantly lower dry-matter
output of the used varieties of Trifolium repens can be largely ascribed
to unsuitable harvest frequencies (three cuts).

The results provide evidence of a high etfectiveness of the used
technology of underplanting in grasslands with no-tillage rotary soil
cultivation: in comparison with other methods of underplanting, the
tested technology is more effective. Similar results were obtained by
Holécy (1975), Mott, Ernst (1981), Hrazdira (1984) and
others. An integration of production capacity of the tetraploid varieties
of Trifolium pratense, which received no nitrogen fertilizer, and fixation
of air-borne nitrogen provided similar output of dry matter of above
ground biomass as a continuous culture Dactylis glomerata, with a nitro-
gen application rate of 240 kg per ha and year. No-tillage underplanting
prolonged the high yield of renovated stands by three harvest years
which resulted in return rate of the costs for rapid renovation. Food
chain and water cannot be contaminated in the case of absence or re-
duction of nitrogen fertilization followed by underplanted clover crops.
The intensification process has considerably lower energy and personnel
inputs.
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HRAZDIRA, Z. (Vyzkumna stanice Jeviéko): Efektivnost bezorebného piisevu jete-
lovin v luénich porostech. Rostl. Vyr., 36, 1990 (5) : 547-552.

Polnimi pokusy byla prokdzana efektivnost prisevu protridlych setych luénich po-
rosti tetraploidnimi odridami Trifolium pratense L. (Radegast a Kvarta). PouZitou
bezorebnou technologii rotaénim secim strojem bylo v nésledujicich osmi skliznich
dosazeno bez mineralniho dusikatého hnojeni obdobné produkce biomasy jako u mo-
nokultury .Dactylis glomerata L., koZzdoro¢né hnojené davkou dusiku 240 kg.ha-!
v é&istych Zzivinach. Vysledky prokazuji moznost raciondlniho vyuziti biologické fi-
xace vzdu$ného dusiku v luénich vysoce produkénich spoledenstvech.

seté luéni porosty; bezorebny prisev; efektivnost biologické fixace dusiku

FPA3AWNPA, 3. (HayuHo-UcCAegoBaTenbckas CTaHuus EBuuko): 3ddekTMBHOCTL GeanaxoT-
HOTO NOACSEA KASBEPHLIX U NYroBblx TpasoctoeB. Rostl. Vyr., 35, 1290 (5) : 547-552.

MyTem noneskix UCnbITaHuih Gbina gokaszaHa 3MMEKTUBHOCTb NOACEB2 MOPEAEBLIMX CEfHbIX
AyroBbix TPaBoCToeB TeTpanaougHbix coptos Trifolium pratense L. (Papgeract u KepapTa).
MpumeHeruem 6e3naxOTHON TEXHONOTUM BP2WAWEACS CESNKM B NOCAEAYIOUMUX BOCbMU
y6opkax Obino nonyueHo, 6e3 MUHEpPanbHCro a30THOro YAOOpEHWs, 2HaNOorMuHas MpoAykK-
uMs Guomacce!, Kak y MOHOKYAbTypbl Dactylis glomerata L. exerogHo yaoGpsemas a4030#
a3zota 240 kr.ra B UMCT3!IX NUTaTenbHbiZ BeulecTBax. PesynbraTbl noxasann BO3MOXHOCTb
PauMoHanbHCro UCNIONb30BaHUS duono.w,bcxou duUKCauMu BO3AYLUHOTrQ a30oTa B NYroBbiX
BbICOKO NPOAYKTUBHbIX OBLieCTBaXx.

CesiHble NyroBble TPABOCTOM; Ge3naxoTHbI noaces; aMMKTUBHOCTL GMONOrMUECKON (UKCa-
uMu asoTa

HRAZDIRA, Z. (Forschungsstation Jevi¢ko): Effektivitdt der pfluglosen Zusaat von
Kleearten in Wiesen. Rostl. Vyr., 36, 1990 (5) : 547-552.

Anhand von Feldversuchen wurde die Effektivitit einer Zusaat von Kleearten in
ausgediinnte Wiesenbestédnde u.zw. mit tetraploiden Sorten Trifolium pratense L.
(Radegast und Kvarta), nachgewiesen. Durch die angewandte pfluglose Technologie
der Aussaat mittels Rotationssdmaschine wurde in den folgenden acht Ernten ohne
mineralische Stickstoffdiingung eine analogische Biomasseproduktion erreicht wie
bei der Monokultur Dactylis glomerata L., die alljahrlich mit einer Stickstoffdosis
von 240 kg.ha-! in reinen Nahrstoffen gediingt wurde. Diese Ergebnisse beweisen
die Moglichkeit einer rationellen Anwendung der biologischen Fixierung von Luft-
stickstoff in hochproduktiven Wiesengemeinschaften.

gesite Wiesenbestidnde; pfluglose Zusaat; Effektivitidt der biologischen Stickstoff-
fixierung.

The author’s address:
Ing. Zdenék Hrazdira, CSc, Vyzkumna stanice 569 43 Jevié¢ko

552 ROSTLINNA VYROBA — 1990



GRASSLAND UNDERSEEDING AND RENEWAL IN THE WEST
BOHEMIAN REGION

J. Radéj, M. Bukvaj, V. Molcar

RADEJ, J. — BUKVAJ, M. — MOLCAR, V. (Research Institute of Crop Pro-
duction, Praha - Ruzyné): Grassland underseeding and renewal in the West Bo-
hemian region. Rostl. Vyr., 36, 1990 (5) : 553-559.

In the grasslands of the former Institute for the Scientific System of Farming,
Prague, 82 meadow and pasture plots were underseeded or renewed in 1984 and
1985. The renewal was based on both the use of disk harrow and the ploughing
of the sward, followed by cultivation and short-term growing of field crops.
The Bettinson drill and the 20 SEXBJ-150 drill, adapted to grass and grass-
-clover underseeding, were used to add new seeds into the grasslands after the
application of the Roundup herbicide. Six mixtures (three of meadow type,
three of pasture type) were sown, depending on the soil conditions and methods
of exploitation. Nitrogen application rates were differentiated according to the
proportions of clovers in the grass stand, according to the yielding potential of
the grass mixture, according to the expected length of exploitation, and accord-
ing to moisture conditions. The herbage yields were higher after the disking of
the sward and after traditional tillage. Underseeding without tillage or disk-
ing was practieed only under the less favourable soil conditions on hillsides, at
sites exposed to the risk of erosion, and in soils that could not be ploughed.

meadows; pastures; grassland; renewal; underseeding; drills; meadow and
pasture mixtures; fentilization of grassland

Herbage yields now obtained in the grasslands of the West Bohemian
region fail to meet the requirements of advanced livestock production.
Some stands have an unsuitable species composition, others are thin and
contain a large proportion of weeds. What is lacking most frequently are
clovers, particularly white clover. The quality of the herbage harvested
from these grasslands is mediocre.

Grassland renewal through disking, arable management for one to
two years and subsequent establishment of new grass stands is practiced
in areas where the soil is sufficiently fertile and has an adequately thick
humus layer, especially at sites not exposed to the risk of erosion. On
hillsides, on shallow and stony soils and in zones of hygienic protection
of drinking water sources it is better to avoid tillage and to sow the
additional seeds directly into uncultivated sward. Herbicides (Roundup
or Starane) are applied, the application rates depending on the degree
of weed infestation. As there were not enough comparable data on dif-
ferent underseeding methods, pilot experiments were conducted to study
both traditional methods of renewal and no-tillage underseeding.

One of the reasons why the pilot experiments were conducted was
the intention to verify the results of the general investigation conducted
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by the members of the Central Commission for Fodder Base of the
Czechoslovak Academy of Agriculture (Benda, 1982). The suitable
machines and implements used in Hungary, the basic principles and the
results of similar experiments were described by Hajda [1982).

MATERIALS AND METHODS

Grassland was renovated both by means of disk harrows and by ploughing up
the sward, followed by cultivation with a short period of field crop growing, as
described by Haken et al. (1981, 1986). Underseeding without tillage was practiced
on the basis of recommendations published by Bukvaj et al. (1987), Radé&j (1983),
Hajdu (1982), Squires et al. (1979), Stewart (1981), and Charles (1982).
Two drills were used: the Bettinsson dril (from Great Britain) and the 20 SEXBJ-150
drill (slotseeder type), adapted for grass and clover underseeding. The pilot trials
were performed on the DomaZlice State Farm, DraZenov Co-operative Farm, Uné&Sov
State Farm and Zbiroh Co-operative Farm, located 450 to 700 m above sea level, on
shallow and stony soils on hillsides, with different intensities of weed infestation
(Rumex ssp., Polygonum ssp., Geranium ssp., Ranunculus acer, Taraxacum officinale,
Deschampsia caespitosa and others). The average annual precipitation at the ex-
perimental sites ranged between 620 and 700 mm, the soil pH was 5.1 to 6.0, the
thickness of the humus layer was 10 to 18 ecm. Before the renewal, the yields ranged

1. Composition of pasture and meadow mixtures

Sowing rate in kg per 1 ha
Species — varieties pasture mixture f meadow mixture |
1 2 ; 3 4 ‘ 5 6 |
Dactylis glomerata — Milona 15 , 12 4 l
Phleum pratense — LevoCsky 3 E 8
Festuca pratensis — Otava 4 | 10 4 8 ) l
Lolium perenne — Tarpan 3 ! 3 |
Trifolium repens — Huia 3 | 3 4 2 | 3 3 |
Lolium perenne — Bala I 5 ,
Festuca rubra — Téborska 4 6 3
Poa pratensis — Monopoly 4 3 I 3
Trisetum flavescens — Vétrovsky 3 !
Agrostis alba — Levodsky 2 2 I
Loliwm hybridum — QOdra | 3
Trifolium pratense — Kvarta I 2
Phleum pratense — Vétrovsky 3 6
Arrhenatherum elatius — Levodsky 6
Alopecurus pratensis — Levocska i 5
Phalaris arundinacea I 8
Trifolium hybridum — Taborsky | 4 ‘
Total : 28 | 3¢ | 32 | 30 l 34 | 36 :
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from 4.5 to 6 t of dry mateer per ha, the grassland being fertilized at rates of 120
to 150 NPK per ha (depending on yield potential).

The underseeding was always performed after the first cut (grazing) between
June 10 and August 15. The Roundup herbicide was applied at a rate of 4 to 6 litres
per 1 ha into regenerated sward {(grass height 10 to 15 cm). The no-tillage underseed-
ing itself was performed three weeks after the application of Rounddup (and harvest
of the Kkilled herbage). In that period the herbicidal action still slightly persisted
and the sward was totally killed.

Three types of pasture mixture and three meadow mixtures were sown. Their
composition is shown in Tab. I.

Pasture mixture 1 was designed for deeper soils; it is an early mixture, the
renewal being planned after four to six years. Mixture 2 was medium-late to late,
with planned renewal after six to eight years. Mixture 3 was intended for extreme
and stony soils and the stand was planned to be renewed after eight to ten years.
Mixture 4 was early and was sown in temporary meadows to be renewed after
three to four years. Mixture 5 was prepared for the submontane areas-and was to
persist for five to six years. Mixture 6 was designed for damp sites where they
were to remain productive for eight to ten years.

The pasture and meadow mixtures were prepared on the basis of recommend-
ations of the Central Commission for Fodder Base of the Czechoslovak Academy of
Agriculture. They were prepared at the RoZnov pod Radho$tém seed cleaning plant
of the Oseva Corporation. For each site, the mixtures were chosen with respect to
altitude, soil conditions, thickness of the humus profile, ground water table, yield
potential of the site, method of grassland exploitation, exposition of the site, and
weed infestation.

The grassland was exploited by cutting and grazing. The first cuts were mostly
used for the production of hay or wilted silage. The yields of green herbage, wilted
silage and hay were converted to dry matter data.

Commercial fertilizers were aplied by stages (before establishment of the stand,
during regeneration and after harvest). Phosphorus application rates were determin-
ed according to the results of agrochemical soil testing. Nitrogen fertilizer rate were
determined on the basis of the proportions of clovers, yield potential of the mixture,
length of exploitation of the grassland, moisture conditions, and year season. The
nitrogen fertilization rates are shown in Tab. II.

RESULTS

" The year 1986 brought sufficient moisture and the herbage increment
was much greater than in 1987. The higher yields obtained in the soils
that could be ploughed can be partly ascribed to the effect of better soil
conditions and better nutrient reserve. In plots underseeded without
tillage, a higher effect was exerted on the yields by favourable weather,
in comparison with the yields obtained in grasslands established in the
traditional way. Successful development of grasslands established with-
out tillage (without companion crop) also depended on timely cut of the

II. Nitrogen fertilization in kg per 1 ha

Proportion of clovers
Harvest year
low* I medium** ' high***
1 120 ' 60 I 40
2 140 80 60
3 160 ‘ 100 ’ 80
* — cloversup to 10 9, ** — 11to 30 9, *** — over 30 %
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III. Dry matter yields in t per 1 ha

; Year 1986 1987
} Migtiie renovation no-tillage renovation no-tillage
by tillage overseeding by tillage overseeding
in pasture
12.7 9.2 7.6 7.4
10.7 9.6 8.6 7.5
3 10.4 8.1 9.1 7.1
in meadow
105 8.1 ! 8.5 6.8
5 10.6 8.0 8.4 6.6
8.6 72 8.1 6.7
Average 10.53 ‘ 8.37 8.38 7.02
|

first- amount of herbage produced in the sowing year, as reported by
Boatman, Haggar -(1985). Dry matter yields obtained in both years
are given in Tab. III.

The highest dry matter yield was recorded in treatments where disk
harrows or tillage were used for the renewal. In this method, mixture
no. 1 with a prevalence of Dactylis glomerata proved to be the best. The
remaining mixtures (except mixture no. 6) had about the same yields.
In the no-tillage system of renewal, pasture mixture no. 2 (major grass:
Festuca pratensis) was the best in the first year of exploitation. It should
be noted that in the subsequent years there were only small differences
between the mixtures sown. Larger differences were due to the effect
of the site and to the method of sowing. Underseeding without tillage
was practiced in really poor soil conditions (shallow soils, hillside soils,
skeletal soils). On the other hand, renewal with traditional soil cultiv-
ation was performed on soils with a higher yield potential.

The proportions of clovers in the grass stands varied greatly. This
was due not only to the competition relationships or to the effect of
nitrogen fertilization, but mainly to the soil conditions. For example,
a stand in which white clover preailed was established with success
in the grasslands of the Utery centre of the Un&Sov State Farm. The
causes will be investigated in further experiments.

DISCUSSION

The pilot experiments have demonstrated the possibility of using
new methods of improving grassland management by underseeding into
uncultivated sward. However. as distinct from the traditional method
of sowing and soil cultivation, the optimum composition of the grass
mixtures is not so effective under worse soil conditions (i.e. on soils
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with a poor yield potential). It should be mentioned, on the other hand,
that the described method of permanent grassland improvement is well
applicable to the grasslands located at sites that cannot be ploughed,
i. e. on soils where the humus layer contains a large proportion of stones
whose removal is costly and whose presence causes serious damage to
the harvest machines. At such sites, dry matter yields about 6.5 t per
1 ha, obtained with minimum costs of fertilization, should be regarded
as sufficient. ,

Weed control with the Roundup herbicide is successful at sites where
the weed infestation is not very high. This is in keeping with views
published by Meurk, Turner (1985), Willocks, Desborough
(1985), and Curll, Gleeson (1987). Where there is a larger pro-
portion of Rumex obtusifolius in the stand, it is better to use a point
control method rather than to increase the amount of the costly Roundup
applied per 1 ha. The thicker the root or this weed the worse the
control.

The Bettinson drill worked better in the uneven terrain than did
the 20 SEXBJ-150 drill. However, neither of them was able to place the
seeds of Poa pratensis in the desirable depth. The stands that grew
from the seed drilled in the latter half of June and early in july were
denser and contained more clover than those sown later, in August. The
same observation was published by Williams, Hayer (1987), con-
cerning the Huia variety of white clover.

Sowing without tillage has the following advantages:

— disturbance of the sward is reduced; this in turn reduces the danger
of erosion,

— labour costs and fuel requirement are low,

— the “dropout” in forage production is reduced,

— there is no other method, safe for the environment, of grassland
improvement at sites where tillage is impossible.

Under the conditions of the West Bohemian region, the costs per
1 ha of renovated grassland ranged between 4700 and 5650 crowns. The
price of Roundup, including aplication (2140 crowns if the herbicide is
applied at a rate of 6 litres per ha) should be added to this sum. It is
suggested by the results obtained until now that the non-investment
costs of the renovation of grasslands will pay back in two years and
a half up to three years.
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RADEJ, J. — BUKVAJ, M. — MOLCAR, V. (Vyzkumny ustav rostlinné vyroby,
Praha - Ruzyne) P¥isevy a obnovy luk a pastvm v Zapadoceském kraji. Rostl. Vyr
36, 1990 (5) : 553-559.

V letech 1984 a 1985 bylo piiseto nebo obnoveno na praco$itich byvalého UVSH
Praha 82 lokalit luk a pastvin. Obnova byla realizovana jak diskovymi branami,
tak i zaoranim drnu, naslednym rozpracovanim s kratkym péstovanim polnich plo-
din. Prisevy do drnu se uskute¢nily pomoci seciho stroje znacky Bettinson a seciho
stroje 20 SEXBJ-150 upravenym pro piisev trav a jetelovin po aplikaci herbicidu
Roundup. Podle ptudnich podminek a zpusobu vyuZivani bylo vyseto Sest smési (tri
luéni a tii pastevni). Hnojeni dusikem bylo diferencovano podle podilu jetelovin
v travnim porostu, podle vynosového potencidlu travni smési, podle predpokladané
délky vyuZivani porostu a podle vlahovych podminek. Vynosy pice byly vyssi po
rozdiskovani drnu a po tradiéni orbé. Bezorebné prisevy byly realizovany v horsich
pudnich podminkach na svazich, v erozné ohroZenych lokalitich a na neoratelnych
pudéach.

louky; pastviny; travni porosty; obnovy; ptisevy; seci stroje; luéni a pastevni smé-
si; hnojeni; exploatace travnich porosti

PAAEN, 1. — BYKBAW, M. — MOIJIUAP, B. (HayuHo-uccnegoBatenbCkuil MHCTUTYT pacTe-
HueBoACTBa, lpara-Py3biHe): MoaCceBbl M 06HOBNEHMS NYTrOB M nNacTévuy B 3anajHCuelwCcKkoM
pa#one. Rostl. Vyr., 36, 1890 (5) : 552-559.

B 1984—1985 rr. €bln cpenaH NOACEB MAW fpOBEeAEHO O6HOBNeHME Ha pabBounx MecTax
CoBwterc HUBCT MMpara 82 mecToHaxox/jeHWi nyroB u nactouw,. OGHoBneHue Gbino npo-
BEAEHO KaK LMCKOBbIMM GOpPOHaMW, TaKk W 3anaxaHbiM AEePHOM, nocnejylouiein paspaboTkou
C KPpaTkWm BblpaujMBaHuev noneebix KylibTyp. MoaceBbl B aepH Obinn npoBegeHbl Npu no-
Mouin cesnku Mapku Eetuscod u cesnkn 20 CEKCBW-150 noarotoeneHHow Ans noacesa
Tpas M KNEBEDHbIX Oie npUmeHeHus repbuumuaa Poykgyn. CornaCHoO nOUBEHHbIM YCAO-
BUAM M CIOCOBY WMCRONb30Bakus 6biN0 NOCeaHo eCTh cmecedk (Tpu NyroBbiX M TpW nact-
CuwHsix). Yao6peHue a3oToM AMMPMEPEHLUDOBAMM COTlaCHO AONC KAEBEpPHbIX B TPaBOCTOE,
COSNaCHO YpPOXaMHOMY NOTEHUMANy TPaBoOCMECH, COrnaCHo npeanonaraeMon NpOAONXUTENb-
HCCTb MCMONb30BaHUs TPaBOCTOSA W COTAaCHD YCNOBUAM BNaXxXHOCTW. YpoOxau 3eNeHOro kopma
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Bs1n Ebtie nocie oBpaboTku AE€pHa AUCKOM M NOCNe TPaAWUMOHHOW naxoTbl. Besnaxor-
Hble noacesbl NposoguinChL B 6onee nNOXMX MOUBEHHbIX yCnoBuax Ha CKNOHax, B MecTax,
KCTOPbIM YrDOXAaeT 3pO3Usi M Ha NOAAAILMXCS NaxoTe floysax.

nyra; nactévuia; TPaBOCTOM; OGHOBNEHMs; MOACEBbLI, CESNKWU; NYroBble W nacTOUWHbIE CMe-
cH; yaoSpeHue; aKcnnyaTalyus TpaBOCTOEB

RADEJ, J. — BUKVAJ, M. — MOLCAR, V. (Forschungsinstitut flir Pflanzenpro-
duktion, Praha - Ruzyné): Beisaaten und Erneuerungen von Wiesen und Weiden im
Bezirk Westbohmen. Rostl. Vyr., 36, 1990 (5) : 553-559.

In den Jahren 1984 und 1985 wurden an den Arbeitsstdtten des ehemaligen Instituts
fiir wissenschaftliche Wirtschaftssysteme Prag 82 Wiesen- und Weidenlokalititen
durch Beisaat oder Erneuerung bearbeitet. Die Erneuerung wurde sowohl mittels
Scheibeneggen als auch durch Wenden der Grasnarbe, mit nachfolgender Be-
arbeitung mit kurzfristigem Anbau von Feldfriichten, realisiert. Die Beisaaten in
die Narbe wurden mittels Simaschinen vom Typ Bettinson und der Sidmaschine 20
SEXBJ-150, die zur Beisaat von Gridsern und Kleearten nach Applikation des
Herbizids Roundup modifiziert waren, vorgenommen. Den Bodenbedingungen und
der Nutzungsweise nach wurden sechs Gemische (drei Wiesen- und drei Weide-
gemische) ausgesidt. Die Stickstoffdiingung wurde dem Anteil der Kleearten im
Griaserbestand, dem Ertragspotential der Grasmischung, der vorausgesetzten
Nutzungsdauer und den Niederschlagsbedingungen nach, differenziert. Die Futter-
ertrdge waren hoher nach der Eggenbearbeitung der Grasnarbe und nach traditio-
nellem Pfligen. Die pfluglosen Beissaaten wurden in schlechteren Bodenbedin-
gut}gen in Hanglagen, auf erosionsbedrohten Lagen und auf nichtpfliigbaren Bdiden
realisiert.

Wiesen; Weiden; Gréaserbestinde, Erneuerung; Beisaaten; Sdmaschinen; Wiesen-
und Weidegemische; Diingung; Exploitation der Graserbestdnde
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REVIEW

GRASS SEED PRODUCTION
B. Caga$, J. Machagd, P. Sramek, J. Folta, V. Tvrz
Praha, SEVT 1989, 150 pp.

More than 10 years after publication of the J. Demel's — Cross Seed Pro-
duction, a thematically similar book is now published, written by a collective of
young but experienced specialists, who continue with enthusiasm in the RoZnov
grass cultivation traditions. The book is written in a modern way, in a com-
prehensive and well-arranged form, and contains an extensive amount of carefully
selected useful information, research findings and recent methods well-tested in
practice, emphasizing their actual utilization on seed production farms.

In the separate chapters, the basic data and characteristics of the present
Czechoslovak certified varieties and promising newly developed interspecific hybrids
are given, and there are characterized the principles of grass cultivation for seed.
Attention is also drawn to the special reguirements of species, to protection against
dangerous diseases and pests, to harvest and post-harvest seed treatment, and to
the economy of seed grass production.

25 pen-and-ink drawings and drawings, 12 diagrams, 65 nice photographs and
30 tables are included suitably in the text. The book bears the impress a high
gualification and expertise of the authors but it is also attractive from the formal
point of view. It will certainly become a much demanded guide for specialists in
the given field as well as for broader agricultural public outside the close circle of
narrow specialists.

Ing. Vaclav Mika, DrSc.
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