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ABSTRACT

Long-term field experiments conducted under different soil and climate conditions and their databases provide invaluable
information and are indispensable means in the study of the productivity and sustainability of the soil management sys-
tems. We evaluated the results of the dry matter yields of the main products obtained with four variants of organic and
mineral fertilisation in three long-term field experiments established in 1955. The experiments differed in the cultivated
crops. The period of evaluation was 12 and 16 years (1985-2000), respectively. The productivity of nine-year crop
rotation was lower with the fertilised variants than that with the alternative growing of spring wheat and sugar beets. The
dry matter yields on the Nil variants, however, were higher in the crop rotation than in the alternate sugar beet and spring
wheat growing, apparently due to the symbiotic nitrogen fixation. The dry matter yields of sugar beet and mainly of
spring wheat declined in almost all variants of fertilisation in the alternate sugar beet and spring wheat growing, over the
evaluated time period. In spite of the relatively high dry matter production, the declining yields indicated a lower sustain-
ability of the alternate cropping system. Both organic and mineral fertilisation increased the production of the cultivated
crops. The differences in the average dry matter yields were statistically significant. Both organic and mineral fertilisation
enhanced significantly the N-uptake by the cultivated crops. The effectivity of nitrogen input was the highest with the
alternate cropping of sugar beet and spring wheat indicating that it was more demanding for the external N-input and thus

less sustainable than nine-year crop rotation.
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High productivity of agriculture has always been a pri-
ority of the agricultural soil management systems. The
technical development within the last decades has remark-
ably increased the productivity, but on the other hand, it
has also shown serious adverse effects on the soil proper-
ties and the environments. The increasing environmental
impact of the new technologies has given rise to the re-
quirement to adapt the soil management systems in such
a way as to meet the requirements for sustainability.

The sustainability of the soil management systems can
be defined as a development “that meets the present
demand without spoiling the possibilities for covering
those of the next generations” (Korschens 1997). Sus-
tainable soil management, however, is hard to determine
and guarantee in the long run because many factors that
influence it remain yet unknown or are hardly predictable.
Apart from that, numerous key processes in soil take
place at a slow rate lasting for several decades and can-
not be easily identified in a short-term monitoring.

For all these reasons, long-term field experiments con-
ducted under different soil and climate conditions and
their databases provide invaluable information and are
indispensable means in the study of the productivity and
sustainability of the soil management systems.

In this paper, we have evaluated the results of the dry
matter yields and nitrogen uptake by the main products

over 12-, resp. 16-year periods in four selected variants
of three field experiments in Prague-Ruzyné.

MATERIAL AND METHODS
Experimental design

The long-term field experiments in Prague-Ruzyné be-
long to the oldest ones in the Czech Republic. Novék,
Skopik and Skarda founded them in 1955 with the aim to
investigate the effects of various fertilisation systems on
the yields, nutrient uptake, and the soil quality.

The experiments were founded with six independent
fields, five of which exist up to now (fields I, II, III, IV, and
field B). Each field was split into four blocks differing in
organic manuring and each block was further split into
six variants of mineral fertilisation — altogether, twenty-
four variants in four replicates (96 plots) in a semi-ran-
domised design. The plots are squares, 12 m times 12 m,
with 1.5 m protective stripes on all sides and 9 m times
9 m harvest plots in the middle. Three fields were cropped
according to the original nine-year rotation (45% cere-
als, 33% root crops and 22% fodder crops) during the
whole period of the experiment, till the present time. This
original rotation was changed after the first rotation on
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Table 1. Selected fields and variants

Crop rotation Variants Average N doses
(kg N/ha/year)
Field III 9 years: lucerne, lucerne, winter wheat, sugar beet, 114 Nil 0
spring barley, potatoes, winter wheat, sugar beet, spring barley 154 NPK 64.6
214 FYM 38.6
254 FYM + NPK 103.2
Field IV 9 years: lucerne, lucerne, winter wheat, sugar beet, 114 Nil 0
spring barley, potatoes, winter wheat, sugar beet, spring barley 154 NPK 64.6
214 FYM 38.6
254 FYM + NPK 103.2
Field B alternately sugar beet and spring wheat since 1965 114 Nil 0
184 NPK 100
214 FYM 57
284 FYM + NPK 157

two fields in 1965. More cereals (67% cereals, 11% rot
crops and 22% fodder crops) were introduced in field I,
and sugar beet and spring wheat had been grown alter-
nately on the field B since that time. This change extend-
ed the original objectives of the experiments, in which the
long-term effect of crop rotation may be investigated
since. The effects of the cultivated crops, and mainly le-
gumes, on the yields, soil properties and nitrogen bud-
get can be evaluated.

All experiments were rain fed, crop residues were re-
moved with the exception of the plots that were fertilised
with straw. Conventional tillage and agrochemicals were
applied according to the local schemes.

Site characteristics

The altitude of the site is about 352 m above the sea
level, the average annual temperature is 8.1°C and the
average annual precipitation 450 mm. Soil type is Orthic
Luvisol, clay-loam, developed on dilluvial sediments

mixed with loess. The depth of the arable A horizon range
between 26 and 33 cm, followed by a less apparent illuvi-
al horizon which passes in the non-carbonaceous sub-
strate. Clay content (particles < 0.002 mm) in the arable
layer is 31.3%. Organic carbon content in the arable lay-
er ranges between 1.1% and 1.4%. Its content in the
upper layer of the illuvial horizon remains still relatively
high (0.6—0.9%). Cation exchange capacity in the arable
layer is about 20—22 meqv/100 g and it increases with
the depth to 30-33 meqv/100 g. Soil reaction is neutral
(pH,, is 6.8-7.1) in the whole profile. The results of the
soil survey indicate processes of the downward clay mi-
gration in the profile and also of the processes of satura-
tion of the sorption complex and the deepening of the
humus horizon).

Basic measurements and selected variants

Yields of crops (main and second product), its dry mat-
ter and nutrient contents were determined over the whole

Table 2. Cultivated crops and the dry matter yields of the main products in field III over the period 1989 to 2000 (t/ha)

Year Crop Nil NPK FYM FYM + NPK
1989 winter wheat 4.63 4.78 4.41 4.53
1990 sugar beet 8.27 8.26 8.68 9.71
1991 spring barley 3.43 5.40 4.16 5.13
1992 potatoes 3.63 6.04 4.90 5.74
1993 winter wheat 2.32 2.49 2.85 2.81
1994 sugar beet 8.97 12.17 11.92 11.79
1995 spring barley 2.17 4.73 2.85 4.35
1996 lucerne 3.11 2.49 3.07 3.01
1997 lucerne 6.96 7.08 6.80 7.90
1998 winter wheat 4.23 4.62 4.73 4.62
1999 sugar beet 15.14 20.80 18.47 18.92
2000 spring barley 1.85 2.52 2.30 2.62
Average 5.39 6.78 6.26 6.76
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Table 3. Cultivated crops and the dry matter yields of the main products in field IV over the period 1988 to 1999 (t/ha)

Year Crop Nil NPK FYM FYM + NPK
1988 winter wheat 5.09 6.08 5.82 6.39
1989 sugar beet 6.39 11.78 10.56 12.52
1990 spring barley 3.09 4.61 3.59 4.37
1991 potatoes 3.88 5.60 5.01 5.83
1992 winter wheat 2.88 3.78 3.52 3.59
1993 sugar beet 4.90 5.90 6.73 6.72
1994 spring barley 2.93 2.92 3.24 3.37
1995 lucerne 10.68 6.61 11.17 10.77
1996 lucerne 6.52 8.73 8.03 8.94
1997 winter wheat 5.43 5.42 5.27 5.45
1998 sugar beet 6.18 4.32 6.58 4.76
1999 spring barley 1.78 3.71 3.28 4.04
Average 4.98 5.79 6.07 6.39
duration of the experiments. The tillage, fertilisationand =~ RESULTS AND DISCUSSION

pest control measures were registered. Soil samples were
taken from the arable layer of all the plots in the autumn
each year and analysed for their organic C, total N, avail-
able P and K contents, and pH.

Four variants (Nil, NPK, FYM and FYM + NPK) from
three fields (I11, I'V, and B) were selected for more detailed
investigations during the last decade. The evaluation
time periods for the individual fields differed. They were
selected in view of the evaluation of the complete data
and including the same crops i field III and field IV as
shown in Tables 2—4.

The data were evaluated by means of t-test for the de-
pendant samples that is available in the MS Excel.

The main characteristics of the selected fields and vari-
ants are presented in Table 1.

The productivity of the farming systems has been de-
termined mainly on the basis of the dry matter yields of
the main products or both the main and the second prod-
ucts (Korschens 1997, Kubat et al. 2001, Lipavsky et al.
2002)

Variability of the dry matter yields of the main
products

The average dry matter yields of the main products in
the selected fields and variants are presented in Ta-
bles 2—4. With on fields Il and IV, the original design and
nine-year crop rotation was maintained. The only differ-

Table 4. Cultivated crops and the dry matter yields of the main products in field B over the period 1985 to 2000 (t/ha)

Year Crop Nil NPK FYM FYM + NPK
1985 spring wheat 2.54 4.65 3.12 4.75
1986 sugar beet 6.68 11.17 11.75 15.39
1987 spring wheat 2.94 5.53 4.31 6.06
1988 sugar beet 5.41 8.65 9.81 13.12
1989 spring wheat 2.04 3.88 3.32 3.73
1990 sugar beet 4.59 5.93 7.01 9.25
1991 spring wheat 3.19 5.57 4.36 5.26
1992 sugar beet 6.95 8.37 10.77 12.76
1993 spring wheat 2.22 3.64 3.16 3.45
1994 sugar beet 6.77 7.71 8.25 9.59
1995 spring wheat 2.43 5.25 4.17 5.43
1996 sugar beet 4.90 14.22 8.98 14.08
1997 spring wheat 2.10 3.69 2.82 3.98
1998 sugar beet 4.50 12.43 8.62 13.13
1999 spring wheat 1.88 3.19 1.90 2.97
2000 sugar beet 6.81 10.57 9.11 10.24
Average 4.12 7.15 6.34 8.32
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Table 5. Statistical evaluation of the differences in the average dry matter yields; values of the -stat in the s-tests for the dependant

samples and the appropriate ¢-crit values

Nil NPK FYM
Field IIT FYM + NPK 4.298 0.096 3.327
FYM 2.874 2.102
NPK 2.878
t-crit 0.05 = 2.179 t-crit 0.01 = 3.055
Field IV FYM + NPK 2.880 1.966 1.359
FYM 3.617 0.644
NPK 1.325
t-crit 0.05 = 2.179 t-crit 0.01 = 3.055
Field B FYM + NPK 6.234 2.711 5.924
FYM 5.976 1.856
NPK 5.370

t-crit 0.05 = 2.120

t-crit 0.01 = 2.921

ence between these two fields was a one-year shift in the
crop rotation. For this reason, the evaluated period in
field IV was one year earlier than that in field III. The se-
lected 12-year period included the same crops in both
fields and also the same tillage and variants of organic
and mineral fertilisation. This offered the possibility to
evaluate the variability in the field experiments and the
effect of different climate conditions in different years.

Although there were differences between the dry mat-
ter yields of the cultivated crops in the selected vari-
ants and also between the average values of dry matter
yields over the whole period, these were not significant
in the #-tests for the dependant samples. The #-values
for the individual variants of fertilisation on both fields
ranged between 0.156 and 0.673 while the critical value at
0.05 level was 1.782. Variability of the dry matter yields
originating in the soil heterogeneity, the differences in
climatic conditions in different years and also in the qual-
ity of the operations did not exceed the effect of the cul-
tivated crops and fertilisation. These results support the
credibility of the long-term field experiments in Prague-
Ruzyné.

Effect of crop rotation

The highest average annual dry matter yields of the main
products were reached in the fertilised variants of field B
(alternate growing of spring wheat and sugar beets). The
productivity of nine-year crop rotation was lower in both
field IIT and field IV. On an average, 0.87 t/ha with NPK
variants, 0.18 t/ha with FYM variants and 1.75 t/ha with
FYM +NPK variants.

With the dry matter yields in Nil variants, on the con-
trary, the average dry matter yields in fields with nine-
year crop rotation were higher than that in field B. The
average difference between the dry matter yields of the
main product in the fields with nine-year crop rotation
(fields Il and I'V) and field B was 1.06 t/ha annually.
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Lower dry matter yields of the main products in field ITI
and field IV (nine-year crop rotation) were certainly
caused by the differences in fertilisation. As shown in
Table 1, the average annual nitrogen fertilisation in field B
was higher by 34.5, 18.4, and 53.8 kg N/ha in variants
NPK, FYM and FYM + NPK, respectively, that that in
field [l and field I'V.

Besides that, however, the dry matter production de-
pends as well on the cultivated crops. As shown in Ta-
ble 3, the dry matter yield of spring barley in the Nil
variant was 1.78 t/ha (in 1999) and the dry matter yield of
lucerne reached 10.68 t/ha in the same variant in 1995.
Obviously over a period of several years, the crop rota-
tion composed of the crops that supply quantitatively
higher yields may be more productive than the crop ro-
tation composed of less productive crops. For this rea-
son, a simple comparison of the yields in farm fields or
field experiments differing in crop rotation would not be
correct.

Effect of organic and mineral nitrogen fertilisation

Both organic and mineral fertilisation increased the dry
matter yields of the cultivated crops. The differences of
the results presented in Tables 2—4 were also statistical-
ly tested by means of #-tests for dependant samples.
Results are shown in Table 5.

The differences in the dry matter yields of the main
products between the non fertilised (Nil) and the com-
bined organic- and mineral-fertilised variants (FYM +
NPK) were significant on 0.01 level in all fields. The dif-
ferences between the yields in the Nil variants and FYM
and/or NPK variants were also significant in all fields with
the only exception for NPK variant in field IV (Table 5).
The differences in the dry matter yields in the fertilised
variants were significant for FYM and FYM + NPK vari-
ants in field III, and for both FYM and NPK variants and
combined FYM + NPK variant in field B. Other differenc-
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Figure 1. Dry matter yields (t/ha) of spring wheat grains in the selected variants of organic and mineral fertilisation in field B (t/ha)

es in the average dry matter yields between the fertilised
variants were not significant.

Although the average annual N input was by about
67% higher in the NPK variants than in the FYM variants
in fields III and I'V, and by about 75% higher in field B, the
differences in the dry matter yields between these vari-
ants were not statistically significant. Apparently, organ-
ic fertilisation with farmyard manure contributes to the
nutrient supply to the cultivated crops and, simulta-
neously, it supports the crops indirectly, by means of the
effect on the soil quality. Kérschens (1983, 1990, 1997)
evaluated a number of long-term field experiments in Ger-
many and other countries in order to estimate the addi-
tional yield due to the organic fertilisation (differences in
the yields on organic- and mineral-fertilised plots, and the
yields on mineral-only fertilised plots in close to optimum
doses). The value of the relative additional yield ranged
between 6 and 11%.

These results may represent another indirect evidence
of the favourable effect of organic fertilisation on the
productivity and sustainability of farming systems.

Yield stability

Yield stability is an important indicator of the produc-
tivity and sustainability of agricultural systems. It is,
however, difficult to determine in the field experiments,
except for the oldest long-term experiments with the com-
plete databases or those cropped with one single crop.
Cropping field B with just two crops since 1965 and the
complete database since 1985 enable to evaluate the trends
in the dry matter yields of sugar beet and spring wheat,
respectively, in this experiment. The dry mater yields of
both crops were split and the regression lines for each crop
were calculated. Results are shown in Figures 1 and 2.

Regression lines have clearly shown the decline in the
average yields of both sugar beet and spring wheat in all
the variants of fertilisation with the only exception for
NPK variant and sugar beet. The decrease in the dry
matter yields of sugar beet over the evaluated time peri-
od (1985-2000) was estimated from the regression lines
t0 3.6, 14.9 and 13.4% in the Nil, FYM and FYM + NPK
variants, respectively. Mineral-fertilised variant (NPK)

20.0 1
—e—Nil  —-NPK —A—FYM ——FYM+NPK
t/ha
15.0 - y =70.21469x +304.91
R*=0.1034
y =—0.1255x +259.36
10.0 - R*=0.1723
y =0.2314x —451.37
b Pt N N R =0.1746
¥ =—0.0172x +40.113
R*=0.0061
0.0 . . . . .
1984 1988 1992 1996 2000 2004

Figure 2. Dry matter yields (t/ha) of sugar beet roots in the selected variants of organic and mineral fertilisation in field B (t/ha)
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Table 6. Nitrogen uptake by the main products of the cultivated crops in field III over the period 1989 to 2000 (kg N/ha)

Year Crop Nil NPK FYM FYM + NPK
1989 winter wheat 82.9 88.0 81.9 100.6
1990 sugar beet 21.4 25.8 25.6 29.7
1991 spring barley 50.7 104.0 61.8 98.3
1992 potatoes 87.1 144.9 117.6 137.8
1993 winter wheat 44.0 56.6 51.1 65.6
1994 sugar beet 60.1 112.0 79.8 121.5
1995 spring barley 38.2 117.0 56.5 99.6
1996 lucerne 87.2 74.4 82.2 87.7
1997 lucerne 208.3 185.9 202.9 230.3
1998 winter wheat 89.0 104.7 101.8 111.8
1999 sugar beet 135.2 157.0 121.0 173.3
2000 spring barley 36.5 59.2 44.2 67.7
Average 78.4 102.5 85.5 110.3

showed an opposite trend. The average dry matter yield
increase over the same time period was estimated to 29.0%.

Surprisingly, the decline in the dry matter yields of the
spring wheat was much more pronounced than that of
the sugar beet roots (Figure 1). Over the same time peri-
od (1985 to 1999), the estimated decrease in the grain dry
matter yield was 28.4, 30.9, 39.3, and 34.4% in the Nil,
NPK, FYM and FYM + NPK variants, respectively.

These results show that in spite of relatively high yield
levels in field B, its declining trends indicate insufficient
sustainability of the alternate growing of sugar beet and
spring wheat.

Nitrogen uptake
The average annual nitrogen uptakes by the main

products of the cultivated crops in the selected fields and
variants are presented in Tables 6-8.

The data were evaluated by the same procedure as the
dry matter yields, i.e. by means of ¢-tests for the depen-
dant samples. The differences in the average N uptake in
the same variants of fertilisation in field III and field IV
were, again, statistically in significant. The #-stat ranged
between 0.240 and 0.920 while the #-crit was 2.179 at 0.05
level. The residual variability of the N-uptake by the main
products originating in the soil heterogeneity, climate
conditions, and the quality of operations did not exceed
the effect of the cultivated crops and fertilisation. The
results of the #-tests for the dependant samples regard-
ing N-uptake by the main products in the selected fields
and variants are presented in Table 9.

Both organic and mineral fertilisation enhanced the
N-uptake by the cultivated crops in all selected fields
and variants. The differences in the average N-uptake by
the main products were highly significant between all
variants in field B and between the FYM + NPK variants
and Nil variants in fields III and IV. The average N-up-

Table 7. Nitrogen uptake by the main products of the cultivated crops in field IV over the period 1988 to 1999 (kg N/ha)

Year Crop Nil NPK FYM FYM + NPK
1988 winter wheat 83.0 111.8 97.7 119.4
1989 sugar beet 45.8 113.5 60.3 139.8
1990 spring barley 43.3 68.5 49.0 73.3
1991 potatoes 89.5 142.7 107.7 158.5
1992 winter wheat 42.7 81.4 57.3 89.3
1993 sugar beet 59.3 48.4 86.1 69.2
1994 spring barley 51.9 43.8 50.6 53.2
1995 lucerne 307.0 206.7 363.8 335.0
1996 lucerne 218.9 263.9 260.0 303.7
1997 winter wheat 94.1 116.9 91.2 129.9
1998 sugar beet 10.2 28.9 14.4 26.5
1999 spring barley 29.8 59.1 53.5 75.2
Average 89.6 107.1 107.6 131.1
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Table 8. Nitrogen uptake by the main products of the cultivated crops in field B over the period 1985 02000 (kg N/ha)

Year Crop Nil NPK FYM FYM + NPK
1985 spring wheat 44.0 75.8 50.8 81.3
1986 sugar beet 24.7 72.6 57.6 103.1
1987 spring wheat 45.0 91.3 61.6 106.7
1988 sugar beet 26.5 64.0 54.0 139.0
1989 spring wheat 30.7 69.1 52.2 72.3
1990 sugar beet 27.6 45.1 49.8 80.5
1991 spring wheat 47.5 124.4 75.3 124.3
1992 sugar beet 58.4 79.5 86.1 141.7
1993 spring wheat 37.8 89.5 59.7 84.9
1994 sugar beet 47.4 77.8 49.5 119.9
1995 spring wheat 41.5 98.7 72.6 112.3
1996 sugar beet 28.1 82.6 45.1 92.2
1997 spring wheat 31.9 58.2 45.1 84.0
1998 sugar beet 17.9 56.7 35.0 84.0
1999 spring wheat 35.6 62.9 36.7 58.0
2000 sugar beet 33.4 71.1 56.1 85.2
Average 36.1 76.2 55.4 98.1

take in the mineral-fertilised variant was significantly
higher than that in the Nil variant in the field I1I, while the
difference between these two values was not significant
in field IV. As to the organic manuring, the difference in
the average annual N-uptake between FYM manured
variants was significant in field IV and insignificant in
field III, the ¢-test value being, however, just below the
t-crit on 0.05 level limit.

Estimation of the atmospheric nitrogen deposition

The Nil variant in field B had not received any organic
or mineral N fertilisers since 1956. In this experiment, there
had been no legumes grown since 1965 and the non sym-
biotic N, fixation might account for justa 5 kg N annually

(3 to 5 kg N/ha/year); the total N content in soil did not
practically change during the last eight years (Kubat et
al. 2002). The average N-uptake may be used for the es-
timation of the atmospheric N deposition. The average
N deposition should be at least at the level of the aver-
age N-uptake by the main products (36.1 kg N/ha/year)
plus about 20 kg N/ha/year uptake by the second prod-
ucts.

Symbiotic nitrogen contribution to the nitrogen
budget

The average annual nitrogen uptake was considerably
higher in fields Il and IV than in field B, in spite of a high-
er average N fertilisation in field B (Table 1). This was

Table 9. Statistical evaluation of the differences in the average nitrogen uptake by the main products; values of the ¢-stat in the #-tests

for the dependant samples and the appropriate ¢-crit values

Nil NPK FYM
Field III FYM + NPK 6.009 1.957 5.954
FYM 2.160 2.795
NPK 2.974
t-crit 0.05 = 2.179 t-crit 0.01 = 3.055
Field IV FYM + NPK 5.449 2.603 3.000
FYM 3.897 -0.034
NPK 1.522
t-crit 0.05 = 2.179 t-crit 0.01 = 3.055
Field B FYM + NPK 12.379 4.036 10.343
FYM 8.506 6.216
NPK 11.198
t-crit 0.05 = 2.120 t-crit 0.01 = 2.921
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Figure 3. Efficacy of the N fertilisation in the selected fields and variants (kg dry matter/kg N)

apparently due to the lucerne and symbiotic nitrogen
contribution to the nitrogen budget in fields III and IV.
This contribution may be estimated from the average
annual N uptake in the Nil variants in field IIl and IV (crop
rotation with 22% lucerne) and in the Nil variant in field B
(alternative growing of spring wheat and sugar beet). The
difference between the mean N uptake in the Nil vari-
ants in fields Il and IV and the Nil variant in field B was
47.9 kg N/ha/year. The proportion of lucerne in the crop
rotation was 22%, which means that the average annual
symbiotic N fixation by rhizobia exceeded 200 kg N/ha.
This estimation is based on the N-uptake by the main
products. It does not include N-uptake by the second
products, e.g. straw or sugar beet leaves that had been
removed over the whole duration of the experiments.

Efficacy of the nitrogen fertilisation

The efficacy of nitrogen fertilisation was estimated as
a difference between the average annual N-uptake by the
main products in the selected fields and fertilised vari-
ants, and that in the Nil variants, calculated on 1 kg N
applied in FYM or mineral NPK fertilisers. The results are
presented in Figure 3.

The efficacy of nitrogen fertilisation may be a useful
indicator of the productivity and sustainability of the soil
management systems. A strong response on N inputs
indicates a lack of nitrogen in the system, while a weak
response may indicate a higher degree of nitrogen satu-
ration in the system. Actually, the yield increase calcu-
lated in relation to a unit of nitrogen added decreases
with the increasing input.

In spite of the fact that the average N fertilisation in
field B (alternate growing of spring wheat and sugar beet)
was higher than in fields III and IV (nine-year crop rota-
tion), the efficacy of both organic and mineral-N fertilisa-
tion was higher in field B than in fields Il and I'V. This is
certainly due to the contribution of the crop rotation in-
cluding 22% lucerne to the nitrogen budget with more
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than 47.9 kg N/ha/year. The average annual nitrogen in-
put in fields III and I'V thus exceeded that in field B ex-
cept for FYM + NPK variant.

Crops cultivated in field B were much more external
N-demanding than the nine year-crop rotation and, con-
sequently, less sustainable.

CONCLUSIONS

The variability of the dry matter yields originating in
the soil heterogeneity, differences in climatic conditions
in different years, and also in the quality of operations
did not exceed the effects of the cultivated crops and
fertilisation.

The productivity (dry matter yields) of nine-year crop
rotation (fields IIT and IV) was lower in fertilised variants
than in field B (alternative growing of spring wheat and
sugar beet). The dry matter yields in the Nil variants,
however, were higher in fields III and IV, apparently due
to the symbiotic nitrogen fixation.

The dry matter yields of sugar beet and, mainly, spring
wheat (field B) declined in almost all variants of fertilisa-
tion over the evaluated time period. In spite of a relative-
ly high dry matter production, the declining yields
indicated a lower sustainability of alternate cropping with
sugar beet and spring wheat.

Both organic and mineral fertilisation increased the
production of the cultivated crops. The differences in the
average dry matter yields were statistically significant.
Organic fertilisation with farmyard manure contributed to
the nutrient supply and, simultaneously, supported the
crops indirectly by means of its effect on the soil quality.

Both organic and mineral fertilisation enhanced the
N-uptake by the cultivated crops in all the selected
fields and variants. The efficacy of nitrogen input was
the highest in field B, indicating that alternate cropping
with sugar beet and spring wheat was more external N-in-
put demanding and thus less sustainable than nine year
crop rotation.
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Nitrogen balance in the long-term field experiments
enables the estimation of atmospheric N deposition and
the estimation of the contribution of the symbiotic N fix-
ation to the nitrogen budget.
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ABSTRAKT
Vynosy, ¢erpani dusiku a ucinnost dusikatého hnojeni v dlouhodobych polnich pokusech v Praze-Ruzyni

Dlouhodobé polni pokusy provadéné v ruznych padnich a klimatickych podminkach a jejich databaze jsou nezbytné pro
hodnoceni produktivity a setrvalosti systémt hospodafeni na orné ptidé. Vyhodnotili jsme vynosy suSiny hlavniho pro-
duktu ve Ctyfech variantach organického a mineralniho hnojeni ve tfech dlouhodobych polnich pokusech zalozenych v roce
1955. Pokusy se lisi zejména v osevnim sledu. Byla hodnocena ¢asova fada 12, resp. 16 let v obdobi 1985 az 2000. Produk-
tivita (praimérny vynos susiny hlavniho produktu) devitihonného osevniho postupu byla na hnojenych variantach nizsi nez
pii alternativnim péstovani cukrovky a jarni pSenice. Na nehnojenych variantach byla naopak produktivita osevniho postu-
pu vyssi, a to zfejmé v dusledku pfinosu symbiotické fixace dusiku. Vynosy suSiny cukrovky a zejména jarni pSenice pti
jejich alternativnim péstovani ve sledovaném obdobi klesaly téméf ve vSech variantach hnojeni. Pies relativné vysokou
uroveni vynost (produktivitu) lze jejich vyrazné klesajici tendenci povazovat za indikator niz$i setrvalosti alternativniho
péstovani cukrovky a jarni pSenice. Organické i mineralni hnojeni zvySovalo vynosy péstovanych plodin. Rozdily v pri-
mérnych vynosech byly statisticky vyznamné. Organické i mineralni hnojeni zvySovalo ptijem dusiku péstovanymi plodi-
nami. U¢innost hnojeni dusikem byla vy$§i pii alternativnim péstovani cukrovky a jarni pSenice nez v devitihonném osevnim
postupu. Rovnéz vyssi G€innost hnojeni dusikem lze povazovat za indikator vys$Siho pozadavku na externi N hnojeni,
a tedy niz$i setrvalosti. Z bilance dusiku v dlouhodobych polnich pokusech lze odvodit hladinu atmosférické depozice N
a ptinos symbiotické fixace N do systému.

Kli¢ova slova: dlouhodobé polni pokusy; vynosy plodin; ptijem dusiku rostlinami; osevni postup; organické a mineralni
hnojeni
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