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THE FATE OF LABELLED AMMONIUM NITRATE
SPLIT-APPLIED TO WINTER WHEAT IN SPRING

SLEDOVANI VLIVU DELENYCH DAVEK ZNACENEHO DUSICNANU
AMONNEHO APLIKOVANEHO K OZIME PSENICI NA JARE

H. Lippold, H. Mouchova

Institute for Soil Science and Plant, Leipzig, BRD
Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: In three field microplot experiments performed on orthic luvisol soil the winter wheat was fertilized by 120 kg
N/ha in ammonium nitrate to interrow space in the spring. The total dose was split-applied in three equal applications at the
beginning of vegetative growth in spring, at the beginning of shooting and heading. Then the uptake of labelled fertilizer N
and its recovery in plant and soil were traced in winter wheat milk and full ripeness. The labelled N uptake by winter wheat
grain was the lowest from the first N split-applied, while in straw it was the lowest from the third one. The labelled N recovery
in the winter wheat tops at full ripeness was found to be a lower for the first split-application, 36 to 39%, than from the
following ones, when they were 47 to 54%. At full ripeness the total labelled N applied was recovered in winter wheat tops
from 46 to 49%. The fertilizer N was the 32 to 39% in the total plant N at full ripeness. The residual fertilizer N in soil was
found to be 35 to 44% of individual splits in the year 1990, and only 18 to 30% and as much as 44 to 49% in the years 1991
and 1992, resp., according to the amount of rainfall.

microplot experiments; '’N; winter wheat; N split-application; N uptake; N in soil; fertilizer N balance

ABSTRAKT: Ve tfech maloparcelkovych polnich pokusech na hnédozemi v Praze-Ruzyni byl v letech 1990 aZ 1992 pomoci{
5N sledovén vliv tif délenych ddvek N aplikovaného na jafe na pifjem N ozimou p3enici. Parcelky byly vymezeny rdmy
o velikosti 50 x 50 cm, umfsténymi na jafe do porostu ozimé p3enice, hnojené na podzim P a K hnojivy. Parcelkou byly
ohranigeny &tyfi fadky porostu. N ve formé roztoku dusi¢nanu amonného byl aplikovan na povrch piidy do mezifddkového
prostoru ve tfech ddvkdch po 40 kg/ha, na zac¢étku vegetace na jafe (A), na zadétku sloupkovénf (B) a na zag4tku meténf (C).
Dusi¢nan amonny znaceny 5N v obou forméch N byl pouZit vidy jen jako jedna z d&lenych dévek stffdav€ s dusi¢nanem
amonnym s pfirozenym obohacenim. Pfed hnojenim byly odebrédny vzorky rostlin a piidy do hloubky 60 cm z kontrolnich
ploch a z ploch hnojenych stejnou ddvkou N. KaZd4 varianta BN hnojen{ byla &tyfikrdt opakovéna pro sklizefi p3enice
v mlé¢né a piné zralosti. Nadzemn{ hmota p3enice byla rozdélena na klasy nebo zrno a sldmu, plidnf vzorky byly odebrény
z vrstev 0 aZ 15 cm, 15 aZ 30 cm a 30 a% 60 cm. V Cerstvé zemin& byl stanoven obsah minerdlntho N, v suché zemin&
a v rostlindch byl stanoven celkovy N a izotopické obohacenf. Zjistili jsme, Ze od doby prvnfho hnojeni na jafe do doby
sklizn& v plné zralosti byla v roce 1990 suma sriZek 148 mm, v roce 1991 265 mm a v roce 1992 180 mm. Celkové mnoZstvi
sriZek a jejich rozloZenf se projevilo v obsahu mineréinfho N v piidé, mélo vliv na v¢nos zrna a sldmy i na pifjem N z pidy
a hnojiva. V pokuse v roce 1990 zlstdvalo v pddé vy3¥f mnoZstvi mineréinfho N neZ v roce 1991. Vynos zrna a slémy byl
v3ak zjistén v roce 1991 nejvy3¥f a v roce 1992 naopak nejniZ3f. V roce 1991 byl v N obsaZeném v nadzemnf hmot¥ penice
zastoupen relativng vice plidnf N vzhledem k N z hnojiva (11,3 a 5,5 g/mz) neZ v dalifch letech (9,9 a 8,9 ymz v roce 1990
a62a58 glm2 v roce 1992). Od doby mlé&né do plné zralosti se v nadzemn{ hmot& pSenice zvyilo mnoZstvf N o pfibliZn&
3 g/m? v roce 1990, 0 1 g/m® v roce 1991 a 0 2 g/m? v roce 1992, a to zhruba stejné z obou zdrojt N. Pfi sledovinf pFjmu
N z jednotlivych dévek N bylo zjisténo, Ze v zrnu bylo prikazné nejméné N pfijato z prvnf aplikované ddvky, zatfmco ve
sldmé& ze tfetl délené ddvky. Procento N z hnojiva v celkovém N ozimé p¥enice v pIné zralosti se od prvnf do tfeti davky
zvySovalo z 10 na 15 % v roce 1990 a 1992 az 9 na 12 % v roce 1991, ve sldmé& v zdvislosti na ro&niku kolisalo mezi 6
a 12 %. V nasich pokusech byla prvnf aplikovan4 ddvka vyuZita rostlinou z 36 aZ 39 %, dal3{ ddvky z 47 aZ 54 %. VyuZiti
celkové dodaného N se mezi obdobfm mlé&né a piné zralosti zvysilo z 41 na 48 %. Ve vrchn{ vrstv& pidy (0 aZ 15 cm)
ziistalo 33 a% 44 % z ddvek N v roce 1990, v roce 1991 jen 18 aZ 30 % a 44 aZ 49 % v roce 1992. Zjistili jsme, Ze N dodany
v délené ddvce 120 kg/ha na jafe byl zrnem a slémou ozimé p3enice v dobé plné zralosti vyuZit z 46 aZ 49 % a Ze N obsaZeny
v rostling pochézel z 32 aZ 39 % z dodaného dusi¢nanu amonného.

maloparcelkové pokusy; 5N; ozim4 pienice; délend aplikace N; pffjem N; N v pddé; bilance N hnojiva
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INTRODUCTION

The efficiency of N applied to winter wheat is influ-
enced by the interaction between factors, such as a type
of soil, climate conditions, as well as the dose, the time
and the way of N fertilizer application. In addition, the
N uptake by plant and the fertilizer recovery are af-
fected by local agricultural practice and weather condi-
tions in the year. The use of N labelled fertilizers
makes possible a determination of source of N taken up
by plant and the amount of residual fertilizer N in soil
under given field conditions and the schedule of fertili-
zation.

In our previous experiments an attention was paid to
the dynamics of N uptake by the winter wheat crop
receiving three split doses of N in spring and harvested
six or eight weeks following the application of each
dose Mouchovd, Lippold, 1994). This study is
aimed at the finding relative uptake of each of three
split doses of N applied to winter wheat till its milk and
full ripeness. The results of three year microplot experi-
ments from 1990, 1991 and 1992 are presented herein.

MATERIAL AND METHODS

Microplot experiments were carried out on the orthic
luvisols in the field of the Research Institute of Crop
Production, Praha-Ruzyné, in the spring of the years
1990, 1991 and 1992. Microplots (sized 50 x 50 cm)
were situated inside the field with winter wheat (cv.
Regina). They included four machine planted rows of
plants. The doses of 45 kg P and 60 kg K/ha were
applied before sowing in autumn, the N fertilization
was done in spring. The dose of 120 kg N/ha was ap-
plied as ammonium nitrate solution to the interrow
space of soil in three splits of 40 kg N, at the beginning
of vegetation period in spring, at the beginning of

shooting and heading, marked with symbols A, B, C,
resp. Both double labelled (10% lSN) and non-labelled
ammonium hitrate solutions were applied alternatively
in this way: I>N-N-N for A, N-'N-N for B and N-N-'N
for C treatment. Each treatment had four replications
for the harvest of winter wheat at milk ripeness and
another four ones for that at full ripeness. Before each
of N applications the plant and soil from control (no-N)
and extra N microplots (no—1 ) were sampled.

The plants, above ground with a part of roots, were
harvested manually, divided into ears, straw and roots,
and dried at 65 °C. The soil was sampled from 0 to
15 cm, 15 to 30 cm and 30 to 60 cm depths and the
weights of soil per microplot of two upper layers were
determined. The fresh soil was analyzed for mineral N
content in 1% kalium sulphate extract by means of NH;
gas and nitrate ion selective electrodes. Then the soil
was dried at 20 °C in a thin layer for N total analyses.
With exception of the first experiment the soil samples
were taken up only at milk ripeness of winter wheat.

Plant and soil samples were analyzed for N and :
content by emission spectrometric equipment at the In-
stitute of Fertilization Research, Leipzig, Germany
(Matzel, Lippold, 1990).

RESULTS AND DISCUSSION

The topical ammonium and nitrate content in the
fresh soil before the N fertilization to the winter wheat
is demonstrated in Figs 1 to 3 for the years 1990, 1991
and 1992, resp. The first three data indicate the time of
N applications, the others are the data of harvests in
milk or full ripeness. The sum of rainfall within 10-day
interval, as well as soil temperature in the 20 cm depth
under winter wheat are included. The mineral N con-
tent in the soil layers of 0 to 15 cm, 15 to 30 cm and
30 to 60 cm in the treatment without N fertilizer addi-

1. The average yield and the N uptake by winter wheat fertilized with 3 x 40 kg N/ha in spring in its milk (I) and full (II) ripeness

Weight of dry matter (g/m?) N content in plant (g/m?)
Year Harvest Part of plant i

P control N variant Spntrl N it
soil N soil N SN
1990 e ears 446 677 4.28 4.16 272
straw 1317 1302 422 4.04 2.02
1890 o grain 661 883 8.10 7.64 5.18
straw* 936 1078 1.72 1.28 1.06
1991 I ears 616 959 6.58 8.33 4.01
straw 693 978 2.15 2.52 1.06
1991 I grain 739 959 9.90 9.28 4.59
straw* 940 1061 2.76 2.04 0.88
1992 I ears 304 489 4.13 5.01 347
straw 619 826 2.65 2.87 1.42
1992 I grain 388 772 5.00 7.47 4.78
straw* 447 757 1.40 1.45 1.12

* straw and chaff
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tion (control) is represented by linked points and by
means of columns for N treatment. A higher soil tem-
peratures in the 20 cm depth in February 1990 (2 to
4 °C) might influence a higher soil mineral N supply
in the spring before the first N dose addition, if com-
pared with those ~1 to =2 °C in February 1991. The
sum of precipitation in period from the first N applica-
tion to the harvest at full ripeness was found to be
148 mm, 265 mm and 180 mm, in the years 1990, 1991
and 1992, resp. These weather conditions are reflected,

ROSTLINNA VYROBA, 41, 1995 (3): 97-102

March
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3b. The sum of rainfall and average soil temperature in 20 cm
depth within 10-day intervals

e.g., in a higher mineral N content in upper layers dur-
ing the period of 1990, in a lower one in the rainy year
1991 and by the increase in this content with the depth
of soil due to heavy rainfall in June and July 1992.
The yields of winter wheat green ears or grain and
straw in treatments without N or with 3 times of 40 kg
N additions as well as soil and total fertilizer N uptakes
by them were set out in Tab. I. Both the control and N
variant plants, the highest yields of grain and straw
were found in the year 1991, while the lowest ones in
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" ear straw grain straw +chaff
milk ripeness full ripeness
-bcg.o' veg.growth [Ebeg.of shooting M beg.of heading
1991
kg N/ha
D T T T PP RRRREE:

ear straw straw+chaff

ﬂn
full ripeness
M beg.of veg.growth Elbeg.of shooting Il beg.of heading

milk ripeness

1892

straw+chaff
full ripeness
.bcg.of veg.growth Dbcg.oi shooting .beg,ol heading

ear straw grain
milk ripeness

4. Labelled fertilizer N content in the winter wheat at 3 x 40 kg N/ha
split-applied in spring

1992. The highest soil N uptake by fertilized plants in
their full ripeness and, at the same time, the lowest total
fertilizer N uptake were found in our experiments in
the year 1991 (11.3 against 5.5 g/mz). while a lower
soil and a higher fertilizer N uptake were found in 1990
and 1992, resp. (9.9 and 8.9 g/m2 against 6.2 and
5.8 g/m?). As the change in the total N content in win-
ter wheat tops between the time of milk and full ripe-
ness is concerned, it was the highest in the year 1990

100

A3 g/mz, approx.), lower in 1992 (about 2 g/mz) and the
lowest in 1991 (1 g/mz, approx.). The plants were taken
up nearly the same amount from the both sources in
that period. When only soil N uptake is concerned, the
control plants taken up less soil N than fertilized plants,
mostly, with the smallest difference in the year 1990.
But we have noticed, that our data are not enough
equivalent as the control plant data were calculated
from two replications, while the fertilized plant data
from four replications. Matzel, Lippold (1990)
found a lower soil uptake by winter wheat applied with
80 and 60 kg N at tillering and shooting, resp., than by
control plants, when other soil type and N doses were
used in experiment.

The changes in the labelled fertilizer N distribution
within winter wheat top between the milk and full ripe-
ness are demonstrated in Fig. 4. Moreover, the labelled
fertilizer N uptake by the grain, straw and chaff at full
ripeness of winter wheat being fertilized by N dose of
3 x 40 kg/ha is summarized in Tab. II. This uptake by
grain was significantly lowest from the first N split
and, in the straw, on the contrary, it was the lowest,
significantly, from the third N split.

The values of labelled N derived from fertilizer
(Ndff) and the recovery (%) of labelled fertilizer N
added in three doses at 40 kg N/ha in the milk and full
ripeness of winter wheat in the years 1990, 1991 and
1992 are set up in Tab. III. The changes in the Ndff
values show the deal of labelled N in the total N uptake
by plant at the definite split schedule. It follows from
our experiments, that the Ndff values in grain increased
from the first to the third dose from 10 to 15% at full
ripeness in 1990 and similarly from 9 to 12% and from
10 to 15% in 1991 and 1992, but the Ndff values in straw
varied within 6 to 12%, 10 to 12% and 8 to 11%, resp.

In our experiments, the recovery of the first N dose
(A) in winter wheat tops in full ripeness was the lowest,
it reached 36 to 39%, when compared with that the
second one (B) and third (C) dose where the recovery
amounted to 47 to 54% of each N split. The roots taken
up at harvests contained 1 to 3% of each N dose. The
total percentage recovery of fertilizer N in winter wheat
tops increased from 40 to 48% of the total dose applied
within period of the milk and full ripeness in the year
1990, and from 41 to 46% in the following years.

The amount of residual fertilizer N (as total N) in
the upper soil layer (0 to 15 cm) under winter wheat at
milk ripeness ranged from 33 to 44% of the single
doses in the year 1990, it was only 18 to 30 % in 1991
and as much as 44 to 49% in 1992. In the soil layer of
15 to 30 cm the appreciable amount of fertilizer N, 8 to
13% of each dose, was detected only in 1990, while
negligible amount of that in the next two years. How-
ever, in our previous experiments with the same time
and N dose application schedule the highest amount of
fertilizer N in soil from the first dose applied and the
lowest from the third one was found when winter wheat
was harvested sooner, eight or six weeks following N
dose application Mouchovéd, Lippold, 1994).

ROSTLINNA VYROBA, 41, 1995 (3): 97-102



II. Labelled fertilizer N uptake by winter wheat dressed by 3 x 40 kg N/ha at the beginning of vegetation period (A), shooting (B) and

heading (C) at full ripeness
Year Time Grain Straw Chaff
kg N/ha SD kg N/ha SD kg N/ha SD
A 12.5 08 14 03 0.7 0.2
B 18.2 07 1.9 0.2 1.1 0.1
1990 c 202 15 0.9 0.1 0.5 0.1
B,C>> A A,B>>C B>>A,C
C>B B>A A>>C
A 12.4 0.4 26 0.2 0.6 0.1
B 16.7 0.6 28 0.1 0.8 0.0
1991 c 16.7 0.8 1.4 0.2 0.5 0.0
B,C>> A AB>C e
A>C
A 12,6 0.4 23 0.1 0.7 0.1
B 16.5 0.6 1.8 0.2 0.5 0.1
1992 c 18.4 0.7 1.5 0.1 0.5 0.0
C>>B,A A>>B,C ASSBIC
B>>A B>C

Values relating to A, B or C term of N fertilizer application are significantly different at the 0.05 { > } or the 0.01 { >> } probability level

I11. The labelled N derived from fertilizer (Ndff) in the winter wheat top and the percentage recovery of labelled N added in three doses of
40 kg N at the beginning of vegetation period in spring (A), at the beginning of shooting (B) and heading (C), at milk (I) and full (II)

ripeness
Ndff (%) Recovery of SN dose
. n W i
Year Split g‘:ﬂ:f“ :::w\~ plant tops (()-igllc )
1 I 1 i I 1 I
A 11 10* 11 10* 33 36 35
1990 B 14 15 13 12 47 53 33
C 14 15 9 6 39 54 33
A 9 9* 10 12 37 39 30
1991 B 12 12 13 11 45 51 18
C 11 12 7 10 45 47 24
A 1t 10" 12* 1 33 39 44
1992 B 14 13 11 9 43 47 44
c 16 15 10 8 46 51 49
* straw and chaff

The plant and soil fertilizer N recovery was lower in
1990 and 1992, 68 and 77%, resp., as the first N dose
is concerned, when compared with N splits applied
later (80 to 95%). In the year 1991 less fertilizer N was
recovered, it ranged from 63 to 69%, since the amount
of residual fertilizer N in soil was considerably lower.

Similar trends with a little higher figures of Ndff
values in winter wheat grain and straw were found for
nearly the same dose and time schedule (3 x 45 kg N),
but the higher ones were stated at higher doses applied
(75 kg N) as the Ndff value is positively influenced by
the amount of fertilizer applied (Cleemput,
Baert, 1984; Destain et al.,, 1989a). Powlson
(1988) summarized the recovery of fertilizer N in win-

ROSTLINNA VYROBA, 41, 1995 (3): 97-102

ter wheat top being applied with labelled ammonium
nitrate in spring. The results from 46 to 71% were
stated. They varied with the N dose (114 to 194 kg N),
the year and soil classes, while the recovery of fertilizer
N in topsoil (0 to 23 cm) remained at 16 to 20%. The
lower recovery of the first split in plant may be influ-
enced by several factors including a temporal lower
plant uptake, denitrification, which may be more im-
portant for the earliest application (Cleemput,
Baert, 1984) or may be explained by apparent added
N interaction feature. This process of the displacement
of N from a pool of native unlabelled soil N by a la-
belled N addition may occur especially at an early stage
of N uptake Jenkinson et al., 1985).
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We found out the total fertilizer N recovery by win-
ter wheat tops at full ripeness to be 46 to 48% of the
dose of 120 kg N applied in three splits of 40 kg N in
spring. About 33 to 39% of N in winter wheat top came
from ammonium nitrate applied that way. Our recovery
data are on the lower range as summarized by Pow |-
son (1988), our Ndff data agree with those reported
by Destain et al. (1989b) for the similar time and
N dose application schedule.
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VLIV DLOUHODOBEHO HNOJENI NA OBSAH
MINERALNIHO DUSIKU V PUDE

THE EFFECT OF LONG-TERM FERTILIZATION ON THE CONTENT
OF MINERAL NITROGEN IN SOIL

J. Petr!, V. Van¥k?, J. Prochézka?, J. Najmanov4>

IState Control and Testing Institute for Agriculture, Testing Station, Lipa, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The content of soil mineral N (N min.) in early spring and after the harvest of crops (beginning of September)
was studied in two sites at Lipa and Svitavy in the years 1991 to 1993 in long-term stationary treatment trials. In both sites,
at Lipa since 1974 and Svitavy since 1980, 12 treatments of fertilization have been included in trials. Trials were arranged
in eight-plot crop rotation with 50% cereals, 25% forage and 25% root crops. The rotation of crops was identical in both
sites and the following crops were cultivated in the years under observations: 1991 - red clover, 1992 — winter wheat, 1993 —
potatoes followed by winter wheat. Nitrate and ammonium N were determined from freshly taken soil samples in extract of
1% K,S80, by ion selective electrodes. High content of mineral N was found in 1991 in the spring in the clover stand (20.7 to
40.1 ppm N), but also in autumn after incorporation of clover (20.7 to 30.1 ppm). Most of determined mineral N was in
ammonium form. Marked increase in mineral N was found in autumn in the year 1993 in treatments fertilized by gradated
doses of NPK in combination with manure (applied in autumn of 1992). Gradated fertilization of P and K did not affect more
significantly the content of mineral N. Positive correlation between mineral N content and wheat yield was found. This
relationship was not confirmed in potatoes. Positive correlation between mineral N content was determined, in the spring and
uptake of N by wheat and in potatoes in the autumn.

long-term fertilization; mineral N; crop rotation

ABSTRAKT: Na dvou stanovistich Lipa a Svitavy byl v dlouhodobych staciondrnfch pokusech sledovan obsah miner4lniho
N (N min.) v podzimnfm a jarnfm obdob{. Vysoky obsah N min. byl zji§t&n v roce 1991 v v jarnfm obdobf v porostu jetele
(24,9 az 40,1 ppm N), ale i na podzim po zaorédvce jetele (20,7 aZ 30,1 ppm N) a dile v podzimnim obdobf v roce 1993
u variant hnojenych v roce 1992 hnojem a stupfiovanymi ddvkami NPK. Stupiiované hnojeni P a K vyrazné&ji neovlivnilo
obsah N min. Byla zjift€na kladnd korelace mezi obsahem N min. a vynosem p3enice. Tyto vztahy nebyly potvrzeny
u brambor. Byla zjit&na kladn4 korelace mezi obsahem N min. v jarnfm obdobf a odbérem N p3enici a u brambor v pod-
zimnfm obdobf.

dlouhodobé hnojenf; mineréln{ N; sled plodin

UvoD

Pokusy s hnojivy s 5N neustdle upfesfiuji vyuZiti N
hnojiv rostlinami a jeho celkovou bilanci v systému
hnojivo - piida - rostlina. Pfitom se ukazuje, Ze v&t§f
&ast vynosu plodin, a tfm i odbéru N, je tvofena ptidnfm
N. Leitland (1981) uvédi, Ze plidnf N tvoii 33 aZ
70 % exportovaného N z pidy. Vané&k et al. (1989a)
v tffletych pokusech zjistili, Ze odb&r N ozimou penic{
na trodné hnédozemi tvofilo 70 % plidntho N a 30 %
N hnojiva. Je proto pochopitelné, Ze otdzkdm pidnfho
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N mus{ byt vénovéna nédleZitd pozornost s ohledem na
ekonomiku rostlinné vyroby i moZné dopady na Zivotn{
prostfedf.

Sledovén{ obsahu minerdlnfho N (N min.) v pidédch
a pfipadnému vyuZiti t&chto ddaji pro praktické hnoje-
ni bylo v&novdno hodn& pozornosti (Vanék, 1977;
Bfzik, 1983; Wehrmann, Scharph, 1986;
Fecenko etal, 1989; Kubicov4,1991; LoZek
etal., 1991; Binford etal., 1992 aj.). Vé&tSina autort
poukazuje na svoje kladné vysledky, ale také na po-
znatky, které nevedly k jednoznaénym zdvériim. Pfi ne-
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1. Hod ¢ varianty hnojen{ — A d treatments of fertilization
i 5 ST
L 2 Vépnén{ podle Hndi¢ Dévky v primyslovych hnojivech’ (kg.ha™)
Varianta Oznadenf’ potfeby® 3 = =
1 0 - - =
2 Hn + + = =
3 N,PK, + + 13,2 33,2
4 N,P,K, + + 26,4 66,4
5 N3P3K, + + 52,6 132,8
6 N;P;K;-Ca - + 52,6 132,8
!treatment, zma.rking. 3 ing as needed 4 Sdoses in fertilizers

stabilnosti hydrotermickych podminek dochdzi totiZ
nejen ke zna¥nym zm&ndm v obsahu N min. v pidg,
ale je ovliviiovén i priib&h mineralizace.

V pfedloZeném piispévku je hodnocen obsah N min.
na dvou stanovitich stacionarntho dlouhodobého hno-
jafského pokusu.

MATERIAL A METODA

Sledovani obsahu N min. v pidach bylo uskute&ng-
no na dvou stanovi§tich dlouhodobych stacionédrnich
pokust SKZUZ, a to v Lip& a ve Svitavdch. Na obou
stanovistich (v Lip€ od roku 1974 a ve Svitavich od
roku 1980) bylo pouZivéno diferencované hnojeni. Po-
kusy byly organizovény v osmihonném osevnim postu-
pu s 50% zastoupenim obilnin.

Sled plodin byl na obou stanovistich stejny. V hod-
noceném obdob{ 1991 aZ jaro 1994 byly péstovany tyto
plodiny: 1991 — jetel &erveny, 1992 — ozimd pSenice,
1993 — brambory, po nichZ nésledovala ozim4 pSenice.
Hodnocené varianty hnojenf uvadf tab. I.

Dile pfi druhé hladiné N,P, byly zafazeny stupiio-
vané ddvky K (varianty N,P,K,, N,P,K; a N,P,K3).
Podobné byla stupiiovédna i ddvka P pfi hladin& N,K,,
takZe v celém pokuse bylo sledovédno 12 variant hnoje-
nf v Sesti opakovéanich. P byl aplikovan v superfosfétu
a K v draselné soli. Davky N pro p¥enici &inily: N = 70,
N, = 105 a N3 = 140 kg N.ha™!, pro brambory N = 80,
N, = 120 a N3 = 160 kg N.ha™. Hnij byl aplikovadn
pod brambory v dédvce 40 tha™! v Lipé& 29. 10. 1992
a ve Svitavéch 13. 10. 1992. Posledni vapnén{ (* v tab. II
aZ IV) bylo uskute¢néno v Lip& 28. 8. 1991 v dévce
1,44 t CaO.ha™! a ve Svitavdch 14. 9. 1991 v prim&rné
ddvce 3,24 t CaO.ha™'. Ob& stanovidts se nachézejf
v bramboréaiském vyrobnim typu a jejich zdkladnf cha-
rakteristika je:

Pidn¢ Primémé Prim&md Nadmofskd

§ Pidnf
Stanovisté sréZky teplota vyska
typ druh (mm) C) (m)
hn&d4
Lipa pida phl 632 A 505
oglejend
Svitavy |hn&dozem phl 624 6,4 450

Piidni vzorky byly odebirdny z vrstvy O aZ 30 cm
v pfedjaf{ (nej¢astéji zadtkem bfezna) a po sklizni
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plodin (vétSinou zaddtkem z4f{). N min. byl stanoven
z Cerstvé odebraného vzorku zeminy, vysledky byly
pfepodteny a jsou uvddény v ppm N suSiny zeminy.
Dusi¢nanovy i amonny N byl stanoven ve vyluhu 1%
K,S0, iontové selektivnimi elektrodami, od roku 1994
kolorimetricky na pfistroji SKALAR. V odebranych
vzorcich po jejich vysuSenf pfi 40 °C byly stanoveny
i dal3f hodnoty, napf. mineralizovatelny N, N org., tyto
vysledky vSak nejsou v pfedloZeném pfisp&vku hodno-
ceny.

Pro posouzen{ vztahli mezi analytickymi hodnotami
a vynosem plodin a odb&rem N plodinami bylo vyuZito
statistické hodnocenf linedrn{ regresf.

VYSLEDKY

DosaZené vysledky jsou uvedeny v tab. Il aZIV a na
obr. 1. V roce 1991 byl na obou stanovistich v jarnfm
obdobi stanoven nejvy3si obsah N min., ktery pfesaho-
val 30 ppm. Na stanoviti Lipa byly nejvy$8{ hodnoty
stanoveny u nehnojené varianty a u varianty hnojené
jen hnojem. Ve Svitavdch byly vy$$i hodnoty zjiitény
v piliddch variant hnojenych stupfiovanymi dévkami
NPK, proto byl také na tomto stanoviiti vypocten sta-
tisticky vyznamny kladny koreladni koeficient z4vis-
losti mezi obsahem N min. v piidé a NPK hnojenim.
Na obou stanovistich pfevaZoval v tomto obdobi amon-
ny N. Pfi druhém odbéru, tedy po zaordvce jetele, byly
zjistény niZ3f obsahy N min. a mezi jednotlivymi va-
riantami nebyly tak vyrazné rozdily.-Na stanovisti v Li-
pé€ byl vyssi obsah nitrdtového N. Obsah N min. v pod-
zimnim obdobi 1991 byl zfejmé& pro ozimou p3enici
dostate¢ny.

V roce 1992, kdy byla pokusnou plodinou ozim4
pSenice, byly zji§t&ny na obou pokusnych stanoviitich
pomé&rné nizké hodnoty N min. (od 10,3 do 16,4 ppm)
s jednozna¢nym trendem vy3§iho obsahu na variantéch
hnojenych NPK. Po sklizni penice byly v Lip& na
kombinacich minerdln& nehnojenych obsahy N min.
okolo 14 ppm. Se stupiiovangym minerdlnim hnojenim
byl zjiSté€n nértist obsahu N min., a to i u varianty 6 bez
vépnénf. T&snost vztahu potvrzuje i vysoky kladny ko-
reladnf koeficient. Na stanoviiti ve Svitavdch byly
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II. Z4vislost mezi NPK hnojenfm a obsahem N min. v piid¢ — De-
pendence between NPK fertilization and N min. content in soil

Rok! Obdobf? Korela&ni koeficient? (r)
Lipa Svitavy
191 jaro* -0,4646 0,7350%
podzim® 0,7882* 0,8561*
1992 jaro 0,8958" 0,8792*
podzim 0,9668" -0,8316

1993 jaro -0,8558 -0,5952
podzim 0,9319* 0,9916*

lyc‘\ir. Zseason, >correlation coefficient, 4spring. Sautumn

III. Z4vislost mezi obsahem N min. v pidé¢ a vynosem plodin —
Dependence between N min. in soil and crop yield

Plodina! Obdobf? Korela&n{ koeficient® (r)
Lipa Svitavy
Pienice$ podzim® 0,8467 0,9785*
(1992) jaro* 0,6921* 0,9432%
Brambory” podzim 0,6424% -0,9597
(1993) jaro -0,9989 04313

lcmp, for 2-5 see Tab. II, ®wheat, 7pomoes

IV. Zdvislost mezi obsahem N min. v pidé a odb&rem N skliznf -

Depend b N min. in soil and N uptake by harvest
Plodinal Obdobf? Korelaénf koeficient® (r)
Lipa Svitavy
Penice® podzim® 0,455 -0,6181
(1932) jaro* 08737 0.7278"
Brambory’ podzim 0,6823* 0,6477
(1993) jaro -0,8119 -0,5109

For 1, 6, 7, see Tab. III, for 2-5 see Tab. II

v podzimnim terminu zji§t€ény vy$§{ obsahy N min. na
kombinacich minerdln€ nehnojenych (varianty 1 a 2),
a to okolo 19 ppm. Se stuptiovanymi ddvkami NPK
doslo k poklesu N min.

V roce 1993 byl v jarnim obdobf na obou stanovis-
tich zji§té€n nizky obsah N min. Je tedy zfejmé, Ze pod-
zimn{ zaordvka hnoje se nijak vyrazn& neprojevila na
zmé&ndch v obsahu N min. V kombinaci s minerdlnim
hnojenfm doSlo ke snfZeni obsahu N min., coZ také
dokreslujf zdporné korelaénf koeficienty. Po sklizni
brambor v Lip& byly zji§tény pom&rmné vyrovnané ob-
sahy N min. na minerdlné nehnojenych variantdch.
S vysi ddvky NPK narlstal velmi vyrazné obsah N
min. Na stanovidti Svitavy byl zji¥tén obdobny trend,
ale ne tak vyrazny. Stanovené obsahy N min. v Lip&
byly vysoké (aZ 80 ppm). Uké4zalo se, Ze uvoliiovanf N
min. z organického hnojenf bylo pom&mé& pozvolné,
zv145t& bez vdpnénf (varianta 6), a proto koncem vege-
tace byl pomé&rn& vysoky obsah N min. Tim byl také
zaji$t&n vysoky obsah N min. pro ndslednou plodinu
(ozim4 pSenice).

ROSTLINNA VYROBA, 41, 1995 (3): 103-108

V jarnim obdobf roku 1994 byl na obou stanovistich
zjisté€n nizky obsah N min. Stupiiované davky P se vy-
raznéji neprojevily na obsahu N min. v ptidé. Podobn&
tomu bylo i u variant se stupfiovanymi ddvkami K.

V tab. III jsou uvedeny korela¢ni koeficienty zdvis-
losti mezi zji§t€nym obsahem N min. v piidé a vyno-
sem plodin. Jednozna¢ng se ukdzalo, Ze u pSenice byla
na obou stanovistich vypo&tena statisticky pozitivn{
a pritkazné korelace, zatimco u brambor byl pozitivni
vztah zji§tén jen na stanoviti Lipa v podzimnim obdo-
bi. Jednozna¢né kladn4 korelace mezi obsahem N min.
v pidé a odb¥rem N sklizni byla u pSenice zjiiténa
v jarnim obdobi a u brambor naopak na podzim.

DISKUSE

DosaZené vysledky dokumentujf sloZitost hledénf{
vztahu mezi obsahem N min. v pidé a vyuZitim téchto
tdajli pro praktickd hnojafskd opatfeni a potvrzujf z4-
roveli nutnost systémového a dlouhodobého sledovan{
té€chto vztahi i s ostatnfmi formami N v piidé (Bizik,
1989; Vanék et al., 1989b).

Jednozna¢né pozitivné a vyrovnané plisobil na zvySeni
obsahu N min. v piidé porost jetele. I po jeho zaordvce
bylo zfejmé, Ze ndslednd plodina méla k dispozici pro
pocétek vegetace dostatek N. Vyrazné pozitivni puso-
benf jetele dokumentovaly i varianty minerdlné nehno-
jené.

Zajimavé vysledky poskytlo hnojeni hnojem. Sa-
motnd aplikace hnoje (varianta 2 ) nezvysila vyraznéji
obsah N min. — hodnoty byly na irovni kontroly (va-
rianta 1). Teprve varianty se soutasnou aplikaci hnoje
a NPK hnojiv vykdzaly vyrazngj$i rozdily v obsahu N
min. Po aplikaci hnoje (podzim 1992) byl v jarnim ob-
dobf 1993 zjistén niZ¥i obsah N min., coZ ukézalo spi¥e
na trend imobiliza¢nfho vlivu, a teprve po sklizni
brambor byl zji§t€n podstatné vy$si obsah N min.,
zvI45t€ na stanovisti Lipa. Sv&dC&i to také o pozvolnégjsi
mineralizaci na obou stanovistich.

Dlouhodob4 absence vapnéni (varianta 6) uk4zala na
trend omezeni mineralizace, a proto byly v ur€itych
obdobich nalezeny niZ3f obsahy N min., a naopak pro-
dleva mineralizace se promitla ve vy$§im obsahu N
min. koncem vegetace. Tyto vysledky jsou pIn& ve sho-
d& s poznatky o kladném vlivu vdpnéni na mineralizad-
ni pochody v piddch (Vané&k, 1973).

Stanovistni podminky se promitly do obsahu N min.
Na pozemcich v Lip& byly vétSinou zji§tény vyss{ ob-
sahy N min. a také vy33i obsah nitratového N.

Podékovani
Autofi dékujf viem spolupracovnikiim SKZUZ, od-
délenf agrochemie, pidy a vyZivy rostlin v Havli¢kové

Brodg, déle ze zkuSebnich stanic Lipa a Svitavy za vie-
strannou pomoc pfi fedeni tohoto tkolu.
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varianty
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varianty

19.3.1993
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varianty
O3 [EINH4
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171
e i

varianty

1. Obsah N min. v letech 1991 aZ 1994 (Lfpa - levy sloupec, Svitavy - pravy sloupec) ~ N min. content in the years 1991 to 1994 (Lipa -

left column, Svitavy - right column)
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VLIV DLOUHODOBEHO HNOJENI NA OBSAH
MINERALIZOVATELNEHO DUSIKU V PUDE

THE EFFECT OF LONG-TERM FERTILIZATION ON THE CONTENT
OF MINERALIZABLE NITROGEN IN SOIL

V. Vanékl, J. Petrz, J. Najmanovél, D. Pavlikova'

ICzech University of Agriculture, Praha, Czech Republic
2State Control and Testing Institute for Agriculture, Testing Station, Lipa, Czech Republic

ABSTRACT: The content of mineralizable N was studied in two sites where long-term stationary treatment trials were
conducted in the years 1991 to 1993, Red clover, winter wheat and potatoes were grown on both sites. Fertilization treatments
are in Tab. I. Soil samples were taken from a 0 to 30 cm depth in early spring and after the harvest of crops. The soil was
dried after sampling at 40 °C. Aerobic incubation was used to determine mineralizable N. The soil diluted with sand (1:1)
was incubated for seven days at 30 °C. Amount of mineral N (N min.) was determined prior to and after incubation by ion
selective electrodes. The results were converted into soil dry matter and are expressed in ppm. Tabs II to VIII and Fig. 1
present them in the following way: A = increment of N min. during incubation = mineralizable N; B = N min. content before
incubation; A + B = total N min. after incubation. High values of mineralizable N were found out after incorporation of
clover in the autumn of 1991, and in the next year as well, especially in the site at Svitavy. Manuring in the autumn of 1991
did not affect more conspicuously content of N min. and mineralizable N in the spring of 1993. High values were found out
as late as in autumn of 1993, particularly on the site at Lipa in combinations where fertilizers were applied (treatments 3, 4,
5, and 6). The clover stand raised more the values of mineralizable N and manure in combination with fertilizers raised more
the values of N min. In autumn significant differences between sites were found. Higher values of N min. were set up at Lfpa
and lower ones of mineralizable N, and at Svitavy rather the opposite. It follows from statistical evaluation that mineralizable
N together with N min. exhibits closer correlation with the yield of crops and N withdrawal by crops. Negative correlation
was mostly found between content of N min. and mineralizable N.

long-term fertilization; mineralizable N; mineral N; yield; N withdrawal

ABSTRAKT: Na dvou stanovistich (Lfpa a Svitavy) v brambordfském vyrobnfm typu byl v dlouhodobych stacionérnich
vyZzivéiskych pokusech v letech 1991 aZ 1993 sledovén obsah minerédlnfho N (N min.) a mineralizovatelného N. Pro stanovenf
mineralizovatelného N bylo pouZito acrobnf inkubace. Vysoké hodnoty mineralizovatelného N (okolo 40 ppm N) byly zjistény
po zaordvce jetele v roce 1991, ale také v podzimnim obdob{ roku 1992 hlavné€ na stanovisti Svitavy. Zaordvka hnoje na
podzim 1992 neovlivnila vyraznéji obsah N min. ani mineralizovatelného N na jafe 1993, vysoké hodnoty byly zjistény teprve
v podzimnfm obdobf 1993, zejména na stanovisti Lfpa u kombinacf hnojenych primyslovymi hnojivy (varianty 3, 4, 5 a 6).
Porost jetele zvy3oval vice hodnoty mineralizovatelného N a hnij v kombinaci s primyslovymi hnojivy vice hodnoty N min..
V podzimnim obdobf byly zjiitény dosti vyrazné rozdily mezi stanovisti. V Lip& byly stanoveny vy33{ hodnoty N min. a niZ§{
hodnoty mineralizovatelného N a ve Svitavdch naopak. Ze statistického hodnocenf vyplyv4, Ze mineralizovatelny N spolu
s N min. vykazuje tésné&j8{ korelaci s vynosem plodin a odbérem N plodinami. Mezi obsahem N min. a mineralizovatelného
N byla vétSinou zji3t€na zéporné korelace.

dlouhodobé hnojenf; mineralizovatelny N; minerdlnf N; vynos; odbér N

UvoD

Snaha o vyS8i vyuZiti N rostlinami a omezeni jeho
moZnych ztrat sméfuje k podrobnému studiu dynamiky
pfemé&n N v piid¥ a stanovenf jednotlivych forem piid-
niho N. Agronomick4 interpretace analyz pidnfho N je
viak obt{Zn4, zvl4§t€ v naSich pidné&-klimatickych pod-
minkéch.

ROSTLINNA VYROBA, 41, 1995 (3): 109-114

Velké pozornost je vénovéna stanovenf obsahu a dy-
namice minerdlntho N (N min.), a to s ohledem na op-
timalizaci vyZivy hlavnf plodiny, ale i na moZnosti za-
fazenf meziplodiny s cflem snfZit obsah N min. koncem
vegetace (Binford etal., 1992; Bfzik, Balogh,
1994; Petr et al., 1995 aj.).

Pro vyZivu rostlin je viak vyznamné i mnoZstvi N,
které se b&hem vegetace uvoln{ mineraliza&nimi proce-
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sy. MnoiZstv{ takto uvoln&ného N souvisf s plidnf tirod-
nostf a je ovliviiovdno agrotechnickymi zdsahy, plodi-
nou, péstebnf technologif a stanovistnfmi podminkami.
Na¥fm cflem je upfesiiovat hodnoty tzv. mineralizagni-
ho potencidlu a faktoril ovliviiujicich uvoliovani pid-
nfho N.

Existuje velké mnoZstvi metod pro stanovenf mine-
ralizovatelného N a nejcastéji je doporuovédna aerobnf
inkubace (Bremner, 1965; Vanék, 1977; Trdv-
nik, Stafia, 1982; Gerkijal, 1986; Gianel-
lo, Bremner, 1986; Vané&k et al,, 1989; Pav-
likov4 et al., 1992).

V pfedloZeném piisp&vku jsou hodnoceny zmény
mineralizovatelného N v piidéch dvou stanovi3t stacio-
nérnfho dlouhodobého hnojafského pokusu.

MATERIAL A METODA

Sledovéni obsahu mineralizovatelného N v piidich
bylo uskute¢néno na dvou stanovistich dlouhodobych
staciondrnich vyZivafskych pokusi SKZUZ v Lipé
a ve Svitavdch. V pokusech byl v roce 1991 zafazen
jetel Eerveny, 1992 ozim4 pSenice a 1993 brambory, po
nichZ nédsledovala ozim4 pSenice. Pokusy mé&ly celkem
12 variant v Sesti opakovénich, podrobn&ji bylo hodno-
ceno $est variant (tab. I).

Posledni vdpnénf (* v tab. II a% VI) bylo uskute(‘.né-
no v Lip& 28. 8. 1991 v dédvce 1,44 t CaO. ha! a ve
Svitavdch 14. 9. 1991 v prﬁmémé dévce 3,24 t CaO.ha”™
Hnij byl aplikovén 29. 10. 1992 v Lipé€ a 13. 10. 1992
ve Svitavich. Ddvky N c&inily pro pSenici: N; = 70,
N, =105 a N3 = 140 kg N. ha! a pro brambory: N; =
80, N;=120aN3 = 160 kg N.ha™',

Obé& stanice se nachdzeji v brambordfském vyrob-
nfm typu. BliZ¥{ charakteristiku pokusnych podminek
a vlastnfho hnojenf uvadéji Petr et al. (1995).

Odbér piidnich vzorki probé&hl z vrstvy 0 aZ 30 cm
v pfedjafi a po sklizni plodin. Pro stanoveni minerali-
zovatelného N byla zemina vysu3ena pfi 40 °C, homoge-
nizovéna a analyzy byly realizovdny z jemnozems.

Bylo pouZito aerobni inkuba¢ni metody. Zemina fe-
dénd piskem (1:1) byla sedm dnf inkubovéna pfi vlh-
kosti 60 % MVK a teplot& 30 °C, potom ndsledovalo
stanovenf N min. ve vyluhu 1% K,SO, a koncové sta-
noven{ iontové selektivnimi elektrodami. Informace

k pouZité metodé& a jeji hodnoceni uvddéji Vanék et
al. (1989) a Pavlikovid et al. (1992).

Vysledky analyz byly piepodteny na suSinu zeminy
a jsou uvddény v ppm N takto: A = pfiriistek N min.
b&hem inkubace = mineralizovatelny N; B = obsah N
min. ve vzorku pfed inkubacf; A + B = celkovy N min.
po inkubaci. Pro posouzeni vztahi mezi analytickymi
hodnotami a vynosem plodin a odb&€rem N plodinami
bylo vyuZito statistického hodnocenf linedrni regresi.

VYSLEDKY

DosaZené vysledky jsou uvedeny v tab. II aZz VIII
anaobr. 1. V prvém sledovaném roce (1991), kdy byl
na obou stanovistich jetel erveny, byly stanoveny po-
mérné vysoké hodnoty mineralizovatelného N (hodno-
ta A). Vliv riiznych variant hnojeni byl naprosto jedno-
zna¢n& piekryt vlastnim pisobenim jetele. Hodnoty
mineralizovatelného N se v jarnim obdobi pohybovaly
okolo 30 ppm N a v podzimnim obdobi vétSinou nad
40 ppm N. Jak je ziejmé z obr. 1, byly po zaordvce
jetele (zaff 1991) a pied setim ozimé pSenice hodnoty
mineralizovatelného N velmi vyrovnané bez vyraznéj-
§ich rozdili mezi variantami. Tento stav se na niZsi
drovni udrZel i v jarnim obdobi 1992 na stanovisti Li-
pa, zatimco ve Svitavich byly zjiStény niZ${ hodnoty,
zejména u variant hnojenych primyslovymi hnojivy.

Po sklizni pSenice v roce 1992 byly na stanovisti
Svitavy stanoveny nejvyssi hodnoty mineralizovatelné-
ho N (okolo 80 ppm N) s vyrazné vy$§imi hodnotami
u variant hnojenych NPK (varianty 3, 4, 5 a 6). Na
stanovisti Lipa se v tomto obdobi pohybovaly hodnoty
mineralizovatelného N okolo 30 ppm N bez vyraznych
rozdil mezi hodnocenymi variantami hnojeni. Byl zde
viak vy33f obsah N min., takZe celkovy obsah N min.
po inkubaci byl u hnojenych variant v rozmezf{ 45 aZ
51 ppm N. Vyrazny pokles mineralizovatelného N byl
zaznamenén na obou stanovistich v jarnfm obdobi 1993
(pohyboval se v hodnotdch okolo 20 ppm). Zaordvka
hnoje na podzim 1992 se na hodnotdch mineralizova-
telného N neprojevila pozitivng. Zfejm& byla podpote-
na imobilizace a k uvoltiovdni N do$lo pozd&ji v pri-
b&hu vegetace brambor. Po sklizni brambor byly na
obou stanovistich zji§t€ny opét vy33i hodnoty minera-
lizovatelného N.

1. Hod ¢ varianty hnojenf - A d of fertilization

o Vépnén{ podle Hnij* Dévky v primyslovych hnojivech® (kg.ha™')

Varianta Oznatenf? potfcby’ (. ha—l) = P

1 0 - & =

2 Hn + - -

3 N,PK, + 40 132 33,2

4 N,P;K, + 40 26,4 66,4

5 N;P;K, + 40 52,6 132,8

6 N3P3K4Ca 40 52,6 132,8
'treatment, 2marking. % ing as needed o Sdoses in fertilizers
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I1. Z4vislost mezi obsahem mineralizovatelného N a vynosem plo-

vy b the, of mineralizable N and crop
yield
Plodina! Obdobf2 KorelaZnf koeficient® (r)
Lipa Svitavy
chn.icg‘ podzim‘ 0.1733 —0‘1054
(1992) jare? o .
Dt podzim 04798 09373"
e joro 07114* 0,7723*

6

‘cmp, 2season, “correlation coefficient, ‘wheat, Spotatoes, ‘autumn,

spring

IIL. Z4vislost mezi obsahem mineralizovatelného N a odb&rem N

VI. Z4vislost mezi obsahem N min. v pid& a mineralizovatelnym N -
Dependence between N min. content in soil and mineralizable N

gid Db Korela&nf koeficient® (r)
Lipa Svitavy
86 jaro” 0,5961* 0,7113
podzim$ -0,0782 -0,0833
1992 jaro -0,2154 -0,6429
podzim -0,1268 -0,9503
1993 jaro -0,6430 -0,7664
podzim -0,3718 0,3887

lyem-. for 2, 3, 6, 7 see Tab. II

plodinami - Dependence t the of mineralizable Nand  yII. Obsah N min. ve vzorcich pdd odebrangch na jafe (primér ti
N withdrawal by crops let) - N min. content in soil samples taken in the spring (average for
s three years)
Plodina! b2 Korela&nf kOCﬁCICI‘I.(J ) :
Lipa Svitavy Sslo C‘pls"l l;l,;llm Mineralizovatelny N3
Penice? podzim$ 02810 0,5979* kombinace' = 5 = o
(1992) Sacii? ~0,5841 03213 : M"; ‘;‘:‘;”’ 25"; ;'z‘“lvy
Beambory® podzim o e 2 46 33 2.2 208
(1993) jaro 0,5227* 0,7638* . ’ ” *
3 39,1 424 22,5 21,1
For 1-7 see Tab. II 4 37,8 32,8 20,7 133
5 43,9 47,5 26,6 24,1
6 33,9 4,1 17,3 13,7
IV. Zévislost mezi celkovym obsahem N min. po inkubaci a vyno- x 41,0 40,7 23,2 19,2

sem plodin — Dependence between the total content of N min. after
incubation and crop yield

— - Korela¢nf koeficient® (7)
Lipa Svitavy'
Plenice? podzim® 0,5696" -0,4433
(1992) jaro? 0,0432 -0,9987
Brambory’ podzim 0.7064% 0,8815%
(1993) jaro 0,5684* 0,7380%

For 1-7 see Tab. II

V. Z4vislost mezi celkovym obsahem N min. po inkubaci a odb&rem
N plodinami — Dependence between the total content of N min. after
incubation and N withdrawal by crops

Plodina! Obdobf? Korelaénf koeficient® (r)

Lipa Svitavy
Plcnice? podzim® 0,4390 0,5693*
(1992) jaro -0,2898 0,5462%
Brambory® podzim 0,8337* -0,1985
(1993) jaro 0,3738 0,5413*

For 1-7 see Tab. 11

Vysledky soustfedéné na obr. 1 a v tab. VII a VIII
ukazujf, Ze je zapotiebf posuzovat mineralizovatelny N
(hodnota A) spolu s N min. obsaZenym v zeminé (hod-
nota B). Celkovy N min. po inkubaci (A + B) dédvd
lep3f pfehled o moZnosti piid zdsobovat rostliny N, co%
dokumentujf i pF{zniv&js{ korelaénf koeficienty mezi

ROSTLINNA VYROBA, 41, 1995 (3): 109-114

humber of combination, 2total N min. after incubation, *miner-
alizable N

VIII. Obsah N min. ve vzorcich pid odebrangych po sklizni (prim&r
tff let) -~ N min. content in soil samples taken after harvest (average
for three years)

&islo C‘;",“’i"n{“';;‘ii{" Mineralizovatelng N°
Lipa Svitavy Lipa Svitavy
1 447 415 2.1 315
2 488 58,6 319 415
3 59,1 629 309 452
4 673 613 416 426
5 67.9 73,4 309 51,6
6 7.2 61,6 28,1 438
F 59,8 609 309 42,

For 1-3 see Tab. VII

celkovym N min. po inkubaci a vynosem plodin a déle
i odb&rem N rostlinami (tab. IV a V).

Primémé tifleté vysledky z jarntho obdobf (tab. VII)
ukazujf, Ze celkové mnoZstvi N min. po inkubaci bylo
dost vyrovnané bez vyraznych a jednozna&nych rozdil
mezi sledovanymi variantami na obou stanovistich. Po-
dobné je tomu i s hodnotami mineralizovatelného N.
Vzorky piid z podzimnfho obdobf (tab. VIII) vykazaly
vy¥¥{ hodnoty jak celkového N min. po inkubaci, tak
i mineralizovatelného N, Prim&rné hodnoty celkového
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14.3.1991

varianty
[ =L
20.9.1991
120
96 4

120

ppm N
§§

varianty
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7.9.1992
120
96 <
2 72
§
112

13.3.1991

120

ppm N

120

96 1

ppm N
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22.3.1993

72

ppm N

48

26.8.1993

ppm N

19.3.1993

1. Obsah mineralizovatelného N v letech 1991 aZ 1993 (Lipa - levy sloupec, Svitavy — pravy sloupec) — Content of mineralizable N in the

years 1991 to 1993 (Lipa - left column, Svitavy - right column)

N min. byly na obou stanovi§tich podobné, ale byly
zjistény rozdfly v mineralizovatelném N. Vys§{ hodno-
ty mineralizovatelného N byly zaznamendny na stano-
vidti Svitavy a niZ¥f v Lip&. V podzimnim obdobf se
ukézala dost jednozna&n4 tendence vys$Sich hodnot ob-
sahu N na hnojenych variantdch. Z porovnani variant 5
a 6 je zfejmé, Ze absence vdpnéni (varianta 6) sniZila ob-
sah jak celkového N min., tak i mineralizovatelného N.

V tab. VI jsou uvedeny korela¢n{ koeficienty zdvis-
losti obsahu N min. ve vzorku s mineralizovatelnym N.
Krom& jarnfho terminu 1991 jsou vé&tSinou korelaén{
koeficienty zdporné, coZ dokumentuje ofekdvanou sku-
teénost, Ze existuje nepfimd zdvislost mezi sledovany-
mi formami N.

DISKUSE

Vysledky sledovédni obsahu N min. a mineralizova-
telného N potvrdily vyrazny vliv jetele na ndrist obsa-
hu N min., ale pfedevi{m mineralizovatelného N. Lze
konstatovat, Ze po zaordvce jetele se vyrazn& zvysilo
mnoZstvi mineralizovatelného N, a to v podzimnim ob-
dobf roku 1991 i 1992. Potvrzuje to obecn& zndmou

ROSTLINNA VYROBA, 41, 1995 (3): 109-114

skute¢nost o vyborné pfedplodinové hodnoté jetele.
Ukazuje se, Ze vliv jetele zcela piekryvd a ziejmé také
vyrovndv4 vliv riznych variant hnojenf.

JestliZe pfepofteme analyzami zji¥t&né hodnoty mine-
ralizovatelného N (okolo 40 ppm N) na 1 ha, jde pfi-
bliZzn& o 200 kg N, které jsou potencidlné uvolnitelné.
I kdybychom uvaZovali jen ¢4stedné vyuZiti minerali-
zovatelného N, je moZné pfedpoklddat, Ze porost jetele
poskytl nésledné ploding nejmén& 100 kg N. Z tohoto
pohledu bude zapotfebi pfehodnotit doposud uskuted-
fiované tpravy ddvky N po dobrych porostech jetele.
V Komplexni metodice vy¥ivy rostlin Neuberg
a kol., 1990) je uvaZovén priimérny odpodet 50 kg N.
Vysledky ukazuji na podobné hodnoty i v druhém roce.

Na obou stanoviStich se zaordvka hnoje (podzim
1992) projevila snfZenfm N min. i mineralizovatelného
N na jafe ndsledujiciho roku, tedy jednozna¢né imobi-
liza¢n€. N min. se zfejmé& uvoliioval aZ pozdg&ji b&hem
vegetace brambor. Pozdg&j${ mineralizace je disledkem
vy33ich hodnot N min. i mineralizovatelného N po
sklizni brambor, zejména na stanovisti Lipa.

Pro praktické vyuZiti idaji o obsahu mineralizova-
telného N se ukazuje vhodng&jsi podzimni odbér vzorki.
Potvrzujf se ndzory o nutnosti vyuZivat k optimalizaci
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vyZivy rostlin N spolen& tdaje o obsahu mineralizo-
vatelného N a N min., pfedev§im nitrditového N
(Postnikov et al, 1983; Gerkijal, 1986; Va-
nék et al.,, 1989 aj.). Dokumentujf to také tidaje kore-
laci v tab. IV a V.

D4 se pfedpoklddat, Ze N min. (hlavné nitritovy N)
spolu s mineralizovatelnym N tvoii na jednotlivych sta-
novi§tich po uréitou dobu pom&rn& stabilni hodnotu
a zmény t&chto forem se uskute&iiuji pfedeviim v ramci
této hladiny. Proto také vztah mezi N min. a mineralizo-
vatelngym N v piidé je vétSinou nepiimy (tab. VI).

Poné&kud rozdilné vysledky zji$t€né na jednotlivych
stanovistich dokumentuji sloZitost celé problematiky
a ukazuji na nutnost dlouhodobého a systematického
sledovénf, proto je velmi obtiZné praktické vyuZiti oje-
dinélych a nahodilych analyz bez pfihlédnuti k fadg€
dal$ich okolnosti.

Podékovani

Autofi dékuji viem spolupracovnikim SKZUZ, od-
déleni agrochemie, plidy a vyZivy rostlin v Havli¢kové
Brodg, déle ze zku$ebnich stanic Lipa a Svitavy za vSe-
strannou pomoc pfi feSeni tohoto tkolu.

Price byla uskute¢n&na v rdmci grantu GA CR
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VLIV HNOJENI SODIKEM NA VYNOS, KVALITU
A MINERALNI SLOZEN{ PICE SRHY LALOCNATE
(DACTYLIS GLOMERATA L.)

THE EFFECT OF SODIUM FERTILIZATION ON THE YIELD,
QUALITY AND MINERAL COMPOSITION OF ORCHARD GRASS
(DACTYLIS GLOMERATA L.)

J. Tuma, J. Matula

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

ABSTRACT: The effect of sodium fertilization was studied in the small-plot field trials with orchard grass (Dactylis
glomerata L.), the variety RoZnovsk4 in pure culture with four-cut utilization. The trial included four treatments with four
replications. To two liming methods and magnesium fertilization (Tdma, Matula, 1993), annual sodium fertilization in
the form of kitchen salt (Tab. I) was tested. A dose of 40 kg Na.ha™ was always applied too early in the spring with the first
nitrogen application to the first cut. Average values of agrochemical soil tests are in Tab. II. The dry matter yield was
determined in each cut, along with chemical composition, including fodder-production characteristics according to particular
methodologies. Further details about the trial are referred to by Tima (1992). Sodium fertilization in the treatments
KMVR+Na and KVK+Na compared with untreated treatments (KMVR and KVK) contributed to the significant increase of
exchangeable sodium content in soil, determined by the method KVK-UF (Matula, Pirkl, 1988). Sodium concentration
in soil solution increased as well. In treatments fertilized with sodium a lower decrease in exchangeable potassium supply
and its concentration in soil solution was recorded. A marked decrease in potassium supply in all treatments was probably
due to high withdrawal of potassium, absence of potassium fertilization and due to the system of fertilization by the other
cations, especially by calcium and manganese (Tiima, Matula, 1993). In treatments fertilized with sodium statistically
significantly yield of herbage was recorded in 1989, while differences in yield among particular treatments were not statisti-
cally significant (Fig. 1). It is interesting that the highest increase in the yields was achieved just in 1989, where the highest
uptake of sodium was reported. Sodium fertilization had a significant influence on statistically significant increase in sodium
content in the herbage (Fig. 2) which was observed yet in the first year after application of sodium. The highest increase in
sodium content was achieved not earlier than in the third year (1989) in the treatment KVK+Na with an average value of
1,703 mg Nakg™'. This content exceed statistically significantly the treatment KVMR+Na with average content 1,184 mg
Na.kg"dry matter of herbage. In treatments unfertilized with sodium the highest sodium content on average was in the herbage
of the third cut, while in treatments fertilized with sodium in the first cut. Sodium content in the herbage and other cuts fell
slowly (Fig. 3). It is evident from the results that sodium content in herbage greatly depends not only on sodium fertilization,
but also on the system of fertilization by the other nutrients, on their content and mutual relationships in soil. In this context,
it is about potassium, which can affect the most an uptake of the other cations (Mengel, 1984; Matula, 1987). At first
sight from Fig. 4 the falling proportion of potassium is evident in particular years which corresponded with changes in content
and activity of potassium in soil. On the other hand, increasing proportion of calcium, magnesium and sodium is evident.
After balance of relationships of major nutrients in soils which was achieved with time as late as in 1989, the effect of sodium
fertilization was manifested the most significantly. Sodium was shown to be the most active cation. Thus, those conclusions
were confirmed (Matula et al.,, 1985) that sodium content needed in production cannot be achieved without suitable
adjustment of potassium supplies in soils and relationships to the other nutrients corresponded to it. Interaction in the content
of different cations in herbage are in accord with conditions in equivalent statement (Fig. 5). Sodium fertilization contributed
significantly to the decrease in K/Na ratio. The lowest values here were recorded in the treatment KVK+Na where these
values fell on average to the value 10.0, which is close to the requirements for nutrition of animals. A marked effect of sodium
fertilization was manifested also in a ratio K/Ca+Mg which also fell in the above treatment to the lowest value 1.45 in 1989.
Sodium fertilization had no significant influence on the other conditions, e.g. K/Mg, K/Ca+Mg. Relatively high variability
was recorded in nitrate contents, hence statistically significant difference (Fig. 6) was not found among different treatments.
Despite it, on average lower nitrate content was observed in treatments fertilized with sodium. It was about interaction with
chloride. Sodium fertilization had no significant effect on indicators of nutritive value of the herbage.

orchard grass; sodium fertilization; mineral composition of dry matter
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ABSTRAKT: Hnojenf sodfkem v ro&nf ddvce 40 kg Na.ha™ (v NaCl) vyznamné pfispélo ke zvySeni zdsoby sodiku v pidé
i jeho koncentrace v piidnim roztoku. Ve tfetfm roce trvédni pokusu, kdy byl zaznamenén nejvy33i pfijem sodiku, se projevilo
i ve statisticky vyznamném zvySeni vynosu pice. Vyznamny vliv mélo i na zvySeni obsahu sodiku v pici aZ na hodnotu
1703 mg Na.kg’l v porovnin{ s nehnojenou variantou o primémém obsahu 249 mg Na.kg". PoZadovaného obsahu sodiku
v produkci viak nelze dosshnout bez vhodné tpravy z4sob drasliku v piidé a jeho odpovidajicich relaci k ostatnfm Zivindm.
Po dosaZen{ t¥chto relaci pfisp&lo hnojenf sodfkem ke sniZeni pomé&ru ekvivalenti K/Na aZ na hodnotu 10,0 a poméru
K/Ca+Mg+Na na hodnotu 1,45. Nepatrné se projevilo ve sniZeném obsahu nitriti a nemélo podstatny vliv na hlavni ukazatele

vyZivné hodnoty pice.

srha lalo&nat4; hnojenf sodfkem; minerélnf sloZen{ suSiny

UvVoD

Obsah sodiku v pici je diileZitym kvalitativnim uka-
zatelem a pozitivng souvisf i s chutnostf pice (M fka,
1980). Hlavné& na pastvindch je tedy dileZité dosdhnout
néleZitého obsahu sodiku v pici a jeho odpovidajiciho
poméru k drasliku a ostatnim Zivindm. Pfedejde se tim
n&kterym problémiim s uZitkovosti a zdravotnim sta-
vem skotu. Rostliny ddvajf ve vyZivé pfednost drasliku,
zatimco zvitata naopak sodiku. Sodik v t&le zvitete pi-
sobf i jako faktor vyrovndvajici piebytek drasliku.
Rovné&% i u rostlin miiZe nahradit urdité funkce drasliku
(Mengel, 1984). Existuje tedy diivod pro poznén{
vzdjemnych relac{ mezi sodfkem, dralfkem a ostatnimi
Zivinami ve vyZivé pastevnich porosti,

Utinkem hnojen{ sodikem u travnich porosti se za-
byvali Mika et al. (1977). V naSich dfiv&jsich pra-
cich (Tima, 1992; Tima, Matula, 1993) jsme
zjistili, Ze obsah sodfku v pici a jeho pffjem znaln&
z4vis{ na aktivit& drasliku a jeho proporcich k ostatnim
Zivindm v pidé. PfedloZend préce je pfisp&vkem k fe-
eni problematiky hnojenf sodfkem v z4vislosti na sys-
tému hnojenf ostatnimi Zivinami, zabyv4 se interakcemi
mezi sodikem, draslikem, hoféikem a vépnikem pfi
pfijmu a zkoum4 podminky, za jakych je moZné vyraz-
n& zvysit podil sodfku v pici, a to pfi pouZiti pouze
nfzkych dédvek sodiku.

MATERIAL A METODA

Utinek hnojeni sodikem byl zkoumén v mikropar-
celkovém pokusu se srhou lalo¢natou odriidou RoZnov-
skd v &isté kultufe po tfi roky pfi Etyfsedném vyuZivan{
porostu. Rozmér jedné parcelky byl 2 x 2 m. Pokus
prob&hl ve Ctyfech variantdch ve ¢tyfndsobném opako-

I. Hnojen{ jednotlivymi Zivinami — Fertilization by different nutrients

véni. Schéma variant pokusu je uvedeno v tab. I. Ke
dv&ma zplsobim vdpn&ni a hnojeni hoféikem (T -
ma, Matula, 1993) bylo zkou$eno kaZdoro&ni hno-
jeni sodikem ve form& kuchyiiské soli. Davka 40 kg
Na.ha™! byla aplikovana vZdy na jaie spoleéné s prvni
aplikaci dusfku. Celkov4 roénf ddvka 200 kg N.ha™!
byla délena na Ctyfi ddvky po 50 kg N.ha™!. Prvnf &4st
dusiku byla aplikovana brzy zjara na poatku vegetace
a dal3f dusfk vZdy po prvni aZ tieti se¢i (Tima, Ma-
tula, 1994).

Pokus byl zaloZen v roce 1986 v katastru obce
Chlum (okres Kutnd Hora), v nadmoiské vysce 470 m,
s dlouhodobym priimérem sraZek 615 mm a primér-
nou dennf teplotou 7,4 °C; druh pidy — stfedn& t&Zk4,
hlinitd; pidni typ — illimerizovand piida; hloubka orni-
ce &inila 0,18 m a hmotnost ornice 1,55 t.m™>. Pdnf
substrét tvofily svahoviny — t€Zké hliny s drobné&j$im
skeletem.

Pfed zaloZenim pokusu byla piida pokusného po-
zemku zkouSena na obsah hlavnich Zivin. Dalsi agro-
chemické zkou$eni piid pokusnych parcelek probZhlo
na jafe roku 1987 a po skonceni pokusu na podzim
v roce 1989. Vysledky agrochemického zkouseni pid
jsou uvedeny v tab, II. V kaZdé sedi byl stanoven vy-
nos susiny a jeji chemické sloZeni v&etné krmivifskych
charakteristik podle jednotnych metodik Javorsky
et al., 1987).

VYSLEDKY A DISKUSE

Po tffletém hnojen{ ro&ni ddvkou 40 kg Na.ha™
u variant KMVR+Na a KVK+Na bylo zaznamenéno
vyznamné, vice neZ dvojndsobné zvySeni obsahu vy-
ménného sodiku stanoveného metodou KVK-UF
(tab. II). U téchto variant bylo pozorovino i vyznamné

Vasianta! Nézev? 1 Roénf déivka® (kg/ha) Celkové davka* (kg/ha) 19861989
Na N P K Mg Ca
1 KMVR+Na 40 200 158 0 55 3720
2 KMVR 0 200 158 0 55 3720
3 KVK+Na 40 200 158 0 331 622
4 KVK 0 200 158 0 331 622

ltreatment, Zname, 3annual dose, *total dose
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11. Vysledky agrochemického zkou$eni piidy - Results of agrochemical soil tests

Metoda® KVK-UF (Matula, Pirkl, 1988) Simulovany pldnf roztok*
Rok' |Varianta?| pH/KCl | KVK P | K [ Mg | ca | Na K | Mg [ ca | ma
mmol (+)/kg mg/kg mg/l
1986 1-4 5,20 171,4 15,5 325,0 79,8 1 040,0 40,0 49,0 9,8 38,6 22,5
1 6,10 153,2 21,0 211,3 83,4 1176,0 40,0 31,3 93 139,9 15,6
1987 2 6,14 149.8 20,6 2483 83,2 1207,5 40,0 379 11,7 181,6 15,6
3 5,38 156,2 14,3 258,5 150,1 970,7 36,6 274 10,6 53,6 13,6
4 5,49 160,9 19,4 235,7 1344 1 060,3 32,7 27,8 11,9 45,7 13,8
1 6,28 158,9 11,7 192,8 955 | 16950 825 12,6 6.9 772 27,6
1989 2 6,25 155,1 12,6 203,0 76,2 1 620,0 51,2 10,9 6,3 76,8 11,2
3 5,03 170,0 84 208,0 127,4 1 146,7 70,0 9,0 7.1 42,5 14,8
4 5,26 174,9 12,3 170,9 1463 | 12325 48,0 8,4 6,9 30,0 7.2

lyexu-. ireatment, method, *simulated soil solution

zvy¥eni koncentrace sodfku v plidnim roztoku. NiZ¥{
ndrist obsahu vyménného sodiku i koncentrace sodfku
v pidnim roztoku, zji§t€né u varianty KVK+Na v po-
rovndni s variantou KMVR+Na a obdobné i u varianty
KVK v porovnénf{ s variantou KMVR, by mohl souvi-
set s vy$§im odbérem sodfku. U variant hnojenych so-
dikem byl rovnéZ pozorovéan niZ§i pokles zdsoby vy-
ménného drasliku i jeho koncentrace v pidnim
roztoku. Nebyl zaznamendn t¢inek hnojenf sodikem na
hodnoty pudni reakce, kationtové sorpéni kapacity pi-
dy ani na obsah fosforu, hoféiku a vdpniku v pidg. Vy-
razny pokles zdsoby drasliku u viech variant byl prav-
dépodobné& zpisoben znaénym odbé&rem drasliku,
absenci draselného hnojenf a systémem hnojen{ ostat-
nfmi kationty, zejména vipnikem a hofétkem (Tima,
Matula, 1993). Tato skutecnost zna&né pfispéla ke zvy-
Seni pfijmu sodiku, coZ se piiznivé projevilo v minerél-
nim sloZeni pice a &dstedné i ve vynosové odezvé.

U variant hnojenych sodikem byl v roce 1989 za-
znamendn statisticky vyznamné vy38i vynos pice. Za-
timco v letech 1987 a 1988 nebyly rozdily ve vynosech

mezi jednotlivymi variantami statisticky vyznamné
(obr. 1). Je zajimavé, Ze nejvy¥fho zvylen{ vynosi
bylo dosaZeno pravé v roce 1989, kdy byl pozorovin
i nejvy33i pifjem sodiku. Zvy¥eni vynosu viak nebylo
tak vyrazné, jak uvadi u travnich porostd Silar
(1973).

Hnojenf sodikem mélo podstatny vliv na statisticky
vyznamné zvy3eni obsahu sodiku v pici (obr. 2). Bylo
pozorovéno jiZ v prvnim roce aplikace sodiku. Nejvys-
§tho nériistu obsahu sodiku v pici viak bylo dosaZeno
aZ ve tfetfm roce (1989). Je zajimavé, Ze varianta
KMVR+Na s prim&rnym obsahem 1 703 mg Na.kg™
suiny pice statisticky vyznamné pfevySovala i variantu
KMVR+Na s prim&mym obsahem 1 184 mg Na.kg“.
Zatimco u varianty KVK i pies absenci hnojen{ sodi-
kem bylo zaznamendno zvy¥enf jeho obsahu v sufing
pice na prim&mou hodnotu 249 mg Na.kg™', u varianty
KMVR bylo pozorovéno sniZenf obsahu sodfku v pici
v porovnéni s vychozim rokem.

Hnojen{ sodikem, které bylo uplatn&no kaZdoro&né
dasn€ na jafe, ovlivnilo nejvyraznéji obsah sodiku v pici

ts-ha
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4, Prim&my obsah kationtd v pfci v jed-

notlivych letech (primér prvni aZ &tvrté

sede) — Average content of cations in herb-

age in individual years (average for the

first to the fourth cuts)
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prvnf sede, jak je v3ak zfetelné zejména u varianty
KVK+Na, ovlivnilo obsah sodfku v pici i u zbyvajicich
se¢f (obr. 3). U variant nehnojenych sodikem byl na-
opak zaznamendn nejvysSi obsah sodiku v pici tfetf se-
¢e. Tento jev miZe souviset s podminkami pro trans-
port drasliku. V piipadé pfiznivych vlhkostnich, resp.
teplotnich poméri a dostate¢né zdsoby drasliku v ptidé
muZe draslik potladovat pifjem sodiku i ostatnich ka-
tiontll. Po prvni a druhé seci vzhledem k intenzivnimu
odbéru drasliku a su¥¥fmu obdobi v letnich mésicich
muiZe dojit k &dsteénému od&erpan{ draslfku z rizo-
sféry. Po &dsteéném potlaceni konkurenéniho tlaku
drasliku dojde ke zmé&né relaci mezi draslikem a ostat-
nimi kationty, coZ umoZni zvySeni jejich pf{jmu. Zvy-
Senf koncentrace sodiku v pidnim roztoku po hnojen{
sodfkem mohlo pfispét ke zvyhodnén{ pasivnfho pf{jmu
sodfku, a tfm i k vyrazn&j¥fmu zvy3eni{ jeho obsahu
v pici.

V roce 1987, kdy byl pomérné vysoky obsah drasli-
ku v pidg, byla po hnojeni sodikem pozorovéna ten-
dence zvy3eni obsahu drasliku v pici, které se projevilo
hlavn& u prvnf se&e. S klesajici zdsobou drasliku v pi-
d€ v roce 1988 a zejména pak v roce 1989 byl pozoro-
vén u variant 1 a 3 hnojenych sodfkem nepatrn& niZ3f
obsah drasliku v pici. Projevil se zde i systém hnojeni
ostatnimi prvky, kde u systému KVK (varianty 3 a 4)
byl zaznamendn niZ¥{ obsah drasliku.

ROSTLINNA VYROBA, 41, 1995 (3): 115-121
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RovnéZ na obsah hof¢iku v pici mél vliv spife sy-
stém hnojen{ ostatnimi prvky, zejména hoféikem (va-
rianty 3 a 4), neZ hnojeni sodikem. Vyrazné rozdily
nebyly zjistény ani v jednotlivych letech a se&ich. Ob-
dobné i v obsahu véipniku nebyly mezi jednotlivymi
variantami zaznamendny podstatné statisticky vyznam-
né rozdily. Pfesto byl u variant hnojenych sodikem
zji¥tén nepatrny pokles obsahu vépniku v pici, ktery se
projevil v jednotlivych letech a sedich (vyjma roku
1988 u varianty KMVR a &tvrté sefe u varianty KVK).

Z vysledki je patrné, Ze obsah sodfku v pici zna&n&
zévisf nejen na hnojeni sodfkem, ale i na systému hno-
jenf ostatnimi Zivinami, na jejich obsahu a vzdjemnych
relacich v piidg. V této souvislosti jde hlavng o draslik,
ktery je schopen v nejvEtsf mife ovlivnit pi{jem ostat-
nich kationtd (Mengel, 1984; Matula, 1987).

U vSech variant je na prvnf pohled patrny klesajic{
podil drasliku v jednotlivych letech (obr. 4), ktery+ko-
respondoval se zm&nami obsahu drasliku v pidé. Na
druhé strang je pak zfetelny zvySujici se podil vdpniku,
hoféiku a sodiku. U sodiku stejn& jako u vdpniku
a hof¢iku (Tﬁ_ma. 1992) nezdvisi jeho obsah v pici
pouze na hnojen{ pfisluinym prvkem, ale i na systému
hnojenf a obsahu draslfku v pid&. Po vyrovnanf relac{
hlavnich Zivin v pidg, kterého se podafilo postupn&
dosdhnout u systému KVK aZ v roce 1989, se projevil
i&inek hnojenf sodfkem nejvyrazné&ji. Sodik se pak pro-
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jevil jako nejaktivnéjsi kationt. Potvrdily se tim i dfi- Interakce v obsahu jednotlivych kationté v pici dob-

Vv&j3f zdvéry (Matula et al., 1985), Ze poZadovaného fe vystihujf jejich poméry v ekvivalentnfm vyjédfent
obsahu sodfku v produkci nelze dosdhnout bez vhodné  (obr. 5). Hnojen{ sodikem vyrazn& p¥isp&lo hlavng ke
Gpravy zdsob drasliku v pid¢ a jeho odpovidajicich re-  snfZenf pom&ru K/Na. NejniZsf hodnoty zde byly za-
lacf k ostatnim Zivindm. znamendny u varianty KVK+Na, u nfZ v roce 1989 po-
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klesly v prim&ru aZ na hodnotu 10,0, ktera se jiZ pfi-
bliZuje pozadavkim na vyZivu zvifat. Vyrazny Ginek
hnojeni sodfkem se projevil i v poméru K/Ca+Mg+Na,
ktery rovnéZ u uvedené varianty poklesl v roce 1989 na
nejniZsi hodnotu 1,45. Na ostatn{ poméry napi. K/Mg,
K/Ca+Mg nemélo hnojeni sodikem podstatny vliv.

Roénf ddvka 40 kg Na.ha™' v NaCl v jarnim obdobf
se v naSem pifipadé ukazuje jako dostatecnd. Termin
aplikace pfed prvni se¢i je vhodny i pro niZ3f obsah
sodiku a naopak vy33{ obsah drasliku, ktery byv4 po-
zorovédn u prvni see (Mika, 1980). Aplikaci krmné
soli by bylo vhodné uplatnit zejména na pastvinich aZ
po tpravé vzdjemnych relaci v obsahu hlavnich Zivin
v pidé vzhledem k u&innosti a ekonomickému efektu
aplikace sodiku.

V obsahu nitrdtd byla zaznamendna pomérné velké
variabilita, proto mezi jednotlivymi variantami nebyl
zji¥t&n statisticky vyznamny rozdil (obr. 6). Pfesto byl
v priméru pozorovan niZ3i obsah nitr4td u variant hno-
jenych sodikem, $lo zfejmé o interakci s chlérem. Také
Mika (1980) uv4df sniZeni obsahu nitrdtd po hnojen{
draselnou soli. Nepotvrdil se vliv hnojeni sodikem na
vy3&i obsah fosforu, jak uvddf Silar (1973). Hnojenf
sodikem ve form& NaCl nemélo podstatny vliv na ob-
sah suSiny a dal$i ukazatele vyZivné hodnoty pice —
obsah stravitelnych dusikatych latek a Skrobovych jed-
notek. Nepatrné statisticky nevyznamné zvySeni bylo
zaznamendno u vldkniny a popelu a sniZeni u dusika-
tych ldtek a bezdusfkatych latek vytaZkovych (Tima,
1990).
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Z VEDECKEHO ZIVOTA

ITII. KONGRES EUROPEAN SOCIETY FOR AGRONOMY

Mezi vyznamnd védeckd setkdni pofddand v roce
1994 patif III. Kongres European Society for Agrono-
my, ktery se konal ve dnech 18. aZ 22. 9. 1994 v Abano
Terme v Itdlii. Pofadatelem kongresu byla Univerzita
v Padové a European Society for Agronomy. Kongresu
se idastnilo cca 670 v&deckych pracovniki z 33 zem{
svéta a bylo zde prezentovéno 376 pracf (z CR 11 pracf).

Kongres zahdjil prezident ESA projevem, ve kterém
poukdzal na fadu problémi soucasného zem&d&lstvi
(zem&d&lstvi jako zneliSfovatel Zivotniho prostfedi,
kvalita produkce apod.).

Program kongresu byl rozdélen do Sesti sekef:

1. Fyziologie rostlin

2. Agroklimatologie a modelovéan{

3. Vztahy rostlina — pida

4. Kvalita produkce

5. Péstitelské systémy

6. Vztahy zem&délstvi — Zivotni prostfedi

Uvodnf pfednddku sekce 1 na téma Rostlinnd fyzio-
logie: od maximdlnich vynosi k trvale udrZitelnému ze-
médélstvi pfednesl prof. Nédtr z PfF UK v Praze. D4-
le byly pfedneseny pfednéSky tykajici se regulace
pifjmu nitrdth Spendtem, vlivu CO, a teploty na riist,
vyvoj a vynos plodin apod.

V sekci 2 byla diskutovéna pfedevifm otdzka zdvlah
a vyuZitf{ vody (napf. Villalobos a kol.: ZlepSeni
vyuZiti vody v péstitelskych systémech trvale udrZitelné-
ho zemédélstvi), ale i modelovan{ pifjmu Zivin (Buysse
a kol.: Modelovdni pFijmu nitrdth kofenovym systémem).

Sekce 3 byla zaméfena na otdzky Zivin, pfedeviim
dusiku (Bodson a kol.: Studie dynamiky prijmu du-

siku aplikovaného postrikem u ozimé p§enice; Simo -
nis a kol.: Anorganicky pidni dusik a pomér C : N
v Feckych piddch; Justes a kol.: Novd metoda sta-
noveni ddvky dusikatého hnojeni pro ozimou pSenici).

V sekci 4 byl zdiirazn&n poZadavek na vysokou kva-
litu produkce (Amaducci akol.: Faktory ovliviiujici
kvalitu cukrovky) a byla diskutovédna otdzka vyzkumu
této problematiky (Le B ail: Kvalita produkce: otdz-
ky vyzkumu).

Sekce 5 byla zamé&fena na otdzky péstitelskych sys-
témb (Bonari: Plodinové a péstitelské systémy v ob-
lasti stfedomo¥i; Van Erp: Integrovand vyfiva rost-
lin na farmdch).

Sekci 6 zahdjil zajimavou piednaskou prof. Kee-
ney z Iowa State University, USA: Trvale udrZitelné
zemédélstvi a vyuZitl phdy: iikoly a perspektivy. Déle
byla piednesena pfednéaska tykajicf se nového problé-
mu (Hutsch akol.: Viiv pidniho pH a hnojeni dusi-
kem na oxidaci metanu apod.).

V odpolednich hodin4ch probihaly diskuse na riiznd
témata:

- bilance dusfku v osevnich postupech

— stanoven{ obsahu nitrdtu v piidé a rostlinch,
- vliv stresu na mnoZstv{ a kvalitu semen,

- modelovéni{ osevnich postupi,

- standardizace modelii v rostlinné vyrobg,

— informaén{ technologie v zem&d&lstvi.

Jednéni kongresu mélo vysokou uroveii a pfineslo
fadu zajimavych poznatki. P¥{§ti kongres se bude konat
7. aZ 11. 7. 1996 v Holandsku (Veldhoven a Wagenin-
gen).

Ing. Daniela Pavlikovad, CSc., Ceski zemédélskd univerzita, 165 21 Praha 6-Suchdol, Ceskd republika
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THE EFFECT OF PEA PLANT HABIT ON SYMBIOTIC
TRAITS AND PLANT GROWTH

VLIV HABITU HRACHU NA SYMBIOTICKE VLASTNOSTI A RUST
ROSTLIN

T. Simon, S. Kalalova

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

ABSTRACT: Nitrogen fixation ability and growth of two pea cultivars (Pisum sativum L.) (M ISO G and Frogel) were
observed in hydroponical and pot experiment with soil. These cultivars included three different plant habits — conventional,
semi-leafless and leafless. The highest values of traits observed were reached by a conventional habit identical in both
cultivars. Lower values were recorded in leafless habit. Rhizobium strains efficiency and their compatibility was not lost by
breeding for altered habit. Symbiosis with effective strain partly eliminated disadvantage of leaves absence in leafless type.
In most characteristics Frogel reached higher values than M ISO G. From point of view of N, fixation and growth conventional
habit the best one was followed by semi-leafless plant type.

pea; habit; symbiotic traits; plant growth; nitrogen fixation

ABSTRAKT: V hydroponickém a nddobovém pokusu se zeminou byla sledovdna N, fixatni schopnost a riist dvou odrid
hrachu (Pisum sativum L.) (M ISO G, Frogel). Tyto odriidy mély tfi odli¥né riistové typy: konvenZni, semi-leafless a leafless.
U vétsiny sledovanych znaki dos4hl nejvy3sich hodnot konvenénf habitus. NiZ¥f hodnoty byly zaznamenény u leafless habitu
u obou odriid. Efektivita kmend Rhizobium leguminosarum bv. viciae a jejich kompatibilita nebyla zm&nou habitu porufena.
Symbi6za s efektivnim kmenem &4stecné eliminovala nevyhodu absence listd u leafless habitu. Odriida Frogel dosahovala
u vétdiny sledovanych znakl vy3sich hodnot neZ odrida M ISO G. Z hlediska efektivity fixace dusiku a riistu rostlin se jako

nejvyhodné&j3f ukazoval konvenénf habitus ndsledovany semi-leafless habitem.

hréch; habitus; symbiotické vlastnosti; riist rostlin; fixace dusiku

INTRODUCTION

The pea plants (Pisum sativum L.) are bred to de-
velop an improved ideotype. Introduction of genes cod-
ing for short internodes, conversion of leaflets to ten-
drils, altered stipule size forms re-design plant habit.
Plant ideotypes (semi-leafless, leafless) are frequently
tested for stability of seed yield. The most important
role in seed production is attributed to photosynthesis
and dinitrogen fixation. Just these two characteristics
may be influenced by altered plant habit. Nitrogen fixa-
tion is dependent on supplying through carbon skele-
tons to a great degree. High rates of photosynthesis
positively affect both nitrogen fixation (Hardy,
Havelka, 1976; Phillips et al., 1976) and plant
growth. However, excessive production of pods can
lead to competition against root nodules for carbon as
a source of energy. Efficiency of N, fixation may be
decreased by this fact. Improved plant types which have
altered leaves/roots ratio can also have altered nitrogen
fixation, its duration and efficiency. Response to a re-

ROSTLINNA VYROBA, 41, 1995 (3): 123-128

spective Rhizobium leguminosarum bv. viciae inocu-
lum strain may differ from conventional plant type.

Evaluation of two cultivars (each of them has the
conventional, semi-leafless and leafless habits) inocu-
lated with three different Rhizobium leguminosarum
bv. viciae strains was the aim of the study. We were
interested in dinitrogen fixation and plant growth in
hydroponic and soil conditions.

MATERIAL AND METHODS
Strains of Rhizobium leguminosarum bv. viciae

Three strains of R. leguminosarum bv. viciae were
used. The strain 128C30 was received from Nitragin
Company Ltd., Milwaukee, Wisconsin, USA. Strain T
120 was isolated from nodules of pea grown at the
Horn{ Mosténice Breeding Station, Czech Republic.
Strain G 38 was obtained from Institute of Agronomy
and Plant Breeding, Géttingen, Germany.
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Pea plants

Two German pea cultivars (M ISO G, Frogel) with
three habits (conventional, semi-leafless and leafless)
were included in the experiment. These pea cultivars
were also obtained from Institute of Agronomy and
Plant Breeding, Gottingen, Germany.

Type of experiments

1) Hydroponic experiment

Pea seeds were surface sterilized in 0.2% HgCl,, and
after pre-germination planted in plastic containers
filled with perlite (150 ml). During glanting seedlings
were inoculated with 1 ml (1 x 10” cells per ml) of
suspension of the respective rhizobial strain. The plants
were cultivated hydroponically. A nutrient solution had
the following composition: 0.870 g K,HPO,, 0.135 g
FeCl3.6 H,0, 0.735 g CaCl,.2 H,0, 0.246 g MgS0,4.7
Hzo, 90 pg (NH4)6M0704. 486 ug CUSO45 Hzo,
250 pg MnCl,.4 H,0, 60 pg ZnSO,4.7 HyO and traces
of Co per 11 of deionized water. The nutrient solution
was replaced every week. Each treatment in the trial

had 12 replications. The plants were cultivated in
a greenhouse. No artificial illumination was used.
Temperature was partly regulated by ventilation (ap-
proximately 20 to 24 "C/16 °C day/night). Two har-
vests during the growth were made. In the first harvest
(44 days after emergence — anthesis) total nitrogenase
activity was measured (TNA) (Hardy et al., 1973),
and nodule number, nodule dry weight, shoot and root
dry weights were determined. Second harvest was
made at the stage of full seed development. Yield com-
ponents were determined.

2) Pot experiment

Three pea seeds for each treatment were planted in
plastic pots with perforated bottoms. The pots con-
tained 5 kg of sifted and mixed soil from the plots of
the Research Institute of Plant Production, Praha-
-Ruzyng. The soil of this locality is orthic luvisol on
loess, the content of basic nutrients at the beginning of
experiment was (mg/kg): P 73, K 212, Mg 198, N,
0.11, pH/KCI 7.2. Immediately after planting, the seeds
were inoculated with 10 ml (109 cells per ml) of the
respective Rhizobium leguminosarum bv. viciae strain
suspension. One treatment without inoculation which

1. Shoot and root dry weight of hydroponically and pot-grown pea after inoculation by various Rhizobium leg bv. viciae strains
Cultivar Habit Stiain Shoot dry weight (g/plant) Root dry weight (g/plant)
e P w s
128C30 1.82"8 2.40%% 0.23% " 038"
coaventional TI120 0.96™* 331% 0.17%8 047%
G38 1374 2.40%% 0.17> ¢ 0.41*¢
non inoculated = 2.39°% = 0.33*¢
128C30 1.45°°¢ 2207 0.17™E 0.42"°
MISOG semi-leafless T120 0717 214 0.08"* 032*"*
G38 0.59*¢ 2637 0.10™¢ 027"
non inoculated - 213>} - 0.30°
128C30 0.79*4 1.56*¢ 011> 0.23%®
St TI20 0.43%" 1.38*¢ 0.09*¢ 0.16*
G38 0.41° 1.15%° 0.07" 0.13*
non inoculated - 1.09* - 0.14*
128C30 2,008 3170k 0.28" 0.71¢
—— TI20 1.44°8 313" 0.18°# 0.44"*
G38 1.59°°¢ 3.28¢ 0.207" 0.71°
non inoculated - 2.79"* - 0.59"™ ¢
128C30 17348 2.55°% 0.19%" 0.61™°¢
Frogel ——. TI20 1384 2.82M* 012 0.46*¢
G38 1.08%° 3,017 0.20%" 0.47*¢
non inoculated - 2.698°% = 0.42*
128C30 1.21f 1.65" 0.18°¢ 0.30""
— T120 0.63*¢ 1.70*¢ 0.11** 0.25%°
G38 0.67"° 1514 0.12f 0.25"°
non inoculated - 1.90°" = 0.31™°

i hydroponic experiment in perlite

124

* pot experiment with soil
The means not indexed with the same letter are significantly different at 95% Tukey HSD intervals
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represented native soil rhizobial population was in-
cluded as a control. The surface of all pots was covered
with 2 cm layer of medium-coarse quartz sand.

The pots were placed in a vegetation hall during the
growing season. The required moisture content was
provided by regular watering. Artificial illumination
was not used. Daily temperatures ranged from 20 to
27 °C, night ones from 10 to 18 °C. Each treatment had
six replications. At the beginning of flowering (52 days
after planting) the harvest was made. Total nitrogenase
activity, nodule number, nodule dry weight, and root
and shoot dry weights were determined. All results

from the both experiments were statistically processed
by a multiway analysis of variance.

RESULTS AND DISCUSSION

The basic symbiotic traits of cultivars tested are
shown in Figs 1 to 3, 7 to 9 and in Tab. I. The highest
values of characteristics were found in the conventional
habit. The lowest values were observed in the leafless
habits. Values differed in all cases significantly
(Tab. II). A similar trend was found in nodule forma-
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tion and nitrogenase activity. Leafless habit had plant
biomass reduced by 20 to 90% in comparison with
non-modified habit. Shoot:root ratio was about 7.3:1 in
conventional and semi-leafless habit, in leafless habit
this relationship was similar 6.1:1. In both cultivars
leafless habit formed the smallest number of pods and
seeds per plant (Figs 4 to 6). It corresponds with the
fact that leafless habit showed the greatest modifica-
tions compared to the conventional plant type. Reduced
sources of usable energy coming into the nitrogenase
cycling prevented efficient nitrogen fixation and re-
duced pod formation and seed yield as well. Comparing
the two tested cultivars it was obvious that Frogel
showed in majority of characteristics higher values than

M ISO G. Frogel is more productive both in conven-
tional and leafless state, that testifies to the fact that
production traits were not lost by breeding for altered
habit.

Like in our experiments a significant effect inocu-
lum strain applied has been already reported by
Hobbs, Mahon (1982) and Sket (1983). Espe-
cially strain 128C30, described as Hup* (Mahon,
Nelson, 1986), in hydroponic experiment used in the
combination with Frogel, formed the highest root no-
dule biomass, with the highest nitrogenase activity,
nevertheless, Frogel had a lot of dry weight of nodules
and had high TNA, in combination with all inoculation
strains (Figs 1 to 3). It was interesting that the above-
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-mentioned strain when inoculated to the leafless habit
succeeded in hydroponic experiment to reduce the
handicap of leaves absence, and during vegetation pe-
riod balanced pod and seed number per plant and there-
fore also yield with non-modified habit. In pot experi-
ment with soil there was the role of inoculum strains
made difficult by indigenous rhizobia which occurred
in this soil in amount of 10° cells per g. These rhizobia
were a natural competition for inoculum strains
(Devine, 1984). Irrespective of this barrier, selected

strains overcame it and made up an effective symbiosis.
Compatibility with selected and indigenous Rhizobium
leguminosarum bv. viciae strains did not change by
breeding for altered plant state.

Bertholdsson (1990), who studied conven-
tional and semi-leafless pea plant habits, showed that
stipules might be of more importance to root growth
and nitrogen fixation than leaves. He found out the
highest protein content in genotypes with large stipules
and small leaves. Nevertheless, yet many leafless geno-
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I1. Statistical eval (F) of hydroponic and pot experiments with
conventional, semi-leafless and leafless habits of two pea varieties
Parameters Strain Cultivar Emcn’:

hydroponic experiment
harvest during growth
TNA 26.585" 45.521% 1.139NS
Nodule number 5.875% 15.290° |~ 1.56INS
Nodule dry weight 24177 36.354" 3.039*
Shoot dry weight 38,635 33757 1.40INS
Root dry weight 20.891% 19.690" 1.408NS
final harvest
Pod number 0.924NS 31.716 3.529*
Seed number 0.263NS 21.116* 2.790%
Seed yield 2.287NS 6.819" 1.509NS
pot experiment with soil
harvest during growth
TNA 2.409NS 9.486" 1.370NS
Nodule number 1.287NS 25.202" 0.526NS
Nodule dry weight 6.920" 34.828" 2.10INS
Shoot dry weight 1.924NS 53.931* 2.039*
Root dry weight 2.266NS 20.907% 0.924NS

* significant differences at P = 0.05% level
NS no significant differences

types show low protein content. The main reason for
this is reduced leaf area (Mahon, 1982; Hobbs,
1986), small root system (Jaquiéry, Keller,
1978) and low dinitrogen fixation. These findings were
confirmed by our results of experiments with leafless
plant habit. From results of our experiments it seems
that disadvantage of leaves absence in leafless habit is
possible to be eliminated partially by using highly ef-
fective Rhizobium strain for inoculation. Only very
hard working nitrogenase system could convert the ma-
jority of carbon from the limited photosynthetic appa-
ratus. From agronomic point of view semi-leafless
habit seemed to be better than leafless one, it ap-
proached to conventional habit and had some advan-
tage of leafless habit (for example, resistance to lodg-
ing).

In conclusion, plant habit which manages to form
fully effective nitrogenase system with selected Rhizo-

bium strains and uses all carbon sources without regard
to-a conventional or modified habit, is the best one
from the point of view of nitrogen fixation and growth.
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ZMENY PRODUKCNYCH A KVALITATIVNYCH
PARAMETROV CUKROVE]J REPY VPLYVOM FORIEM
A DAVOK HNOJIV

CHANGES IN PRODUCTIVE AND QUALITATIVE PARAMETERS
OF SUGAR BEET DUE TO THE FORMS AND DOSES OF FERTILIZERS

E. Rinik, I. Santa

Regional Research Institute of Agroecology, Michalovce, Slovak Republic

ABSTRACT: In the years 1989 to 1992 polyfactorial field trials were conducted on experimental sites of the Regional
Research Institute of Agroecology, Michalovce to solve also the problem of sugar beet nutrition. Sugar beet was cultivated
in alluvial and alluvial gleyic soils after winter wheat. The manure (in a dose of 45 tha!) and ground limestone (in a dose
of 6 t.ha™) were applied after the harvest of forecrop. In view of nutrition the trials included treatments H, to Hs. The nutrient
doses needed were calculated by the balance method, and in alluvial soil it was NPK 309.9 lcg.ha'l of pure nutrients, at a ratio
of nutrients 1:0.51:0.91 and in alluvial gleyic soil it was 324.6 kg.ha'l at a ratio of nutrients 1:0.53:1.01. For basic fertilization
liquid PK salt was applied on the stubble and during presowing treatment with fertilizer DAM 390 two-thirds of nitrogen
dose needed were supplied in the treatments H, to H,. Treatment Hs was unfertilized control. In leaf dressing by one-third
of nitrogen treatments were different by the form of fertilizer applied: DAM 390 (H,;), FOSTIM (H,, H;) or LAV (H,). When
liquid fertilizers were applied the yield of sugar beet increased by 22.9% in alluvial soil and by 29% (H,) in alluvial gleyic
soil. Medium to high linear dependence of the yield production was found out on supplied doses of nutrients and forms of
fertilizers (r = 0.59 to 0.88); 1 kg of supplied pure nutrients produced 19.0 to 40.0 kg in alluvial soil and 42.2 to 48.6 kg of
roots in alluvial gleyic soil. The highest production effect of nutrients was achieved when only liquid fertilizer was applied
and dressing by DAM 390. Raised dose of nurients resulted in decrease in digestion, the content of ashes and MB-factor
values rose. Application of liquid manure significantly reduced a negative impact on the quality of sugar beet due to the
higher doses of nutrients applied compared with parameters after dressing by solid fertilizer - ammonium-calcerous nitrate.
An effect of fertilization by liquid fertilizers was more significant in alluvial gleyic soil, that is in the soil with lower natural
yield potential.

sugar beet; soil; fertilization; yield; production; quality

ABSTRAKT: V polyfaktoridlnych polngch pokusoch Oblastného vyskumného tdstavu agroekol6gie, Michalovce v rokoch
1989 az 1992 pri rieSen{ vyZivy cukrovej repy na nivnej a nivnej glejovej péde po ozimnej p3enici boli zfskané tieto vysledky:
Hnojenfm kvapalnymi hnojivami bola droda buliev zvySend na nivnej pdde o 22,9 % a nivnej pdde glejovej o 29,0 %. Bola
zistend strednd aZ vysokd linedrna z4vislost tvorby drody od dodanych ddvok Zivin a foriem hnojiva (r = 0,59 a% 0,88).
Dodanym 1 kg &istych Zivin bolo vyprodukované na nivnej pdde 19,0 az 40,0 kg a na nivnej pode glejovej 42,2 aZ 48,6 kg
buliev. NajvyS3f produkény efekt Zivin bol po aplikovanf len kvapalngch hnojiv a prihnojenf DAM 390. Zvy3ovanou ddvkou
Zivin klesala digescia, stipal obsah popolovin a hodnoty MB-faktora. Aplikovanim kvapalnych hnojfv sa vyznamne zmier-
fiovali negatfvne ¢inky na kvalitu cukrovej repy vplyvom pouZitych vy$Sich ddvok Zivin v porovnan{ s parametrami po
prihnojovan{ tuhym hnojivom liadkom aménnovépenatym. Efekt hnojenia kvapalnymi hnojivami bol vyraznej$i na nivnej
pbde glejovej, teda s niZ$fm prirodzenym trodovym potencidlom.

cukrové repa; pdda; hnojenie; troda; produkcia; kvalita

UvoD

V rdmci pestovatelskych technol6gif cukrovej repy
posobf vyZiva nielen na tvorbu irody, ale aj na kvalitu
buliev. Komplexnym hodnotenim analyzy pddy a lis-
tov, pripadne celych rastlin moZno vyZivu cukrovej re-
py racionélne usmeriiovat. Velmi rychlo dinnym a re-
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gulovatefnym zdsahom do celkového vegetaného pro-
cesu cukrovej repy je forma a troveii vyZivy. Autori si
preto v tomto prispevku stanovili za ciel hfadaf vhodnu
formu prisunu potrebnych Zivin k cukrovej repe pesto-
vanej v regiéne Vychodoslovenskej niZiny. Predklada-
jui moZnost pouZitia aj kvapalnych hnojiv v pestovatel-
skom systéme cukrovej repy.
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V priebehu vegetaéného procesu a hlavne pri tvorbe
hospodérskej drody cukrovej repy je velmi vyznamny
roénfk, ktory ako neregulovatefny objektivny Cinitef
sposobuje jej zna¢nd variabilitu (Baj¢i, Tomdn-
kov4, 1991; Rinfk, 1993; Santa, 1993). Z regu-
lovateInych faktorov posobiacich na kvantitu a kvalitu
cukrovej repy zaujima popredné miesto vyvéZend vyZi-
va a ddvkovanie hnojiva na zdklade pddnych rozborov.
Cukrové repa reaguje tdrodou i jej kvalitou na obsah
minerdlneho dusika v pdde, ktory tzko sivisi s inten-
zitou hnojenia dusikom (Bfzik, 1983a) .

Z hladiska eliminovania niektorych negativnych
u¢inkov pestovatelského prostredia je nevyhnutny dife-
rencovany pristup k stanoveniu optimdlnych ddvok du-
sika a jeho formy aplikovania k cukrovej repe (Bf-
zik, 1983a, b; Pulkrédbek, 1983; Rimdr, 1991;
Santa, 1993). VyZiva rastlin cez list je len doplnko-
vou vyZivou, aviak mé vyhodu v tom, Ze prijaté Ziviny
sa rychlejSie vyuZivajd, o umoZiiuje robif v krtkom
&ase korekcie vo vyZive. PoZiadavke rychlej G¢innosti
¢asto nevyhovuji tuhé hnojivé pri ich pouZiti na list,
lebo po rozhodeni na suchy povrch pédy sa nedostanid
do kontaktu s povrchom korefiov (Bizik, 1983b).

Baj¢i, Rucka (1984) zistili, Ze hnojivo DAM
390 m4 pozitivny vplyv na cukornatost a prispieva
k znfZeniu obsahu melasotvornych ldtok, ak je apli-
kované pred sejbou. Pozitivne vysledky dosiahol aj
Tichy (1986) s aplikdciou DAM 390. V porovnan{
s liadkom am6nnym s dolomitom a liadkom aménno-
vépenatym pouZitym na folidrnu vyZivu mal DAM 390
priaznivejSie u¢inky (Baj&i, 1987). Kvapalné hnojivd
moZno pouZif obdobne ako tuhé formy, aviak pri re$-
pektovan{ ddvky dusfka vzhfadom na néroky plodiny.
Aj Bizik (1983a, b), Cumakov (1988) odporica-
ju zamerat sa na hnojenie kvapalnymi hnojivami podla
zistenej potreby. Nadbytocné hnojenie dusikom je ne-
Ziadice a zhorSuje aj kvalitu suroviny pre cukrovar

I. Charakteristika pokusnéh

(Turner, 1989). Stupfiované ddvky negativne vply-
vajui na obsah digescie v koreni cukrovej repy. V prie-
mere sledovanych rokov poklesla digescia zo 17,30 %
pri nulovej ddvke dusika na 15,05 % pri aplikicii 240
kg N.ha™'. Siicasne so stupfiovanim ddvok dusika sti-
pal obsah konduktometrického popola v koreni cukro-
vej repy. Vynos rafinddy bol najvyssi pri ddvke 60 aZz
120 kg N.ha™!, aviak u¥ od 60 kg N.ha™! vplyvom
rastiicich ddvok dusika klesala aZ 0 16,6 % (Pulkra-
bek, 1983).

MATERIAL A METODA

Rie¥enfm problematiky v rokoch 1989 az 1992 boli
ziskané vysledky zo staciondrnych polyfaktoridlnych
polnych pokusov na elovych pracoviskich OVUA
Michalovce. Experimentovalo sa na nivnych p8dach vo
Vysokej nad Uhom a nivnych pddach glejovych v Mil-
hostove.

Nivné pody (NP) si vyvojovo najmladSie v regiéne
Vychodoslovenskej niZiny, st hlboké, hlinité bez Strko-
vitosti, dobre priepustné v celom profile. Ornica je
hrudkovitd aZ drobnohrudkovitd, drobivej aZ kyprej
konzistencie. Podorniéie je priepustné. Pédotvornym
substratom si aluvidlne néplavy rieky Uh.

Nivné pddy glejové (NPG) si velmi fa¥ké, mélo
priepustné v celom profile, obsahuji nad 75 % {lovi-
tych &astic. V hibke od 1 500 mm sa nach4dza siln4
nepriepustnd vrstva flu, Pddy sd velmi taZko obrabatel-
né. Maji hrudkovitd Struktdru s vysokou pitacou
schopnostou.

Zékladné parametre pre charakteristiku pokusného
stanovisfa si uvedené v tab. 1. Vyskum vyZivy cukro-
vej repy bol realizovany v uzavretom systéme strieda-
nia plodin s roticiou: cukrové repa — jarny jaémeii —
datelina li¢na — d'atelina li¢na — ozimn4 pSenica. V pol-

stanovi¥fa — Characteristics of experimental sites

Experimentalne pracovisko'!

Ukazovatel!

Vysokd nad Uhom Milhostov
Vyrobn4 oblast? kukuri¢né'? kukuri¢nd
Nadmorsk4 vy3ka® (m) 110 107
Priemernd ro¢nd teplota* ('C) 9 9
Teplota vzduchu vo vegetatnom obdobf®  (*C) 16,3 16,3
Ro&ng thrn zrdZok® (mm) 584 579
Zrfizky za vegetainé obdobie’ (mm) 344 361
Priememé agrochemické vlastnosti®
Obsah humusu’ (%) 2,093 2,785
CaCo, 0,33 0,28
pH/KCI 6,97 6,63
N celk.!® (%) 0,131 0,185
P (mgkg™) 45,6 49,2
K (mgkg™) 156,3 140,6
Mg (mg.kg™!) 110,1 204,4

'pammeter. zpmduction region, Saltitude, ‘nvemge annual temperature, Sair temperature during growing season, Sannual sum of precipitation,
7pﬂ:cipimtion during growing season, “average agrochemical conditions, *humus content, '°N tot., “cxperimental site, maize
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1. Varianty hnojenia cukrovej repy (kg.hu'l) ~ Fertilization treatments of sugar beet (kg.ha")

S Nivn4 péda® Nivné péda glejové’

H, H, H, H, H, H, H, H,
Na strnisko kvapalné PK sof? (kg.ha™') P 65,60 65,60 56,15 65,60 68,10 71,60 58,65 69,60

K| 116,70 116,70 112,00 116,70 128,95 128,95 131,65 124,70
Pred sejbou DAM 3903 (kg.ha™) 89,30 89,30 72,80 89,3 89,30 89,30 72,80 89,30
DAM 390 | FOSTIM | FOSTIM LAV | DAM 390| FOSTIM | FOSTIM LAV

Prihnojenie na list* (kg.ha ') -

38,30 38,30 31,25 38,30 38,20 38,20 31,25 38,25
Celkovi dévka N° (kg.ha™) 127,6 157,6 104,05 127,6 127,5 127,5 104,05 127,55

!parameter, 2liquid PK salt applied on stubble, *DAM 390 applied before sowing, “leaf dressing, *total dose of N, ‘alluvial soil, “alluvial

gleyic soil

nych pokusoch boli zaradené varianty H; aZ Hg
(tab. II). Vo variantoch H; aZ Hj bolo hnojenie v jese-
ni, pred sejbou a na list len kvapalnymi hnojivami (PK
sof, DAM 390 a FOSTIM), kym vo variante Hy bolo
prihnojenie na list v tuhej forme liadkom aménnovépe-
natym. V pokuse bol aj variant Hg bez hnojenia. Jed-
notlivé varianty (H; aZ Hy) boli zvolené predovsetkym
s ciefom zistit vplyv pouZitej formy dusfkatych hnojiv
aplikovanych folidrne po okopédvke cukrovej repy pri
dodrZan{ rovnakych vsetkych ostatnych podmienok.
Potreba dévok Zivin k cukrovej repe bola vypoditand
bilanénou metédou (Bedrna, Lopatnik, 1983).
Po zbere predplodiny ozimnej pSenice bola apliko-
vand v hnojenych variantoch H; aZ H4 kvapaln4 PK sof
a podmietkou do hibky 80 a% 100 mm bola zapraven4
do pody. Po podmietke 4 aZ 6 tyZdiiov bol pozemok
vyvépneny mletym vipencom v ddvke 6 tha! a vy-
hnojeny mastafnym hnojom ddvkou 45 t.ha™'. Do kon-
ca oktébra bola uskutocnend hlbokd orba do 300 mm.
Na jar po smykovanf pri predsejbovej priprave bol ap-
likovany okrem kontroly v kaZzdom variante DAM 390,
ktorym boli dodané dve tretiny z vypoéitanej celkovej
dédvky dusika. Jedna tretina potreby dusika na folidrnu
aplikdciu v jednotlivych variantoch bola dodand bud
vo forme kvapalného hnojiva DAM 390, alebo FOS-
TIM a pre porovnatefnost s tuhou formou bol pouZity
na list liadok aménnovépenaty (tab. II). Po prihnojenf

Pokusy boli zakladané blokovou metédou v Styroch
opakovaniach s velkostou kaZdej pokusnej parcelky
10 x 5 m. Vysievand bola odroda Imona. Vysledky zi-
skané z pofnych pokusov boli matematicko-3tatisticky
spracované a vyhodnotené analyzou rozptylu a pre vy-
brané parametre boli vypocitané koreldcie — regresie.
Si analyzované exaktné vysledky ziskané z polngch
pokusov vedenych v reprezentativnych agroekologic-
kych podmienkach Vychodoslovenskej niZiny.

VYSLEDKY

Analyzou variancie jednotlivych rozhodujicich fak-
torov bolo zistené, Ze sa na ich zmen4ch podielal 3ta-
tisticky vysoko vyznamne roénik, pédny typ, droveil
vyZivy a ich vzdjomné interakcie. Predovietkym bola
vyZivou ovplyvnend §tatisticky vyznamne tvorba trody
buliev cukrovej repy a jej kvalita (tab. III).

V priemere za pokusné obdobie bola uroda buliev
cukrovej repy na nivnej péde 63,20 t.ha~! a na nivnej
pode glejovej 65,485 t. ha™! . Vplyv prirodzenej drod-
nosti pédneho typu vyjadruje droda buliev na nehno-
jenom vanante (Hs), kde na nivnej pdde bola
55,122 tha™' a na nivnej pode glejovej 53,930 tha™l.

Zvy3enie trody buliev cukrovej repy v?lyvom hno-

nasledovalo druhé pletkovanie. jenia ¢inilo na nivnej pdde 5 aZ 12,6 t.ha™ a na nivnej
III. Vplyv v§Zivy na drodu a kvalitu cukrovej repy — Effect of nutrition on the yield and quality of sugar beet
Uroda % .3 Produkcia Hmotnost 7 Obsah Zberov
) buliev? Digescia polz:;ﬁﬁgého buvy’ MB-faktor® | Modré &islo popolostid indox
£
] ¥ 3 3 : ¥ 3 3
-
= E £
2| . g ® g &l 7 g ® g fw| ® gw ®
> S| P8 ® [PE] S | TR = [TR] ® [PR] B | TE] ® TR w | TR
H, 68.651 15,42 X. 10,714 .x | 1,069 | .x. | 51,90 | xx. 57.5 X 0,688 | «x. 67,3 X
H, |66,601 ..x. | 16,18 .x (10,770 | ...x | 1,101 | .xx | 58,27 | .xx. 56,9 xx | 0,823 | .x. 66,7 XX
H; [63,731| .x.. | 1540 | «x. 9,821 | .x. 1,085 | .xx | 68,64 | ..x. 53,1 X. 0,836 | .xx 65,2 X.
H, 168203 | ..xx | 1511 [ x. |10310f ..x. | 1,129 | ..x | 83,69 | ...x | 563 xx | 0919 | ..x | 659 XX
H; | 54526 | x... | 1622 | .x 8,837 | x... 917 | x.. | 46,44 | x.. 53,1 X. 0,711 | x.. 67,8 X

'treatment of nutrition, *root yield, 3digestion. ‘production of polarization sugar, Sroot weight, SMB-factor, "blue number, *ashes content,

harvest index, wsigniﬁcanoe
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pbde glejovej 13,4 aZ 15,6 thal. Najviac sa prejavil
pozitfvny vplyv hnojenia na nivnej pdde glejove;.
Bola zisten4 linedrna zdvislost vysky trody od
mnoZstva dodanych Eistych Zivin a formy aplikované-
ho hnojiva. Urodovy efekt vplyvom dévok Zivin a fo-
riem hnojiv k cukrovej repe na odli¥nych pddnych sta-
novistiach bol rozdielny (tab. IV). Priama strednd aZ
vysokd zdvislost vysky drody (r = 0,59 aZ 0,69) bola
zistend na nivnej pode, kym na nivnej pode glejovej
bola zistend vysok4 zdvislost (r = 0,74 aZ 0,88). Doda-
nym 1 kg &istych Zivin bolo vyprodukovanych 19,0 aZ
40,0 kg buliev na nivnej pdde a 42,2 aZ 48,6 kg na
nivnej pdde glejovej. Najvy3¥i produkeny efekt Zivin
bol vo variante H; na obidvoch p&dnych typoch
(tab. V). V najispeSnejSom variante (H,) boli apliko-
vané len kvapalné hnojivd a na prihnojenie cukrovej
repy bol pouZity DAM 390. Celkove nebol rozdiel

vo vy¥ke drody medzi variantami H; a Hy (0,20 aZ
0,70 t.ha™") Statisticky vyznamny (tab. III).

Hnojenim bola §tatisticky vysoko vyznamne ovplyv-
nend produkcia polarizatného cukru. Aj pre tento para-
meter bol najvhodnej§i variant H; s kvapalnym hnoji-
vom a prihnojenim DAM 390, na ktorom sa ziskalo
10,7 t.ha™'. Po aplikcii tuhej formy dusikatého hnojiva
na list (Hy) bola produkcia polarizagného cukru
10,3 tha™', teda niZSia v priemere o 0,404 t.ha™! ako
pri DAM 390 (H,). Produkcia polarizaéného cukru
zévisela od cukornatosti, ktord bola taktieZ Statisticky
vyznamne ovplyvnend hnojenim. Celkove najvysSia di-
gescia (16,22 %) bola na nehnojenom variante a zvy-
Sovanfm ddvky Zivin klesala. Aplikovanim 1 kg &istych
Zivin NPK bola zniZend hodnota digescie v priemere
0 0,0019 % pri kvapalnych formdch vietkych doddva-
nych hnojiv, kym pri pouZiti tuhej formy hnojiva LAV

IV. Z4vislost parametrov cukrovej repy od v§Zivy ~ Depend of p s of sugar beet on nutrition
Nivn4 pdda? ] Nivn4 pdda glejovs® Nivnd péda l Nivnd pdda glejovd
"5 iroda buliev* produkcia polarizagného cukru®
g % g g
g T T '§ T § T 5
) 3
=| 4 . E | 4 “ g | 4 5 g | 32 " £
H, 67,752 | 0,5944 | 0,1202 | 69,549 | 0,8763 | 0,0043 10,743 | 0,4378 | 0,2780 10,685 | 0,8367 | 0,0096
H, | 65475 | 06235 | 0,098 | 67,728 | 0,8378 | 0,0094 | 10,687 | 0,8949 | 0,0027 | 10,852 | 0,8949 | 0,0027
H, | 60,095 | 03764 | 03580 | 67,366 | 0,7404 | 0,0356 9,197 | 07162 | 0,0457 | 10,445 | 0,6516 | 0,0800
H, | 67,556 | 0,6877 | 0,0594 | 68851 | 0,8298 | 0,0181 | 10,142 | 0,3984 | 0,3283 | 10,477 | 0,8536 | 0,0070
Hy | 55,122 - - 53,930 - - 8,932 - - 8,743 - -
!treatment of nutrition, Zalluvial soil, 3alluvial gleyic soil, 4root yield, spl'od\u:tion of polarization sugar, ﬁsigniﬁc«m:e
V. Uinnost &istych Zivin NPK - Efficiency of pure nutrients NPK
Variant vyZivy' Nivnd pdda’ Nivnd pdda glejova®
Prirastok drody buliev cukrovej repy?
4 i kgkg! r kg.kg™! r
H, 38,49 0,594 48,61 0,876
H, 32,45 0,624 42,19 0,838
Hy 19,00 0,376 44,30 0,740
Hy 39,95 0,688 47,02 0,830
Zvy3enie hmotnosti bulvy?
gkg! r gkg! r
H, 0,99 0,478 0,126 0,132
H, 0,87 0,450 0,286 0,277
H; 0,89 0,540 0,238 0,220
H, 0,99 0,515 0,337 0,352
Zvysenie produkcie polarizadného cukru*
i kg kg! r keg.kg! r
H, 5,30 0,438 6,07 0,837
H, 5,37 0,561 6,55 0,895
H; 0.86 0,080 5.69 0,652
H, 3,63 0,399 5,49 0,854

'treatment of nutrition, 2increment of root yield of sugar beet, *increase in root weight, *increase in production of polarization sugar, *alluvial

soil, %alluvial gleyic soil
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na prihnojenie bolo spdsobené znfZenie o 0,0037 %,
ktoré sa odrdZa cez irodu buliev na produkcii polari-
zagného cukru. NajniZ3ia digescia (15,11 %) bola na va-
riante Hy s pouZitim tuhej formy hnojiva (LAV) na prihno-
jenie a bol preukazany $tatisticky v§znamny rozdiel 1,07 %
v porovnan{ s variantom H,, kde bola cukrové repa pri-
hnojend kvapalnym hnojivom FOSTIM (tab. III).

Forma hnojiva pouZitého na prihnojenie vplyvala na
zvySeni tvorbu popolovin, a tym aj celkovo na techno-
logicki kvalitu cukrovej repy, charakterizovanid hodno-
tou MB-faktora. Aj pri tomto parametri kvality boli
okrem nehnojenej kontroly zistené najpriaznivejie
hodnoty pri variante H, (51,9) a H, (58,3). Aplikova-

nie tuhej formy hnojiva na list sa prejavilo okrem spo-

minaného zniZenia digescie e$te negativne vo vy$Som
obsahu popolovin v bulve (0,919 %) a v neZiadice;j
hodnote (83,7) MB-faktora. Z vysledkov bol zisteny
Statisticky vyznamny rozdiel medzi variantom Hj,
a vetkymi pokusnymi variantami vyZivy (tab. III).

DISKUSIA

K regulovateInym faktorom pri pestovani a tvorbe
tirod cukrovej repy sa bezpochybne zaraduje hnojenie.
Na optimélne ddvky NPK a formy hnojiv, v akych by
sa Ziviny mali dodédvat, si v¥ak rozdielne nézory.

Kym v uplynulych obdobiach boli v pestovatelskej
praxi pouZivané hnojivéd v tuhej forme, v predchddza-
jicom desatro&f si za&ali razit cestu hnojiva v kvapal-
nej forme. Ich prednostou z organizadného hfadiska je
lepSia aplikovatefnosf a mie¥ateInost podfa potreby.
S ciefom overenia G¢innosti na kvantitu a kvalitu tro-
dy boli preto aj na OVUA Michalovce vyskumne tes-
tované vybrané formy kvapalnych hnojiv pri pestovan{
cukrovej repy.

Dosiahnutymi vysledkami sa potvrdilo, Ze je nevy-
hnutné pristupovat diferencovane (podfa agroekologic-
kych podmienok) k stanoveniu optimdlnych dévok
(predovSetkym dusika) a k volbe formy a druhu,
v akom sa hnojivo bude aplikovat. V tomto smere nale
zistenia kore$pondujui s ddajmi z literatiry (Baj¢i,
1987; Baj&i, Ricka, 1984; Baj¢i, Tomédn-
kovd,1991; Bizik, 1983a,b; Pulkrdbek, 1983;
Santa, 1993; Cumakov, 1988).

Hodnotenfm dosiahnutej kvantity buliev z jednotky
plochy v pokusoch sa ukézalo, Ze tito, ako aj jej varia-
bilnost boli silne limitované ro&nfkom, &o je v sdlade
aj s vysledkami niektorych autorov (Baj&i, To-

ménkov4,1991; Rinfk, 1993; Santa, 1993 ai.) -

Kvapalné hnojivo DAM 390 malo pozitivny vplyv
nielen na vySku drody, ale aj na jej kvalitu. Nase vy-
sledky moZno podporif aj predchddzajicimi zisteniami
(Baj&i, Ricka, 1984; Tichy, 1986). Dolezitd

bola aj doba pouZitia. V naSich pokusoch boli najvyssie
drody aj s najlepSou kvalitou zfskané pri aplikovan{
kvapalnych hnojfv, a to PK soli na strnisko po predplo-
dine, DAM 390 pri predsejbovej priprave a na list pred
druhym pleckovanim cukrovej repy. V tomto smere
koreSponduji naSe dosiahnuté vysledky so zdvermi,
ktoré uvddza Bajc&i (1987), Ze DAM 390 pouZity
folidrne na prihnojenie mal priaznivejSie ucinky ako
liadok aménnovédpenaty. Po analyze buliev na kvalitu
sme mohli aj retrospektivne usidit o pouZit{ nadmer-
nych ddvok dusika k cukrovej repe, v &om sa niektoré
tvrdenia (Turner, 1989) aj nasimi vysledkami potvr-
dili. Nie si z4sadné disproporcie ani v zisteniach o po-
klese digescie alebo zvy¥ovani popolovin so zvySuji-
cimi sa ddvkami aplikovanych hnojfv. Rozdiely si iba
v nameranych hodnotéch, ktoré sivisia s odli¥nymi po-
kusnymi stanovi§tami.
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INFLUENCE OF FERTILIZATION ON THE NITRATE
CONTENT, THEIR DYNAMICS IN SOIL AND ON SUGAR
BEET ROOT YIELD AND QUALITY

VLIV HNOJENI NA OBSAH DUSICNANU, JEJICH DYNAMIKU V PUDE
A NA VYNOS A KVALITU BULEV CUKROVE REPY

D. Dropuli¢, T. Tekli¢, Z. Lon¢ari¢

University of J. J. Strossmayer, Osijek, Croatia

ABSTRACT: The aim of this experiment was to determine the effect of different quantities and combinations of mineral
and organic fertilization on the nitrogen dynamics in two soil types, as well as economic and technological properties of sugar
beet. The nitrate content and their dynamics were related to climatic conditions (the amount and distribution of rainfall during
winter and vegetation period) and fertilization. The fertilization was also effective in obtaining of sugar beet yield, sugar
content and polarization. The best results were obtained with organic fertilizers.

sugar beet; fertilization; organic; mineral; nitrate content; yield; quality

ABSTRAKT: Cilem tohoto pokusu bylo stanovit vliv riznych ddvek a kombinaci minerdlnich a organickych hnojiv na
dynamiku dusiku ve dvou puidnich typech a ddle na ekonomické a technologické vlastnosti cukrové fepy. Obsah dusi¢nani
a jejich dynamika souvisely s povétrnostnimi podmfnkami (mnoZstvi a rozloZeni srdZek b&hem zimy a vegetaéniho obdobi)
a s hnojenfm. Hnojenf se uk4zalo G¢inné ve vztahu k vynosu cukrové fepy, cukernatosti a polarizaci. Nejlepsf vysledky jsme

zfskali s organickymi hnojivy.

cukrova fepa; hnojeni; organické; mineraln{; obsah dusi¢nanl; vynos; kvalita

INTRODUCTION

The nutrition of sugar beet is a very complex problem
because of different acting added nutrients, especially
nitrogen, whose amount in a root zone is permanently
changing. Up today this area has been interesting for
many research workers (Wehrmann, Scharpf
1980; Vukadinovié et al,, 1991 etc.). However,
nitrogen is very mobile in soil profile, so that intensive
rainfall can cause its leaching to the ground water what
is well known as ecological problem, mainly on sandy
soils. Also, the nitrate accumulation in surface soil
layer can occur due to high fertilization rates. Recently,
nitrogen dynamics has been investigated by N,
method (Dropuli¢ et al, 1991).

The nitrate content in soil and sugar beet yield are
highly correlated (Giles et al., 1975). According to
Dropulié et al. (1991) nitrate form of nitrogen had
the strongest influence on sugar content. The amount
of nitrogen can also affect quality of sugar beet, such
as the polarization (Vukadinovi¢ et al., 1991).

The subject of this research was to investigate the
application possibilities of nitrogen fertilizers from ma-
nure and Orbig (organic-biological fertilizer made by
Lumbricus rubra), as well as their influence on the
yield and quality of sugar beet.

ROSTLINNA VYROBA, 41, 1995 (3): 135-140

MATERIAL AND METHODS

Two years’ experiment (1989/1990) was followed in
Baranya province on two different types of soil: eutric
cambisol (locality Sirine — Zeleno polje) and semigley
(locality Brestovac) whose agrochemical characteris-
tics are given in Tab. I. Used fertilizers were mineral:

1. Soil analysis data

Zeleno Polje Brestovac
Humus (%) 1.00 1.17
pH (H,0) 6.19 7.60
N-NO; mg/100 g 2.36 1.42
N-NH, mg/100 g 0.80 0.84
P mg/100 g 1.67 0.98
K mg/100 g 7.76 10.67
Ca mg/100 g 26.48 48.74
Active clay (%) 20.56 17.17

urea (46% N), calcium-ammonium-nitrate (27% N), tri-
ple supperphosphate (45% P,05) and KCI (60% K;0)
and organic: manure and Orbig. The latter is a product
of ,,Belje", made by Lumbricus rubra from cattle ma-
nure. Tab. II shows the content of nutrients in applied

135



II. The analysis of manure and Orbig (%)

Dry matter Total nitrogen P,04 K,0
. manure 25.75 0.65 0.21 0.61
Zclee Lo Orbig 55.75 2.13 2.01 1.36
Brsktovac manure 2745 0.62 0.21 0.58
Orbig 55.75 2.13 2.01 1.36
III. The fertilization scheme
Rate of mineral fertilizer (kg/ha)
Treatment 1988/1989 1989/1990
N P,0s K,0 N P,0s K,0
1. control - - - - - -
2. NPK 160 139 160 129 139 160
Zeleno 3. 40 t/ha manure - - - - - -
Polje 4, NPK* + 40 t/ha manure 64 38 66 2 34 60
5. 1.6 t/ha Orbig - - - - - -
6. NPK* + 1.6 t/ha Orbig 134 118 140 108 120 145
1. control - - - - - -
2. NPK 160 139 160 149 139 160
Brestovac 3. 40 t/ha manure = = = - - -
4. NPK* + 40 t/ha manure 64 38 69 27 34 64
5. 1.6 t/ha Orbig - - - = = g
6. NPK* + 1.6 t/ha Orbig 134 118 140 125 112 143

NPK* - the amount of nutriets as a difference between the NPK treatment (2) and the nutrient content in variant manure (3) and variant

Orbig (5), resp.

Ll!!

temperature (°C)

mnnlia

136

rainfall (mm)

rainfall (mm)

organic fertilizers. The fertilization scheme is given in
Tab. IIL

Crop agrotechnique for sugar beet was based on
standard technology adapted to soil quality, climatic
conditions (Fig. 1) and specific demands of sugar beet.
That concerned also the crop protection.

The trials” scheme was based on randomized block
method with four replications. A single plot sized
120 m2. The physical and chemical analyses of soil
samples were done before the beginning of experiment,
and the moisture content, as well as the nitrogen con-
tent were determined prior to sowing. During the vege-
tation period soil samples were taken at the depth of
0-30 cm, 30-60 cm and 60-90 cm, and then analysed
for the moisture content (%), nitrate and ammonium
content (mg N/100 g soil), resp.

After the plots’ harvesting, whose size was 27 m2,
root yield was estimated. Root samples of 25 kg on
average were used for the determination of sugar con-
tent, -amino N, sodium and potassium content in Ve-
nema laboratory.

The relation between root- and leaves yield, and bio-
logical sugar yield were calculated. In order to deter-
mine technological quality and technological sugar
yield the adequate mathematical relations were used.

1. Climatogramme after Walter
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RESULTS AND DISCUSSION
Nitrate content in the soil

In a modern technology of sugar beet production,
the determination of soil nitrate content is unreplace-
able and root yield and root quality depend on it. From
that point of view, it is important to know amount in
the soil prior to sowing, as well as its dynamics during
the vegetation period, what was investigated by
Rajkovié (1980) and others.

This research showed that during intensive growth
of sugar beet crop the detectable decrease of nitrate in
soil profile occured (Tab. IV), especially in upper layer
(0-30 cm). The similar results are reported by

IV. The content of N-NO; (kg/ha) in the soil during the vegetation

MiloSevié (1985), and Vukadinovié et al.
(1991). This fall was more expressed by higher soil
moisture, but independent on soil type. By the way, soil
moisture varied with fertilizer combination, so that
higher amounts of manure caused water retention in the
upper soil layer, during drier period of vegetation.
However, the middle part of the profile (30—60 cm) had
lower moisture content in manure treatment, most
likely because of water retention in upper layer. It was
also estimated, that decrease of nitrate content during
vegetation period was less expressed on eutric cam-
bisol than on semigley, though in the phenophase
4-7 leaves eutric cambisol had higher nitrogen con-
tent in relation to amounts determined prior to sow-
ing (Figs 2 and 3).

Zeleno Polje 1989 Zeleno Polje 1990 Brestovac 1989 Brestovac 1990
el soil depth soil depth soil depth soil depth

Fertilization | treatments

0-30 | 30-60 | 60-90 | 0-30 | 30-60 | 60-90 | 0-30 | 30-60 | 60-90 | 0-30 | 30-60 | 60-90

1, 60.7 | 442 | 220 | 420 | 269 | 354 | 325 | 305 95 | 729 | 444 | 506

2. 1006 | 968 | 407 | 469 | 174 | 287 | 549 | 61.2 | 184 | 722 | 1224 | 1666

i 3 159.1 | 6438 00| 781 | 748 | 243 | 379 | 151 | 240 | 81.5 | 139.8 | 101.0

to sowing 4. 1832 | 1577 | 36.1 | 1045 | 53.1 | 397 | 506 | 655 | 244 | 645 | 678 | 518

5. 84.7 | 1073 00 | 927 | 489 | 446 | 302 | 275 9.8 | 464 | 522 | 192

6. 1233 | 1350 | 257 | 49.4 | 404 | 375 | 580 | 184 | 503 | 498 | 533 | 364

average | 119.0 | 974 | 207 | 689 | 436 | 350 | 440 | 364 | 227 | 645 | 80.0 | 709

1. 239 | 506 | 457 | 693 | 487 | 204 | 464 | 268 | 374 | 238 9.8 2.9

2 1080 | 68.1 | 855 | 1092 | 787 | 441 | 1017 | 1137 | 79.1 | 39.4 | 394 | 639

3. 356 | 907 | 632 | 1201 | 799 | 495 | 565 | 1077 | 470 | 476 | 617 | 373

47 leaves 4 30.1 | 1048 | 962 | 1059 | 750 | 373 | 939 | 713 | 627 | 582 | 229 | 06

5. 46.1 | 535 | 583 | 963 | 53.9 | 392 | 296 | 452 | 353 | 494 | 222 0.2

6. 67.1 | 103.4 | 707 | 1257 | 107.5 | 519 [ 1044 | 1296 | 100 | 235 | 224 0.6

average | 533 | 785 | 69.9 | 1044 | 739 | 404 | 721 | 824 | 452 | 403 | 297 | 176

1. 19.8 | 233 | 181 | 331 | 480 | 303 9.2 8.1 69 | 102 63 | 193

2. 202 | 227 | 206 | 80 | 566 | 515 | 169 | 187 | 17.0 77 | 337 | 640

Row 3. 68 | 125 | 182 | 504 | 504 | 455 9.1 6.3 42 | 206 | 379 | 454

spacing 4, 216 | 318 | 457 | 494 | 370 | 339 47 3.9 23| 541 | 115 7.4

5. 166 | 283 | 281 | 417 | 395 [ 36.1 8.3 3.2 3.1 | 340 8.6 8.0

6. 154 77| 192 | 81.8 | 482 | 280 2.1 36 13| 457 | 147 22

average 167 | 21.1 | 250 | 564 | 466 | 3715 8.4 73 58 | 287 | 188 | 244

1. 213 | 181 | 158 | 260 | 147 | 104 | 113 95 | 124 | 200 5.5 4.1

2. 222 | 216 | 31.0 | 198 | 208 | 252 | 153 | 106 95 | 908 | 353 | 564

Max. 3. 284 | 241 | 182 | 206 | 196 | 125 | 140 | 140 99 | 473 | 204 6.9

leaf area 4, 535 | 313 | 205 | 146 | 201 | 347 | 186 | 125 | 11.8 | 924 42 | 241

5. 204 | 145 | 144 | 176 | 120 9.7 | 129 9.4 99 | 492 | 137 5.0

6. 569 | 323 | 213 | 294 | 265 | 399 | 1.1 | 107 | 121 | 592 | 345 6.2

average | 338 | 236 | 202 | 263 | 189 | 221 | 139 | 1n1 | 109 | 568 | 223 | 171

It 314 | 203 | 206 | 273 4.1 04| 279 | 155 | 119 | 212 | 344 | 331

2. 280 | 135 | 295 6.6 1.7 27| 519 | 349 | 336 | 563 | 304 | 500

3. 390 | 192 | 183 | 229 3.2 25| 442 | 392 | 404 | 293 | 147 | 609

Haryest 4, 381 | 347 | 242 | 231 1.1 00 | 511 | 433 | 364 | 294 | 232 | 517

5. 128 | 122 | 240 | 269 5.6 00 | 489 | 436 | 422 | 437 | 191 | 547

6. 11.4 54 | 216 | 249 | 162 86 | 478 | 434 | 440 | 484 | 250 | 175

average | 26.8 | 17.5 | 230 | 219 53 24 | 453 | 366 | 347 | 380 | 245 | 446
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Nitrate in soil 22.021.)1990

tric cambisol

E3e-10 ENENI0-c0 EEco-9

4

3 .
treatments

2. Nitrate content in soil prior to sowing

The 1989 was drier than 1990 and the soil type had
no influence on the nitrate distribution by soil depth.
In that year both soil types had the highest amount of
nitrate in the middle layer (30-60 cm) — about 40%.
The analyses in 1990 showed that nitrogen was mostly
in upper layer (around 50%) till the end of vegetation
period, and remaining amount of nitrogen was more
distributed in the middle layer on eutric cambisol and
in the lower part of semigley, resp. That is in agreement
with earlier investigations (Vukadinovi¢ et al.,
1991, Dropulié et al, 1991), and Miiller,
Winner (1970) pointed out the significant increase
of sugar content and root quality with decline of nitrate
amounts during vegetation period. According to Né-
meth et al. (1986), nitrate amount should not exceed
50 kg/ha. In this research, eutric cambisol had 30 kg/ha
and semigley showed nitrate content over 100 kg/ha.

Root yield

Sugar beet root yield was 26% lower in second year
of investigation (Figs 4 and 5). Concerning the same
fertilization doses and technology, it could be the result
of weather conditions. In general, an average root yield
was by 13% higher on eutric cambisol (Fig. 6), al-
though in dry conditions of 1990 that difference be-
tween soil types was not significant. In that year eutric
cambisol had about 38% lower yield in relation to more
humid 1989. All this points out that external yield mak-
ing factors are very complex and related.

High root yields achieved on control variant show
good fertility of experimental plots, in which case the
fertilization effects are lower (confirmed by results of
Wehrmann, Scharpf, 1980). In that sense, the
differences expressed among fertilization treatments
were probably influenced by nitrate content in the soil
prior to sowing.

Owing to a low humus content (1%), the organic
fertilization was effective (13% of increase in root
yield in the manure treatment, and 9% with Orbig, re-
lated to control). The combination of mineral and or-
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Nitrate in soil 1505, 1990
(eutric cambisol)
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3. Nitrate content in soil in phase 4-7 leaves

ganic fertilization had a bit lower effect on root yield.
It is in discrepancy with conclusions of Oehring
(1982) and others who obtained significant yield in-

3
S

root yield (t/ha)

1 2 3 4 5 6 =x
treatments

t/ha

Z. Polje
(cambisol)
Brestovac
(semigloy)

treatments

4. Interaction affecting the sugar beet root yield: A ~ year, B -
locality, C - fertilization
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crease with combined organomineral fertilization.
Some previous investigations also reported such effect,
even when extremely high doses of manure were ap-
plied (Cremer, 1977; Nomura et al., 1987).

Sugar concentration (polarization)

The concentration of sugar in root is the most im-
portant constituent of quality from technological point
of view. Analysed factors have had different influence
on polarization. In the second year of investigation
sugar concentration was, owing to weather conditions,
significantly higher. Dry conditions resulted with ap-
parently higher sugar concentration in 1990 because of
dehydration. Also, negative correlation between root
yield and polarization on eutric cambisol correspond
with results of Sarié¢, Jocié (1977), Biiricky
(1978) and others.

The soil type also significantly influenced quality of
sugar beet root. It was estimated that polarization was
higher on eutric cambisol (17.4%) than semigley

=
Ny

polarization (%)

treatments

5. Interaction between locality and fertilization affecting the polari-
zation

12.2

t/ha

1989
1990

average

Z. Polje
Brestovac
average

6. Interaction between years and locality affecting technological
sugar yield
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(16.0%). But, some other factors important for root
yield should not be neglected, as for example diffe-
rences in rainfall quantity between years and localities.

Furthermore, the fertilization is essential factor of
sugar beet quality. The application of manure made the
polarization lower than it was on the control plot, while
Orbig made the highest polarization.

Technological sugar yield

A target in the sugar beet production is to get the
highest amount of final product — sugar (technological
yield). Its average value was rather high in two years
(9.74 t/ha), with high significant influence of all inves-
tigated factors. In 1989 the better moisture conditions
influenced higher technological yield about 2 t/ha in
relation to 1990 (Fig. 8), and eutric cambisol showed
better results than semigley. The lowest sugar yield was
on average in the control variant (without fertilization)
and the highest was obtained with the usage of Orbig.
That fertilizer also affected the best polarization
(17.1%). 1t is remarkable that in both soil types appli-
cation of manure was preferential in 1990, in drier con-
ditions. In 1989 year the application of Orbig gave the
highest technological yield (11.26 t/ha).

CONCLUSIONS

The investigation showed detectable decrease of ni-
trate content in soil during the period of intensive
growth sugar beets, especially in surface layer. The
change of nitrate content depended on the moisture and
the fertilization, while soil type had no influence. In
more humid conditions (1989) the highest amount of
nitrate was in the middle soil layer (about 40% of total
quantity), though in the second year of investigation
nitrate was mostly present in upper layer (50%).

The effects of organic and mineral fertilization were
significant, in spite of high soil fertility. The highest
increment of root yield was obtained with manure
(13%) and Orbig (9%).

The sugar concentration was considerably lower in
the first year (15.6%) than in the second year (17.7%),
due to the weather conditions. The soil type had an
important influence on polarization, which was higher on
eutric cambisol. Manure showed better effect than Orbig.

All tested factors were significant for achieving of
technological sugar yield, so that it was higher in more
humid conditions (1989) and on eutric cambisol. The
application of Orbig showed the best results again.
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VYUZITi FOREM PRISTUPNEHO FOSFORU
PRO KRITERIA K HNOJENI NA HNEDE PUDE KYSELE

THE USE OF THE FORMS OF AVAILABLE PHOSPHORUS
FOR CRITERIA FOR FERTILIZATION ON THE ACID SOIL

V. Machicek

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

ABSTRACT: The results of annual observation and their averages for the years 1982 to 1987 for three treatments of long-term
polyfactorial trial were used to test the methods applied to determination of available phosphorus and their agronomic
interpretation by categories of soil supply with phosphorus. The soil at the site Humpolec is dystric cambisol, sandy loam,
parent substrate are paragneisses. The initial average results of 1979 are in Tab. I. Tab. II gives crops and doses of fertilizers
in different years. Gradated phosphorus regime at the doses of 0, 40 and 80 kg.ha‘l was used in the mentioned doses of
fertilization. To monitor the phosphorus regime parameters as reported by Mach4d&ek (1993, 1994a, b) were used. Greater
positive change in pH values occurred in all treatments of phosphorus fertilization after the first liming in autumn of 1982
than after next liming in autumn of 1985 which was carried out after manuring. Manuring had a buffering effect on the
changes in pH due to inorganic interventions, such as phosphorus fertilization, liming (Fig. 1). Tab. III gives the survey of
correlation coefficients of dependence between contents of phosphorus settled by various methods and soil reaction at different
doses of fertilization and Fig. 2 shows the effect of liming (Ca) and manuring (Hn) on contents of available phosphorus. Out
of components of available phosphorus on unfertilized treatment, the change in soil reaction directly affects the content of
mobile phosphorus (P,) and indirectly the content of water-soluble phosphorus (P,). The quantified content of available
phosphorus after Mehlich increases with increasing soil acidity, and in turn, the content quantified by the method after Egner
is decreasing. Within the given range of pH values, the method after Olsen has almost no effects on the content of phosphorus
quantified, it is in the whole range of doses of phosphorus fertilizer. It was found out from the monitoring the dependence
of increase in the content of available phosphorus on the dose of phosphorus fertilizer which is in its full range shown in
Fig. 3 and Tab. IV that this dependence is almost linear for an interval of doses of phosphorus fertilizer (Neuberg et al.,
1990). According to regression equation of the polynomial of the first order it was found out that for an increase in the content
of available phosphorus of 1 mg.kg‘l and initial phosphorus content at 0 dose of phosphorus fertilizer (Fig. 3) for the method
after Egner 1.98 kg P.ha™! should be added, for the method after Mehlich II 1.61 kg P.ha™! and for Olsen’s method 2.33 kg
P.ha™! should be added. The basic criterion for evaluation of the suitability of the method to quatify available nutrient to
plants consists in its relationship to the uptake of the given nutrient. Tested methods for quantification of available phosphorus
have insignificant relationship (Tab. V) and out of them the basic criterion of suitability is met only by Mehlich’s and Olsen’s
methods. Highly significant relationship with phosphorus uptake has only available component of releasable form (Dy) of
available phosphorus, i.e. such component of available phosphorus which is bound to the surface of the solid phase and can
be released into the soil solution under certain conditions. When comparing the relationships between different methods of
quantification of available phosphorus it was found out that all relationships are significant and highly significant (Tab. VI)
and out of all the other methods Olsen’'s method has the lowest variance of correlation coefficients. Greater variances of
correlation coefficients have the methods with components of available phosphorus. Highly significant relationships with
releasable component (D,) which has highly significant relationships with phosphorus uptake only Egner’s method (0.764)
and Olsen’s (0.799) method. Mehlich’s method II is in insignificant relationship with Dy. This is in accord with theoretical
prerequisite, because extraction agent of Mehlich’s method II, except mobile components of various forms of soil phosphorus,
extracts from soils of lower pH value (Machéd&ek, 1994a, b) to plants also hard-available compounds of phosphorus, and
hence the results achieved are overestimated and thus highest of all methods (Fig. 2). The predicted meaningful level has
Olsen’s method. Criteria, if not prepared directly for certain locality, should include further division into groups (texture) and
subgroups (pH of soil). At the site of Humpolec are mean soils and differences are in pH (soil reaction). From this viewpoint
criteria of soil supply with phosphorus (Tab. VII) were prepared in such a way in order to use directly the recommended
doses given in the complex methodology of plant nutrition without any correction. If soils have pH value below 5.0 for
Egner’s method it is recommended to apply a dose of phosphorus fertilizer lower by one category of supply than for the
range of pH 5.0 to 5.5, for that reason that at pH lower than 5.0 the content of available phosphorus is underestimated. On
the opposite, for the method after Mehlich I a dose of phosphorus fertilizer higher by one category is to be applied, as this
method overestimates the content of available phosphorus. At the current liming by a dose of 3,500 kg CaO.ha™! and

ROSTLINNA VYROBA, 41, 1995 (3): 141-147 141



phosphorus fertilizer applied minimum in two years after manuring the dose of phosphorus fertilizer can be reduced by 20%
that corresponds to the dose according to prepared criteria of soil supply with phosphorus.

available phosphorus; soil fertility; methods; liming; fertilization

ABSTRAKT: Pomocf{ polyfaktoridlntho dlouhodobého polnfho pokusu byl za obdobf 1982 aZ 1987 hodnocen fosforeény
reZim hnédé pidy kyselé z lokality Humpolec s cilem otestovat metody stanoveni piistupného fosforu (Egner, Mehlich II,
Olsen a 0,01M CaCl,) a jejich agronomickou interpretaci pomocf kategorif zdsobenosti piid fosforem. Uvedené metody byly
hodnoceny pomoc{ katexové metody (celkové, labilnf a uvolnitelné formy pfistupného fosforu), odbéru fosforu rostlinou
a statistickym zpracovénim vysledkl. Bylo pfihlédnuto i k vlivu védpnén{ a organického hnojeni na zmény pH pldy ve smyslu
zabranén{ reakce fosforu tvorbou nepfistupnych vazeb. Z vysledkd vyplynulo, Ze obsah fosforu vdzaného na povrchu pevné
faze (P, D) piidy m4 rozhodujfcf vliv na vyZivu rostlin fosforem. Byly zji’t&ny nevyrazné rozdfly v pfednosti metod podle
Egnera, Olsena a Mehlicha II, extrakce CaCl, je nevhodna. Vapnénf plisobf pffznivé na reakci fosforu vznikem nepfistupngch
vazeb a organické hnojen{ plisobi pufradné& na stabilizaci pfistupného fosforu. Vypracovand kritéria zdsobenosti piid fosforem
pro Egnerovu a Mehlichovu II metodu je nutno délit do skupin podle pH piidy, coZ neplati pro Olsenovu a katexovou metodu.

pfstupny fosfor; pidnf drodnost; metody; vépnénf; hnojenf

UvoD

Studium a stanoveni piistupnosti fosforu rostlinim
v kyselych pidédch patfi k sloZit&j§im problémim
v plidnf chemii fosforu. Na tvorb& nerozpustnych slou-
&enin fosforu v piid€ se podili vice prvki. Tyto sloude-
niny déle blokujf dodany pfistupny fosfor z hnojiv, a to
vlivem nevratné sorpce (sorp&nf kapacity) a rychlé fi-
xace (Williams, 1943; Fox, Kamprath, 1970).
Nejnovéjsi zahraniénf price jsou uvedeny v pifehledu,
ktery vypracoval Edwards (1993). Podrobnou stu-
dii hnédgch kyselych pid Sumavy realizovali pracov-
nici z Jiho&eské univerzity (Kol4f, 1993).

Tato price navazuje na piedchdzejici publikace,
v kterych bylo popséno vyuZit{ forem pfistupného fos-
foru k hodnocen{ metod sledovén{ vyZivného stavu er-
nozemé (Machéddéek, 1993), hnédozemé illimerizo-
vané a slab& oglejené Machddek, 1994a), resp.
hnédé pidy podzolované Machéd&ek, 1994b).

L. V§chozi charakteristika piidy (1979) - Initial characteristics of soil
(1979)

pH 52
Egner 26 mg P.kg™!
Schachtschabel 261 mg K.kg™!
Sorpénf index' 2,99
Mokri fixace? 94 mg K.kg™!
Mobilnf K rezerva® 5810 mg Kkg™!
Prach? 458 %
KVK® 139 mmolekv.kg™!
Rychlost uvolifovénf P® 2,06, 0,61, 1,45 mg
R, + R, R, R, Pkg-.min-12

7
mzmg_z&m\;%:: desorpeni!? 049,047, 0,54

MATERIAL A METODA

Byly pouZity vysledky z kaZdoro&nfho sledovéani
i jejich priméry za obdobi 1982 aZ 1987 ze tf{ variant
dlouhodobého polyfaktoridlnfho pokusu, ktery byl za-
loZen na pokusné stanici v Humpolci v roce 1979. Na
dané lokalit& je hnéd4 pida kyseld (HPa), piscitohlini-
td, matedny substrdt jsou pararuly. Vychoz{ primé&émé
vysledky z roku 1979 jsou uvedeny v tab. I a v tab. IT
jsou uvedeny plodiny a ddvky hnojiv v jednotlivych le-
tech. Pfi uvedenych ddvkéch hnojen{ bylo pouZito stup-
Hované hnojenf fosforem v ddvkach 0, 40 a 80 kg.ha™'
a obsah fosforu pfi ddvce 20 a 60 kg.ha‘l byl dopocten.
Ke sledovénf fosforegného reZimu byly pouZity ukaza-
tele, které uvddi Machéd&ek (1993, 1994a).

VYSLEDKY A DISKUSE

Jednim z nejdileZitéjich ukazateld pfistupnosti fos-
foru na HPa je pldnf reakce. Zmény pldnf reakce po

II. Pfehled plodin a ddvek hnojiv — The survey of crops and doses
of fertilizers

Rok! Plodina® > K_| Hot? | Ca0
kg.ha™! tha™!

1981 | siléZnf kukufice* | 170 75 40,0 -
1982 | ozim4 p¥enice’ 78 70 - -
1983 | jarnf je¢menS 100 70 = 3,50
1984 | brambory’ 125 150 | 40,0 -
1985 | jamf je¢men® 75 70 - -
1986 | dvouseZny jetel® 40 100 - 3,50
1987 :

lsorption index, 2wet fixation, *mobile potassium reserve, “dust,
CEC, "rate of phosl%horus release from soil, ‘equilibrium constant,
#total, 9adsorption. desorption

142

dévka P - dose of P (0, 20, 40, 60, 80 kg P.ha™)
'ycar, Zcrop, *manure, silage corn, “winter wheat, Gspring barley,
7polutoes. two-cut clover
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hnojeni fosforem, vdpnénf a organickém hnojeni jsou
zndzornény na obr. 1. V&t§{ pozitivni zmé&na v hodno-
tdch pH nastala u v8ech variant fosfore¢ného hnojenf
po prvnim védpnén{ na podzim v roce 1982 neZ po dal-
$fm vépnénf na podzim v roce 1985, které bylo prove-
deno po organickém hnojenf na podzim v roce 1983.
Organické hnojen{ mélo pufraénf G¢inek na zmény pH
zplsobené anorganickymi zdsahy (fosfore¢né hnojenf,
vépnéni).

V tab. III je uveden pifehled korela¢nich koeficienti
zdvislosti mezi obsahy fosforu stanovenymi riznymi

PH T

4 R N I '

+ +

8z 82 84 85 &6 &7

1. Vliv vdpn&nf (Ca) a organického hnojenf (Hn) na zmé&ny pH — The
effect of liming (Ca) and manure (Hn) on the change of pH value

1-0kgP.ha™

2 - 40 kg P.ha™

3 - 80 kg P.ha™

osa x: rok — x axis: year

I11. Pfehled korela¢nich koeficientd zévislosti 1. fddu mezi obsahy
fosforu a piidnf aciditou — The survey of correlation coefficients of

relationships of the 1st order b of phosphorus and
soil acidity
P (kg.ha')
0 40 80

P +P, 0,860 0,590 0,700

P, -0,410 0,450 0,550

Py 0,810 0,280 0,670

Egner 0,270 0,620 0,620

Olsen 0,050 -0,350 0,270

Mehlich 11 -0,820 -0,140 0,050

0,760 ~ prikazny vztah - significant relationship
0,880 — vysoce prikazny vztah — highly significant relationship

metodami a pidni reakef v jednotlivych letech pfi riiz-
nych ddvkéch hnojiva (obr. 1). Na obr. 2 je uveden vliv
pudni reakce — acidity v jednotlivych letech (obr. 1) na
obsahy pifstupného fosforu stanoveného riiznymi me-
todami pfi riiznych ddvkach fosforu.

Nehnojené varianta (0 kg Pha™)

Ze sloZek pfistupného fosforu na nehnojené varianté
zména pldnf reakce pfimo ovliviiuje obsah pohyblivé-
ho fosforu (Py) a nepifmo obsah vodorozpustného fos-
foru (P,), jak uvédi tab. I. Stanoveny obsah pfistupného
fosforu podle Mehlicha II se zvy3ujici se aciditou pidy
se zvySuje a naopak sniZuje se obsah stanoveny meto-

1V. Prehled regresnich a korelagnich koeficientdl polynomu 1. a 2. Fdu zévislosti statickych metod a ukazateld na ddvce fosforu - The survey
of regression and correlation coefficients of the polynomial of the st and 2nd orders of dependence of methods and parameters on

phospohorus dose

a b r a b c.107? T
Mehlich II 39,1 0,620 0,920 31,2 1,369 -9.25 0,990
Egner 17,9 0,506 0,970 22,4 0,073 535 0,998
Olsen 21,8 0,429 0,982 19,3 0,665 -2,92 0,998
CaCl, 25,3 1,257 0,994 22,2 1,551 -3,63 0,995
P + P, 34,1 0,763 0,999 35,0 0,682 0,99 0,999
P, 93 0,227 0,997 8,7 0,279 -0,63 1,000
Py 26,1 0,520 1,000 26,4 0,491 0,36 1,000
O, +0, 16,5 0,420 0,986 18.8 0,209 2,60 1,000
0, 49 0,136 0,997 5,0 0,125 0,14 0,996
0, 12,0 0,273 0,970 14,1 0,072 2,48 0,999
D, + D, 17,6 0,353 0,985 15,9 0,514 -1,99 0,994
D, 4.8 0,086 0,995 39 0,162 -0,95 0,995
Dy 14,3 0,252 0,979 12,6 0,408 -1,93 1,000
Odbér! P 214 0,028 0,604 20,4 0,118 -1,11 0,965

0,760 - prikazny vztah — significant relationship

0,880 - vysoce prilkkazny vztah — highly significant relationship
rovnice - equation Y =a + bx; Y=a + bx + X

r - korela&nf koeficient — correlation coefficient

luptakc
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dou podle Egnera. Pidnf{ acidita v daném rozmez{ pH
témé&f neovliviiuje obsah fosforu stanoveny metodou
podle Olsena.

Dévka 40 kg P.ha™!

Tato ddvka nejvice ovliviiuje vztahy z4vislosti obsa-
hu Py a P, sloZek pifstupného fosforu na acidité pidy.
Se sniZujfci se aciditou pidy se zvySuje obsah P, na
ukor Py, ¢fmZ je nejvice ovlivn€nd Egnerova metoda
a metoda podle Mehlicha I m4 stdle nepfimy vztah.
V daném rozmezi pH rovn&Z nenf vyrazné ovlivnéna
Olsenova metoda.

Dévka 80 kg P.ha™!

Pfi této ddvce dochdzi téméf k vyrovndn{ zdvislosti
P, a Py sloZek pifstupného fosforu, a to vlivem vysoké
dédvky fosfore&ného hnojiva, které potlatuje vliv uvol-
n&ného fosforu na obsah pfistupného fosforu. Projevuji
se pouze zdvislosti pifstupného fosforu stanoveného
sledovanymi metodami na acidité pidy.
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2. Vliv vdpnéni (Ca) a organického hnojenf (Hn) na obsahy pffstup-
ného fosforu — The effect of liming (Ca) and manure (Hn) on the
contents of available phosphorus

2a - 0 kg P.ha™!
2b - 40 kg P.ha™
2c - 80 kg P.ha™!

osa x: rok - x axis: year

va da II - Mehlich’s method II
2 - Olsenova metoda - Olsen’s method

3 - Egnerova metoda — Egner’s method

1 - Mehlich

V tab. IV je uveden prehled zdvislosti ukazateld na
dévce fosforu pomoci polynomu 1. a 2. f4du. Pro me-
tody, které majf maly rozdfl mezi hodnotami korela¢-
nich koeficientl u jednotlivych polynomtl, je moZné
pro vypodet relativntho zvy3eni obsahu fosforu v plidé
pouZit rovnic obou polynomil. Kde jsou tyto rozdily
v&ts, je vyhodn&j$f pouZit rovnic polynomu 2. fddu. Ze
sledovén{ zévislosti zvySovén{ obsahu pfistupného fos-
foru na dédvce fosfore¢ného hnojiva, kterd je v celé §ifi
hnojen{ fosforem zobrazena na obr. 3, bylo zjiSt€no, Ze
tato zdvislost je pro interval ddvek fosfore¢ného hnoji-
va (Neuberg et al.,, 1990) téméf linedrnf. Podle re-
gresnf rovnice polynomu 1. ¥4du bylo zji$t&no, Ze pro
zvySeni obsahu pfistupného fosforu o 1 mg.kg"l pri
primérném odbéru 20,4 kg Phala vychozim obsahu
fosforu pfi ddvce hnojiva 0 (obr. 3) je pro Egnerovu
metodu nutno pfidat 1,98 kg P.ha™!, pro metodu podle
Mehlicha II 1,61 kg P.ha™' a pro Olsenovu metodu
2,33 kg P.ha.

Zékladnf kritérium pro hodnocenf vhodnosti metody
pro stanovenf pffstupné Ziviny rostlindm je jeji vztah
k odbéru dané Ziviny. Viechny ovéfované metody pro
stanoven{ pifstupného fosforu majf nepriikazny vztah
(tab. V) a z nich zdkladnf{ kritérium vhodnosti témé&f
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3. Vliv dévky fosforu na obsah pfistupného fosforu — The effect of
phosphorus dose on the of available phosphorus

1 = Mehlichova metoda II ~ Mehlich’s method 11
2 - Olsenova metoda — Olsen’s method
3 - Egnerova metoda ~ Egner’s method

splifuje pouze Mehlichova a Olsenova metoda. Vysoce
pritkazny vztah s odb&rem fosforu mé pouze pohyblivd
sloZka uvolnitelné formy (Dy) pifstupného fosforu, coZ

je takovi sloZka pfistupného fosforu, kterd je vdzand na A b =
povrc!xu pevné faze a za urditych _pc_)dmfnek je schopna Booer PR 8.80 0729 0914
uvolnit se do plidniho roztoku. Miniméln{ rozdily v ko- 3
; ; : ; Mehlich Il | 15,69 1,094 0,830
relagnich koeficientech jsou mezi celkovymi (P + Py,
f A . CaCl, -18,75 2,149 0,853
Py) a uvolnitelnymi (Dy + D,, Dy) formami a neprii- g 5.3 s5ib o
kazné vztahy labilnf formy (Oy + O,, Oy) dokazujf, Ze £+ 3y g 2 ‘
uvolnitelnd forma na rozdil od labiln{ formy je zdkladnf{ P, 1,95 0,388 0,909
Py 19,22 0,924 0,737
v Pidtitad . . i s Mehlich II | Egner 1,72 0,629 0,830
5 ed regr a korelaénfch koeficientd polynomu 1. fadu
24vislosti odb&ru fosfora na vesledcich metod — The survey of re- Olsen 3,02 | 10385 0,967
gression and correlation coefficients of the polynomial of the Ist CaCl, -39,59 1,788 0,936
order of depend: of phosphorus uptake on the results of methods P+ P, 23,79 0,819 0,701
5 b . P, 079 | 0305 0941
P, +P, 19,5 0,042 0,814 Py 24,84 0,510 0,536
P, 20,6 0,111 0,583 Olsen Egner ~4,04 1,146 0914
Py 19,7 0,051 0,802 Mehlich 11 -1,17 1,599 0,967
Egner 20,6 0,048 0,566 CaCl, -47,02 3,006 0,952
Olsen 19,8 0,074 0,722 P+ P, 14,38 1,545 0,800
Mehlich 1 19,5 0,050 0,751 P, -2,57 0,527 0,984
CaCl, 21,5 0,016 0,488 Py 17,6 1,000 0,636
O, +0, 20,1 0,063 0,744 CaCl, Egner 16,46 1,339 0,853
o, 21,2 0,145 0477 Olsen 17,54 0,302 0,952
0, 20,6 0,066 0,690 Mehlich Il | 26,40 0,490 0,936
D, +D, 18,9 0,109 0,866 P +P, 47,58 0,366 0,599
D, 19,8 0,357 0,732 P, 6,15 0,167 0,987
D, 18,8 0,145 0,894 P, 41,81 0,193 0,387

forma celkové pfistupného fosforu. Nejvy3$8i hodnotu
regresniho koeficientu jako ukazatele citlivosti odb&ru na
obsahu fosforu v pidé mé uvolniteln& vodorozpustny
fosfor (D) , ktery je vSak méné rozpustny neZ labilné
vodorozpustny fosfor (O,); D, vyrazné ovliviiuje cel-
kové vodorozpustny fosfor (P,) a podili se na zvySové-
nf Oy, ktery na této piid€ bude zdkladem obsahu fosforu
v pidnim roztoku.

Pfi srovnéni vztahl mezi jednotlivymi metodami pro
stanoveni pfistupného fosforu bylo shledano, Ze viech-
ny vztahy jsou prikazné a vysoce priikazné (tab. VI)
a z toho nejmensi rozptyl korelaénich koeficientl s os-
tatnimi metodami mé Olsenova metoda. V&tsi rozptyly
korelaénich koeficienti maji jiZ metody se sloZkami
pfistupného fosforu. Zatimco metody s vodorozpust-
nou sloZkou (P,) maji vysoce pritkazny vztah, tak s po-
hyblivou slozkou (Py) jsou vztahy nepriikazné a proje-
vuji se vét§i rozdily mezi extrak&ni schopnosti
jednotlivych metod. S uvolnitelné pohyblivou sloZkou
(Dy), kterd mé vysoce prikazny vztah s odbérem fos-
foru, mé pritkazny vztah pouze Egnerova (0,764) a Ol-
senova (0,799) metoda. Mehlichova metoda IT md s Dy
nepriikazny vztah, coZ je v souhlase s teoretickym

VL. Pfehled regresnich a korelaénich koeficientd polynomu 1. fdu
vysledkd metod a ukazateld - The survey of regression and correla-
tion coefficients of the polynomial of the 1st order of results of the
methods and parameters

0,760 ~ prikazny vztah - significant relationship

0,880 — vysoce prilkazng vztah — highly significant relationship
rovnice ~ equation Y = a + bx

r - korela¥nf koeficient — correlation coefficient
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pfedpokladem, protoZe extrakéni €inidlo Mehlichovy
metody II kromé pohyblivych sloZek riznych forem
pidntho fosforu extrahuje z pid o niZ¥im pH (Ma-
chddek, 1994b) i rostlindm t€Zko piistupné slouceni-
ny fosforu, a tfm jsou ziskané vysledky nejvyssi ze
viech metod (obr. 2). Obdobnym zptisobem nadhodno-
cuje vysledky Egnerova metoda u piid s vy3$im pH (al-
kalické a karbonétové pudy). Olekdvany standard tcel-
nosti mé Olsenova metoda. Vapnéni a hnojeni hnojem
ma vliv na zpfistupnéni fosforu rostlindm a na potlace-
ni komplexnich reakci fosfore¢ného iontu s Al- a Fe-
-ionty a udrZenf slougenin v uvolnitelné formé, coZ se
projevuje na vztahu pohyblivé slozky Dy s Egnerovou
metodou (0,764), ktery je priikkazny a ovliviiuje celkové
pfistupny fosfor (0,870 — vysoce priikazny vztah).

Z praktického pohledu vyuZitf metod pro stanovenf
pfistupného fosforu a forem fosforu v piid€ k interpre-
taci vysledki je dileZité hodnocenf kritérif zdsobenosti
pud fosforem. Tato kritéria, nejsou-li vypracované pii-
mo pro ur&itou lokalitu, by méla zahrnovat dals{ d&lenf
do skupin (pidni druh) a podskupin (pH pidy). V ob-
lasti lokality Humpolec jsou pidy stfedni, pfevaZuji
pudy kyselé a slab& kyselé. Z tohoto pohledu byla vy-
pracovéna kritéria zdsobenosti pid fosforem (tab. VII)
takovym zplsobem, aby mohly byt doporudené davky
uvedené v komplexnf metodice vyZivy rostlin bez ko-
rekce pfimo pouZity. Pro Olsenovu metodu, kterd ma
nejmensi zdvislost na pH a rovn&Z spliiuje kritéria
vhodnosti, je uvedena stupnice bez dal$ich podskupin
podle pH. Pro dopln&nf jsou uvedena i kritéria pro me-
todu s katexem. JestliZe jsou pidy v oblasti pod pH 5,0,
doporuduje se pro Egnerovu metodu pouZit ddvku fos-
fore¢ného hnojiva o jednu kategorii zdsobenosti niZ§f
neZ rozmezi pH 5,0 aZ 5,5, protoZe pfi pH mens$im neZ
5,0 je podhodnocen obsah piistupného fosforu. Pro me-

todu podle Mehlicha II naopak je nutné pouZit ddvku
fosfore¢ného hnojiva o jednu kategorii vy3§i, protoZe
tato metoda naopak nadhodnocuje obsah pfistupného
fosforu. Pfi soucasném vdpnéni ddvkou 3 500 kg
CaO.ha™! a fosfore¢ném hnojeni minimaln& dva roky
po organickém hnojen{ lze sniZit ddvku fosfore¢ného
hnojiva o 20 %, neZ odpovidd ddvce uréené podle vy-
pracovanych kritérii zdsobenosti piid fosforem, protoZe
tento rozdil je doplnén fosforem, ktery pfi niZsi acidité
nepfechdzi do t&€Zko rozpustnych sloudenin.

ZAVER

Uvolnitelné formy pfistupného fosforu tvoii hlavni
podil celkové pfistupného fosforu, labilni formy jsou
nestalé.

Obsah pohyblivého fosforu, ktery je schopen se
uvolnit z povrchu pevné féze do roztoku, je hlavnim
ukazatelem pro vyZivu rostlin a tuto formu pfistupného
fosforu pfevdZné stanovuje Olsenova a Egnerova meto-
da.

Z metod pro stanoveni pfistupného fosforu vzhle-
dem k odbéru fosforu rostlinou mé nejt€sné&j¥i vztah
Mehlichova II a pak Olsenova metoda pifed Egnerovou
metodou. Extrakce CaCl, m4 nejmen$i vztah s odbg-
rem fosforu.

Vépnéni plisobi pfiznivé na zvySovdni pH, a tim
znemoZiiuje vazbu fosforu do méné pfistupnych slou-
Eenin. Organické hnojeni pisobi pufraéné na stabilizaci
pH a udrZenf fosforu ve formé& dobie piistupné rostlindm.

Hnojeni do zdsoby na této pidé je nevhodné, proto-
Ze tato ptida md vysokou nevratnou sorpci a malou puf-
ra¢nf schopnost.

VII. Hodnocen{ obsahu fosforu (mg.kg'l) v piid& stanoveného riiznymi dami — The eval of phosphorus content (mg.kg'l) in soil
determined by different methods
Raogoeie! Egner Mehlich II
5,0-5,5 > 5,5 5,0-5,5 >55
Malg? <22 <26 55 <49
Stfednf® 1 23-34 27-40 56-74 50-56
Stfednf 2 35-44 41-52 75-97 57-87
Dobré* 45-55 53-65 98-115 88-103
Vysoka® 1 56-83 66-99 116-164 104-147
Vysok4 2 84-104 100-124 165-200 148-180
Velmi vysok4® > 105 > 125 > 201 > 181
P, + P, P Py Olsen
Mala <60 <14 < 46 <3l
Stfednf 1 61-80 15-19 47-61 32-42
Stfednf 2 81-107 20-27 62-80 43-56
Dobré 108-127 28-33 81-94 57-67
Vysok4 1 128-180 34-49 95-131 68-96
Vysok4 2 181-221 50-60 132-161 97-118
Velmi vysokd > 222 > 61 > 162 > 119

'category, 2low, *medium, 4good. shigh, 6very high
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Do dédvky kolem 50 kg P.ha™! je zdvislost viech
analytickgch tdaji s pfistupem fosforu tém&f linedrn{
a pak pfechdz{ podle druhu extrahované formy v neli-
nedrnf zdvislosti, z nichZ nejjednodus$i je kvadratickd
funkce. Mehlichova metoda II reaguje nejpruZnéji na
hnojen{ fosforem.

Vypracovand kritéria zdsobenosti pid fosforem pro
Egnerovu a Mehlichovu II metodu je nutno délit podle
pH pidy (pidnf acidity).
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