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Sulphur concentrations and distribution in three varieties of oilseed
rape in relation to sulphur fertilization at vegetative stages

J. Matula', H. Zukalova?

!'Research Institute of Crop Production, Prague-Ruzyné, Czech Republic
?Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

A pot trial was conducted on three varieties of winter rape: line variety Lirajet (L), its genetically modified form Lirajet
Roundup Ready (GML) and hybrid variety Pronto (P) to study the effect of graded sulphur application rates on concen-
trations and distribution of total sulphur, sulphates and glucosinolates in the parts of oilseed rape plants at the stage of
spring regeneration of leaf rosette, stem extension and flowering. Large differences in the concentration and distribution
of total sulphur and sulphates were determined between the varieties, particularly between the line variety Lirajet and its
genetically modified form. The effect of graded sulphur application rates on the concentration and distribution of total
sulphur and sulphates in the plant parts was confirmed. The highest increase in their contents at vegetative stages was
observed in leaves. The content of total sulphur and sulphates in rape leaves clearly reflects the nutrient status of oilseed
rape plants. Sulphates were an important component of the total sulphur content in the vegetative parts. It is question-
able whether it is a result of low effectiveness of their utilization for synthesis of primary and secondary metabolites or
a reflection of the mineral form of sulphur — sulphates play other roles in oilseed rape plants. The trends of glucosinolate
contents and distribution were not found to be explicitly related with S-fertilizing. Their proportions in the vegetative
parts of oilseed rape were minimum. In the course of vegetative stages, a shift was observed in their higher contents in
these vegetative parts of oilseed rape: roots, stem, racemes, leaves. Only the variety Pronto had somewhat higher values

of glucosinolate contents in all vegetative parts including leaves.

Keywords: oilseed rape; variety; S-fertilization; sulphur; sulphate; glucosinolate; concentration; distribution

Sulphates are the main form of sulphur uptake by
plants while it is supposed that an active uptake is nec-
essary to overcome the negative electrochemical gradi-
ent behind the cell plasmalemma. Metabolizing of SO *
into organic compounds requires their reduction similar-
ly like in NO,"(Mengel and Kirkby 1982). The function of
glucosinolates as sinks is challenged by a low concen-
tration of glucosinolates in the vegetative parts of oil-
seed rape plants (Fieldsend and Milford 1994).
Glucosinolates are supposed to play an important role in
the defence mechanism of oilseed rape against pests and
diseases (Mithen 1992; Wallsgrove et al. 1999).

Appropriate sulphur supplies to oilseed rape plants
also imply important environmental consequences in the
intensive system of crop production. Fertilizer nitrogen
utilization is increased while possible environmental con-
tamination with surplus mineral nitrogen is decreased
(Haneklaus et al. 1999).

The goal of this study was to determine the effect of
graded sulphur application rates in soil with sulphur sta-
tus detected by soil tests, as affected the concentrations
and distribution of total sulphur, sulphates and glucosi-
nolates in three different types of varieties (line, hybrid
and genetically modified ones) at the oilseed rape vege-
tative stages. This research is aimed at gradual collec-
tion of diagnostic data for optimization of sulphur
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supplies to oilseed rape plants and of oilseed rape pro-
duction quality by efficient fertilizing.

MATERIAL AND METHODS

Three varieties were tested in a pot trial: a) line variety
Lirajet (L), b) its genetically modified form Lirajet Roun-
doup Ready (GML) and c) hybrid variety Pronto (P). The
pot was filled with 5 kg of Hapludalfs soil from Ruzyné
locality. The soil properties were as follows: pH j, /., =
6.7; Cigcoy = 1.215%; Nygeo) = 0-112%; S 1 eco) =
112.7 mg S/kg; soil test KVK-UF (Matula and Pirkl 1988;
Matula 1996): CEC=211 mmol(+)kg, S ., =20 mg/kg, K =
194 mg/kg; Mg =72 mg/kg; P =3 mg/kg; Mn=3.1 mg/kg.
An amount of 0.304 g Ca(H,PO,),.H,O was admixed with
the whole volume of each pot on the basis of the soil test.
As the soil had a lower content of magnesium, magne-
sium sulphate was used for fertilizing with graded sulphur
application rates; the sulphate was also admixed with soil
before the pots were filled. MgSO,.7 H,0 application
rates: variant 1 =0; variant2=0.514 g; variant 3=1.028 g;
variant4 =2.056 g. The values of water extracted Mg (1:5)
were minimally influenced by an addition of magnesium
sulphate. The soil test values increased by 2.5% in vari-
ant 3 and by 3.75% in variant 4, Increases in the values of



exchange Mg determined by the soil test of KVK-UF were
much higher: by 2.4% in variant 2, by 14.3% in variant 3
and by 35.7% in variant 4. An amount of 0.8 g N per pot
was applied at the vegetative stages in the form of
NH,NO, solution at eight split doses between 11/3/99
and 26/5/99. A vegetation experiment started on 10/3/99
by transplanting the pre-cultivated plants to pots. The
plants were pre-cultivated in pots containing 440 g of
identical soil: sowing 3/9/98; heeling-in in a cold frame
2/11/98 — winter rest. Each variant had 14 replications.
Four replications were brought to full maturity — to har-
vest (7/7/99). Other replications were parallelly used for
plant samplings: 1. at the end of spring regeneration of
leaves (7/4/99), 2. at stem extension (22/4/99), 3. at flow-
ering (13/5/99).

Plants sampled at vegetative stages were cut into parts
(see the results — graphs), instantly frozen in liquid nitro-
gen and lyophilized. Dry mass of homogenized plant parts
was mineralized in a microwave device MILESTONE in the
medium of nitric acid and hydrogen peroxide. Total sul-
phur was determined on an apparatus ICP-OES Trace
SCAN. An analyzer SAN Plus System — SKALAR was
used to determine sulphates after plant dry matter extrac-
tion into water (0.5 g + 25 ml H,0, 1 hour rotary shaking).
Statistical programme GraphPad PRISM, CA, USA, ver-
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Figure 1. Concentration of total sulphur in oilseed rape at the end
of spring regeneration of leaves
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Figure 3. Concentration of sulphate in oilseed rape at the end of
spring regeneration of leaves

sion 3.0, and Microsoft Excel 97 were used for experimen-
tal data processing.

RESULTS AND DISCUSSION
Stage of spring regeneration of leaf rosette

Figs. 1 and 2 show concentrations and distribution of
total sulphur. A large difference in total sulphur concen-
trations in relation to S-fertilizing was determined in
leaves only, namely in the variety GM-Lirajet. Graphs of
sulphate concentrations (Fig. 3) illustrate the capacity of
GM-Lirajet to take up substantially more sulphates at
a lower intensity of sulphur fertilizing but without their
noticeable metabolizing. Sulphates accounted for more
than 80% of the total sulphur concentration in this vari-
ety while they accounted for 38-40% in Lirajet and Pron-
to (variant 2). The above-ground leaf rosette was the
main sink of sulphur and sulphates (Figs. 2 and 4).

Fig. 5 shows glucosinolate concentrations in relation
to S-fertilizing variants. Large differences in glucosino-
late distribution were observed between the variety Pron-
to and the varieties Lirajet and GM-Lirajet (Fig. 6). In the
Pronto variety, the leaves were more important sinks of

@ Variant |
W Variant 2
B Varant 3
O Variant 4

IO

T

Percentage in plant parts
"
3
A

LR T

L

A Y
[l

¥ gis F 3
H 2338 g g
[ g 3

Figure 2. Distribution of total sulphur in oilseed rape at the end of
spring regeneration of leaves
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Figure 4. Distribution of sulphate in oilseed rape at the end of spring
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Figure 5. Concentration of glucosinolate in oilseed rape at the end
of spring regeneration of leaves

glucosinolates than the roots. Glucosinolate distribution
in Lirajet and GM-Lirajet was higher in roots than in
leaves.

Stem extension stage

Graded S application rates were reflected only in an
increase in total sulphur concentration in leaves (Fig. 7),
with a stagnation between variant 2 and 3 (i.e. between
the 1* and 2™ sulphur dose) that could be explained by
activation of higher uptake capacity as a result of sulphur
deficiency (Cram 1990; Massonneau et al. 1997). The
variety GM-Lirajet had substantially higher concentra-
tions of total sulphur in leaves than Lirajet and Pronto.
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Figure 7. Concentration of total sulphur in oilseed rape at stem
extension
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Figure 9. Concentration of sulphate in oilseed rape at stem exten-
sion
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Figure 6. Distribution of glucosinolate in oilseed rape at the end of
spring regeneration of leaves

Sulphates accounted for 68.22% of total sulphur concen-
tration (SD 8.123) in Lirajet and Pronto; the proportion of
sulphates in the variety GM-Lirajet was obviously high-
er (mean 78.30%; SD 8.093). The high sulphate concen-
tration in leaves could be ascribed to sulphur allocation
in cell vacuoles and to their limited transport through the
tonoplast (Zhao et al. 1999). There were no substantial
differences in total sulphur concentrations between roots
and stems, but sulphate proportions were different. Stem
concentrations amounted to 56.71% on average (SD 4.456),
root concentrations were lower (mean 34.72%, SD 8.087).
Fig. 9 shows sulphate concentrations in the vegetative
parts of oilseed rape plants in relation to S-fertilizing vari-
ants. Leaves were the main sink of total sulphur and sul-
phates in oilseed rape plants (Figs. 8 and 10).
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Figure 8. Distribution of total sulphur in oilseed rape at stem exten-
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Figure 10. Distribution of sulphate in the parts of oilseed rape at
stem extension



Fig. 11 shows glucosinolate concentrations. Stems
were the main sinks of glucosinolates in the varieties Li-
rajet and GM-Lirajet (Fig. 12). Besides in stems, Pronto
had higher glucosinolate concentrations also in leaves
in comparison with the other varieties.

Flowering stage

Only leaves showed an evident gradient of the increase
in total sulphur concentration in oilseed rape in relation
to S-fertilizing (Fig. 13). Sulphates in leaves accounted
for 40-70% of total sulphur and their proportion was in-
creasing with S-fertilizing intensity. This finding docu-
ments that leaves are a suitable material to diagnose the
nutrient status of oilseed rape plants on the basis of to-
tal sulphur or sulphate contents (Schnug and Haneklaus
1994; McGrath and Zhao 1996; Pinkerton 1998). The va-
rieties obviously differed in total sulphur contents. Lira-
jet had the lowest concentrations, while GM-Lirajet had
the highest ones.

Total sulphur contents in racemes were balanced for
all varieties and all S application rates. Average concen-
trations ranged around 3.26 g S/kg dry matter (SD 0.467),
sulphates accounted for 40.44% on average (SD 0.146).
Roots had lower concentrations of total sulphur (mean
2.29; SD 0.476) irrelevant to the variety and S-fertilizing.
The lowest concentration of total sulphur was detected
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Figure 11. Concentration of glucosinolate in oilseed rape at stem
extension
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Figure 13. Concentration of total sulphur in oilseed rape at flower-
ing

in stems in the range of 1 to 2 g S/kg, tending to increase
with S-fertilizing intensity.

As regards relative distribution of total sulphur in the
weight parts of oilseed rape plants, racemes were the main
sinks of sulphur (Fig. 14). Highest allocations were de-
termined in Pronto (mean 54.81%, SD 4.066) and GM-Li-
rajet (mean 50.32%, SD 9.137), and lower ones in Lirajet
(31.95%, SD 1.810). Leaves were another sink: Lirajet
(mean 30.31%, SD 3.693), GM-Lirajet (mean 26.04%,
SD 3.649) and Pronto (mean 21.13%, SD 4.579). The vari-
ety Lirajet also had a significant distribution of total sul-
phur in stems (mean 26.71%, SD 2.121).

Fig. 15 shows sulphate concentrations in the oilseed
rape parts; differences between the varieties and rela-
tions to S-fertilizing are illustrated in leaves only. Sul-
phate distribution in oilseed rape is documented in
Fig. 16. The main sinks of sulphates in Lirajet are leaves
(mean 38.48%, SD 7.222) and stems (mean 27.15%,
SD 5.676), particularly at higher S application rates. The
hybrid Pronto has racemes as the main sink of sulphates
(mean 50.21%, SD 6.087), showing a trend of decrease
with increasing S application rates. Sulphate distribution
in GM-Lirajet more resembled that of Pronto than distri-
bution in the original variety Lirajet.

Glucosinolate concentrations in the oilseed rape parts
were not related to S-fertilizing (Fig. 17). There existed
evident differences in glucosinolate distribution between
the varieties (Fig. 18). Stems were the main sink of glu-
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Figure 12, Distribution of glucosinolate in the parts of oilseed rape
at stem extension
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Figure 14. Distribution of total sulphur in the parts of oilseed rape
at flowering
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Figure 15. Concentration of sulphate in oilseed rape at flowering
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Figure 17. Concentration of glucosinolate in oilseed rape at flower-
ing

cosinolates in Lirajet (mean 51.39%, SD 5.950), in Pronto
it was racemes (mean 85.30%, SD 2.112), in GM-Lirajet
racemes (mean 54.01%, SD 8.726) and stems (mean
33.49%, 8D 6.122).

Glucosinolate distribution at vegetative stages was
largely different from allocations of total sulphur and
sulphates. The highest concentrations of glucosinolates
were determined in transporting parts of the plant (roots,
stems) and in seed at the end of vegetation. This finding
could be in agreement with a deduction that glucosino-
lates are not re-synthesized in the seed but they are syn-
thesized and transported from other parts of the plant.
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ABSTRAKT
Vliv hnojeni sirou na jeji obsah a distribuci v priib&hu vegetace tfi odriid ozimé Fepky

U tfi odrid ozimé fepky: liniové odriidy Lirajet (L), jeji geneticky modifikované formy Lirajet Roundup Ready (GML)
a hybridni odriidy Pronto (P) byl v nddobovém pokuse sledovan vliv stupfiovaného hnojeni sirou na obsah a distribuci
celkové siry, siranti a glukosinolati v &astech fepky ve fazi jarni regenerace listové rizice, dlouzivého ristu a kveteni. V kon-
centraci a distribuci celkové siry a sirani byly zji§tény vyrazné rozdily mezi odridami, zvla§té mezi pivodni liniovou
odridou Lirajet a jeji geneticky modifikovanou formou. Stupiiované hnojeni sirou ovlivnilo koncentraci a distribuci celkové
siry a siranil v &astech fepky. Nejvyrazné&jsi nartst jejich obsahu byl prokazan b&hem vegetace v listech. Obsah celkové siry
a siranl v listech fepky reflektuje nejlépe vyZivny stav fepky. Sirany pfedstavovaly podstatnou slozku obsahu celkové
siry ve vegetativnich ¢astech fepky. Je otdzkou, zda je to projev pouze nizké efektivnosti jejich vyuziti k syntéze primar-
nich a sekundarnich metabolitii, anebo mineralni formy siry — sirany plni v fepce dalsi poslani. V obsahu a distribuci gluko-
sinolatl nebyly zjidtény jednoznaéné trendy v zavislosti na stupfiovaném hnojeni sirou. Minimalni bylo jejich zastoupeni
ve vegetativnich ¢astech fepky. S postupem vegetace byl zaznamenan posun jejich vétsiho obsahu v naslednych vegetativ-
nich &astech fepky: kofeny, lodyha, kvétenstvi nez v listech. Pouze odriida Pronto vykazovala o n&co vétsi hodnoty obsahu
glukosinolatd ve viech vegetativnich ¢astech fepky véetné listi.

Kli®ov4 slova: ozima fepka; odridy; hnojeni sirou; sira; sirany; glukosinolaty; obsah; distribuce
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The main features of the transfer of trace elements into plants

J. Némeéek!, E. Podlesakova?

!Czech University of Agriculture in Prague, Czech Republic
’Research Institute for Soil and Water Conservation, Prague, Czech Republic

ABSTRACT

The contribution represents the introduction to a set of papers, which evaluate the rules of the transfer of trace elements
into testing plants in dependence on the content and mobility of hazardous elements and on specific features of every
element by radish, triticale and spinach. The fact that in the set of investigated soil samples critical values of plants from
the viewpoint of zoo- and phytotoxicity have been exceeded testifies the appropriate selection of samples. The summary
statistics of the data concerning the content of the hazardous elements in testing plants and transfer quotients of elements
(Cd > Zn > Mn > Cu, Ni > Co, V > Pb, Cr > As) are given. Transfer quotients are refered not only to total contents, but
also to potentially mobilizable and mobile species. Liming decreased transfer of the most mobile elements in the indirect
relation to their mobilities (Co, Mn, Ni > Cd, Zn). The liming did not affect the uptake of Cr, V, Cu, the uptake of As

even increased.

Keywords: summary statistics; trace elements; transfer into crops

Presented set of contributions refers to studies of the
mobility of trace elements in soils (Némecek et al. 1999;
Podlesakova et al. 1999; Némecek and Podlesiakova 2000;
Podle$dkova and Némeéek, 2000). They are focused on
the specific feature of uptakes of single trace elements
(TEs) by testing plants and on the dependence of trace
elements transfer from soil to plants upon the content
and first of all upon the mobility of TEs and factors,
which affect them.

Many authors have confirmed that the uptake of trace
elements by crops correlates not so much with the total
content but with the content of mobile or potentially
mobilizable species (Soon and Bates 1982; Xian 1989).
Plant uptakes of the most mobile TEs correlate with the
species extractable in 0.01M CaCl, (Houba et al. 1990;
Whitten and Ritchie 1991), in 0.1M NaNO, (Gupta and
Héni 1981), in IM NH,NO, and 0.01M CaCl, (Hornburg
and Briimmer 1989, 1990a, b, 1991) and in IM NH,NO,
(PriieB 1992) and of some other TEs with the potentially
mobilizable extractable species in EDTA (e.g. Ni— Brown
etal. 1989; Cu— Macnicol and Beckett 1985).

Testing crops play a very important role. For the field
conditions we selected fodder plants. Some authors used
the ubiquitous 7araxacum officinale (Kabata-Pendias et
al. 1994; Marr et al. 1999). This plant can be used when
we compare the summary loads from soil and atmosphere
(Cd, Pb, Zn, Mn, Cu) between rural and urban areas. In
pot experiments we have used the radish, triticale and
spinach. Radish is considered as a model plant for
a broad range of growing conditions (Zaman and Zereen
1998). This plant represents the cumulation in the root
bulls. Triticale is resistant against soil acidity. It repre-
sents the transfer into the above-ground biomass. In all
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mentioned cases transfers can be evaluated in terms of
fodder plant standards. Spinach has been used as a bio-
accumulator, with the limited use, due to soil acidity.

Very important conditions to acquire the results, which
are representative for the conditions of the state area, is
the set of used soils (Ap horizons of agriculturally used
soils). The selection has to be judged from the viewpoint
of taxonomic units, range of single properties affecting
TEs mobilities, contamination degree and the kind of the
contamination (airborne, fluvial) and geogenic loads.
Even if it has been proved that high geogenic loads are
characterized by the low mobility, it is necessary to pay
attention to their extremes (Moustakas et al. 1997).

In the following publications, we will focus on predic-
tion equations of the TEs transfer into testing plants
which were derived from the data of both pot experiments
and field conditions with realistic soil loads of agricul-
turally used soils. The substitution of critical plant loads
in prediction equation enables us to arrive at the assess-
ment of limiting contents and mobilities of TEs in soils
for the transfer pathway soil — plant from the viewpoint
of zoo- and phytotoxicity. Considering difficulties in get-
ting the principal aims, it means to fix limiting soil values
of the protection of the food chain, based on ecotoxico-
logical principles, we try to achieve a very modest goal.
Critical limits of soil mobility and content of TEs should
reflect the threat of the worsening of the quality of soil
production, given by the present fodder plants and food
standards and the threat of yield decline.

In this paper we present the summary statistics of the
results of both pot experiments and field investigations.
We explore the characteristics of transfers in the whole
set and also in subsets, which represent different kinds



of soil loads. We express the transfer factors (transfer
coefficients) not only as the ratio of total TEs contents
in plant: soil, but in accordance with Hornburg and Briim-
mer (1991) also as the ratio TEs plant content: mobile and
mobilizable TEs species in soils.

MATERIAL AND METHODS

Transfers of TEs into plants were investigated both in
pot experiments and in field conditions.

Pot experiments were conducted in four replications
with 54 soil samples, contaminated in natural conditions
or with samples characterized by geogenic loads. The soil
samples include representative soil units (Chernozems —
calcic, pelic; Luvisols — orthic, glossalbic; Stagnosols —
orthic, luvic; Cambisols — eutrophic, dystric, hyperdys-
tric; Podzols — cambic, orthic; Fluvisols — orthic) derived
from typical parent materials in representative stages of
anthropogenic airborne and fluvial contamination and
from parent materials with geogenic loads (ultramafic
substrata, metallogenic zones of acid rocks). Field obser-
vations have been made with 107 soil samples taken from
analogical sites. Testing plants comprise radish, triticale
and spinach in pot experiments and fodder plants in ter-
rain investigations.

Mobile species of TEs were determined in IMNH,NO, —
MN; 0.01M CaCl, — MC; potentially mobilizable species
in 0.025M Na,EDTA. Total contents of TEs in soils were
determined after the destruction of soil samples in the
mixture of acids HF + HCIO, + HNO,, in plants after the
destruction in the mixture of HNO, and HCIO,. The analy-
ses were made by means of the AAS method (Varian
AA-300, SAAS, ETA).

The following elements were investigated: Mn, Cd, Co,
Zn,Ni, Be, Pb, Cu, Cr, V, As, Hg.

The used abbreviations of subsets are:

N —subset lacking all extremes (including fluvial)

N + F — subset lacking geogenic extremes

N+ F + C — the whole set

In this contribution only summary statistics was used
after logarithmic (In) transformation.

RESULTS AND DISCUSSION

The elementary statistics does not fulfill only its main
role of the summary evaluation of the investigated set
and subsets from the standpoint of the TEs uptake by
testing plants, but it has also importance for:

— the fast evaluation whether the critical TEs contents in
plants were surpassed within single subsets or the whole
set, at least in maximum values of single elements,

— the fast assessment of conditions under which TEs con-
tents and mobilities in soils affect the exceeding of cri-
tical plant loads,

— the statement whether the explored soil set is characte-
ristic enough for the deducing of conclusions which

concern the TEs transfer into testing plants from the

point of view of the TEs concentration and mobilities

range and factors affecting them.

The selected soil set sampled in field conditions is char-
acterized by a wide range of soil properties (pH 3.8-7.4,
clay < 1 pm content 4-30%, CEC 7-24 cmol(+).kg™",
C,, content 0.6-4.2%, free iron content Fe; 0.2-1.6%),
which affect the mobilities and transfers of TEs.

Tables 1 to 3 present mean contents, standard devia-
tion and maximum values of TEs in testing plants — rad-
ish, triticale and spinach in different soil subsets. In
Table 4 data concerning terrain investigations are dis-
played. They can be compared with reference values of
zoo- and phytotoxicity. Tables involve also transfer co-
efficients (means, maximum values) calculated not only
in relation to total contents (TO) in soils, but also to po-
tentially mobilizable (ED) and mobile (MN) species in
soils. Three sets are being compared: the whole set (N +
F + G), the set lacking geogenic loads (N+ F) and the set
lacking geogenic and fluvial loads (N). The comparison
of TEs contents in testing crops with reference values
testifies the fact, that in the explored set critical standards
of both zootoxicity and phytotoxicity were exceeded not
only in spinach but also in radish and triticale. For eval-
uation we used reference values presented by Vollmer
(1995). For Be and V reference values are missing. It was
stated (Podlesakova et al. 2000) that in the investigated
set also total contents of elements in soils exceed the un-
differentiated background, maximum permissible and in
some cases even the intervention values (geogenic loads).

Tables 1 to 3 present considerable differences in up-
take by radish and triticale as compared with spinach for
the most mobile TEs Cd > Zn > Co, Mn. For the other el-
ements this difference is not significant. This fact is very
important for the assessment of the function of hyperac-
cumulators.

Transfer quotients (TQ) indicate first of all the element —
specific uptakes by crops in the sequence: Cd > Zn > Mn
(in oxidation conditions) > Cu>Ni> Co, V > Pb, Cr> As.
Transfer factors from soils used in pot experiments and
collected in field conditions are much lower than transfer
quotients from soils with a simulated pollution, due to
differences in TEs mobilities and slow equilibration
(Briimmer et al. 1986). The comparison of mean transfer
quotients with mean TEs mobilities shows that the TEs
mobility cannot be automatically identified with the bio-
availability (position of Mn, Co, Cu).

Now we will pay attention to the differences among
subsets, which concern uptakes by plants. Not only the
mentioned whole set and two subsets were analysed, but
also data from geogenic and fluvial extremes.

There are practically no differences between two sub-
sets (N, N + F) of cadmium neither in mean contents nor
in transfer quotients. Cadmium shows the greatest trans-
fer values in general and especially for accumulators, due
to mobile species. The differences in zine contents and
transfers reflect more expressive differences among sub-
set only due to acid geogenic loads (increased) and flu-
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Table 1. Elementary statistics of trace elements contents in crops and their relations to TEs contents and mobilities in soils; pot
experiment (unlimed variants); the whole set (mg.kg™"' dry weight); n = 97

Plant Mn Cd Co Zn Ni Be Pb Cu As Cr \%

GM 30.2 0.861 0.273 41.1 0.88 0.023 0.397 3.01 0.150  0.612 1418
Radish std 83.8 1.076 1.394 40.0 4.72 0.051 3.688 4.60 2.07 1.60 2.01

max 400 6.36 12.37 299 423 0.330 36.7 41.7 13.54 12.90 18.10

GM 169 0.778 0.150 36.2 0.67 0.006 0.570 8.35 0.322 0.735 1.065
Triticale std 339 0.831 3.284 16.1 1.25 0.005 0.436 273 1.48 0.297 0.564

max 1913 3.15 21.0 115 6.05 0.050 2.130 17.40 8.76 1.83 272

GM 206 6.77 0.615 183 1.03 0.010 0.312 71.79 0.092 0.948 1.84
Spinach std 1264 11.63 8.00 182 423 0.025 0.589 5.56 9.97 1.96 1.40

max 7356 48.5 66.3 880 16.1 0.140 21.40 34.20 79.0 10.42 8.05
REAERATG GM 0.037 1.300 0.017 0.271 0.030 0.009 0.008 0.088 0.004 0.007 0.017

adis max 0.578 10.96 0.256 4.537 1.78 - 1.306 2.76 0.223 0.143 0.306

GM 0.139 3.171 0.082 1.646 0.200 1.00 0.016 0.401 0.093 1.47 0.154
Radish/ED

max 6.25 61.3 3.57 29.4 5.25 - 2.11 8.83 4.00 19.30 2.54

GM 3.291 26.6 5.93 68.3 14.18 4.0 347 332 2.87 553 11.26
Radish/MN

max 125 311 156 2290 505 - 367 497 192 717 181.0

GM 0.205 1.174 0.009 0.236 0.021 0.002 0.011 0.241 0.010 0.008 0.012
Triticale/TO

max 1.48 12.90 0.182 0.596 0.430 - 0.146 1.12 0.038 0.071 0.042

GM 0.770 2.856 0.044 1.46 0.148 0.316 0.022 1.11 0.199 1.72 0.118
Triticale/ED

max 273 70.5 2.00 36.4 4.09 - 0.282 24.2 1.50 6.20 483

GM 18.4 223 3.14 60.0 10.19 6.0 497 92.5 6.15 65.3 8.52
Triticale/MN

max 397 450 79.0 1165 270 - 20.8 765 28.33 135 67.3

GM 0.256 10.88 0.035 1.245 0.029 0.004 0.007 0.239 0.004 0.009 0.021
Spinach/TO

max 6.59 120 0.615 6.66 0.397 - 0.472 1.029 1.07 0.071 0.090

GM 0.829 25.0 0.149 6.99 0.198 0.50 0.013 0.907 0.060 2.09 0.206
Spinach/ED

max 23.1 318 5.49 94.4 5.88 - 1.44 6.25 30.86 26.2 233

GM 29.9 281 18.94 431 21.10 2.0 3.09 75.5 1.89 85.4 15.31
Spinach/MN

max 2650 6200 300 13 100 147 - 214 578 1000 763 145
Reference 200 250 1.1 6 500 - ? 10 30 4 10 -
value phyto - - 10 250 10 2 - - - - -

vial loads (decreased values). Zinc transfers into plants,
particularly radish and spinach increased, especially in
relation to potentially mobilizable species (ED) and de-
creased in relation to mobile species (MN) in soils with
acid geogenic loads, whereas they decreased both in re-
lation to ED and MN. It is due to the lower ED and higher
MN values in acid soils with high geogenic loads and
higher ED and lower MN values in fluvisols with in-
creased anthropogenic loads. The uptake of manganese
as an element with high mobility, but lower uptake than
Zn decreases both in soils derived from ultramafic rocks
and in fluvisols. The small differences are shown also in
transfer quotients related to ED and MN. There are no
differences between transfers to triticale and spinach, but
more distinct differences between radish and the others.
Nickel has lower contents in testing plants than Mn, but
very similar transfer quotients, which do not differ even
in case of spinach. The higher contents are found espe-
cially in soils from ultramafic parent materials and in flu-
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visols due to the increased extreme contents in soils de-
rived from ultramafic parent materials or increased mobil-
ities in fluvisols. This is not reflected in transfer
quotients, especially in quotients related to ED and MN.
On the contrary, the quotients plant/ED decline in fluvi-
sols and in a lesser degree in soils from mafic parent
materials, where they even increase in case of spinach.
The opposite relations, even the increase in fluvisols are
found for relations plant/MN. This is due to the de-
creased content of mobile species in these soils, accom-
panied by the increased capability to take up TEs in
a potentially mobilizable form, especially by spinach. The
uptake of cobalt follows Mn with similar features.

From the other elements under study the more pro-
nounced uptake has only copper. Slowly increased val-
ues of TQ are characteristic for the ratios plant/ED of
spinach for acid geogenic loads and distinctly decreased
for only slightly acid fluvisols. These relations are more
expressive for the ratio plant/MN.



Table 2. El y statistics of trace el

contents in crops and their ratio to TEs contents and mobilities in soils (transfer factors);

pot experiment (unlimed variants); the set lacking geogenic and fluvial loads (mg.kg™' dry weight); n = 60

Plant Mn Cd Co Zn Ni Be Pb Cu As Cr Vv

GM 40.0 0.868 0.292 372 0.73 0.026 0.358 2.70 0.107 0.558 1.379
Radish std 94.6 1.54 1.66 387 2.32 0.043 0.519 2.73 0.372 0.878 231

max 400 6.36 12.37 299 14.6 0.222 3210 18.90 245 7.02 18.10

GM 243 0.736 0.150 33.0 0.59 0.006 0.586 792 0.222 0.710 0.962
Triticale std 384 0.767 3.28 11.8 0.98 0.004 0.487 2.59 0.216 0.258 0.611

max 911 2.98 21.0 65.5 4.78 0.027 2.130 17.40 1.18 1.26 2.72

GM 276 6.04 0.814 163 0.69 0.010 0.288 7.05 0.076 0.656 1.908
Spinach std 1536 10.65 10.24 162 1.91 0.027 2.989 3.58 351 0.538 1.400

max 7356 48.4 66.3 793 12.10 0.140 21.40 19.74 25.00 2.13 8.05
Radish/TO GM 0.055 1.453 0.017 0.280 0.035 0.009 0.008 0.094 0.004 0.009 0.017

adis!

max 0.578 10.96 0.256 4.537 1.78 - 0.046 1.658 0.062 0.143 0.316

GM 0.240 3.753 0.082 2.03 0.273 1.28 0.018 0.550 0.096 2.25 0.158
Radish/ED

max 6.25 61.3 3.57 29.4 5.25 - 0.124 8.83 291 13.50 2.54

GM 2.95 26.3 5.93 89.1 12.65 115 3.13 40.35 2.50 54.8 11.00
Radish/MN

max 125 311 156 229 128 - 19.9 497 125 702 181.0

GM 0.329 1.243 0.009 0.247 0.029 0.002 0.014 0.274 0.009 0.012 0.011
Triticale/TO

max 1.049 1291 0.182 0.595 043 - 0.146 1.12 0.038 0.071 0.042

GM 1.463 3.221 0.044 1.86 0.23 0.353 0.028 1.52 0.197 2.95 0.112
Triticale/ED

max 273 70.5 2.00 36.4 4.09 - 0.282 54.2 1.50 6.20 4.83

GM 17.2 224 3.14 79.2 10.21 3.0 5.09 123 5.24 69.8 7.67
Triticale/MN

max 398 450 79.0 1165 239 - 20.8 765 27.0 126 67.3

GM 0.392 10.99 0.059 1.29 0.031 - 0.008 0.260 0.004 0.011 0.023
Spinach/TO

max 6.59 120 0.614 6.66 0.397 - 0.472 1.03 1.07 0.056 0.090

GM 1.40 26.8 0.272 8.20 0.225 - 0.015 1.11 0.067 242 0.211
Spinach/ED

max 23.2 318 5.49 94.4 5.88 - 1.436 5.10 30.86 10.45 1.94

GM 379 290 23.6 539 20.84 - 2.83 92.3 1.74 65.6 15.01
Spinach/MN

max 1318 6200 300 13 100 147 - 214 578 1000 213 75.0
Reference 200 250 1.1 6 500 - - 10 30 4 10 -
value phyto - = 10 250 10 - - - - - -

The other elements are characterized by very low trans-
fer quotients for all investigated plants. This counts for
beryllium, lead, chromium and arsenic. Beryllium has
extraordinary low transfer quotients. Increased transfer
quotients plant/MN for lead are found for soils derived
from acid geogenic anomalies, or spinach from fluvisols
with increased content of potentially mobilizable species.
Increased transfers of chromium occur also only in
plants grown on soils with a very high contents of Cr.
Arsenic is hold in metalliferous zones of some acid rocks.
Increased transfer quotients are characteristic for rela-
tions plant/ED and plant/MN.

The comparison of the mean values and transfer quo-
tients of fodder plants taken in field conditions (Table 4)
with crops growing in pot experiments proves that the
plant contents of trace elements are quite similar except
mainly of Mn, Pb and Cd and Zn. Higher content of Pb
can be caused by immission and of Mn by redox poten-

10

tials. For the most mobile elements the uptake conditions
in pot experiments are more favorable. This is testified
by transfer quotients, which are higher in particular in the
case of Mn, Cd, Zn, Ni.

We also investigated the influence of liming (Fig. 1)
on TEs mobilities. It was found that liming diminished
mainly the effective mobility of TEs, which are highly
(negatively) pH-dependent like Zn, Mn, Be, Cd, Co, Ni
and Pb in the range 83 to 13%. The lowest liming effect
on the transfer into radish and triticale shows (Fig. 2)
Zn and Cd (18 to 20%) — elements with highest mobili-
ties in soils and transfers into plants. Liming affects the
transfer quotients of these elements in a minimum way.
Plants are adapted to take up the mentioned elements
even from slightly acid soils. Liming reduces the trans-
fer of Co and Mn by 48 to 52%. Then follows Ni (35%)
and Pb (10%). The lowest effects of liming on plant
uptake have Cu, Cr. What concerns As, the liming caus-
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Table 3. Elementary statistics of trace elements contents in crops and their ratio to TEs contents and mobilities in soils (transfer factors);
pot experiment (unlimed variants); the set lacking geogenic loads (mg.kg™ dry weight); n = 81

Plant Mn Cd Co Zn Ni Be Pb Cu As Cr \Y%

GM 329 0.861 0.248 37.6 0.81 0.023 0.370 2.88 0.110 0.568 1.38
Radish std 89.7 1.076 1.52 35.7 248 0.051 3.936 4.87 0.520 0.905 2.18

max 400 6.36 12.37 299 14.60 0.330 36.7 41.7 3.84 7.02 18.1

GM 189 0.778 0.158 35.1 0.63 0.006 0.556 8.09 0.243 0.697 1.01
Triticale std 362 0.831 3.62 16.2 1.13 0.006  0.456 2.69 0.209 0.245 0.595

max 1913 3.15 21.0 115 4.78 0.050 2.130 14.40 1.18 1.26 272

GM 222 6.77 0.788 176 0.84 0.011 0.308 7.36 0.075 0.836 2.08
Spinach std 1396 11.63 9.03 174 3.87 0.025 2711 5.14 3.16 1.84 1.40

max 7356 48.5 66.3 880 16.1 0.140 21.40 3420  25.00 10.42 8.05
SESHG GM 0.045 1300  0.018 0.250 0.034 - 0.008 0.088 0.005 0.008 0.017

ads max 0578 1096 0256 4537 178 - 1306 276 0223 0143 0306

GM 0.168 3.171 0.086 1.494 0.216 - 0.016 0.395 0.087 1.61 0.146
Radish/ED

max 6.25 61.3 3.57 29.4 5.25 - 2.11 8.83 4.00 19.30 2.54

GM 3.29 26.6 5.30 83.0 14.57 - 3.31 31.9 2.56 522 10.61
Radish/MN

max 125 311 156 2290 505 - 367 497 192 702 181

GM 0.260 1.174 0.011 0.230 0.026 0.002 0.012 0.244 0.010 0.010 0.012
Triticale/TO

max 1.48 12,90 0.182 0.595 043 - 0.146 1.12 0.038 0.071 0.042

GM 0.967 2.856 0.055 1.40 0.167 0.352 0.023 1.16 0.190 1.95 0.108
Triticale/ED

max 273 70.5 2.00 364 4.09 - 0.282 24.23 1.50 6.20 4.83

GM 17.8 223 321 77.2 10.87 3.0 4.95 90.3 5.63 63.5 7.75
Triticale/MN

max 397 450 79 1165 239 - 20.8 765 27.50 126 67.3

) GM 0.322 10.88 0.056 1.21 0.033 - 0.007 0.239 0.004 0.011 0.025

Spinach/TO

max 6.59 120 0.615 6.66 0.397 - 0.472 1.03 1.07 0.071 0.090

GM 0.980 25.0 0.231 6.35 0.192 - 0.013 0.872 0.058 2.10 0.210
Spinach/ED

max 232 318 549 94.4 5.88 - 1.436 5.10 30.86 17.10 1.94

GM 36.0 281 28.04 495 24.19 - 3.04 73.0 1.71 78.01 16.07
Spinach/MN

max 1318 6200 300 13 100 147 - 214 578 1000 634 145
Reference 200 250 1.1 6 500 - ? 10 30 4 10 -
value 10 250 10 ? - - - - -

phyto & =

es even the increase of plant uptake. The plant uptake
of the most mobile trace elements with the highest trans-
fer factors (Cd, Zn) was affected in a lesser degree than
the uptake of mobile elements with lower transfer fac-
tors (Mn, Co, Ni). This fact is deduced from the com-
parison of the sequence of transfer factors of the most
mobile elements (Cd >> Zn >> Mn, Ni, Co) with the se-

quence in which crop uptake is affected (Co, Mn, Ni >
Cd, Zn) by liming. Liming does not influence the plant
uptake of elements with very low transfer factors, like
Be, Pb, Cr, As. Liming also does not affect the uptakes
of copper, which is an element characterized by higher
uptake rates, but a low mobility, which can be even in-
creased by liming.

Table 4. Elementary statistics of trace element contents in fodder plants and their ratio to TEs contents and mobilities in soils (transfer

factors); the whole set (mg.kg™' dry weight); n = 107

Plant Mn Cd Co Zn Ni Be Pb Cu As Cr v
Fodde GM 746 0097 0113 341 175 001l  LI138 813 0134 1043 0748
plants sd 686 0007 0144 183 186 0010 1606 423 0.5 1089  0.693
TO 009 0170 0008 0204 0075 0005 0019 0260 00048 0016 0008
g{;‘;‘ﬁ; ED 0312 0413 0040 145 059 0423 0045  LI12 0071 370 0331
MN 793 462 390 252 247 085 862 1451 609 130 5.9
ROSTLINNA VYROBA., 47, 2001 (1): 7-13 1
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Figure 1. Decreasing of trace elements mobility by liming (%)
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ABSTRAKT
Hlavni rysy transferu stopovych prvki do rostlin

Publikace je uvodni praci k sérii pfispévki hodnoticich zakonitosti transferu stopovych prvki do testovacich rostlin
v zavislosti na obsahu, mobilit¢ prvki a specifice pfijmu kazdého prvku fedkvi¢kou, tritikale a Spenatem. Skute€nost, Ze
v souboru studovanych vzorki pid bylo dosaZeno piekro&eni kritickych hodnot zatéZe rostlin z hledisek zoo- a fytotoxicity,
svédci o vhodném vybéru vzorki. Je poddna zékladni statistika idaji o obsahu rizikovych prvki v testovacich rostlinich
a transferovych kvocientech prvki (Cd > Zn > Mn > Cu, Ni > Co, V> Pb, Cr > As), vztazenych nejen k celkovému
obsahu prvki, ale i k potencialné mobilizovatelnym a mobilnim speciim. Véapnéni sniZuje transfer nejmobilngjsich prvki
v obraceném poméru jejich mobilit: Co, Mn, Ni > Cd, Zn. Vapnéni nesniZuje pfijem Cr, V, Cu, u As dokonce zvysuje
prijem.

Klitov4 slova: zakladni statistika; stopové prvky; transfer do rostlin
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Sulphur concentrations and distribution in three varieties of oilseed
rape in relation to sulphur fertilization at a maturity stage

J. Matula!, H. Zukalov4?

!Research Institute of Crop Production, Prague-Ruzyné, Czech Republic
2Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

A pot trial was conducted on three varieties of winter rape: line variety Lirajet (L), its genetically modified form Lirajet
Roundup Ready (GML) and hybrid variety Pronto (P) to study the effect of graded sulphur application rates on concen-
trations and distribution of total sulphur, sulphates and glucosinolates in the parts of oilseed rape plants at a maturity
stage. Large differences in the concentration and distribution of total sulphur and sulphates were determined between the
varieties, particularly between the line variety Lirajet and its genctically modified form. The effect of graded sulphur
application rates on the concentration and distribution of total sulphur and sulphates in the plant parts was confirmed.
The highest increase in their contents at vegetative stages was observed in pod walls. The concentration of total sulphur
and sulphates in pod walls clearly reflects the intensity of S-fertilizing. Sulphates were an important component of the
total sulphur content in the vegetative parts of oilseed rape (i.e. in stems and pod walls). The seeds did not appear to
contain any sulphates. The trends of glucosinolate contents and distribution were not found to be explicitly related to
S-fertilizing. Seeds were the main sink of glucosinolates. Their concentrations in the vegetative parts were minimum.

A little higher values of glucosinolate contents were determined in the vegetative parts of the variety Pronto.

Keywords: oilseed rape; variety; S-fertilization; sulphur; sulphate; glucosinolate; concentration; distribution

Oilseed rape has high requirements for sulphur sup-
plies, e.g. McGrath et al. (1996) report the need of
16 kg S for production of 1 ton of rapeseed. Sulphur is
a structural element of essential amino acids (methionine,
cysteine) that are integral components of full-value pro-
teins. Products of amino acid synthesis can be consid-
ered as primary metabolites. Secondary metabolites in
oilseed rape are glucosinolates (Zhao et al. 1993a), which
are sinks of sulphur mainly in seeds. The anti-quality
nature of glucosinolates in the nutrition of humans and
farm animals was a reason for breeders” efforts to mini-
mize their contents in products. They brought about im-
portant interventions in sulphur metabolizing in oilseed
rape.

Appropriate sulphur supplies to oilseed rape plants
also imply important environmental consequences in the
intensive system of crop production. Fertilizer nitrogen
utilization is increased while possible envirenmental con-
tamination with surplus mineral nitrogen is decreased
(Haneklaus et al. 1999). Our survey of the nutrient status
of soils provided by rape producers shows that the fre-
quency of occurrence of S-deficiency sites ranks after
that of magnesium, which is a common deficiency nutri-
ent in the Czech Republic.

The goal of this study was to determine the effect of
graded sulphur application rates on the concentrations
and distribution of total sulphur, sulphates and glucosi-
nolates in three different types of varieties (line, hybrid
and genetically modified ones) at oilseed rape maturity

14

stage. This research is aimed at gradual collection of di-
agnostic data for optimization of sulphur supplies to oil-
seed rape plants and of oilseed rape production quality
by efficient fertilizing.

MATERIAL AND METHODS

Three varieties were tested in a pot trial: a) line variety
Lirajet (L), b) its genetically modified form Lirajet Roun-
doup Ready (GML) and c) hybrid variety Pronto (P). The
pot was filled with 5 kg of Hapludalfs soil from Ruzyné
locality. The soil properties were as follows: pH , ., =
6.7; Cyiegy = 1:215%; Nygooy = 0.112%; S (i 1ico) =
112.7 mg S/kg; soil test KVK-UF (Matula and Pirkl 1988;
Matula 1996): CEC=211 mmol(+)kg, S, ., =20 mg/kg, K =
194 mg/kg; Mg =72 mg/kg; P=3 mg/kg; Mn=3.1 mg/kg.
Anamount 0f0.304 g Ca(H,PO,),.H,O was admixed with
the whole volume of each pot on the basis of soil test.
As the soil had a lower reserve of magnesium, magnesium
sulphate was used for fertilizing along with graded sul-
phur application rates; the sulphate was also admixed
with soil before the pots were filled. MgSO,.7 H,O appli-
cation rates: variant 1 = 0; variant 2 =0.514 g; variant 3 =
1.028 g; variant4 =2.056 g. An amount of 0.8 g N per pot
was applied at the vegetative stages in the form of
NH,NO, solution at eight split doses between 11/3/99
and 26/5/99. A vegetation experiment started on 10/3/99
by transplanting the pre-cultivated plants to pots. The
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plants were pre-cultivated in pots containing 440 g of iden-
tical soil: sowing 3/9/98; heeling-in in cold frame 2/11/98 —
winter rest. Each variant had 14 replications. Four replica-
tions were brought to full maturity — to harvest (7/7/99).
Dry mass of homogenized plant parts was mineralized
in a microwave device MILESTONE in the medium of ni-

156 Variety:
LIRAJET
100 GM-LIRAJET
'2 80 ezzm PRONTO
@ 60
o
E
40 :
20
0 = s L=
Variant1 Variant2 Variant3 Variant 4
Parameler Dala Sel-A Data Set-B
“Two-way ANOVA
Source of Variation | % of lotal variation P value
Interaction 198 0.1208
Varioty 080 0.1242
Variant 90.71 P<0.0001
Figure 1. S-uptake by biomass at harvest
56 Variety:
EZI LIRAJET
GM-LIRAJET
‘g 20 B8 PRONTO
)
=
a
104
olbd bl L
Variant1 Variant2 Variant3 Variant 4
Parameler Data Sol-A Data Set-B
'Wo-way
Source of Variation | % of total variation P value
Interaction 288 0.9277
Varioty 4155 P<0.0001
Variant 029 0.9789
Figure 2. Vegetative biomass yield
Variety:
LIRAJET
GM-LIRAJET
&8 PRONTO

Variant1  Variant2 Variant3  Variant 4
Parametar Data Sel-A Dala Se-B
Two-way ANOVA
Source of Variation | % of total variation P value
Interaction 1433 0.1614
Variely 6.80 0.1094
Variant 26.84 0.0017

Figure 3. Seed yield
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tric acid and hydrogen peroxide. Total sulphur was de-
termined on an apparatus ICP-OES Trace SCAN. An an-
alyzer SAN Plus System — SKALAR was used to
determine sulphates after plant dry matter extraction into
water (0.5 g +25 ml H,0, 1 hour rotary shaking). Statisti-
cal programme GraphPad PRISM, CA, USA, version 3.0,
and Microsoft Excel 97 were used for experimental data
processing.

RESULTS AND DISCUSSION

Sulphur uptake by oilseed rape aboveground biomass
increased with the intensity of S-fertilizing without any
significant differences between the varieties (Fig. 1). Sig-
nificant differences between the varieties were deter-
mined in vegetative biomass yields but the S-fertilizing
variants were not demonstrated to have any significant
effects (Fig. 2). On the contrary, there were no significant
varietal differences in seed yield but seed yield increased
with the intensity S-fertilizing, particularly in the variety
Lirajet and Pronto until the rate 1.02 g MgSO,.7 H,0 per
pot was applied, which would correspond to 80 kg S/ha
after conversion (1 ha of farm land =3 000 t), (Fig. 3).

Fig. 4 shows the concentrations of total sulphur in bio-
mass of the aboveground plant parts (seeds, pod walls,
stems of racemes and stems) as related to S-fertilizing.
Sulphur concentrations in seeds were slightly increased
by S-fertilizing but the level of S-fertilizing did not play
any role. All sulphur was organically bound in seeds. On
the other hand, the steepest increase in total sulphur
concentration in relation to S-fertilizing was determined
in pod walls, and it differed in the particular rape variet-
ies. The highest and the steepest increase in total sul-
phur concentration in pod walls was observed in the
variety GM-Lirajet, followed by Pronto and finally by the
original variety Lirajet, in which the increase was relative-
ly lower. Total sulphur concentrations in stems of
racemes evidently increased showing similar trends of
the varieties like in pod walls, but the increase was not
so high. Sulphates accounted for dominant proportions
in the total sulphur concentration in these vegetative
parts ranging from 50 to 90%, their increase was related
to the sulphur application rates.

Fig. 5 shows relative distribution of total sulphur in the
weight parts of oilseed rape plants. The highest alloca-
tion of total sulphur was in seeds, it logically decreased
with increasing S-fertilizing, so the total sulphur propor-
tion in vegetative tissues of oilseed rape reciprocally in-
creased.

Trends of sulphate concentration and distribution in
the plant parts in relation to S-fertilizing are illustrated in
Figs. 6 and 7. Pod walls were the main sink of sulphates,
followed by stems of racemes with substantially lower
amounts, and by stems.

Our results document in agreement with the paper by
Tyson and Wallsgrove (1999) that seeds are the main
sink of sulphur taken up by oilseed rape. As a result of
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sulphur supplies, unlike nitrogen supplies, unusually
high proportions of the mineral form — sulphates are de-
tected in vegetative tissues, especially in pod walls (Zhao
etal. 1993b; Fismes et al. 1999). Sulphate proportions in
the total sulphur content increased with the intensity of
S-fertilizing. Although different contents of total sulphur
and sulphates in pod walls of the particular varieties were
documented by our results, they can indicate the level of
sulphur supply efficiency. Oilseed rape utilization of sul-
phur appears to be rather inefficient (Tyson and Walls-
grove 1999).

Parts of plant and variety
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—=—Pod walls, L
4= Stem of racemes, L
—X—Stem, L
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—®—Pod walls, GML
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—— Stem, GML
== Scads, P
—+=Pod walls, P

Svau Concentration (g Skg DM)

—=—Stem of racemes, P

Variant | Variant 2 Variant 3 Variant 4

—a—Stem, P

Figure 4, Concentration of total sulphur at maturity
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Figure 6. Concentration of sulphate at maturity

Pants of plant and variety

=== Scods, L
—il— Pod walls, L.
». Stem of racemes, L
Stem, L
=X Sceds, GML
—@— Pod walls, GML
~—+— Stem of racemes, GML
== Stem, GML
| = Sceds, P
Pod walls, P
~ W= Stem of racemes, P
| —a—Stcm, P

NN oW
8 & 8

S
*.
<

“

Glucosinolate conceatration ( umollg
=

]

Variant | Variant 2 Variant 3 Varant 4

Figure 8. Concentration of glucosinolate at maturity
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Fig. 8 shows glucosinolate concentrations. The glucos-
inolate concentration, especially in vegetative biomass,
was not found to be explicitly related to S-fertilizing. This
finding is in contradiction with the results reported by
Wielebski et al. (1999). Seeds were a dominant sink of
glucosinolates (Fig. 9). The proportion of glucosinolate
sulphur in the total sulphur content in seeds ranged from
20 to 60%,; it underlies the importance of this secondary
form of sulphur in seeds. Zhao et al. (1999) reported the
maximum proportion of sulphur in seed glucosinolates
below 50%.

Variant |
80 W Variant 2
B Variant 3

O Variant 4

Percentage in plants parts

Figure 5. Distribution of total sulphur in the parts of oilseed rape at
maturity
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Figure 7. Distribution of sulphate in the parts of oilseed rape at
maturity
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Figure 9. Distribution of glucosinolate in the parts of oilseed rape at
maturity
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Obsah a distribuce siry v dobé& zralosti tfi odriid ozimé Fepky v zdvislosti na hnojeni sirou

U tfi odrid ozimé fepky: liniové odridy Lirajet (L), jeji geneticky modifikované formy Lirajet Roundup Ready (GML)
a hybridni odriidy Pronto (P) byl v nadobovém pokuse sledovan vliv stupfiovaného hnojeni sirou na obsah a distribuci
celkové siry, sirand a glukosinolati v ¢astech fepky v dobé zralosti. V koncentraci a distribuci celkové siry a sirani byly
zjistény vyrazné rozdily mezi odriidami, zv1ast€ mezi pivodni liniovou odriidou Lirajet a jeji geneticky modifikovanou
formou. Stupiiované hnojeni sirou ovlivnilo koncentraci a distribuci celkové siry a siranli v ¢astech fepky. Nejvyrazné;si
nartst jejich obsahu byl prokézin v obalech Seuli. Obsah celkové siry a siranll v obalech SeSuli dobfe odrazi intenzitu
hnojeni sirou. Sirany predstavovaly podstatnou slozku obsahu celkové siry ve vegetativnich &astech fepky (tj. v lodyze
a obalech 3e3uli). V semenu sirany nebyly zjistény. V obsahu a distribuci glukosinolati nebyly zaznamenény jednoznalné
trendy v zavislosti na stupfiovaném hnojeni sirou. Hlavnim distribuénim mistem glukosinolatii bylo semeno. Minimalni
bylo jejich zastoupeni ve vegetativnich ¢astech fepky. Odriida Pronto vykazovala o néco vétsi hodnoty obsahu glukosinold-
tl i ve vegetativnich ¢astech fepky.

Kli¢ova slova: ozima fepka; odridy; hnojeni sirou; sira; sirany; glukosinoldty; obsah; distribuce
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The effect of the content of water-soluble sulphur in the soil on
the utilisation of nitrogen and on the yields and quality of winter rape

L. H¥ivna, R. Richter, T. Losak

Mendel University of Agriculture and Forestry in Brno, Czech Republic

ABSTRACT

In pot experiments conducted in 1997-1999 we studied the effect of increasing doses of N (0.3, 0.6, 0.9 and 1.2 g per
pot) under the increasing content of water-soluble S in the soil (13, 20, 30, 40, 50, 60 and 90 mg.kg™' of soil) and constant
nutrition with other nutrients on the concentration of N and S in winter rape (variety Lirajet) in the DC 31-39 stage.
A content of water-soluble S lower than 20 mg.kg™ decreased the S concentration in plants below 0.6%. An increased
content of water-soluble S in the soil increased its concentration to more than 0.7% as early as in the DC 31-39 stage and
created favourable conditions for increased N utilisation for yield formation. Lower doses of N fertilisation had a positive
effect on seed yields even when the content of water-soluble S in the soil was only 30-40 mg.kg~". The S dose must be
adapted to the dose of N which ensures its optimal content in the plant. N nutrition of winter rape accompanied with
a suitable S content significantly increased yields, stabilised the oil content, increased the production effect and the index

of N efficiency.

Keywords: winter rape; sulphur; nitrogen; utilisation; yields; quality

Sulphur and its deficiency in agricultural crops is be-
coming a serious problem in European agriculture. This
is based on the fact that while the consumption of N-fer-
tilisers is growing considerably, the application of fertil-
isers containing S is stagnating or even decreasing
(Cecotti and Messick 1994). In literature, more than 40 ag-
ricultural crops have been indicated that may respond to
S deficiency and which show a direct relationship be-
tween S-containing fertilisers and yields (Tandon 1991).
Byers and Bolton (1979), Dijkshoorn and Wijk (1967),
Schnug (1993), Schnug and Haneklaus (1994) and others
proved the importance of adequate S nutrition.

Sulphur, together with nitrogen, are elements neces-
sary for protein biosynthesis and for processes determin-
ing yields and their quality. A lack of S reduces the
utilisation of other biogenic elements (Sepulveda et al.
1993), but also reduces the utilisation of N, in this way
increasing the possibility of it being washed out from the
soil.

In Europe, the acute lack of sulphur began to appear in
the 1980s, in the Czech Republic after 1990. Due to the
reduction of S immission and limited use of S-containing
fertilisers the level of S available for plants decreased
considerably. The result was a very sensitive response
of crops requiring a higher supply of S. Plants also take
up S from the atmosphere in the form of SO,, but the most
important source of S are sulphates taken up by the roots
(Marschner 1995). Sulphate reduction is more intensive
in leaves, where their transformation is stimulated by
light (Fankhauser and Brunold 1978). The primary con-
stant products in which S is present in a reduced, at the
same time organically bound form are cysteine, methion-
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ine and proteins. Specifically both amino acids are precur-
sors of the other S-containing compounds. Substances
containing S are important in plant defense systems
against biotic and abiotic influences (Marschner 1995).

Crops which require high levels of this nutrient are
particularly oil crops, and among them namely winter
rape. Winter rape responds to the lack of biogenic ele-
ments in lower yields and lower content of oil in the
seeds. From the economic, but also ecological, point of
view it is necessary to ensure an optimal level of water-
soluble S in the soil, and in this way to contribute to the
efficient utilisation of nutrients for yield formation
(Schnug 1993; Schnug and Haneklaus 1994, etc.).

The objective of the present study was to find the op-
timal levels of S incorporated into soil containing lower
levels of water-soluble S which would result in increased
yields of winter rape plants and how these levels would
affect N utilisation.

MATERIAL AND METHODS

In 1997-1999 a vegetation pot experiment with medium
heavy soil, characterised as alluvial soil with agrochem-
ical parameters given in Table 1, was established. Table 2
gives a survey of the experimental variants.

Increasing doses of nitrogen per pot were applied, N —
natural content, N, -0.3 g,N,-0.6g,N,-0.9¢g,N,~1.2¢g.
During the three-year investigations, various levels of
water-soluble S in the soil were tested. Into the experi-
ments we gradually incorporated variants with 20 (S,),
30(S,),40(S,),50(S,), 60 (S,) and 90 (S,) mg S.kg" of soil,
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Table 1. Agrochemical soil properties (Mehlich II)

Available nutrients for mg/kg of soil

pH/KCI

P K Ca Mg Siyersombe Sso

13.9

4
11.0

6.0 58 235 3705 311

using soil with a natural content of water-soluble S
(13.9 mg kg™ of soil) which also served as a control (S ).

The vegetation pots were filled with 5.5 kg of soil and
sand ina 1:1 ratio. Nitrogen was applied in DAM 390, sul-
phur in ammonium sulphate or SK-sol (21.5% K, 30% S),
potassium in CK-sol, K,SO, and KH,PO,. In all the vari-
ants we added 0.4 g P and 1.4 g K per pot. Each variant
was repeated five times.

Winter rape plants, variety Lirajet, were transplanted
from the field into the vegetation pots: 1997 — 24 March,
1998 — 20 March, 1999 — 15 March. The transplanting was
conducted very carefully to avoid any damage of the root
system. Healthy plants in the same stage of growth and
development were selected. We managed to eliminate the
stress of transplanting and after three weeks the number
of plants was singled to four. The experiment was con-
ducted in a vegetation hall and treatment consisted of
regular watering with distilled water to 60% of the maxi-
mal water capacity and protection against blossom bee-
tles, ceutorrhynchid beetles and aphids (Nurelle D,
Karate 2.5 EC). Prior to harvest the stand was treated with
Spodnam DC.

The number of variants in the experiment was gradual-
ly extended to the value of the optimal content of water-
soluble S in the soil (giving maximal seed yields under
the selected N dose).

During vegetation, chemical analyses of the plants in the
stage of elongation growth were performed (DC 31-39).
Kjeldahl’s method was used to determine the N content
and S was determined after burning the plant mass in
HNO, and H,0, on ICP. The oil content was determined
at the Research Institute for Oil Plants in Opava using

Table 2. Survey of the variants in 1997-1999

the method of magnetic resonance. Yields were estimat-
ed using statistical methods and the significance of dif-
ferences was expressed by determination of the minimal
significant difference.

RESULTS AND DISCUSSION

Winter rape is a crop which has high demands for all
nutrients (Fabry et al. 1992). Due to its intensive growth
in early spring, rape requires immediately available nutri-
ents. The optimal level of N influences the proportion of
N with regard to the other nutrients and effects the yield-
forming elements. According to Schnug (1993), particu-
larly S has a favourable effect on yields, and a positive
effect on the oil content.

If the level of water-soluble S in the soil is low, hidden
deficiency occurs, in the period of intensive growth fre-
quently showing marked symptoms on the youngest
leaves of the winter rape. It gradually affects the flowers
and inhibits the growth of branches. Schnug and Hane-
klaus (1994) reported that if the S content in leaves in the
upper third of the plant decreased below 0.6%, the yields
were by 11-12% lower.

Figs. 1-3 show the concentrations of N and S in the
growth stage DC 31-39. The results give evidence that
in 1997 the average content of S (S) in whole plants of
the variant with low levels of S was 0.56%, while it was
only 0.7% in the variants with S (S,). In 1998 the S con-
tent in the control variant was 0.50% and with increasing
doses of S in the soil it increased from 0.63% to as much
as 0.71%. In 1999 the situation was similar, where the dif-
ferences in the S concentration in plants were even great-
er in dependence on the S content in the soil (Fig. 3).

Tables 3—5 show the seed yields of winter rape in the
respective years giving the minimal significance of dif-
ferences. In 1997 the effect of N doses on seed yields was
statistically significant. The yields of variant NS (0.6 N
per pot) increased from 38.3 g to 47.3 g, i.e. a 23.5%
growth. The following increase in N doses (N,S, and
N,S,) had no significant effect on yields.

S level NyPK N,PK (0.3 g) N,PK (0.6 g) N,PK (0.9 g) N,PK (1.2 g)

/k
(mg/ke) 1997 1998 1999 1997 1998 1999 1997 1998 1999 1997 1998 1999 1997 1998 1999
SO (13.9) X X x X X x x x x x X X
SI (20) X x x X
Sl (30) x X X X x X X X
SJ (40) X X % X
S, (50) x X X x X x x x
S5 (60) x x X X x X x X
S6 (90) x X X X
% - variant included in the experiment in the respective year
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Figure 1. Average results of chemical analyses of plants (DC 31-39)
in 1997
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Figure 2. Average results of chemical analyses of plants (DC 31-39)
in 1998

Adjusting the level of S in the soil to 40 mg.kg™ signif-
icantly increased seed yields in variant 5 (N S,) to44.4 g
per pot, i.e. a yield increment of 15.9%. In the other vari-
ants, where various levels of N nutrition were applied, the
yields did increase but this increase was below the level
of significance. The application of S to the soil increased
the oil content in seeds. While the average oil content in
variants 1-4, i.e. with a natural S content in the soil, was
39.97%, in variants with increased S content it was
41.45%.

Bnitrogen Osulphur

With regard to the fact that 40 mg.kg™ of S in the soil
under higher doses of N had no effect on the nutrition of
winter rape, in 1998 the experiment was extended by three
more variants where the level of water-soluble S was ad-
justed to 30, 60 and 90 mg.kg™ of soil.

The results again proved that the effect of N on seed
yields was statistically significant. Increasing the S con-
tent in the soil to 30 mg.kg™ (S,) resulted in an average
yield increase of 6.1%. The yields increased significant-
ly in variant 11 (N,S,) compared with variant 3 (N,S ). In
this case the seed increment was 27.9%. As a whole, in
variants with 60 mg kg™ of S in the soil (S,) under vari-
ous intensities of N nutrition it was 9.9%. Also in vari-
ants 13—16, where the level of S in the soil was the highest
(90 mg.kg™), it was stabilised on this level. The seed
yields were found to increase in all variants where the
level of S was higher than natural. With increasing levels
of N the technological quality of the seed became worse.
This tendency was very clear in variants with a natural
level of S, where the oil content decreased from 46.1% to
43.8%. The effect of S fertilisation was positive in vari-
ants with the highest content of N (variants 8, 12, 16)
under higher levels of S in the soil. Here the oil content
decreased with S doses and stabilised on values above
44%.

Extending the number of variants in 1999 helped to
determine the optimal content of water-soluble S in the
soil. The content of S in the soil grew from the natural
content to 90 mg.kg™. The results presented in Table 5
and Fig. 3 confirmed the significant effect of N doses on
seed yields which increased in proportion with the in-
crease in N doses from 100 to 223%. Also S had a statis-
tically significant effect on seed yields, and favourably
increased the weight of seeds per pot to the level of S,
and S,. Therefore, the results proved that the optimal
content of S in the soil ranged between 30 and 40 mg kg™
of soil. Increasing the level of S in the soil from a natural
level to 20 mg water-soluble S increased yields by 29%;
30 mg.kg™' of S increased yields by 48.7% and 40 mg.kg™'
of S in the soil increased yields by as much as 52.7%.
Higher levels of water-soluble S had no effect on seed
yields (S,) or even caused a significant reduction, These
results prove the positive effect of S, in dependence on
N doses, on seed yields.

g ! 15 , _
NIN2NINA  NIN2NING  NIN2NINA  NIN2NIN4  NIN2NIN4 NI N2NIN& igure 3. Average results of chemical analyses of plants
so N 52 s3 s4 ss (DC 31-39) in 1999
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Table 3. Average yield results in 1997

No. Variant Seed yields  Oil content Qil production
g/pot rel. % % rel. % g/pot rel. %
1 NpPK+S; 383 100.0 39.3 100.0 15.05 100.0
2 N,PK+S, 47.3 100.0 39.7 100.0 18.78 100.0
3 NPK+S; 49.3 100.0 41.1 100.0 20.26 100.0
4 NPPK+S, 51.9 100.0 39.8 100.0 20.65 100.0
5 NgPK+S, 44.4 1159 42.8 108.9 19.00 126.2
6 N,PK+S, 49.0 103.6 42.6 107.3 20.87 111.1
7 Nsl’K+S4 49.6 100.6 40.7 99.0 20.18 99.6
8 NAPK+S¢ 52.1 100.4 39.7 99.7 20.68 100.1
DT o5 4.6
DT, 6.3

0.01

The relationships between the respective nutrients
which exist in the nutrient environment of the plants,
their uptake by plants and the yields can be evaluated
by means of the productive effect of the nutrient (VRE)
(Baier 1970). The proportion of the yield of the main eco-
nomic products determines this value, i.e. seeds per unit
of total nutrients depleted by the harvest. In the frame-
work of the experiments, under unbalanced nutrition, the
VRE value for N decreased (Fig. 4). This effect was the
most marked in variant 4 (1999), i.e. only 15.4; with in-
creasing doses of N it decreased. In our case it was

Another criterion of the effect of the depleted nutrients
for efficient yields is the index of nutrient utilisation (IU).
According to Matula (1977) the IU indicates the situa-
tion when a deficit, effective, luxury or toxical concentra-
tion of the nutrient may occur. Lower doses of S did not
considerably affect the IU value which decreased with in-
creasing doses of N. The interaction between N and S was
favourable when the S level in the soil was natural with
a N, dose, we consider a higher intensity of N fertilisa-
tion as deficit in terms of S requirements, and luxury to
toxical in N uptake. In dependence on the N dose the IU
increased with increased levels of S to S,-S,, but the ef-
fect was the highest in variant S, under the highest dose
of N, (variant 16). High values were obtained also in vari-
ants S,N, (variant 12), SN, (variant 20) and S,N; (vari-
ant 15) (Fig. 5). It was therefore proved that increasing
doses of S favourably affected the uptake and utilisation
of N.

The present study was supported by the NAZV, under
number 7EP 7024, and research project of the Faculty of
Agronomy of Mendel University of Agriculture and For-
estry of the Czech Ministry of Education, Youth and
Physical Training — CEZ 2.308/98:432100001.

Table 5. Average yield results in 1999

. . Seed yields Oil content Oil production

proved that this low value was strongly affected by = No. Variant
S deficiency both in the soil and plant. With increasing glpot rel. % % rel. % glpot rel. %
S levels the VRE value became balanced and remained on I N,PK+S, 11.56 1000 458 100.0 529 100.0
a value around 30. 2 N,PK#S, 1772 100.0 46.5 100.0 824 100.0
) ) 3 N;PK+S; 16.56 100.0 40.8 100.0 6.76 100.0
Toble4..dvemperyickl. resliydn 1790 4 NPK+S, 11.16 100.0 37.0 100.0 4.13 100.0
5 NPK+S, 10.96 948 456 99.6 500 94.5
No. Variant Seed yields Qil content  Oil production 6 N,PK+S, 17.52 98.9 46.4 99.8 8.13 987
7 N;PK+S, 22.80 137.7 443 108.6 10.10 149.4
gpot ml% % LW gpol mlA 8 NpPK+S, 2272 203.6 403 1089 9.16 221.8
1 NPK+S; 5.32 100.0 46.1 100.0 2.45 100.0 9 NPK+S, 11.40 98.6 458 100.0 522 98.7
2 N/PK+S; 11.10 100.0 45.3 100.0 5.03 100.0 10 N,PK+S, 18.92 106.8 46.8 100.6 8.85 107.4
3 N,PK+S, 14.65 100.0 44.7 100.0 6.55 100.0 Il NyPK+S, 23.84 144.0 46.5 114.0 11.09 164.1
4 N,PK+S; 20.70 100.0 43.8 100.0 9.07 100.0 12 N[PK+S, 30.68 274.9 44.9 121.3 13.78 3337
5 NoPK+S, 6.87 129.1 46.5 100.9 3.19 130.2 13 NPK+S, 10.56 91.4 46.2 100.9 4.88 92.3
6 NPK+S, 10.90 98.2 453 100.0 4.94 982 14 N,PK+S, 19.24 108.6 47.2 101.5 9.08 110.2
7 N,PK+S, 16.10 109.9 459 102.7 7.39 112.8 15 N,PK+S; 27.40 1655 46.6 114.2 12.77 188.9
8 N,PK+S, 21.07 101.8 44.9 102.5 9.46 1043 16 NPK+S, 29.88 267.7 457 123.5 13.66 330.8
9 NPK+S, 7.65 143.8 45.7 99.1 3.50 142.9 17 N,PK+S, 12.80 110.7 46.6 101.7 596 112.7
10 NPK+S, 9.17 82.6 43.8 96.7 4.02 799 18 N,PK+S, 2044 1154 47.4 101.9 9.69 117.6
11 N,PK+S, 18.75 127.9 44.9 100.4 8.42 128.5 19 N,PK+S, 24.64 148.8 46.9 1150 11.56 171.0
12 N,PK+S; 21.33 103.0 44.4 101.4 9.47 104.4 20 NpPK+S, 30.04 269.2 463 1251 13.91 336.8
13 NPK+S, 6.33 118.9 426 924 2.70 110.2 21 NPK+S, 11.08 95.9 46.2 100.9 5.12 968
14 NPK+S, 13.21 119.0 459 101.3 6.06 120.5 22 N,PK+S, 18.00 101.6 47.1 101.3  8.48 102.9
15 N,PK+S, 18.26 124.6 46.3 103.6 8.45 129.0 23 N,PK+S; 20.12 121.5 46.9 1150 9.44 139.6
16 N,PK+S, 19.17  92.6 44.2 1009 847 934 24 NPK+S, 2820 252.7 46.8 126.5 13.20 319.6

DT 4.0 DT 3.8
DTy, 5.4 DTy, 5.1
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Figure 4. Evaluation of the production effect in 1999 (VRE)
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Vliv obsahu vodorozpustné siry v pid& na vyuZiti dusiku a na vynos a kvalitu ozimé Fepky

Ve vegetadnich nadobovych pokusech, realizovanych v letech 1997 az 1999, byl pfi rostoucim obsahu vodorozpustné siry
v pudé (13, 20, 30, 40, 50, 60 a 90 mg.kg' zeminy) a konstantni hlading ostatnich Zivin sledovén vliv stupiiovanych davek
dusiku (0,3; 0,6; 0,9 a 1,2 g na nadobu) na koncentraci N a S v rostlindch ozimé fepky (odriida Lirajet) ve fazi DC 31-39.
Obsah vodorozpustné S v piidé pod 20 mg.kg™ snizoval koncentraci S v rostlinach pod hodnotu 0,6 %. ZvySeny obsah
vodorozpustné S v piidé vedl k naristu jeji koncentrace nad hodnotu 0,7 % jiz v DC 31-39 a vytvatel pfiznivé podminky
pro lepsi vyuZiti N na tvorbu vynosu. P¥i niZ3i urovni N hnojeni plisobil na vynos semene pozitivné jiz obsah vodoroz-
pustné S v rozmezi 30 az 40 mg.kg™' zeminy. Davce N je tieba prizpusobit také davku S, ktera zajisti jeji optimélni obsah
v rostliné. VyZiva ozimé fepky dusikem pfi vhodném obsahu siry zvy3ovala priikkazné vynos, stabilizovala obsah tuku,
zvy$ovala hodnotu vyrobniho efektu a indexu uéinnosti dusiku.

Klifova slova: ozimd fepka; sira; dusik; utilizace; vynos; kvalita
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The effect of physical soil properties on metabolism
and technological quality of sugar beet
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'The Research Institute of Sugar Industry, a. s., Prague, Czech Republic
’Rustical B, Prague, Czech Republic

3Czech University of Agriculture in Prague, Czech Republic

‘Research Institute of Sugar Beet, s. r. 0., Semcice, Czech Republic

ABSTRACT

In the four trial years 1996-1999 the basic physical parameters of beet growing soils in the region of the Dobrovice sugar
plant were measured, in particular the degree and depth of soil compaction by penetrometer and physical soil properties
by undisturbed soil sampling. Chlorophyll content measured by chlorophyllmeter, pH value of beet juice in leaves and
roots, numbers of leaves, weight of roots and leaves, sugar content, concentration of alpha-amino N, potassium and sodi-
um were determined in parallel trial. It was repeatedly found in all the years that penetrometric soil resistance in head-
lands was higher by 60-90% than in the inner parts of lands. It gradually increased from the beginning of vegetation until
harvest. Until the formation of the 6™ pair of true leaves penetrometric soil resistance in rut-rows was significantly higher
than in the rows and inter-rows of sugar beet stand. The dynamics of soil porosity in the course of vegetation was in
logical correspondence with changes in bulk density of soil. Chlorophyll content and root weight showed the relatively
closest negative correlation with penetrometric soil resistance in the whole set of measured data (-0.61 and -0.58, respec-
tively). Sodium and potassium contents were less affected by soil compaction. The data proved higher penetrometric
resistance in the ruts of harvesters after harvest and removal of sugar beet from the field. The minimum relative increase
in comparison with the value of penetrometric resistance before harvest was 20%.

Keywords: soil; physical properties; soil compaction; penetrometric resistance; bulk density; porosity; sugar beet; me-

tabolism and technological quality of sugar beet; chlorophyll content

A significant and still current problem of the Czech agri-
culture is the unsatisfactory condition of soil. In particu-
lar, high compaction, increased bulk density, deteriorated
soil structure, low porosity, air deficit limiting the condi-
tions of yield potential and production quality (Dexter
1986; Satec etal. 1998; ZahradniGek etal. 1998, etc.). Most
of these physical properties condition quality and fertility,
biological and chemical properties of soil (Krejéi et al. 1984;
Lhotsky et al. 1984; Zahradnicek et al. 1996).

The main cause of deterioration of quality of soils in
the Czech Republic is compaction (Safec et al. 1998; Za-

hradni¢ek et al. 1998) which is in most cases due to heavy .

mechanisation, high specific pressures on soil, high num-
ber of field passages, excessive number of working oper-
ations as well as bad plant nutrition. Soil compaction and
limited production and environmental functions are
caused by pressures exceeding present bearing capacity
of soil. The limit value of contact pressure is 50-150 kPa
with higher values causing deformation or even destruc-
tion of soil profile with negative impact on the above-
mentioned physical soil parameters (Blaszkiewicz 1995).
According to the above-mentioned authors the maximum
pressure stress occurs in sub-soil with top-soil predom-
inantly suffering from wheel slipping.

ROSTLINNA VYROBA, 47, 2001 (1): 23-27

Sugar beet is a plant with very sensitive reaction to soil
and climatic growing conditions (Catsky et al. 1996; Za-
hradnigek et al. 1996; Svachula et al. 1997; Bajci et al.
1998; Pacuta et al. 1999). The issue of soil compaction by
sugar beet harvesters was surveyed by Satec et al. (1997,
1998). According to them repeated passages of tractors
and harvesters across the field have a strong impact on
soil density to the depth of 52 cm and not strong one to
the depth 6070 cm.

The objective of this paper is to examine this signifi-
cant issue, potential moderation of the harmful effect of
soil compaction on sugar beet with the intention to con-
tribute to the examination of causes, consequences as
well as measures to increase soil fertility and to improve
technological quality of sugar beet.

MATERIAL AND METHODS

In the years 1996-1999 the pedological relations in se-
lect plots in seven sugar beet growing plants in the re-
gion of the Dobrovice sugar plant were assessed (Table 1)
and the dynamics of development of physical soil prop-
erties and sugar beet yield formation were evaluated. The
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Table 1. Pedological characteristics of surveyed locations

Location/plot ASEU Soil class Soil type

top-soil  sub-soil (FAO)
M. Boleslav/Cejetice Predni 3.10.00 sl 1 Orthic Luvisol
MI. Boleslav/Spikaly U Agra 3.09.00 sl 1 Luvic Chernozem
MI. Boleslav/Spikaly Ke Kovani 3.09.00 sl 1 Luvic Chernozem
MI. Boleslav/Skalsko Kloucek 3.10.00 sl 1 Orthic Luvisol
MI. Boleslav/Skalsko U remizku vpravo 3.09.00 sl 1 Luvic Chernozem
MI. Boleslav/Skalsko U remizku vilevo 3.09.00 sl 1 Luvic Chernozem
MI. Boleslav/Katusice beet deposit 3.10.00 sl 1 Orthic Luvisol
MI. Boleslav/Trnova beet deposit 3.09.00 sl 1 Luvic Chernozem
MI. Boleslav/Spikaly beet deposit 3.09.00 sl 1 Luvic Chernozem
Prague-East/H. Pocernice Za dvorem 2.02.00 1 1 Luvi Haplic Chernozem
Prague-East/H. Pogernice Vodojem vlevo 2.02.00 1 1 Luvi Haplic Chernozem
Prague-East/H. Pocernice U vojaki 2.26.01 sl 1 Cambisol
Prague-East/Rostoklaty Zahrady 2.10.00 1 1 Orthic Luvisol
Prague-East/Rostoklaty Pod vsi 2.01.00 1 1 Chernozem
Prague-East/Sestajovice Pétictvrti 2.01.00 1 1 Chernozem

experimental survey was concentrated in the Mladd Bole-
slav area — the Cejetice, Spikaly, Katusice and Skalsko
locations and in the Prague-East area — the H. Pocernice,
Rostoklaty, Sestajovice and Jirny locations. Each year
two plots sown with sugar beet and two plots sown with
cereal crops were set aside and surveyed in each of the
above mentioned locations.

Besides penetrometric soil resistance as the main indi-
cator of compaction soil properties were also measured
by sampling by means of Kopecky wheels and determi-
nation of Or — dry bulk density, Vobj. — volume moisture,
€ —specific weight, ¥, —specific moisture, P — porosity
(total), NS — water absorption capacity, Vz . —minimum
air content, MKK — maximum capillary capacity, ¥z~
actual air content and RVK — water storage capacity. The
measurement of penetrometric resistance and other phys-
ical properties included row, inter-row and headland and
was also made after harvest and in the place of deposit
of roots after their removal to sugar plant.

Together with the survey of these physical soil prop-
erties on trial sites chlorophyll content measured by chlo-
rophyllmeter, pH value of beet juice in leaves and roots,
numbers of leaves, weight of roots and leaves, sugar
content, concentration of alpha-amino N,’potassium and
natrium were determined in parallel trial.

After sugar beet harvest correlations between the val-
ues of penetrometric soil resistance and measured yield
and quality parameters were assessed.

The climatic and growing conditions in the trial years
were different. The weather conditions in the years 1996
and 1997 were closed to the long-time normal conditions
while those in the following years 1998 and 1999 were
strongly contrasting. The weather conditions in the year
1998 were unfavourable for sugar beet growing and sug-
ar production in the CR. Characteristic of the year was
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cool and wet spring with late beginning of spring works
and sugar beet sowing. In the course of sugar beet vege-
tation there was a strong water deficit in the months of
June and July with a sensible deficit particularly occur-
ring in the period of maximum growth of sugar beet. On
the contrary, the year 1999 was very favourable for
growth, development and formation of technological
quality of sugar beet. The quantity and distribution of
precipitation in the course of vegetation, low weed infes-
tation rate and very low occurrence of diseases and pests
were favourable. The measured key parameters of tech-
nological quality of sugar beet (sugar content, refined
sugar yield, content of technologically harmless non-
sugars) were among the best ones in the whole 54 years
of the post-war era.

RESULTS AND DISCUSSION

As penetrometric soil resistance is an objective pa-
rameter of the degree and depth of compaction its values
were measured in the whole course of vegetation of sug-
ar beet and cereal crops. In case of sugar beet also after
harvest, removal of roots from the field and after storage
of roots in deposits. The four-year results document that
soil compaction gradually increases with the depth of
top-soil and reaches the maximum value in the sub-soil
of soil horizon. Accordingly, the degree of soil compac-
tion increases in the course of sugar beet vegetation.
These conclusions about compaction of beet growing
soils deepen the earlier data (Zahradnic¢ek et al. 1998) as
well as the data of Safec et al. (1998). Soil humidity and
water content decreases in parallel to the increase in pen-
etrometric soil resistance in the course of sugar beet veg-
etation.
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Penetrometric soil resistance measured in all locations
and sites (headland, row, inter-row, rut-row) in the course
of sugar beet vegetation in all the trial years 1996-1999
increased with the maximum reached at harvest. Its val-
ues were relatively by 40 to 70% and in some cases even
by >90% higher at harvest than at the beginning of veg-
etation (the stage of the 1*'to 2™ pair of true leaves). The
most evident differences in the values of penetrometric
soil resistance were found in the inter-row and headland
space of sugar beet plot (Figs. 1 and 2). The effect of
passages and turns of machines in the course of vegeta-
tion and the negative effect of harvest are stronger in
headland. Penetrometric soil resistance increased in the
order: inter-row, row, rut-row, headland. The measurement
of weight of roots, sugar content, chlorophyll content in
leaves and number of leaves showed another order. The

"~
9

Penetrometric resistance (MPa

0.5 4

28
Depth of'soil (cm)

worst quality parameters of sugar beet were found in the
headland of plots, the best in rows. Sugar content in
absolute figures decreased in relation to the year and plot
by 0.5- 4%, weight of roots decreased in more compact
headland by 10-30%. The differences in the measured
values of the other sugar beet quality parameters were
less evident although they bring the same evidence that
the worst values of physiological and technological pa-
rameters of sugar beet quality are in headland and the
best ones in places of low penetrometric resistance. The
measured values of chlorophyll content were also lower
in more compact soils. Table 2 with the values and order
of correlation coefficients shows the relation between
penetrometric soil resistance and physiological and tech-
nological parameters of sugar beet removed from field.
The relatively closest negative dependence on penetro-

B April O June W November B After harvest

60

Figure 1. Changes in soil compaction in the course of vegetation and after harvest of sugar beet (average values of the years 1996-1999

and locations)

w FS
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28
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Figure 2. Changes in soil compaction in headland in the course of vegetation and after harvest of sugar beet (average values of the years

1996-1999 and locations)
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Table 2. Dependence of physiological and technological parame-
ters of sugar beet on penetrometric soil resistance

Table 3. Dependence of physical soil properties on penetrometric
soil resistance

Parameter Correlation coefficient
Units of chlorophylimeter -0.610
Weight of roots (g) -0.581
Temperature of leaves (°C) -0.460
pH of leaves -0.360
Number of leaves -0.271
Temperature of roots (°C) -0.226
pH of roots -0.096
Content of alpha-amino N (mmol/100 g) -0.095
Sugar content (%) -0.070
Content of K (mmol/100 g) 0.030
Content of Na (mmol/100 g) 0.041

metric soil resistance in the whole set of measured data
is found in chlorophyll content (-0.61) and weight of
roots (—0.58), which is documented in graphic form in
Figs. 3 and 4. The effect of soil compaction on the con-
tents of sodium and potassium was very small.

The data presented by Satec et al. (1998) is closest to
the assessed data; however, the former is without link to
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900 -

Weight of roots (g)

y =-25801x +977.19
R =0.5813
860 - . s
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Figure 3. Correlation between penetrometric soil resistance and
weight of sugar beet roots
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Figure 4. Correlation between penetrometric soil resistance and
chlorophyll content
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Parameter Correlation coefficient
Volume moisture (% weight) 0.524
Specific weight (g/cm?) 0.485
Dry bulk density (g/cm?) 0.391
Water storage capacity (% vol.) 0.368
Specific moisture (% weight) 0.206
Maximum capillary capacity (% vol.) 0.118
Water absorption capacity (% weight) -0.295
Total porosity (% vol.) -0.300
Minimum air content (% vol.) -0.346
Actual air content (% vol.) -0.418

quantity and quality parameters of harvested sugar beet.
Satec etal. (1997, 1998) states that repeated passages of
tractors and harvesters across field with soil compaction
in the interval of 250-500 kPa/cm? has a strong impact on
soil compaction in the depth of 52 cm and not a strong
impact in the depth of 60-70 ¢cm. The measured data
shows that soil compaction due to a little number of pas-
sages in the same rut affects soil to the depth of 30 cm
while a higher number of passages affects soil in the
depth of 20-70 cm. It is evident from the measured data
that in case of sugar beet harvested with multi-row har-
vesters (Holmer HK, Matrot M31 and Moreau MG-4) the
maximum soil resistance occurs in headland, namely
5.8 MPa for the Moreau MG-4 harvester and the least
value for Matrot M3 1. The minimum soil compaction oc-
curs in rows of harvested sugar beet.

Table 3 shows the relation between the assessed phys-
ical soil properties and penetrometric soil resistance.
Volume moisture (R =0.52) and specific weight (R=0.48)
showed the closest positive correlation with penetromet-
ric resistance in the whole set of measured data. The
correlation with porosity is negative (R =-0.30).

The results of all four trial years prove that there is
a close relation between increase in penetrometric soil re-
sistance and deterioration of the other measured physi-
cal soil properties. The consequence of such negative
changes is damaged metabolism of sugar beet vegetation
and degradation of the key parameters of technological
quality of sugar beet (average decrease in sugar content
by one-third, decrease in weight, but mainly increased
shape irregularity of roots by more than one-third) which
strongly reduce refined sugar yield. Furthermore, soil
compaction has a negative influence on the effect of ex-
ogenous application of cytokinins and other biological-
ly active substances (Kotyk et al. 1996; Svachula et al.
1996).

Solved with support of NAZV grant project 6348 Farm-
ing of Plant Closely Specialized in Sugar Beet.
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Vliv fyzikdlnich vlastnosti pidy na metabolismus a technologickou jakost cukrovky

Ve &tyfech pokusnych ro&nicich 1996 az 1999 byly sledovany zakladni fyzikalni parametry fepaiskych pid v rajonu cuk-
rovaru Dobrovice, a to zejména méfeni stupné a hloubky utuzeni pidy penetrometrem a fyzikalni vlastnosti pidy odbérem
neporu$enych pudnich vzorku. Paralelné byla sledovana hodnota chlorofylu stanovena chlorofylmetrem, pH fepné $tavy
listl a bulev, pocty listd, hmotnost bulev a listd, cukernatost, koncentrace a-aminodusiku, drasliku a sodiku. Opakované ve
viech ro&nicich byl na souvratich zji$tén penetra¢ni odpor pidy o 60 az 90 % vy3si neZ na vnitinich ¢astech pozemki. Od
po&atku vegetace cukrovky do sklizné postupné nartstal. Do tvorby 6. paru pravych listd byl vyrazné vyssi penetraéni
odpor plidy na kolejovych fadcich oproti fadkim a mezifadkim porostu cukrovky. Dynamika pérovitosti piidy béhem
vegetace logicky korespondovala se zménami objemové hmotnosti piidy. Relativné nejté€sné&j3i negativni zavislost na pene-
traénim odporu piidy v celém souboru zji§ténych udaji vykazuje obsah chlorofylu (-0,61) a hmotnost bulev (-0,58). Kon-
centrace sodiku a drasliku byla utuzenim pidy ovlivnéna méné. Po sklizni cukrovky a odvozu fepy z pole byl prokazan
vyssi penetra¢ni odpor pudy v kolejich sklizecich stroji. Oproti stavu t&sné pred sklizni byl penetra¢ni odpor relativné
vy3§i minimalné o 20 %. X

Klitova slova: puda; fyzikalni vlastnosti; utuZeni ptidy; penetraéni odpor; objemova hmotnost; porovitost; cukrovka; me-
tabolismus a technologicka jakost cukrovky; obsah chlorofylu
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The energy efficiency of sugar beet cultivation

J. Fecenko', B. Soltysov4?

!Slovak University of Agriculture in Nitra, Slovak Republic
’Research Institute of Agroecology, Michalovce, Slovak Republic

ABSTRACT

The influence of application of growth regulators on the energy balance of sugar beet cultivation was observed in the
yield stationary experiments accomplished in 1996 to 1998 on the Fluvi-Eutric Gleysols. The problems were followed at
the variety Ibis on the followed variants of growth regulators application: 1. seed incrusted by Elorisan, 2. seed incrusted
by Elorisan and foliar application of Elorisan, 3. foliar application of Elorisan, 4. the control without application of
Elorisan. According to the results obtained the annual variability of additional energy inputs was observed whose values
varied between 35.571 and 40.859 GJ.ha™'. The reasons for the annual variability were different dosages of applied indus-
trial fertilizers and of the human work used. The most significant part of additional energy inputs were represented by
fertilizers (43.85-47.60%) of which the rate of industrial fertilizers varied from 25.26 t0 29.35% and the rate of dung was
from 18.13 to 20.83%. The second largest part of the total input of additional energy was formed by the fossil energy
(22.27-24.28%). The negligible portion was represented by energy under form of growth regulators. Average outputs of
energy in the dry matter of roots varied from 204.87 to 261.30 GJ.ha™!' and in the dry matter of total biomass of sugar
beet was the scale of 288.79 to 342.96 GJ.ha™'. On the variants with the growth regulators application the statistically
significant higher yield roots were gained over from 2.26 to 5.77 t.ha™' and of beet tops over from 0.42 to 1.42 tha™ in
comparison to untreated control and that is why also higher increase of energy in production was observed. Having com-
parable inputs of additional energy the higher energy profit was observed in the variants treated by Elorisan while the
highest profit values of roots energy (204.78 GJ.ha™') and of the total biomass energy (291.33 GJ.ha™') were found in the
variant with the combined application of Elorisan. The annual variability was marked also in the determined values of
energy coefficients. The highest values of energy coefficients for roots and the total biomass were reached in 1997 where
the lowest inputs of additional energy were used. Growth regulators application caused the average increase of the values
of energy coefficients of roots over from 0.26 to 0.45 and of the total biomass of sugar beet over from 0.26 to 0.47 in
comparison to the control untreated by Elorisan.

Keywords: sugar beet; growth regulator; Elorisan; energy balance; additional energy; energy output; yield; energy coefficient

The assessment of energy arduousness of the produc-
tive process enables us to receive the general picture of
the efficiency of vegetable production. The high produc-
tivity of the productive process of sugar beet is kept at
the cost of high supplies of additional energy under the
forms of soil treating, fertilization, protection of diseases
and pests, weed control, irrigation and others. All those
measures of cultivation are to assure the generation of
the optimum structure of the plant cover, the quick for-
mation of the photosynthetically active leaf cover as well
as its functional maintenance over the longest period of
vegetation possible by which the more effective exploi-
tation of solar radiation is assured.

Sugar beet belongs to the most energy demanding
crop, but having a high energy rate of the yield it enters
significantly into the total energy balance. This is the
reason for paying the considerable attention to the ob-
servation of the yield-influencing factors of sugar beet,
regarding the climatic and soil conditions (Cerny 1996;
Franc¢ékova et al. 1996; Kovacova 1996). Conditions suit-
able for optimization of crop yield are also assured by
utilisation of growth regulators. Santa (1995) and Toman-
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kova (1995) pointed out a positive influence of growth
regulators on regulation of nutrient intake, the yield and
the quality of sugar beet.

The growth regulators influence positively the energy
balance of sugar beet cultivation, as their portion of the
total additional energy of the whole cultivated system is
not high, but having raised the yield they influence the
increase of energy output expressed by production.

The aim of the contribution presented was to evaluate
the influence of the growth regulator Elorisan applied on
the energy balance of sugar beet cultivated on the heavy
soils of East Slovakian Lowland.

MATERIAL AND METHODS

Research problems were followed in the years 1996 to
1998 by stationary experiments of the Research Institute
of Agroecology Michalovce. The experiments with sug-
ar beet were found in the experimental workplace Milhos-
tov. The work station is located in the central part of the
East Slovakian Lowland with the altitude of 101 m above
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see level. On the land mentioned the Fluvi-Eutric Gley-
sols (FEG) are situated. The detailed characteristic of the
place is described in the thesis of Soltysova (1999).

The climatic region is the lowland, warm and very dry.
The average annual rainfalls through the years 1951 to
1980 counts 559 mm, during the months of April to Sep-
tember it counts 348 mm. The average temperature is
8.9 °C, during the months of April to September it is
16.0 °C. The climatic factor’s data were taken from the me-
teorological station of the Slovak Hydrometeorological
Institute in Milhostov and the years 1996 to 1998 are
shown in Fig. 1.

The problems of influencing the energy balance of
sugar beet cultivation by the factors of biological nature
were followed in the variety IBIS. Sugar beet was ratio-
nally fertilized. Lime substances in dosage 6 t.ha! of
CaCO, were worked in the soil and dung was incorporat-
ed by middle ploughing in dosage 40 t.ha™'. The level of
fertilization was realised for level 45 t.ha™'. The dosage of
the pure nutrients applied in the years 1996 to 1998 is
shown in Table 1.

In the sugar beet cover the following variants of
growth regulator Elorisan were applied:

1. seed incrusted by Elorisan

2. seed incrusted by Elorisan + foliar application of Elori-
san

3. foliar application of Elorisan

4. the control without application of Elorisan

In terms of energy balance the direct and indirect in-
puts of additional energy (GJ.ha™') and the energy out-
put of agricultural yield (GJ.ha™') were established. The
equivalents of energy inputs for the calculation of inputs
of additional energy were determined by the thesis of
Preininger (1987) and Cislak (1990). For the energy con-
tent of production calculation the energy equivalent
17.64 GJ was used for the gross energy of 1 ton of dry
matter of production.

air temperature 1996

= . = airlemperature 1997

=== airtemperature 1998

80
E]  rainfall 1996 100
O winfall 1997 120
rainfall 1998 140

E] 160
1L Iv. V. VL VI VIL IX. X. (mm)

Figure 1. The climatic condition 1996-1998
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Table 1. Rates of applied nutrients (kg.ha™' of pure nutrients)

1996 1997 1998 Average
1996-1998

116.0 83.0 93.0 97.0

P 31.5 31.5 31.5 31.5

K 138.0 138.0 138.0 138.0

Energy efficiency of the cultivation process, the com-
parison of additional energy inputs and energy output,
was represented by energy coefficient (EC):

EC = energy output (GJ.ha™') / additional energy input
(Gl.ha™)

The yields were evaluated statistically by the analysis
of variance and each variant had energy evaluation.

RESULTS AND DISCUSSION

The structure of additional energy inputs in particular
experimental years and in the variants observed is shown
in Table 2. Additional energy inputs represented the sum
of inputs in the forms of human work, fossil energy, ener-
gy of machines, seed energy, energy of organic and in-
dustrial fertilizers, energy of pesticides and of growth
regulators. From the data given it is obvious that the
cultivation process of sugar beet is very demanding on
the energy. Total additional energy inputs to the culti-
vation process moved in the interval of 35.571 to
40.859 GJ.ha™', which is in fact identical with additional
energy inputs given by Repka and Danko (1994) or Cigl'ar
and Pospisil (1997).

According to the results obtained the annual variabil-
ity of additional energy inputs was established of which
the reasons were the different dosages of industrial fer-
tilizers applied and of the human work used. Higher total
additional energy inputs were found in 1996 and 1998
where in comparison to 1997 higher dosages of nitrogen
fertilizers were used and hoeing of sugar beet was real-
ized.

No significant differences of the total energy inputs
were observed among the variants, as the values of en-
ergy given in the form of growth regulators and their
application represented a minimum part of the total addi-
tional energy inputs.

Still fertilizers covered the most significant part of ad-
ditional energy inputs, even of the experiments were ra-
tionally fertilized. Energy inputs of industrial fertilizers
reached 9.266-11.912 GJ.ha™', what was 25.26-29.35% of
total additional energy inputs. From the energy given in
the form of industrial fertilizers in particular years was
generated by nitrogen of 71.84-78.10%, while the portion
of the phosphoric (8.46-10.88%) and potassic (13.44—
17.28%) fertilizers was lower on energy (Table 3).

The portion of dung on the energy inputs to the culti-
vation system of sugar beet represented 18.13-20.83%.
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Table 2. The structure of inputs of total energy into the sugar beet cultivation

Human work Fuels Machine Manure Fertilizers Pesticides Elorisan Seeds Additional
Variant Years energy
Glha™' % AE Gl.ha™' % AE Glha!' % AE Glha?' % AE Glha'! % AE Gl.ha' % AE Glha™! % AE Glha' %AE  (Gl.ha™')
L 1996 7.273 17.92 9.040 22.27 3.451 8.50 7.408 18.25 11.912 29.35 0.208 0.51 0.001 0 1.296 3.20 40.589
1997 5.620 15.80 R.621 24.24 3.298 9.27 7.408 20.83 9.266 26.05 0.062 0.17 0.001 0 1.296 3.64 35.572
1998 8.010 20.23 9.174 23.18 3.341 8.44 7.408 18.72  10.068 25.44 0.284 0.72 0.001 0 1.296 3.27 39.582
average 6.968 17.98 8.945 23.23 3.363 8.74 7.408 19.26 10.415 26.95 0.185 0.47 0.001 0 1.296 3.37 38.581
2 1996 7.355 18.00 9.123 22.33 3.556 8.70 7.408 18.13  11.912 29.16 0.208 0.51 0.001 0 1.296 3.17 40.859
1997 5.702 15.91 8.704 24.28 3.403 9.50 7.408 20.67 9.266 25.85 0.062 0.17 0.001 0 1.296 3.62 35.842
1998 8.092 20.31 9257 23.23 3.446 8.65 7.408 18.59  10.068 25.26 0.284 0.71 0.001 0 1.296 3.25 39.852
average 7.050 18.07 9.028 23.28 3.468 8.95 7.408 19.13  10.415 26.76 0.185 0.46 0.001 0 1.296 3.35 38.851
< 38 1996 7.355 18.00 9.123 22.33 3.556 8.70 7.408 18.13 11.912 29.16 0.208 0.51 0.001 0 1.296 3.17 40.859
1997 5.702 15.91 8.704 24.28 3.403 9.50 7.408 20.67 9.266 25.85 0.062 0.17 0.001 0 1.296 3.62 35.842
1998 8.092 20.31 9.257 23.23 3.446 8.65 7.408 18.59 10.068 25.26 0.284 0.71 0.001 0 1.296 3.25 39.852
average 7.050 18.07 9.028 23.28 3.468 8.95 7.408 19.13  10.415 26.76 0.185 0.46 0.001 0 1.296 3:38 38.851
4. 1996 7.273 17.92 9.040 22.27 3.451 8.50 7.408 18.25 11.912 29.35 0.208 0.51 - 0 1.296 3.20 40.588
1997 5.620 15.80 8.621 24.24 3.298 9.27 7.408 20.83 9.266 26.05 0.062 0.17 - 0 1.296 3.64 35.571
1998 8.010 20.23 9.174 23.18 3.341 8.44 7.408 18.72 10.068 25.44 0.284 0.72 - 0 1.296 3:27 39.581
average 6.968 17.98 8.945 23.23 3.363 8.74 7.408 19.26  10.415 26.95 0.185 0.47 - 0 1.296 3.37 38.580

AE = additional energy



Table 3. Energy in the fertilizers

N P K .

Years Fertilizers energy

GJ.ha™! % FE Gl.ha™! % FE GJ.ha™! % FE
1996 9.303 78.10 1.008 8.46 1.601 13.44 19.266
1998 7.459 74.09 1.008 10.01 1.601 15.90 10.068
Average 7.806 74.68 1.008 9.78 1.601 15.54 10.415
FE = fertilizers energy
Table 4. Sugar beet yield

. Roots (t.ha™!) Beet tops (t.ha™!)

Variant

1996 1997 1998 average 1996 1997 1998 average
13 76.53 67.33 65.55 69.80 43.90 37.82 40.21 40.64
25 76.09 65.44 72.33 71.29 44.00 37.92 42.10 41.34
3. 73.00 61.11 69.22 67.78 41.67 38.66 40.70 40.34
4. 73.53 62.00 61.03 65.52 42.47 38.41 38.90 39.92

From that point, the application of industrial and organic
fertilizers created 43.85-47.60% of inputs of additional
energy. High portion of fertilizers in energy inputs estab-
lished Gorzelany and Piszczalka (1995) or Kostrej and
Danko (1996).

The fossil energy represented in the second largest
item of all inputs of additional energy, when in the years
observed and in the variants its part was 22.27-24.28%.
High portion of fossil energy is connected with the need
of fuels for the pre-planting treatment of heavy soil and
for the gathering of sugar beet.

A great portion in the structure of using additional
energy in the process of cultivation of sugar beet in such
soil conditions represents also the energy under the form
of human work (15.80-20.31%) and the machine energy
(8.44-9.50%).

Other groups of inputs do not load of the cultivation
system in a significant extent. Energy in a seed form rep-
resented 3.17-3.64% of total inputs of additional energy.
The lowest portion takes the energy given as pesticides
(0.17-0.72%) and the negligible part of energy in the form
of growth regulators.

Energy balance consists of the comparison of addition-
al energy inputs to the cultivation system and of the
outputs in form of energy value of production. In depen-
dence on the variant the average output of energy in the
dry matter of roots ranged from 204.87 to 261.30 GJ.ha™'
and in the total biomass of the sugar beet it was from
288.79 to 342.96 GJ.ha™' (Table 6). Higher output of ener-
gy was found in the variants where the growth regulator
was used as those variants had significantly higher yield
of roots ranging from 2.26 to 5.77 t.ha™' and the yield of
beet tops ranged from 0.42 to 1.42 t.ha™! in comparison to
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untreated control (Table 4). The positive influence of bio-
logically active substances on the yield of sugar beet
was also pointed by Tomankova (1995).

Sugar beet yields were statistically significantly influ-
enced by the year of cultivation (Table 5) and thus the
output energy was different in particular years. The yield
roots in the Fluvi-Eutric Gleysols conditions correspond
to the values of hydrothermic coefficient, whose num-
bers reached its climax in 1996 (1.84) and its lowest point
in 1997 (1.14) during the second half of vegetation (July
to September). The similar conclusion was also reached
by Pacuta et al. (1999).

The gap between the energy output of production and
the input of additional energy gives the profit of energy.
At the comparable inputs of additional energy given to
variants treated by Elorisan the higher profit of energy in
roots production and in total sugar beet biomass produc-
tion was established. Similar results about energy profit
were also found by Pospisil (1998).

Table 5. Multiplied 95% LSD test comparing the yield of sugar beet

Parameter Raots Beet tops
homogeneous group

Variant 4. + ¥

34 + -

1. @ e

2 2 :
Years 1997 + 4

1998 + "

1996 + .
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Table 6. Parameters of energy efficiency in the sugar beet cultivation

Energy outputs in

Variant Year the dry matter

Profit of energy
in the dry matter

Difference of profit of energy
in comparison with 4 variants

Energy coefficient

(GJ.ha™!) (GJ.ha™!) (GJ.ha™)
root total biomass root total biomass root total biomass root total biomass
1 1996 241.65 337.12 201.06  296.53 10.78 18.90 5.95 8.31
1997 261.30 342.96 225.73 307.39 26.16 20.76 7.35 9.64
1998 216.81 303.34 177.23  263.76 11.94 14.55 5.48 7.66
average 239.92 327.81 201.34  289.23 16.29 18.07 6.26 8.54
2: 1996 240.65 328.43 199.79  287.57 9.51 9.94 5.89 8.04
1997 251.66 332.46 215.82  296.62 16.25 999 7.02 9.28
1998 238.59 329.64 198.74  289.79 33.45 40.58 5.99 8.27
average 243.63 330.18 204.78  291.33 19.74 20.17 6.30 8.53
3; 1996 231.78 320.87 190.92  280.01 0.64 2.38 5.67 7.85
1997 233.38 316.85 197.54  281.01 -2.03 -5.62 6.51 8.84
1998 241.52 329.68 201.67  289.83 36.38 40.62 6.06 8.27
average 235.56 322.47 196.71 283.62 11.66 12.46 6.08 8.32
4. 1996 230.87  318.22 190.28  277.63 - 5.69  7.84
1997 235.14  322.20 199.57  286.63 - - 6.61 9.06
1998 204.87 288.79 165.29  249.21 - - 5.18 7.30
average 223.63 309.73 185.05 271.15 - - 5.82 8.06
The highest average profit of energy was observed in ~ REFERENCES

the variants with the combined application of Elorisan
(204.78 GJ.ha') and the seed incrusted with Elorisan
(201.34 GJ.ha™'). Also the variant of foliar application of
Elorisan established the higher average energy profit
than in the control variant but here the increase was rep-
resented only by roots production of sugar beet obtained
in 1998. The similar trend applies also to the total bio-
mass with the maximum average profit of energy of
291.33 GJ.ha! from the second variant.

The rationality of using the energy inputs to the culti-
vation process of sugar beet declares the energy coeffi-
cient. The values of energy coefficient of the roots on
the level 5.18-7.35 and of the total biomass of sugar beet
on the level 7.30-9.64 confirm that sugar beet is the crop
with high energy effectiveness. Also values of this in-
dex of energy effectiveness are dependent on the year of
cultivation and thus on the climate conditions and ener-
gy inputs of additional energy in a particular year. The
highest energy coefficient for the roots and the total bio-
mass were reached in 1997 when additional energy inputs
were the lowest.

The utilisation of growth regulators was positively dis-
played on the energy effectiveness of sugar beet culti-
vation as during the period observed the average values
of energy coefficient were increased over from 0.26 to
0.45 for the roots and over from 0.26 to 0.47 for the total
biomass compared to the control. Energy effectiveness
of sugar beet cultivation was comparable in our obser-
vations with the data given by Cigl'ar and Pospisil (1997)
for the fertilized variants.
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ABSTRAKT
Energeticka efektivnost péstovani cukrovky

V polnich stacionarnich pokusech realizovanych v letech 1996 az 1998 na fluvizemi glejové byl sledovan vliv aplikace sti-
mulatoru ristu Elorisanu na energetickou bilanci péstovani cukrovky. V pokusech byla pouzita odriida Ibis. Pokusy pro-
béhly v téchto variantach: 1. osivo obalené Elorisanem, 2. osivo obalené Elorisanem a folidrni aplikace Elorisanu, 3. folidrni
aplikace Elorisanu, 4. kontrola bez aplikace Elorisanu. Byla zji§téna roénikova variabilita vkladi dodatkové energie, jejichz
hodnoty se pohybovaly v rozmezi 35,571 az 40,859 GJ.ha™'. Pfi¢inou roénikové variability byly rozdilné davky primyslo-
vych hnojiv a pouzité lidské prace. Nejvyrazn&jsi polozku z energetickych vkladi tvofila hnojiva (43,85 aZ 47,60 %), pri-
¢emz podil primyslovych hnojiv pfedstavoval 25,26 az 29,35 % a podil chlévského hnoje 18,13 az 20,83 %. Druhou
nejvyznamnéjsi energickou polozkou z celkovych vstupl byla fosilni energie (22,27 az 24,28 %). Ve struktufe vstupii tvofi
nepatrny podil energie regulatoru riistu. Primérny vystup energie v sudiné bulev se pohyboval v rozmezi 204,87 az
261,30 GJ.ha"' a v celkové biomase cukrové fepy v rozmezi 288,79 az 342,96 GJ.ha™'. U variant s aplikaci regulatori ristu
byl zjistén vyssi vystup energie v produkei. U téchto variant byl zéroveii zaznamenan vys$si zisk energie, pfi¢emz nejvy3si
hodnoty zisku energie bulev (204,78 GJ) a energie celkové biomasy (291,33 GJ) byly prokdzany u varianty s kombinova-
nou aplikaci Elorisanu. Projevila se i roénikova variabilita — nejvy3si hodnoty energetickych koeficienti byly nalezeny v roce
1997, kdy byly pouzity nejnizsi vstupy dodatkové energie. Aplikace regulatorli riistu zvysila hodnoty energetickych koefi-
cienttl bulev o0 0,26 aZ 0,45 a celkové biomasy o 0,26 az 0,47 v porovnani s kontrolou.

Klitov4 slova: cukrovka; regulétor riistu; Elorisan; energeticka bilance; vstupy dodatkové energie; vystupy energie; vynos;
energeticky koeficient
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The changes in germinability of Ambrosia artemisiifolia,
Panicum dichotomiflorum and Sorghum halepense seeds stored
in maize silage and cattle slurry

M. LeSnik

Faculty of Agriculture, University of Maribor, Slovenia

ABSTRACT

Three-step experiments were carried out from October 1997 to October 1999 in which the time dependent changes in per
cent germination of ragweed (Ambrosia artemisiifolia L.), tall panicum (Panicum dichotomiflorum Michx.) and Johnson
grass [Sorghum halepense (L.) Pers.] seeds stored in maize silage and in cattle slurry were studied. First, seeds were
stored in maize silage, then they were fed to cows and afterwards the mixture of digested seeds and dung was placed in
the cattle slurry. Seeds of ragweed stopped to germinate after being stored in maize silage for 13 months, seeds of tall
panicum after 10 months, and seeds of Johnson grass after 9 months. The decrease of per cent germination of seeds
stored in cattle slurry was significantly influenced by the time of seed storage in maize silage. Depending on the time of
seed storage in maize silage, seeds of ragweed stopped to germinate after 3 to 5 month storage in slurry, seeds of tall
panicum after 1 to 4, and seeds of Johnson grass after 2 to 8 months.

Keywords: maize silage; cattle slurry; seed germination; Ambrosia artemisiifolia; Panicum dichotomiflorum; Sorghum

halepense

Ragweed (Ambrosia artemisiifolia L., AMART),
smooth witch-grass or tall panicum (Panicum dichoto-
miflorum Michx., PADIH) and Johnson grass [Sorghum
halepense (L.) Pers., SOHAL] have become troublesome
weeds in many maize fields of Slovenia. All three neo-
phyte weed species have a high competitive ability
against field crops and produce a lot of seeds. In last two
decades they have spread from the Mediterranean region
of Europe and the Balkans far to Eastern and Central
Europe, despite the fact that they originate from much
warmer climates (Ries 1991; Gyérfty etal. 1995; Ammon
1997). In Slovenia, they are spreading fast especially in
regions with the most intensive livestock farming where
the fields are fertilised with large quantities of mineral
fertilisers and also with organic manures. When silage is
prepared from the maize grown in the fields heavily in-
fested with those weeds, the silage contains also many
of their seeds. Despite herbicide control, they can still
produce a lot of seeds in maize stands. According to our
previous research, even at intensive herbicide use and
dense maize stands, ragweed can produce between 1 and
2 thousand, Johnson grass 2—4 thousand and tall pani-
cum between 2 and 5 thousand seeds m™. Freshly har-
vested maize silage samples originating from fields
infested with 5 to 10 plants of investigated weeds m™,
contained 10 to 500 their seeds kg™'. After the passage of
silage through a cattle digestive tract, the seeds get into
slurry which is returned to the fields. In 1 L of randomly
taken slurry samples, 3 to 200 seeds of investigated
weeds were found. In the region of Dravsko and Ptujsko
polje in north-eastern Slovenia a weed survey carried out
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in 1993 showed that out of 250 randomly selected fields
(of approx. 3000 ha) 8% of them were infested with rag-
weed, 7% with smooth witch-grass and 4% with Johnson
grass (Lesnik 1995).

Slurry was applied to 95% of the infested fields at least
once a year. In 1997, the weed survey of the same fields
was repeated and it was established that already 25% of
fields were infested with ragweed, 19% with tall panicum
and 17% with Johnson grass (unpubl. obs.). Also a sig-
nificant increase in average plant density of investigat-
ed three weeds was observed during the comparison of
data from 1993 and 1997 weed surveys. On the basis of
these findings it was anticipated that cattle slurry plays
an important role in spreading of Johnson grass, ragweed
and tall panicum to new habitats.

There are a few accurate data on survival rate of seeds
of investigated weeds in silage and slurry in the litera-
ture. Most reports deal with results obtained on the ba-
sis of random sampling of slurry in which usually a few
seeds of ragweed and Johnson grass were found, hav-
ing a low percentage of germinability (Elema et al. 1990;
Pleasant and Schlather 1994; Kellerer et al. 1996). Due to
the fact that random samples of slurry usually contain
weed seeds from various sources, which have been
present in it for different periods of time, results from dif-
ferent farms can vary a lot (Cudney et al. 1992). Some
scientists reported that a low percentage of seeds of in-
vestigated three weeds always survives the passage
through the cattle digestive tract and the storage in ma-
nure or slurry (Harmon and Keim 1934; Atekson et al.
1934; Elema etal. 1990; Korsmo 1930; Kellerer et al. 1996).
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Our study was aimed at presenting the changes in per
cent germination of ragweed, Johnson grass and tall
panicum seeds from the moment the seeds enter the si-
lage to the moment when seeds are returned to the fields
through the application of slurry. Therefore the experi-
ments were designed in accordance with the production
processes on farms.

MATERIAL AND METHODS
Collection of weed seeds

Seeds were collected between 20™ and 25™ September
1997 in the fields of north-eastern Slovenia from plants
that had not been damaged by herbicides or diseases. The
seeds were collected manually by shaking them out of
inflorescences onto a tilt a few days before experiments
started. The weight of 1000 seeds at, on average, 23.6%
moisture content was 5.2-7 g at ragweed, 4.5-5.3 g at
Johnson grass and 0.9-2.1 g at tall panicum.

Germination test procedure

The same germination procedure was applied for all
seed samples taken from maize silage, cow dung, sand
and cattle slurry. Germination tests were carried out in
Petri dishes (9 cm diameter) placed in temperature-con-
trolled growth chambers. First, filter paper was placed on
the bottom of dishes, then it was covered with 0.5 cm
layer of sand, on which seeds were dispersed evenly, and
finally covered with 0.5 cm of fine sand. Afterwards, 10 ml
0f 0.03% propamocarb solution (Previcur 607 SL, 607 g
a.i. L', AgrEvo) and 10 ml 0.015% thiophant-methyl so-
lution (Enovit-M, 70 g a.i. kg™, SIPCAM S.p.A.) was add-
ed to each Petri dish in order to prevent the development
of fungi that were present on the seed coats.

The appropriate fungicides were selected on the basis
of tests in which comparisons were made between per
cent germination of disinfected and non-disinfected
seeds that had not been stored in slurry. The tests
showed that the applied fungicides did not have any in-
hibitory effects on seed germination of investigated
weeds. Thus a higher degree of accuracy of results on
per cent germination was assured.

During experiments, distilled water was added as need-
ed to supply seeds with humidity. The temperature was
kept constant at 25 °C (24 hours a day), relative air hu-
midity was 80%. The chamber was illuminated 12 hours
per day with fluorescent lamps providing Petri dishes
with approximately 450 mmol™' m photon flux. All the
germination tests lasted three weeks. Seeds were consid-
ered to have germinated when essential structures of
cotyledons appeared above sand surface. Such a seed
testing protocol was used on the basis of our previous
experience in testing germination of ragweed, Johnson
grass and tall panicum seeds.
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Investigation of time dependency of per cent germi-
nation of seeds stored in maize silage and sand

Our study started at the beginning of October 1997 and
took 16 months. Seeds of all three weed species were
mixed together and divided into two equal parts. The first
part of seeds was placed into maize silage stored in 30 L
plastic containers (treatment 1), and the other into the
sand stored in 5 L plastic containers (control treatment 2).
The moisture content of the sand was not sufficient for
the seeds to germinate. The mixture of seeds and maize
silage was prepared manually by mixing seeds with fresh
maize silage taken off the silage combine. Seeds used in
experiments did not pass through the silage combine. We
prepared 160 plastic containers filled with silage contain-
ing mixture of seeds of investigated weeds and 160 plas-
tic containers filled with sand containing seeds of
ragweed, Johnson grass and tall panicum.

Each container was filled separately with mixture of
0.7 kg seeds and 15 kg of whole plants maize silage (grain
and stover cut to 1 cm length). The dry matter content of
the silage at the beginning of fermentation was 35-38%.
The mixture was thoroughly pressed and the containers
were air-tight.

The fermentation process was carried out at 20 °C, Si-
lage pH was measured before each seed sampling. Sila-
ge pH during the first seven months decreased from
6.5 to 4.2, afterwards it increased slightly, so that at the
end of the experiment it was 4.7. The mixture of sand and
seeds was prepared by mixing 0.7 kg seeds with 3 kg
sand. Plastic containers filled with mixture of seeds and
sand were stored in the same place like the containers
with maize silage and were not covered. Each two months
during thel6-month time period, ten containers of each
experimental group were selected randomly, opened and
the silage from the middle of each container was placed
on a sieve from which seed samples (100 seeds for each
weed species per container) were taken. In the same way
and at the same time, samples of seeds stored in contain-
ers filled with sand were also taken. After sampling, seeds
were used in germination tests and the silage was fed to
cows in other experiments.

Investigation of time dependency of per cent germi-
nation of seeds stored in cattle slurry after storage
in maize silage and passing through the cow diges-
tive tract

The experiments aimed at establishing the time depen-
dency of per cent germination of seeds in cattle slurry were
conducted so that the digested seeds mixed with cow dung
were placed into 30 L plastic containers which were im-
mersed into slurry basins at the depth of 2 m. Surface ac-
cess of air to slurry in basins was possible, since basins
were covered only with concrete grates. The containers
were suspended on a rope, so that they could be lifted up
for each sampling. Before seeds were placed in slurry, they
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were fed to cows. The cow dung containing seeds of in-
vestigated weeds was collected afterwards and placed in
containers which were then immersed into slurry.

Four cows were selected for the experiments. Two of
them were four-year old Friesian breed cows, weighing
approx. 550 kg, and two of them were five-year old Sim-
mental breed cows, weighing approx. 650 kg. The animals
were kept in a separate part of a cowshed with a concrete
floor, which enabled us to collect all the dung. In all ex-
periments, the same cows were fed with daily meals con-
sisting of 20 kg of maize silage (silage from plastic
containers), 25 kg of hay and 30 kg of feed concentrates.
Seeds stored in sand were cleaned in water before feed-
ing. The dung was always collected for two days (period
from 48 to 96 hours after first intake of feed). Usually,
80 kg of dung from all four animals together was collect-
ed. The dung was mixed thoroughly and then divided into
ten equal parts (10 x 8 kg). Next, 100 seeds of each weed
species were taken from each dung part for the germina-
tion tests. Seed extraction from the dung was performed
by wet-sieving. Seeds separated from the dung were tak-
en one by one, as they appeared on the sieve, also seeds
damaged by mastification were included. After the seed
extraction, dung samples weighting approx. 4 kg were
taken from each of ten 8-kg dung parts and were placed
in bags from stretchy material, allowing slurry to pass
through. Each bag containing mixture of dung and digest-
ed seeds was then placed in a separate plastic container.
In each of ten containers, the seeds from different groups
of experiments were kept in bags that were marked with
plastic bands of different colours, which enabled us to
distinguish seeds from different experiments.

In two-month intervals four separate experiments were
carried out according to the same procedure, only the
time of storage of seeds, before they were fed to cows,
was different in each of four experiments. First, the seeds
from maize silage, and three days later the seeds from
sand were fed to cows. In the first experiment cows were
fed with the seeds that had been stored in silage or sand
for two months (AMART-ms2, AMART-sa2, PADIH-ms2,
PADIH-sa2, SOHAL-ms2, SOHAL-sa2), in the second
one, with the seeds that had been stored in silage or sand
for four months (AMART-ms4, AMART-sz4, PADIH-
ms4, PADIH-sa4, SOHAL-ms4, SOHAL-sa4), in the third
one, with the seeds that had been stored in silage or sand
for six months (AMART-ms6, AMART-sa6, PADIH-ms6,
PADIH-sa6, SOHAL-ms6, SOHAL-sa6) and in the fourth
experiment, with the seeds that had been stored in silage
or sand for eight months (AMART-ms8, AMART-sa8§,
PADIH-ms8, PADIH-sa8, SOHAL-ms8, SOHAL-sa8). At
the beginning of experiments, when seeds were prepared
for storage in maize silage and sand, ten seed samples of
each of three weed species were also placed in the ten
30 L plastic containers and sank into the slurry in the
same way as other samples that were obtained from cow
dung. These samples were aimed at studying the chang-
es of germinability of undigested seeds stored in cattle

slurry.
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The slurry temperature in summer ranged between
14-16 °C, and in winter between 6-8 °C. The dry matter
content in slurry was approx. 7%. All the containers were
lifted from the slurry each month in the 8-month time
period. The bags were opened and 0.2 L slurry was taken
from each bag. The slurry samples were then sieved by
wet-sieving procedure and sampling of seeds was per-
formed. 100 seeds of each weed species from each bag
were then subjected to germinability tests.

Statistical analysis

For all experiments a completely randomised design
with ten replications was applied. Average per cent ger-
mination and standard errors of means (+ SEM) were
computed and the data were presented in graphs to show
changes in per cent germination of weed seeds stored in
maize silage, sand and cattle slurry. SEM are not shown
in presented graphs.

RESULTS

Results of experiments on the changes of per cent
germination of seeds stored in sand and maize silage

The time dependent changes in per cent germination
of ragweed, tall panicum and Johnson grass seeds stored
in maize silage, sand in cattle slurry (undigested seeds)
are presented in Fig. 1. The per cent germination of seeds
stored in maize silage and cattle slurry was increasing in
first 3 months and started to decrease significantly after-
wards. Per cent germination of seeds stored in sand was
increasing all the time, only a slight decrease of per cent
germination of tall panicum and Johnson grass seeds was
observed at the beginning of experiment. Seeds of rag-
weed stopped to germinate after being stored in maize
silage for 13 months, seeds of tall panicum after
10 months and seeds of Johnson grass after 9 months.
Per cent germination of undigested seeds stored in cat-
tle slurry decreased slightly faster than at seeds stored
in maize silage. The seeds of ragweed stored in slurry re-
mained germinable for 13 months, seeds of Johnson grass
for 10 and seeds of tall panicum for 6 months.

Results of experiments on the changes of per cent
germination of seeds stored in cattle slurry after
storage of seeds in maize silage and passing through
the cow digestive tract

Changes of per cent germination of the seeds, that were
stored in cattle slurry after digestion by cows, are pre-
sented in Figs. 2, 3 and 4. The storage of seeds in maize
silage prior feeding to cows had a significant impact on
the degree of decrease of per cent germination of digest-
ed seeds stored in the cattle slurry. Seeds that were
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Figure 1. Changes of per cent germination of ragweed
(left), Johnson grass (middle) and tall panicum seeds
(right) stored in sand, maize silage and cattle slurry

Time of storage in maize silage, sand and cattle slurry (months)

stored in maize silage prior feeding to cows lost ger-
minability faster than those stored in sand (compare left
and right sets of curves in Figs. 2, 3 and 4). Also the time
of storage of seeds in maize silage prior to feeding to
cows had a significant impact on the degree of decrease
of per cent germination of seeds stored in slurry. The
longer the seeds were stored in maize silage prior to be-
ing fed to cows and storage in cattle slurry, the faster
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decreased percent germination of seeds stored in cattle
slurry (compare curves ms2, ms4, ms6 and ms8 in
Figs. 2, 3 and 4). Depending on the time of storage in
maize silage, digested seeds of ragweed stored in cattle
slurry remained germinable between 3 and 5 months, di-
gested seeds of Johnson grass between 2 and 8 months
and digested seeds of tall panicum between 1 and
4 months.

Figure 2. Changes of per cent germination of ragweed seeds stored
in cattle slurry after digestion by cows and previous storage in
maize silage (left) or in sand (right) for 2, 4, 6 or 8 months

Figure 3. Changes of per cent germination of Johnson grass seeds
stored in cattle slurry after digestion by cows and previous storage
in maize silage (left) or in sand (right) for 2, 4, 6 or 8 months

Figure 4. Changes of per cent germination of tall panicum seeds
stored in cattle slurry after digestion by cows and previous storage
in maize silage (left) or in sand (right) for 2, 4, 6 or 8 months
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DISCUSSION

Changes of germinability of seeds stored in any kind
of substrata (dry seeds in bags, seeds in the soil, seeds
in the slurry etc.) depend a lot on seed age (maturity) at
the beginning of the storage (Roberts 1978; Radosevich
and Holt 1984). In order to simulate processes that affect
seeds in the real production on the farms, in our experi-
ments fresh seeds were used, therefore when analysing
the results of germination tests in our experiments, we
also have to take into consideration the above mentioned
fact. In two similar experiments, seeds from the same
source can be used, but if they are of different age (matu-
rity), the results obtained will be different as well. It is
possible that after their passing through the digestive
tract, only a small percentage of seeds are germinable. If
fresh seeds are fed to animals, it cannot be said whether
the seeds really have been decayed or they are still dor-
mant. In silage and slurry seeds are exposed to damages
due to acids and gases, lack of oxygen and microbes,
therefore it can be expected that under such conditions
they would decay faster than in the soil, where they usu-
ally fall after weeds finish their development.

We established that after storage in maize silage and
slurry for some time period, seeds stopped to germinate,
but we could not be sure whether the seeds had really
decayed, since we did not carry out viability test, such as
tetrazolium viability test. Viability tests enable us to get
information on germination ability of seeds that do not
germinate because of special ecological or physiological
conditions. It is questionable if results about per cent ger-
mination of seeds stored in slurry established in this way
in laboratory are comparable with per cent germination that
would appear in nature. The results of the germinability
tests conducted in Petri dishes in sand in conditions sim-
ilar to natural ones (light, moisture, temperature, gases)
show only germinability at the time of testing.

The results of viability tests (tetrazolium test, morpho-
logical test), on the other hand, show viability. The per-
centage of viable seeds is usually in dormant seeds much
higher than the observed per cent germination, but in the
case of the seeds stored in the manure or in the slurry
sometimes also opposite results can be obtained (Rob-
erts 1978; Rieder 1966).

During the passage of seeds through the digestive tract
of cows and during storage in slurry, the s¢eds are exposed
to different damages, which affect not only per cent germi-
nation during testing, but also seed survival rate at a later
period when seeds are buried in the soil (time after slurry
application), so that despite using exact laboratory tests
we cannot provide a complete answer on seed survival rate
in the natural conditions in the field. It is possible that
seeds are viable immediately after sampling from slurry, but
when in the soil, they can decay fast due to microbial in-
fections or other causes. Thus, even if the test results on
per cent germination obtained shortly before the applica-
tion of slurry show that a certain percentage of seeds are
still viable, we cannot be absolutely sure that this will lead
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to the establishment of new populations of investigated
weeds in uninfested fields.

In Slovenia, the largest populations of ragweed, tall
panicum and Johnson grass can be observed in the fields
surrounding big cattle farms, what suggests that slurry
plays an important role in the dissemination of those
weeds to new habitats. But it has to be taken into con-
sideration that another important factor for their success-
ful development in these fields is excessive content of
nitrogen and potassium in the soil, which is due to too
high quantities of slurry applied to the fields. On Slov-
ene cattle farms the maize silage is usually stored for
12 months, from October in one year to October in next
year, when new silage is prepared. On the basis of the
results obtained in experiments in which seeds of rag-
weed stored in maize silage remained germinable for
13 months, seeds of tall panicum 10 months and seeds of
Johnson grass 9 months, it can be concluded that cows
are almost always fed with silage which contains viable
seeds of investigated weeds.

Cattle slurry is usually stored in basins under standing-
floors in cowsheds (technology of cattle breeding on con-
crete grates). Other facilities for slurry storage are rare on
most Slovene farms. Because of limited storage capacities
the majority of Slovene farmers are not able to store slurry
for more than 5 months. Our experiments showed that di-
gested seeds stored in maize silage for 2 months before
feeding to cows could remain germinable in slurry for
8 months in the case of Johnson grass, for 5 months at rag-
weed and 4 months in the case of tall panicum. When seeds
are stored in maize silage for longer than two months prior
to being fed to cows, they decay faster. According to the
results of our experiments it is very likely that the applied
slurry stored in basins under concrete grates for less than
5 months from end of October to April in the next year, will
contain some viable seeds of all three species. In winter
months (from November to March), when slurry contains
the greatest amounts of germinable seeds, only a little part
of whole year mass of slurry is dispersed on the fields (un-
favourable conditions for application and prohibition of
slurry application by law).

On the basis of our experiments it can be concluded
that cattle slurry can be a source for dispersal of viable
seeds of investigated weed species to uninfested fields,
but on the other hand, according to the amount of ger-
minable seeds in slurry and time of its application, it can
be concluded also that other ways of weed seeds dispers-
al (zoochory, anemochory and other ways of antropo-
chory) play more important role in fast spreading of
ragweed, tall panicum and Johnson grass to new habi-
tats throughout the Central and Eastern Europe.
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Zmény kli¢ivosti semen pleveli Ambrosia artemisiifolia, Panicum dichotomiflorum a Sorghum halepense

pri-skladovéni v kukufi¢né silazi a kejdé

V letech 1997 az 1999 jsme ovéfovali zmé&ny procenta kli¢ivosti semen ambrozie pelyiikolisté (Ambrosia artemisiifolia L.),
prosa vidlicokvétého (Panicum dichotomiflorum Michx.) a &iroku halepského [Sorghum halepense (L.) Pers.] pti skladovani
v kukufiéné silazi a kejdé. Kli¢ivost byla sledovana ve trech stupnich. Nejdfive jsme skladovali semena v kukufi¢né silazi,
kterou jsme pouzili jako krmeni pro kravy. Po prichodu zaZivacim traktem krav jsme semena uchovavali v kejdg&. Pfi skla-
dovani v kukuficné silazi si semena ambrozie udrzela kli¢ivost 13 mésicl, semena prosa 10 mésicl a semena ¢iroku halep-
ského 9 mésicli. Rychlost poklesu procenta kli¢ivosti semen skladovanych v kejdé zavisi na dob& dodasného skladovani
v kukufi¢né silazi. Semena ambrozie si pfi skladovani v kejdé, v zavislosti na délce doby skladovani v silazi, uchovala kli¢i-
vost od 3 do 5 mésicli, semena prosa od 1 do 4 mésicli a semena &iroku halepského od 2 do 8 mésici.

Klitovi slova: kukuiiéna silaz; kejda; kli¢ivost semen; Ambrosia artemisiifolia; Panicum dichotomiflorum; Sorghum halepense
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iINFORMACE

Rostliny a zvySujici se koncentrace CO, v atmosfére Zemé

L. Natr

Prirodovédecka fakulta, Univerzita Karlova v Praze, Ceskd republika

Motyl dosed! na kvét a roztahl svoje kridla. Zpusobil
tim sotva znatelny pohyb vzduchu, ktery se vSak za né-
Jjakou dobu na uplné jiném misté projevil nahlou bour-
kou, povichrem ¢i jinym dramatickym klimatickym
Jevem.

Tak né&jak v§ichni zname trochu poetické pfirovnani
citlivosti klimatu i na sebenepatrnéjsi zmény nékterého
z mnoha faktorl, které ovliviiuji aktudlni stav pocasi.
Uplné stejné ptirovnani bych rad vymyslel pro ilustraci
necekanych zmén, které vyvoldva pomérné nepatrné zvy-
geni koncentrace oxidu uhli¢itého v atmosféfe Zemé
o dvé az tfi setiny procenta: nepiekvapi ns zména v ris-
tu rostlin, ale vét§inou nedomyslime také zmény ve spo-
tfeb& vody rostlinami aZ po zvySeni ¢i pokles relativni
vzdu$né vlhkosti, oblacnosti a srazek. A jen malokoho
napadne uvazovat o zméné aktivity ptidnich mikrobt, coz
se muiZe projevit zménou dostupnosti mineralnich Zivin.
A znovu se miizeme vratit k motylim. Mnohé porosty
totiZ s onou nepatrnou zménou koncentrace CO, presta-
nou byt vhodné pro bylozravé Zivo¢ichy, zejména hmyz.
Housenky se nesta¢i zakuklit a na rostlinach se objevi
zcela nové druhy Zivocichi. A to vSe zpiisobi ona nepa-
trnd zména dvou ¢i tii setin procenta CO, ve vzduchu.

Je obecné znamo, Ze zména koncentrace sklenikovych
plynt v atmosféfe Zemé vede ke zménam globélniho kli-
matu, z nichZ nejéastéji uvadénou zménou je zvyseni tep-
loty 0 2 az 5 °C a s tim spojené zvySeni hladin ocedni,
zména geografického rozdéleni srazek, zvyseni frekven-
ce zaplav, hurikant apod. Pravdépodobnost zmény kli-
matu je obecné pfijimana. Neshody v8ak panuji
v prognézéch, kdy a v jakém rozsahu se tyto zmény pro-
jevi. O vlivu téchto klimatickych zmén na rostliny se ten-
to ¢lanek nezmifiuje. Zde se soustiedim jen na to, co je
mimo jakoukoliv diskusi: je prokizino, a obecné tedy p¥i-
jimano, Ze doch4zi k velmi rychlému zvy$ovani koncen-
trace CO, v atmosféfe. Obdobné je zndmo, Ze zvyseni
koncentrace CO, ma velky vliv na riist rostlin. Tento text
se tedy pokousi pfispét k pochopeni zakladi uvedeného
vlivu CO, na rostliny. Rad bych pfitom pomohl pochopit
celou problematiku v tom smyslu, Ze doslova tisice praci
vénovanych v poslednich dvou desetiletich této temati-
ce zdaleka nestacilo k dostate¢nému popisu uvedeného
vlivu. Snad to bude i dalsi ptispévek k uvédoméni si ne-
smirné sloZitosti a provazanosti vSech jevil v prirodé i ne-
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bezpecnosti konéani Clovéka, ktery tuto skutecnost vel-
kopansky prehlizi.

Koncentrace CO, ve vzduchu

Ale po Givodnim zjednodu$ujicim souhrnu nyni po-
stupné a prehlednéji. Ve vzduchu je asi 0,036 objemo-
vych procent CO,. Toto mnoZstvi se €asto vyjadruje jako
360 pmol CO, na 1 mol vzduchu neboli 360 ul na 1 litr vzdu-
chu ¢ili 360 cm?® na 1 krychlovy metr. Také se pouziva
k vyjadfeni obsahu CO, ve vzduchu hodnota jeho parci-
alniho tlaku, ktera pro uvedenou koncentraci odpovida
36 Pa. A koneéné se miiZzeme setkat také s konstatovanim,
Ze pri stavajici koncentraci CO, ve vzduchu je v 1 m’
720 mg CO,, Pfitom nejjednodussi je snad 360 ppm (pars
per milion), tedy ony miliontiny. ProtoZze Zadny
z uvedenych zplisobii vyjadfovéni koncentrace CO,
v literatufe nepfevazuje, mize byt pro ¢tenafe vhodné
tuto rtiznorodost si pfipomenout.

Ostatné samotné vyjadfeni ,,soucasna koncentrace* je
trochu zavadgjici. Obsah CO, v atmosfére totiZ systema-
ticky vzrista. Pied deseti lety bychom jako souéasnou
koncentraci oznacili 350 ppm, dnes je to 366 ppm a nej-
mlads$i generace ¢tenaid tohoto prispévku jesté zazije
koncentrace 400 ppm a vice. Systematicka a velmi piesna
méfeni koncentrace CO, se provadé&ji od roku 1958, a to
na observatofi v Mauna Loa na Havajskych ostrovech.
Pribéh téchto koncentraci udava obr. 1 (grafy a schéma-
ta — Nétr 2000), z néhoz je patrny nejen rovnomeérny
vzrust, ale také urité sezonni kolisani v ramci jednoho
roku, kdy minimum je v dobé pozdniho léta a maximum
v dobé pozdni zimy, a to podle ro¢nich obdobi severni po-
lokoule (obr. 2). Geografické rozdily v koncentraci CO, na
Zemi jsou minimalni, byt prokazatelné.

Pri¢iny soustavného zvySovani koncentrace CO,, kte-
ré zacalo nékdy v poloviné minulého stoleti, jsou obec-
né zndmy. Pfipomenme proto zékladni Gidaje celkového
kolob&hu CO, mezi biosférou, atmosférou a oceany.

Globalni cyklus uhliku na Zemi je tvofen relativné
malym poctem zdroji i sinkti. Pomérné presné stanove-
nymi zdroji uhliku jsou:

- 5,4 Gt C.rok™": spalovani fosilnich paliv (G, giga, 10°,
tedy miliardy),
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Obr. 1. Priibéh koncentrace CO, (ppm neboli pmol.mol™) v atmos-
féfe Zemé podle presnych stanoveni na lokalité Mauna Loa v ob-
dobi od roku 1958; graf sestaven podle udaji Keelinga a Whorfa
(1998)

— 1,6 Gt.rok™': zmény ve vyuzivani ptidy spojené piede-

v§im s odlesnovanim.

Naproti tomu hlavni sinky piedstavuji:

—2,0 Gt.rok™": pohlcovani v ocednech,
—3,2 Gt.rok™: zvySovani koncentrace v atmosfére.

Pripomindm, Ze jako sink se oznacuje misto, kde doché-
zi ke spotfebé& nebo hromadéni dané latky.

Ve vysledné bilanci tedy chybi sink asi pro 1,8 Gt.rok™.
Toto je tzv. chybéjici C, o némz se dosud presné nevi, kam
se ,,ztraci”. Nasnadé je otdzka, jakou roli zde hraje foto-
syntéza rostlin. Odhaduje se, Ze globalni ro¢ni fotosyn-
teticka fixace dosahuje 100 Gt C.rok™'. Pfitom vsak
prakticky stejné mnoZstvi se vraci zpét do atmosféry jako
disledek dychani rostlin (50 Gt C.rok™) a pidy (50 Gt
C.rok™). Nej&ast&ji se spekuluje o tom, Ze pravé rychlost
fotosyntetické fixace CO, a ndsledné uloZeni C ve vytvo-
fené biomase jsou podcenény. Tento nazor podporuje
samotny vzestup koncentrace CO, v atmosfére, ktery
pusobi pozitivné na rychlost fotosyntézy. Predpoklada
se napriklad, Ze globélni zvy3$eni produkce susiny sucho-
zemskych rostlin o pouhych 10 % by pokrylo soucasné
emise CO, vytvatené spalovanim fosilnich paliv. OvSem
ani tato pfedstava neni zcela jednoznacna.

Ten ,,chybéjici élanek* v neuplné bilanci je samoziejmé
v poptedi zdjmu védcl. Snad nas prekvapi, Ze nejvice je
zatim pfedmétem studia otazka, do jaké miry jednotlivé
typy suchozemskych ekosystémi predstavuji zdroj CO,,
to znamena, Ze do atmosféry uvoliiuji v celoro¢ni bilanci
vice CO,, nez samy pohlcuji, nebo sink, kde by prevladal
prijem a fixace CO, nad celkovym vydejem.

Metody studia vlivu koncentrace CO, na rostliny
Pro lepsi pochopeni vysledkl studia vlivu zvy$ené
koncentrace CO, narostliny je vhodné, abychom si ales-

poi velmi struéné pripomnéli, jakymi metodickymi postu-
py se tyto vysledky ziskavaji.
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Obr. 2. Priibéh koncentrace CO, jako na obr. 1, ale s uvedenim
mésicnich hodnot v pribéhu jednotlivych dekad

Ve vétsiné pripadi, kdy se zmifuji o vlivu zvySené kon-
centrace CO, na rostliny, mém na mysli koncentrace
v rozsahu 600 ppm az 700 ppm ve srovnani se stavajicimi
¢inedévno jesté existujicimi 350 ppm az 370 ppm CO, ve
vzduchu. Ocekéva se, ze uvedené zvySené koncentrace
CO, budou v atmosféte Zemé dosaZeny nékdy v polovi-
né piistiho stoleti.

Zakladnim principem metod méfeni vlivu zvysené
koncentrace CO, na rostliny je umisténi Casti rostliny,
celé rostliny nebo skupiny rostlin (&asti porostu) do
prosttedi, kde je tato zvySend koncentrace CO, udrZo-
vana trvalym pritokem vzduchu obsahujicim pfislusnou
koncentraci CO,. Pfitom byva n&kdy fizena i teplota
vzduchu, pripadné zafeni (svétlo). Po dobé expozice, kte-
ra trva dny, tydny, ale i roky, se srovna hmotnost susiny
¢ijiné parametry takto exponovanych rostlin s parametry
téch rostlin, které po uvedenou dobu rostly ve srovna-
telnych podminkdach, ale pfi okolni koncentraci CO,.
MuiZzeme rozlisit nasledujici skupiny metod:

(1) Malé kyvety nebo vaky, v nichZ je umisténa ¢ast
rostliny, nejcastéji vétev nebo jina ¢ast prytu. Je to nej-
jednodussi postup, kdy expozice trvaji nékolik dnti. Ten-
to zplisob je vhodny zejména pro studium nékterych
dil¢ich problému.

(2) Velké uzaviené kyvety ¢i komory, v nichz jsou ex-
ponovany celé rostliny nebo mladé stromky. Expozice
vétsinou trva celou vegetaci. Rostliny byvaji zasazeny
v nadobach s riznym substratem.

(3) Velké kyvety s otevienym stropem (anglicky ,,open-
top chambers*). Konstrukei a zptisobem provedeni se
podobaji pfedchozimu typu, avsak chybgjici stropni sté-
na vytvéii pfiznivéjsi podminky pro udrzeni mikroklima-
tu srovnatelného s volnou ptirodou. Navic se tento velmi
rozsifeny typ kyvet velmi dobfe uplatiiuje i v pfirozenych
porostech, kde tedy nemuseji byt rostliny pfesazovany
z volné pidy do nadob.

(4) Systém FACE (z anglické¢ho ,,Free Air CO, Enhan-
cement*), ktery oznacuje obohacovani volné atmosféry
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oxidem uhli¢itym. Je to patrné nejlepsi soucasny systém,
ktery umoziiuje studium &asti porostl zemé&délskych
i vzrostlych lesnich plodin. Pfitom prakticky nedochazi
k naruseni pfirozeného mikroklimatu. Jeho podstatu tvo-
fi systém trubic, které na obvodu kruhu o priméru asi
20 m pfivadgji vzduch se zvySenou koncentraci CO,. Po-
dle sily a sméru vétru se vzduch pfivadi piedevsim do tru-
bic na urgité stran& pokusného kruhu, a to v zavislosti na
udajich o koncentraci CO, monitorované v exponovaném
porostu. Je to technicky, a tedy i finanéné€ neobycejné
naro¢ny systém, jehoZ asi osm soudasnych instalaci, pie-
devsim v USA, jiZ poskytlo obrovskou spoustu poznat-
ka, které jsou napiiklad pro lesni porosty jinak
nedosazitelné. Jen pro zajimavost pfipominam, Ze obdob-
ny typ pokusného usporadani realizoval jiz po¢atkem
20. let tohoto stoleti Lundegérdh. Jeho zafizeni bylo tech-
nicky mnohem primitivnéjsi, coz bylo ziejmé pfi¢inou
i nejednotnych vysledkd, které Lundegéardh ziskal.

(5) PFirozené vyrony CO, poskytuji pozoruhodnou
prilezitost sledovat vliv opravdu dlouhodobého (az po
staleti) ptisobeni zvySené koncentrace CO, na riist rost-
lin. Existuji zajimavé pokusné prace pfedevsim z Islandu
a [talie.

P¥imé d¢inky CO, na rostliny

Pfimé plisobeni CO, na rostliny zasahuje jen mélo pro-
cesti. Podle obr. 3 rozliSujeme ptimy vliv CO, na:

1. Rychlost fotosyntézy nebo snad piesnéji: rychlost
fixace CO, karboxyla¢nimi enzymy rostlin. Tato zavislost
je ilustrovana na obr. 4, kde jsou rozliSeny rostliny na
skupinu C3 a C4. Samotné charakteristika téchto skupin
rostlin je velmi zajimavou tematikou, ktera snad bude
popsana Vv jiném prispévku. Pro pochopeni vlivu CO,
zatim postaéi konstatovani odvozené i z uvedeného
obr. 4, podle néhoz jsou rostliny C4 (kukufice, cukrova
titina aj.) stdvajici koncentraci CO, prakticky nasyceny,
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Obr. 3. Zndzornéni primych ucinkdi CO, na fyziologické procesy
rostlin
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Obr. 4. Pribeh zavislosti rychlosti Cisté fotosyntézy (P,) na kon-
centraci CO, u rostlin C3 a C4

zatimco rostliny C3 (obilniny, cukrova fepa aj.) na sou-
¢asné zvySovani koncentrace CO, reaguji zvySenim
rychlosti fotosyntézy.

2. Rychlost fotorespirace. Opét jen velmi strucné pri-
pomeiime, Ze karboxylaéni enzym ribuléza-1,5-bisfosfét-
karboxylaza, zkracené rubisco, pisobi také jako
oxygenaza. To znamena, Ze na pfislusny substrét je
schopna vézat nejen molekulu CO,, ale také kysliku, O,.
Pti sou¢asné koncentraci CO, (viz vy3e) a soucasnych
21 % kysliku ve vzduchu je u rostlin C3 pri fixaci asi tii
molekul CO, fixovana vZdy jedna molekula O,, coZ pied-
stavuje pokles rychlosti fotosyntézy, a tedy i mnozstvi
vytvorenych asimilatd. Uvedena fotorespirace se tyka
prakticky jen rostlin C3, protoZe u rostlin C4 je vzhledem
k odlisnému systému fixace CO, zanedbatelna. A pravé
zvysujici se koncentrace CO, inhibuje fotorespiraci, a tim
prispivé ke zvySeni rychlosti fotosyntézy.

3. Vodivost priiduchii. Oxid uhligity se z atmosféry do
bunék v listech dostava difuzi. Ne v§ak celym povrchem
listl, protoZe kutikula je pro CO, prakticky nepropustna,
ale jen priiduchy, které jsou vytvafeny dvéma svéracimi
butikami. Cim vice se svéraci buiiky od sebe oddali, tim
vEtdi je priduchové $térbina, a tim vice CO, mtiZe difun-
dovat z okolniho vzduchu do intercelularnich prostort
a posléze az do chloroplastl bunék mezofylu. Stejnymi
pruduchy difunduje do listt kyslik (v noci) a z listi také
vodni para, jejiz unik predstavuje stomatalni transpiraci.
Otevienost priduchi stoupa pii poklesu koncentrace
CO,. To tedy znamend, Ze soucasné zvy3ovani koncen-
trace CO, ve vzduchu vyvolava pfivieni priiducht. Tak
dochézi k omezeni vydeje vody z rostliny. Na rychlost
fotosyntézy, tedy na rychlost difuze CO, do listii vSak
toto pfivieni vliv nema, protoZe se zaroven zvySuje roz-
dil koncentraci CO, mezi atmosférou a intercelulérami lis-
th. A rychlost fotosyntézy je pfimo umérna tomuto
gradientu koncentraci CO, mezi atmosférou a vzduchem
v intercelularach.

4. Rychlost dychéni. Jako vSechny Zivé organismy také
rostliny dychaji, to znamena, Ze spotiebovavaji zejména
cukry, které za spotieby kysliku rozkladaji na CO, a vodu
a vytvareji riizné meziprodukty potiebné k zabezpedeni
jednotlivych funkci celého organismu. Rostliny dychaji
zejména v noci, ale tento proces neustava ani na svétle.
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Vliv CO, na dychéni rostlin neni dosud jednoznaéné
vysvétlen. Domnivam se viak, Ze zejména literatura po-
slednich let poskytuje dostatek experimentalnich dokla-
di pro tvrzeni, Ze zvySujici se koncentrace CO, sniZzuje
rychlost dychéni.

5. Dosud neznamé mechanismy. Z n€kterych experi-
mentélnich praci 1ze odvodit, Ze existuji jeste dal3i proce-
sy, na které zména koncentrace CO, plsobi pfimo.
NepovaZuji za nutné tyto pokusy zde rozvadét. Zda se mi
v3ak potfebné upozornit, Ze nase poznani pfimého vlivu
CO, na rostliny je$t& pofad neni koneéné.

Podivame-li se na uvedeny piehled procest, které jsou
zvy3ujici se koncentraci CO, pfimo ovlivnény, nezdé se
byt tato problematika nikterak sloZitd. Prosté miiZzeme
oéekavat zvySeni rychlosti fotosyntézy, tj. tvorby bioma-
sy, omezeni fotorespirace i spotfeby vody a patrné& také
pokles rychlosti dychani. To vSe jsou dusledky, které
jsou &lové&ku — a vlastn& v8em heterotrofnim organis-
mum— pfiznivé, protoZe vedou k ristu primarni produk-
ce organickych latek.

V ¢em je tedy problém a kde zistali tfeba oni motyli
zmifiovani v ivodu? To by méla nastinit nasledujici ka-
pitola.

Nepiimé vlivy zvySujici se koncentrace CO, na
rostliny

Obr. 5 ukazuje nékolik sekvenci zmén, k nimZ dochazi
v rostlindch pfi zméné koncentrace CO, v okolnim vzdu-
chu. Naznaceny jsou pouze primami G€¢inky CO, na rych-
lost fotosyntézy a vodivost priduchi, jejichz zména
vede k dal$im mnohonasobné vétvenym u¢inkiim, jeZ se
samy mohou projevit i svymi zpétnymi vazbami. Toto
schéma zdaleka nepostihuje v§echny mozné zmény, kte-
ré jiz byly pokusné prokazany. Obdobné také nasledujici
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Obr. 5. Zndzornéni neptimych G¢inkl zvySené koncentrace CO, na
procesy a struktury rostlin. Z pfimych vlivi je uvedeno jen pi-
sobeni CO, na rychlost fotosyntézy a vodivost (otevienost) pri-
duchu
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text pfinasi jen vybrané pfiklady postupnosti zmén indu-
kovanych zmé&nami procesti, na néz CO, plsobi pfimo.

Zvyseni rychlosti fotosyntézy vede k vétsi tvorbé cuk-
ri, tedy sloucenin obsahujicich pfevazné uhlik a neob-
sahujicich zadny dusik. ZvySené mnoZstvi asimilati se
muze transportovat do jinych &asti rostliny zejména
v pripadg, Ze je dosti ,,spotfebiteld”, tedy sinki pro tyto
latky. To znamend, Ze rostlina s dostate¢nym vétvenim ¢i
odnozovanim nebo s intenzivné rostoucimi kofeny miize
vytvéieny piebytek spotfebovat na riist téchto rozvijeji-
cich se organd. Casto se viak stavé, Ze riist novych or-
gani je limitovan nedostatkem minerdlnich Zivin,
nejCastéji dusiku. V tom pfipadé zistava vétsina asimila-
ti v listech a dochazi ke zvySeni hodnoty poméru uhliku
k dusiku, tedy C/N v biomase. Samotné zvySeni obsahu
cukrii v listech v3ak zcela v souladu s intuitivnim oéeka-
vanim za¢ne zpétnovazebné plsobit na snizeni rychlosti
fotosyntézy. Vnéjsi faktory — dostatek zafeni a zvySena
koncentrace CO, — mohou byt pfiznivé pro fotosyntézu,
ale vnitinimi faktory je jeji rychlost omezovana. Mecha-
nismil pro toto omezovani je patrné vice. Ugastni se
i geneticky aparat v tom smyslu, Ze hromadici se cukry
inhibuji pfepis geni kdédujicich fotosyntetické enzymy.
Omezi se tedy mnozstvi enzymd, které zajist'uji fotosyn-
tetickou fixaci CO,, ktera tim rovnéZz klesé. Obrazné fece-
no, cely systém ma sice dostatek energie (slune¢ni zafeni)
a surovin (CO,), ale chybi mu ,,strojni vybaveni* pro je-
jich zpracovani. A tak védci trochu piekvapiveé zjistuji,
ze pii dlouhodobé kultivaci rostlin v podminkéch se zvy-
Senou koncentraci CO, dochézi k postupnému poklesu
jejich rychlosti fotosyntézy. Tedy k procesu, ktery je
obecné oznadovan jako aklimace fotosyntézy.

Ovsem v pfipadé dostatku vody i mineralnich Zivin je
vytvareny nadbytek asimilati vyuzZit na stavbu napfiklad
mohutnéj§iho kofenového systému. Ten je schopen za-
jistit vétsi mnozstvi zivin i vody, a tak podpofit uéelné
vyuziti dal$ich asimilath. Kromé toho se zvy3uje celkova
biomasa rostlin. Vétsi listova plocha dale zesiluje pozi-
tivni Gi¢inek zvySené koncentrace CO,, takZe celkova pro-
dukce asimilatl jednou rostlinou nebo porostem se jesté
Zvysi.

Uvedenymi dvéma alternativami — dostatek ¢i nedosta-
tek vody a mineralnich Zivin pro rostliny péstované pfi
zvy3ené koncentraci CO, — pak lze dobre vysvétlit enorm-
ni rozdily v reakci jednotlivych rodd, druhti i kultivart na
zvy3enou koncentraci CO,. Tyto rozdily byly v po¢tcich
vyzkumu trochu pfekvapivé, protoZe se obtiZné vysvét-
lovalo, pro¢ jeden kultivar péstovany pfi dvojnasobné
koncentraci CO, zvy3uje svou produkci hmoty o 10 %,
zatimco jiny i 0 100 %. Pfitom nejéastgji se setkdvame se
zvySenim produkce rostlin za celou dobu jejich vegetace
020az30%.

Ale jedté si vdimnéme dalsich disledkli naznadené
zmény poméru C/N v susing rostlin péstovanych pfi zvy-
$ené koncentraci CO,. Zaénéme jednim konkrétnim pfi-
kladem (obr. 6).

Bylo studovano 49 interakci mezi hmyzem a rostlinami
v podminkach zvySené koncentrace CO,. Ve 36 ptipadech

43



+ -
Fotosyntéza Vodivost
pruduchu
+ + + ¢’7 'l'+
Stravitelné Obsah vody| |Teplota
sacharidy v pletivu listu
[Rust ’°"‘"“| Allelopatické| |,
| latky
+ + [+ i
PomérC /N
Chovani
herbivorniho
hmyzu

Obr. 6. Schéma nepfimych vlivii zvySené koncentrace CO, na cho-
vani herbivorniho hmyzu. Naznaceno je zvySeni (+), sniZeni (=)
nebo neznamé (?) plisobeni;. upraveno v ndvaznosti na Bezemera
a Jonese (1998)

nebyl zjistén zadny vliv. Oviem v deseti ptipadech do-
$lo k urychleni vyvoje hmyzu, avsak ve tfech pfipadech
k jeho zpomaleni. Pfitom u samotnych rostlin mize dojit
k urychleni nebo naopak ke zpozdéni doby kveteni. To
miize dokonale ,,odpojit“ opylovafe od jejich rostlinnych
druhii s nasledky jak pro rostlinu, tak i pro pfislusny
hmyz. Pfitom pravé hmyz patii k rozhodujicim slozkdm
mnoha ekosystémi, a to pokud jde o celkovou biomasu
i druhovou cetnost. Zmény chovani nebo dokonce vy-
skytu n&€kterych druhli hmyzu jsou ¢asto prvnimi roze-
znatelnymi indikatory i velmi mirnych zmén klimatu.
Napfiklad raseni pupenii mnoha druhii dfevin mirného
pasma vyZaduje obdobi chladu, po némz nasleduje vy-
razné otepleni. Nékteré druhy stromil vyZaduji pomérné
dlouhé obdobi chladu a kazdé omezeni po¢tu chladnych
dnii silné zvySuje termalni ¢as, ktery je nezbytny pro ra-
Seni pupent (pfipomeiime, Ze termélni ¢as se nejCastéji
vyjadfuje souétem pramérnych dennich teplot zmense-
nych o uréitou teplotu bazalni). Tim pfekvapivé i v tep-
lej$im klimatu dojde k pozdéjSimu radeni pupeni. Naopak
u stromi, jejichZ poZadavek na nizké teploty je mensi,
mizZe zvySena teplota raSeni pupent urychlit. Zcela ob-
dobna je situace u mnoha druhi hmyzu, ktery pro klade-
ni vaji¢ek vyzaduje jisté obdobi chladu nasledované
obdobim s vyssi teplotou. Dobrym pfikladem je pid’alka
podzimni (Operophtera brumata), ktera parazituje na
dubech i dal$ich rostlinach. Raseni dubi je dobfe kore-
lovéno s termalnim ¢asem, ktery se zkracuje s prodlouze-
nim délky dne. ProtoZe fotoperioda ziistdva konstantni,
tak teplejsi klima miize urychlit rageni pupenti u dubu (jak
bude patrné z dalsiho textu, tak zvySend koncentrace CO,
mizZe zvySovat teplotu listdl). Lze si proto snadno pfed-
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stavit, Ze doba raseni a kladeni vaji¢ek bude ,,rozfazova-
na“s kritickymi nasledky pro tento druh hmyzu. Pfitom
se tento vliv projevi i na vysSich trovnich trofického
fetézce, ktery bude ovlivnén mensi &etnosti hmyzich la-
rev, které jsou zakladni potravou nékterych ptakd.

Uvedené priklady nazna¢uji mechanismus, ktery mize
v podminkach zvysené koncentrace CO, ovlivnit sloZe-
ni a strukturu jednotlivych ekosystémi. Nejde uz o hy-
potetické uvahy, ale o zdvéry mnoha konkrétnich
pokusi.

Uvedu jesté jeden priklad disledkii zvySeni hodnoty
poméru C/N u rostlin péstovanych pii zvySené koncen-
traci CO,. Listy téchto rostlin se snizenym obsahem N
tvoii hlavni slozku opadu. Tim také pidni organicka
hmota je systematicky obohacovana cukry, coz umozni
vétsi rozvoj pudnich mikrobl. Ty v8ak mohou vazat zvy-
$ené mnoZstvi minerélnich Zivin, tedy je imobilizovat, coz
dale omezi jejich dostupnost pro rostliny. Vysledkem je
jesté vyraznéjsi zvyseni obsahu cukrt v listech rostlin,
tedy zesileni celého jevu. Ale v zavislosti,na vnéjsich
podminkach, predevsim teploté a dostatku vody, mize
v ur€ité fazi dojit k odumfieni a rozkladu onoho zvy3ené-
ho mnoZstvi mikrob, tim se uvolni vétsi mnoZstvi mine-
ralnich zivin, které jsou nyni pro rostliny pfijatelné.
Zvyseny pfijem zivin pak umozni rychlejsi rist rostlin
a nakonec povede k poklesu obsahu cukri v listech, tedy
k jistému poklesu obsahu C/N.

Naznacené sekvence déji mohou pusobit trochu zma-
te¢né a navodit dokonce predstavy o jakychsi uméle
konstruovanych komplikacich. Nikoliv. To vSe jsou prvé
vysledky mnoha experimentii mnoha autorl na celém
svété. Snad to pomiiZe objasnit jesté jeden priklad.

Zvy3eni koncentrace CO, snizuje vodivost priduch,
a tim se omezi vydej vody transpiraci z rostliny. Vysled-
kem je to, Ze na jednotku vyprodukované susiny se spo-
tiebuje méné vody, tedy zvysi se ucinnost vyuziti vody
rostlinami. To je poznatek, ktery je velmi ptiznivy, proto-
ze ubytek vody pouzitelné v zemédélstvi k zavlaham je
obecné znam. Ale opét nastupuji dalsi dusledky. Mensi
vydej vody transpiraci sniZi také ochlazovani list, takze
teplota rostlin se zvysi. Tim se zvysi rychlost dychani,
tedy rozklad organickych latek na CO, a vodu. Soucasné
lze o&ekavat pokles relativni vlhkosti vzduchu kolem
rostliny. Tento pokles spolu se zvySenou teplotou listi
viak muize vydej vody rostlinami péstovanymi pii vyssi
koncentraci CO, zvysit, takZe plivodni pozitivni vliv na
udinnost vyuziti vody se anuluje. A pokud soudasné
dojde k vétsi produkci biomasy a listové plochy, tak se
miize vydej vody rostlinami ve zvySené koncentraci CO,
dokonce zvysit, ¢imz se zejména na pfirozeném stanovis-
ti vycerpaji zasoby vody drive, nez tomu je v podminkach
sou¢asné koncentrace CO,. Zalezi tedy na fad¢ ostatnich
faktord, jaky bude sled déji indukovanych poklesem
vodivosti priduchi. Jakkoliv miizeme ofekdvat obecné
zvyseni uéinnosti vyuZiti vody, tak v konkrétnich pod-
minkach mizeme byt svédky plné opacného vysledku.

Pravé uvedena podminénost zmén kvantitativnich va-
zeb mezi mnoha parametry vnéjsiho prosttedi a rostlina-
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mi je pfiinou, Ze pfes ony tisice publikovanych praci
neexistuje dosud obecné platna pfedstava o sledu pro-
cesti indukovanych zvySenou koncentraci CO,. Zda se,
Ze teprve dalgi poznatky, kvantitativng popisujici reakce
jednotlivych druhti a kultivart rostlin na zvySenou kon-
centraci CO,, pfinesou dostatek podkladii pro konstruk-
ci modeld, které budou respektovat i ono symbolické
chvéni motylich kfidel. Do té doby musime jednotlivé
pokusy vyhodnocovat s velkou peélivosti, abychom
obecné zavéry nevyvozovali na ukor neimémého zjed-
noduseni.

V 50. a 60. letech tohoto stoleti by mozna nikoho nena-
padlo vénovat se studiu vlivu zvy3ené koncentrace CO,
na rostliny, protoze vSe se zdalo byt prihledné jasné.
Teprve uvédoméni si diisledkt riistu sklenikovych ply-
nd, zejména CO,, iniciovalo pokusy, jimiZ méla byt stano-
vena mira stimulace ristu jednotlivych druhti rostlin
v jednotlivych podminkach. A tyto pokusy se staly za-
_ kladem pro mnohem rozsahle;jsi vyzkum, jehoz cilem je do-
sahnout poznédni zdkonitosti, jimiZz zvySujici se
koncentrace CO, piisobi na rostliny. Teprve potom bude
mozné jednak uréit funkci jednotlivych ekosystémtl, ze-
jména lest, v kolob&hu uhliku na Zemi a jednak pfipravit

lidstvo na zmény zemédélskych a prirozenych ekosysté-
mi vyvolanych stoupajici koncentraci CO,.

Zvysujici se koncentrace CO, v atmosféfe, k niZ doSlo
od poloviny minulého stoleti, se nesporn& podilela také
nazvy3ovéni vynosii polnich plodin. Stejné tak viechny
zminéné vlivy naristu koncentrace CO, v blizké budouc-
nosti budou silné¢ modifikovat rostlinnou produkci. Je
proto zadouci, abychom uvedenym zménam spravné po-
rozuméli. To umoZni zejména zemé&délcim vhodné reago-
vat na probihajici zmény a podle mozZnosti je vyuZit i pro
racionalizaci p&stovani kulturnich rostlin.
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Z VEDECKEHO ZIVOTA

XVII. Biochemicky sjezd

‘Mezi vyznamné udalosti ve védeckém Zivoté uskuted-
néné v roce 2000 u nas bude jisté patit X VII. biochemic-
ky sjezd, ktery se konal ve dnech 7. az 10. zafi 2000 v Praze.
Potadateli tohoto vyznamného védeckého sympozia byly
Ceska spole&nost pro biochemii a molekularni biologii
a Slovenska spolo¢nost’ pre biochémiu a molekulovu bio-
logiu pii SAV ve spolupraci se Spolecnosti klinické bio-
chemie CZS JEP. Sjezd probihal v modernim arealu
teoretickych ustavii Fakulty architektury CVUT v Pra-
ze-Dejvicich. Organiza¢né a technicky byl do v8ech de-
taild velmi dobfe zabezpeden. Ziéastnilo se ho celkem
492 registrovanych biochemiki, vét§inou védeckych
a pedagogickych pracovnikil z vysokych 8kol, ustavi
AV CR a SR, rezortnich vyzkumnych tstavii i jinych in-
stituci.

Na sjezdu bylo vybranymi specialisty prezentovano
pét plenarnich prednasek a 361 ustnich sdéleni nebo
postert. Pracovni jednéni sjezdu probihalo ve 14 odbor-
nych sekcich:

1. Molekulamé biologické techniky a jejich aplikace v za-

kladnim a aplikovaném vyzkumu
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2. Peptidy a proteiny — struktura, vlastnosti
3. Enzymologie
4. Sacharidy
5. Regulaéni procesy, intra- a extracelularni signalizace,
biologické membrany
6. Bioenergetika
7. Patobiochemie a klinicka biochemie —nové imunoche-
mické techniky a jejich aplikace
8. Reaktivni formy kysliku a dusiku, antioxida¢ni systémy
9. Biotechnologie, potravinarska chemie
10. Xenobiochemie
11. Ekologie
12. Biochemie a molekularni biologie rostlin
13. Technické algoritmy inspirované biologickymi procesy
14. Varia

Podrobna abstrakta viech pfednasek i posterd v an-
glickém znéni véetné jmenného autorského rejstiiku jsou
vhodné uspoiddéna v obsahlém sborniku sjezdu, ktery
vysel jako samostatna naplii monotematického &is-
la 8 Chemickych listd 2000, v rozsahu stran 489-760.

Doc. RNDr. Ing. Josef Zahradniéek, CSc.
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Zména publikaéniho jazyka
ve védeckych ¢asopisech
Ceské akademie zemé&délskych véd

Na zikladé doporuéeni Vydavatelské rady CAZV budou od 1. 1. 2001 v asopise Rostlinna vyroba
(Plant Production) publikovany vSechny pfispévky pouze v angli¢tinég.

A change of publication language
in Scientific Journals
of the Czech Academy of Agricultural Sciences

As recommended by Board of Publishers of the Czech Academy of Agricultural Sciences all papers in
Rostlinna vyroba (Plant Production) will be published solely in English since 1* January 2001.
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