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INFLUENCE OF ENVIRONMENTAL CONDITIONS
AND WAY OF CULTIVATION ON THE POLYPHENOL
AND ASCORBIC ACID CONTENT IN POTATO TUBERS

VLIV PODMINEK PROSTREDI A ZPUSOBU PESTOVANI NA OBSAH
POLYFENOLU A KYSELINY ASKORBOVE V HLIZACH BRAMBOR

K. Hamouz', J. Lachman', B. Vokal?, V. Pivec'

Czech University of Agriculture, Praha, Czech Republic
2potato Research Institute, Havlickiiv Brod, Czech Republic

ABSTRACT: In 1995 till 1997 field trials were conducted to study the influence of environmental conditions of regions with
different altitudes, variety, year and ecological way of cultivation on total polyphenol content (in Agria and Karin variety)
and ascorbic acid (in seven varieties after five months of storage) in potato tubers. In three year trials significantly higher
total polyphenol content was determined (46.25 mg.100 g‘l) in potato tubers from traditional potato regions of the Czech
Republic with higher altitude (cooler and more humid) in comparison with drier and warmer regions of lower altitudes (43.50
mg.100 g"). Highly significant differences of total polyphenol contents were found between two used varieties; total poly-
phenol content was higher in the Karin variety (52.89 mg.100 g_l) than in the Agria variety (36.85 mg.100 g'l). Variety
influence was more apparent than locality influence. In potatoes cultivated in ecological way in three year period higher total
polyphenol content in tubers (47.64 mg.100 g") was found than in potatoes cultivated in conventional way (43.20 mg.100
g']). Our experiments have not proved dependence of ascorbic acid content on different ecological conditions of higher and
lower situated regions of the Czech Republic. Significant influence on ascorbic acid content has shown the variety. In seven
investigated varieties we have found the highest ascorbic acid amounts in the Impala variety (6.37 mg.100 g’l), the lowest
levels in the Rosella variety (5.16 mg.100 g“]). Influence of a given year on ascorbic acid content has been manifested more
significantly in comparison with that of variety. Vegetations of all three years have differed each other very significantly in
ascorbic acid content when they reached the levels 4.91, 6.47 and 5.75 mg.100 g'l in 1995, 1996 and 1997. Ecological way
of cultivation has not influenced ascorbic acid content in tubers because differences against the results obtained for potatoes
cultivated in conventional way have not exceeded levels of statistical significance and there has not become evident an
unambiguous trend.

Keywords: potato; polyphenols; ascorbic acid; environmental conditions; ecological cultivation; variety; year

ABSTRAKT: V pfesnych polnich pokusech v letech 1995 aZ 1997 byl sledovan vliv podminek prostfedi oblasti s riznou
nadmoiskou vyskou, odridy, ro¢niku a ekologického zpisobu péstovédni na obsah celkovych polyfenoli (u odrid Agria
a Karin) a kyseliny askorbové (u sedmi odriid po péti mésicich skladovani) v hlizach brambor. V tfiletych pokusech byl zji§tén
prikazné vy$§i obsah celkovych polyfenoli (46,25 mg.100 g'l) v hlizdch brambor z tradi¢nich bramborafskych poloh CR
s vy$8i nadmoiskou vyskou (vlh&ich a chladnéjSich) proti su$sim a teplej$im niZ§im poloham (43,50 mg.100 g"). Mezi dvéma
uZitymi odridami byly shleddny vysoce prikazné rozdily v obsahu celkovych polyfenold, ktery byl vy3si u odrudy Karin
(52,89 mg.100 g") neZ u odrady Agria (36,85 mg.100 g"). Vliv odridy se projevil vyrazn&ji neZ oblast. Vliv roéniku na
obsah celkovych polyfenoll jsme neprokdzali. U brambor z ekologického péstovani byl zjistén v praiméru tfi let vy$§i obsah
celkovych polyfenold v hlizéch (47,64 mg.100 g'l) neZ u brambor vypéstovanych konvenéni technologii (43,20 mg.100 g'l).
Nade pokusy nepotvrdily zdvislost obsahu kyseliny askorbové na rozdilnych podminkach prostfedi vy$e a niZe poloZenych
oblasti CR. Vyznamny vliv na obsah kyseliny askorbové méla odriida. Ze sedmi sledovanych odrid jsme zjistili nejvy3i
hodnoty kyseliny askorbové u odridy Impala (6,37 mg.100 g"), nejnizsi u odrady Rosella (5,16 mg.100 g“'). Rozdily mezi
t&mito dvéma odridami byly vysoce pritkazné. Vliv ro¢niku na obsah kyseliny askorbové se projevil vyrazngji neZ odrada.
Vegetace viech tii let se mezi sebou liily prikazné v obsahu kyseliny askorbové, kdyZ v letech 1995, 1996 a 1997 dosahly
priméra 4,91, 6,47 a 5,75 mg.100 g"l. Ekologicky zpusob péstovani neovlivnil obsah kyseliny askorbové v hlizach, nebot
rozdily proti vysledkim z konvenéni technologie nepfesahly hranici statistické vyznamnosti, ani se neprojevil jednoznaény
trend.

Kli¢ova slova: brambory; polyfenoly; kyselina askorbové; podminky prostiedi; ekologické péstovani; odruda; ro&nik
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INTRODUCTION

Potato tubers contain secondary metabolites (polyphe-
nolic compounds) representing substrates for enzymatic
browning of potatoes that is occurring during peeling,
cutting or grating of raw potato tubers. L-Tyrosine
(1—2.10'3 M) and chlorogenic acid (2—6.10_4 M) are
major polyphenolic potato constituents (Matheis, 1987).
Polyphenolic compounds, esp. chlorogenic acid together
with ferric cations contribute to potato blackening after
their cooking (Griffiths et al., 1992). The rate of enzy-
matic browning depends on many factors, such as con-
centration and type of phenolic compounds (Lachman
et al., 1996), concentration and substrate specificity of
polyphenol oxidases, concentration of oxygen, concen-
tration of naturally occurring inhibitors of browning
(Almeida, Nogueira, 1995). Differences in the potato
browning rate are rather quantitative than qualitative
differences of polyphenolic constituents of potato tu-
bers (Ramamurthy et al., 1992).

Ascorbic acid (vitamin C) content in potato tubers
attracts interest because of its content in tubers and deal
of consumption potatoes represent important source of
vitamin C in human nutrition. Ascorbic acid concentra-
tion in tubers influences degree and rate of enzymatic
browning of potatoes because it is a naturally occurring
inhibitor of this process (Almeida, Nogueira, 1995).

The content of polyphenol compounds and ascorbic
acid in potato tubers is influenced by many factors. The
most important are variety, soil and climatic conditions,
technology of cultivation, maturity of tubers, injuring
of tubers, period and temperature of storage. Regarding
some factors mentioned above we are dealing in this
work with the comparison of total polyphenol and ascor-
bic acid contents in the potatoes cultivated in different
ecological conditions. These conditions have represented
potato growing localities of the Czech Republic of higher
altitudes and lower situated localities where in the 90s
the areas cultivated with consumer potatoes have been
raised.

MATERIAL AND METHODS

In 1995, 1996 and 1997 field trials were conducted
to cultivate potato varieties Impala, Karin, Agria, Korela,
Rosella, Santé and Ornella on 12 localities in the Czech
Republic after the unified agrotechnics under the same
growing conditions. Six localities (Domaninek, Hradec
nad Svitavou, Chrastava, Lipa, Stachy and Valecov) are
situated in typical potato growing regions and in the
work we designate them with common term higher situ-
ated regions. These localities are situated 345 to 860 m
above sea level (average 531 m) with predominantly
sandy loam soils and with average annual temperature
from 6.3 to 7.7 °C (average 6.82 °C) and with annual
precipitation from 602 to 798 mm (average 677 mm).
Consequently, these regions belong to cooler and more
humid localities. Other six localities (Caslav, Ivanovice
na Hané, Pferov nad Labem, Praha-Suchdol, Uhersky
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Ostroh and Uhfinéves) are situated in lower altitudes
(lower situated regions) from 178 to 295 m above sea
level (average 244 m) with predominantly loam soils
and average annual temperatures from 8.2 to 9.2 °C
(average 8.58 °C) and annual precipitation from 510 to
622 mm (average 566 mm). Consequently, these lower
situated regions are warmer and drier. On two localities
(Uhiinéves and ValeCov) potatoes were cultivated ex-
cept the conventional way of cultivation also by eco-
logical alternative way without using any chemical pro-
tection and industrial fertilisers.

After the harvest total polyphenol content (TP) in
tubers from all 12 field experimental localities in Agria
and Karin varieties was estimated at the Department of
Chemistry of the Czech University of Agriculture in
Prague. The TP content was determined in centrifugates
from peeled potato tubers with Folin-Ciocalteau’s phe-
nol reagent (Fluka Chemie AG) after addition of 20%
Na,CO4 solution spectrophotometrically on the Spekol
11 spectrophotometer at A = 765 nm against blank. The
intensity of formed blue colour was measured after
2 hours standing after centrifugation and TP content
expressed as gallic acid (Lachman et al., 1996). Peeled
potato tuber was homogenised in the shortest time and
was weighed 10 g into 100mL volumetric flask for the
determination. The flask was filled with 80% ethanol
till the mark and after thorough agitation and homogeni-
sation the solution was filtered. For determination 5 mL
aliquots were pipetted.

During the sample preparation for ascorbic acid (AA)
content determination potato tubers of average size were
cut lengthways to obtain the apical and stolon end parts
in the samples. Samples (10 g) were cut into small
cubes in the vessel under carbon dioxide and then quan-
titatively transferred into 300mL Erlenmayer’s flasks.
These flasks already contained 60 mL of moderately
warm working solution (30 g solid:HPO3, 80 mL acetic
acid and about 400 mL distilled water is agitated until
solid HPOj is dissolved and then the volume is adjusted
to 1000 mL). The flask was then connected to apparatus
with a condenser. Into the inner part of condenser was
inserted glass tube reaching the bottom and carbon di-
oxide was carried in. The sample was cooked for 10 min
accurately. Then the flask was quickly cooled, liquid
quantitatively transferred into 100mL volumetric flask
and filled with the working solution until the mark.
From this solution 10mL aliquots were pipetted for de-
termination into SOmL volumetric flasks containing al-
ready 20 mL working solution. AA was determined by
the titration with 2,6-dichlorphenolindophenol accord-
ing to Davidek et al. (1977).

RESULTS AND DISCUSSION

Content of total polyphenols

Potatoes cultivated in warmer and drier regions with
lower altitudes and predominantly with loam soils con-
tained in all three years lesser amounts of polyphenolic
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48.93

@ Lower regions
W Higher regions

mg/100 g

1995 1996 1997 Average

1. Total polyphenol content (mg.100 g_l) affected by environmental
conditions of growing regions (average of Agria and Karin varieties
from six localities of both types of region)

1. Analysis of variance of the content of total polyphenols (results of
three years of Agria and Karin varieties from 12 localities)

g? l:'l;::rti:ability af | of sst;::;res Feyalues: |:Significance
Regions 1 285.047 5.457 %
Varieties 1 9 383.151 179.674 x5
Years 2 198311 1.898

* significant differences (P < 0.05)
** highly significant differences (P < 0.01)

compounds in comparison with potatoes from cooler
and more humid regions with predominantly sandy loam
soils (Fig. 1). Difference among regions was in three
year average statistically conclusive (Tab. I). In more
detail evaluation of the given year we have determined
conclusive difference among regions in the year 1995,
in further two years consonant trend was recorded. Our
trials and experiments have proved that more rough cli-
matic conditions in higher situated regions cause modera-
te increase of total polyphenolic compounds content. In
literature we have found only information (Mapson et
al., 1963) that in some cases direct dependence of tyro-
sine content in potatoes on precipitation in the given lo-
cality was recorded. It corresponds to our results obtained
for total polyphenol, but it is not necessary in full agree-
ment between tyrosine and total polyphenol contents.
Between two used varieties Agria and Karin in three
year trials highly significant differences in total polyphe-
nol contents (Tab. 1) were found. The results obtained
were unambiguously favourable in the variety Agria, in
that year lesser polyphenol amounts were found by
25.0 to 33.8%. From the factors studied (locality, vari-
ety and year of cultivation) variety had the highest in-
fluence on the total polyphenol content (Fig. 2). The
effect of variety on the content of polyphenolic com-
pounds was confirmed e.g. by Al-Saikhan et al. (1995).

ROSTLINNA VYROBA, 45, 1999 (7): 293-298

B Agria
W Karin

mg/100 g

1995 1996 1997
2. Total polyphenol content (mg.100 g_') affected by variety (aver-

age from 12 localities)

47.00

mg/100 g

1996

1997

3. Polyphenol content (mg.100 g") affected by year (average of
Agria and Karin varieties from 12 localities)

Total polyphenolic content was not significantly in-
fluenced by the given year (Tab. I) in our experiments.
Average values in Agria and Karin varieties from twelve
localities show the highest total polyphenol content in
the year 1996 and the lowest in the year 1997 where
the decrease was 6% (Fig. 3). Such differences among
years represent only tendency.

In potatoes cultivated in ecological trend in average
of three years higher total polyphenol content was proved
than in potatoes cultivated in traditional conventional
way (Tab. II). In the given year the difference between
ways of cultivation was statistically significant only in
the year 1995, in other years consonant trend was de-
terminated (Fig. 4). Moderately higher polyphenol con-
tent in potatoes cultivated in ecological way is in accor-
dance with our former results (Hamouz et al., 1997). It
could be explained by the fact that chemically untreated
plant defend itself with higher polyphenol amounts (un-
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II. Analysis of variance of the content of total polyphenols (results
of three years of Agria and Karin varieties from two localities)

III. Analysis of variance of the content of ascorbic acid (results of
three years of seven varieties from 12 localities)

gt?l\l:r?abilily df. of S:L'::res F-values |Significance
Way of cultivation 1 236.741 9.156 *
Varieties 1 [1756.920( 67.951 xE
Years 2 |1739.402| 33.637 *>

(S)? l\]/racreiability af | of f:;:rcs Fyalyes; [Significance
Regions 1 0.010 0.006

Varieties 6 32.822 3.073 %
Years 2 95.406 26.794 o

** highly significant differences (P < 0.01)

@ Conventional
M Ecological

1995 1996 1997

4. Polyphenol content (mg.100 g'l) affected by way of cultivation
(average of Agria and Karin varieties from two localities)

7.00

6.50

6.00 4
o
o
< 550 1 @ Lower regions
g M Higher regions
500 4.
450 -
4.00 J

1995 1996 1997

5. Ascorbic acid content (mg.100 g_l) affected by environmental
conditions of region and year (average of seven varieties)

desirable from the point of view of consumer potatoes)
against unfavourable extrinsic factors. This explanation
is in accordance with the statement made by Castanera
et al. (1996) that polyphenols contribute to defensive
mechanism of plants in the case of attack with micro-
organisms.
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** highly significant differences (P < 0.01)

Ascorbic acid content

In our experiments the influence of environmental
conditions of the given region on ascorbic acid content
was not determined. Differences in its content in tubers
coming from lower and higher levels were low (Fig. 5)
and in three-year average (Tab. III) they have not been
extended beyond the levels of statistical significance in
the given year. In references where authors described
influence of many factors on ascorbic acid content the
effect of environmental conditions is practically not men-
tioned. Only Mondy et al. (1979) have found that ascor-
bic acid content in potato tubers was influenced by the
soil type; higher levels were found in potatoes from
sandy loam soils in comparison with potatoes from loam
soils. This information was not confirmed by our ex-
periments. Absolute amounts of ascorbic acid content
are in our results substantially different in comparison
with other authors who referred usual differences of
levels in freshly harvested tubers 15 to 25 mg.100 g_l.
For instance Cieslik (1994) has found in five varieties
average level 16.4 mg.100 g'l. Lower amounts found
in our results are in connection with time of the deter-
mination after period of five months after harvest be-
cause from literary data it is known that during storage
period ascorbic acid content is significantly decreasing.

The variety had the significant effect on ascorbic
acid content (Fig. 6). In seven investigated varieties in
average in three years the highest ascorbic acid content
was found in the Impala variety the lowest in the Rosella
variety where the decrease was 18.9%. Differences in
ascorbic acid content between these two varieties were
highly significant, in other varieties we have found only
tendencies. It corresponds to results of other authors
who also have found differences in vitamin C concen-
tration in tubers among varieties (e.g. Cieslik, 1994).

Year of cultivation had higher influence on ascorbic
acid content in our field trials in comparison with the
variety (Tab. III). There were significant differences in
ascorbic acid content in a given year. The highest amounts
were found in the 1996 year, whereas in the year 1995
average levels were lower by 24.0% and in the year
1997 by 10.4% (Fig. 5). Our theoretical reasons for the
highest ascorbic acid content in the year 1996 are due
to the distribution of precipitation during vegetation that
has influenced tuber maturity in that year. After drier
weather course in July and the first half of August was
the end of August and September rich in rate of catch

ROSTLINNA VYROBA, 45, 1999 (7): 293-298



6.50 76373

6.00 A

5.50

mg/100 g

5.00 1

4.50

Korela Rosella Santé Omella

Impala Karin  Agria
6. Ascorbic acid content (mg.100 g_') affected by variety (average
of three years from 12 localities)

IV. Analysis of variance of the content of ascorbic acid (results of
three years from two localities)

g?l\l/l;eiability daf. of sScllll:‘;res F-values |Significance
Way of cultivation 1 0.431 0.442

Varieties 5 23.094 4.742 2
Years 2 38.095 19.554 -

** highly significant differences (P < 0.01)

with temperatures bellow normal values. Potatoes grew
quickly up, worse maturated and some varieties pro-
duced knobby tubers or second growth. With lower tu-
ber maturity could be connected higher ascorbic acid
content, this statement is in accordance with the results
obtained by Mondy, Munshi (1993). These authors stud-
ied the effect of tuber maturity in potato Ontario and
Pontiac varieties on ascorbic acid concentration. They
harvested both varieties 7, 9, 11, 15 and 17 weeks after
planting and have found that the ascorbic acid concen-
tration increased significantly till 11th week after plant-
ing and then decreased. In accordance with our results
also other authors have proved the influence of the year
of cultivation on ascorbic acid content (e.g. Cieslik, 1994).

Way of cultivation has not influenced ascorbic acid
amount in tubers statistically significantly. In average
of three years (Tab. IV) and also in a given year were
not significant differences in ascorbic acid content in
potatoes cultivated in conventional and ecological way.
From average values determinated in the given years in
the year 1995 is apparent higher ascorbic acid content
in potatoes cultivated in conventional way, but in fur-
ther two years the tendency of higher content in tubers
cultivated in ecological technology is apparent (Fig. 7).
From other authors Storkové, Prugar (1997) reported
that results from more year field trials show higher con-
tent of vitamin C in ecologically cultivated potatoes,
but differences were not statistically significant. Cieslik

ROSTLINNA VYROBA, 45, 1999 (7): 293-298

6.50
6.178

@ Conventional
W Ecological

w o ~
=3 [ @
2] =3 2]
- - -

Average

7. Ascorbic acid content (mg.100 g_l) affected by way of cultivation
(conventional or ecological)

(1994) has found negative correlation between nitrate
and vitamin C contents in potatoes. That was confirmed
by the results of Takebe, Yoneyama (1992) who inves-
tigated effect of N fertilisation (0, 10 and 20 g N .m'z)
on ascorbic acid content and have determinated its low-
est amount in tubers grown on fields with rate 20 g.m_z.
This information about higher ascorbic acid content in
ecologically cultivated potatoes was neither confirmed
nor refused by our results. Tendency to higher ascorbic
acid content in ecologically cultivated potatoes in 1996
and 1997 years could be rather explained by premature
termination of vegetation with late blight (Phytophtora
infestans Mont.) in this chemically untreated variants in
the 1996 and 1997 years, esp. on the Uhiinéves locality
at the stage of full vegetation with unmatured tubers.
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EFFECTS OF MAGNESIUM AND NITROGEN FOLIAR
FERTILISERS ON OILSEED RAPE

VLIV FOLIARNI APLIKACE HORCIKU A DUSIKU NA VYZIVNY STAV
OZIME REPKY

P. Yang-Yuen, P. Tlustos, J. Balik, V. Vanék

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Field experiment was used to test an effect of N rate and foliar application of N and Mg or their mixture on
the growth, yield of seeds and nutrient status of oilseed rape. Loamy Luvisols with sufficient supply of available elements are
presented at the location. The N application in the rate of 120 kg,ha'l showed the highest yield of seeds. Neither additional
N application, nor foliar application of N, Mg and their combinations in seven treatments showed a positive response to the
yield and nutrient status.

Keywords: foliar application; oilseed rape; nitrogen; magnesium; yield; nutrient uptake

ABSTRAKT: V pifesném polnim pokusu na pokusné stanici AF CZU v Cerveném Ujezdu byl sledovén vliv stuptiované davky
N aplikované na jafe a folidrni aplikace riznych forem N a Mg, resp. jejich kombinace na vynos semene ozimé fepky, jeji
vyzivny stav b&hem vegetace a kumulaci N a Mg v semenech. Piesné polni pokusy byly zaloZeny na hlinité luvizemi,
s primérnymi hodnotami pHyc; = 6,4, KVK =153 mval.kg", obsahem pfistupného P = 114 mg.kg'l, K =254 mg.kg"l a Mg
=150 mg.kg‘1 (Mehlich II). Ke sledovani byla vybrina odrada Lirajet. N byl aplikovan v davkach 120 a 180 kg.ha'l délené
po 60 kg.ha\‘l ve fazich DC 29, DC 50-51 a DC 60 ve formé ledku amonného s vapencem (27,5 % N) podle celkové davky.
Varianty hnojené N byly porovndviny s nehnojenou variantou. V ristové fazi DC 29 a DC 50-51 byla dvakrat provedena
folidrni aplikace ov&fovanych roztokl v sedmi variantach (viz schéma). Davka Mg byla jednotna ve vSech variantich a od-
povidala 0,3 kg.ha™' v jedné aplikaci, davka N se liSila podle pouZitého pripravku a pohybovala se v intervalu 0,4 a%
1,3 kg.ha™!. Odbér rostlin a hodnoceni obsahu chlorofylu prob&hlo ve fizi DC 60-63. Ziskané vysledky prokazaly, Ze rozho-
dujici vliv na narlst biomasy i vynos semene mélo hnojeni N. Maximalniho vynosu bylo dosaZeno na varianté hnojené
120 kg N.ha™!, nasledné zvySoviéni davky N nevedlo k dal§imu naristu vynosu. Folidrni aplikace N a Mg, resp. jejich kom-
binace nemély na tomto drodném, Zivinami dobfe zdsobeném stanovisti vliv na vynos semene fepky. Také hodnoceni dal$ich
sledovanych parametri ukazalo, Ze v daném pokusném schématu mé jednozna¢né pozitivni vliv pouze b&Znd aplikace N
v dévce 120 kg.ha‘l. Dalsi zvySovani davky N i foliarni aplikace komeréné vyrab&nych piipravka, resp. vlastnich ovéfovanych
kombinaci N a Mg nevedly ke statisticky vyznamnému nértistu obsahu chlorofylu, ani ke zméné vyZivného stavu rostlin N
a Mg, resp. ani ke zméné obsahu obou prvki v semenech fepky. Ziskané vysledky potvrdily, Ze pfi dobré zasobé pfijatelnych
Zivin v pudg a jejich vhodném poméru nevedla foliarni aplikace N a Mg b&hem vegetace ke zlepSeni vyZivného stavu a zvy3eni
vynosu semene fepky.

Klicovi slova: folidrni aplikace; fepka; dusik; hoi¢ik; vynos; odbér Zivin

INTRODUCTION

Relationship between nutrient uptake, plant biomass,
economic yield and supply of nutrients during develop-
ment of plants to maintain an optimun yield throughout
the period of growth was mentioned by Rao, Dao
(1996).

Nitrogen (N), the most common nutrient limiting yield,
was utilized in very high rate to ensure crop yield in the
past. But, currently, impacts of N losses from agriculture
field on the environment are known very well. So that,
fertiliser application methods and management techniques
to minimize N losses or maintain crop yield have been
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evaluated, e.g. deep placement of fertiliser (Rao, Dao,
1996) fertiliser source (Tlusto¥ et al., 1994).

Application of foliar fertilisers became popular in
the 1970s and 1980s (Moore et al., 1996) and the re-
search on a foliar application has been conducted. Urea
was the most common fertiliser used on the farmer
fields for foliar application in the past. Lamb, Mo-
raghan (1993) found that sugar and root yield of sugar
beet under N deficient condition were increased by us-
ing of urea-ammonium nitrate (28% N) solution applied
as foliar spray, but the method did not affect nondefi-
cient plants. Tomar (1988) found that N foliar applica-
tion could increase yield of maize.
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The prior experiments indicated that efficiency of
foliar spray was higher than soil application, and in-
creased yield of citrus, apples, tobacco, wheat and
grass. On the other hand, foliar application of high con-
centration of N fertiliser can caused leaf damage but the
damage can be ameliorated by addition of magnesium
sulphate to N sprayed fertiliser (Gasser, 1964; Mitsui,
1967; Lamb, Moraghan, 1993).

Addition of Mg to foliar N fertiliser, nowadays, not
only for reduction of the leaf damage but also to ensure
a balance of Mg in plant, several times, Mg deficiency
was found. Deficiency of Mg in plants can be caused
by various factors: (i) residual effect of K utilization at
high rate, (ii) leaching and erosion of soil Mg, particu-
larly in sandy soil and (iii) high purity of new fertilis-
ers, while in the past Mg as impurity in major fertilisers
was the main source of Mg for soil amelioration.

The research for optimum plant uptake of Mg has
been reported by a number of papers. Bolton (1973)
found that Mg uptake and exchangeable Mg in the soil
were increased by application of Mg fertiliser. Matula
et al. (1996) showed that application of Mg to the soil
might be failure, because available Mg depended on
Mg/K ratio in the soil, therefore, application of Mg to
the soil might not be successful unless soil K is not
optimized. Additionally, application of Mg to the soil
can cause other cation deficiency due to the antagonis-
tic effect.

Currently, commercial fertilisers containing N and
Mg for foliar application have been available, and the
application of sprayable fertilisers should be suitable
for plant nutrition.

The experiment was carried out to determine plant
yield and nutrient intake of oilseed rape and their re-
sponse to Mg and N foliar fertilisers.

MATERIAL AND METHODS

Oilseed rape variety Lirajet, plant taken up a high
amount of nutrients was used as a tester crop. Field
experiment was conducted in 1997 and 1998 at the Re-
search Station of Czech University of Agriculture at
Cerveny Ujezd. Nitro chalk (27%) N was applied at the
rate of 120 kg N.ha™! during rosette and booting growth
stage. Application of fertiliser was done in two half split
rates of N. Higher rate of N application, 180 kg.ha™! that
was done in three third split rates and omissive appli-
cation of N was included as a reference plot. Foliar
fertilisers containing N, Mg or both N and Mg were
applied twice during booting stage of plants. The ex-

I. The main soil parameters of experimental field at Cerveny Ujezd

periment was arranged in randomized complete block
design, nine treatments in four replications, in 12.5 sqm
of plot size. The field is 405 m above sea level with
mean annual precipitation 549 mm and the precipitation
over vegetation period is 361 mm. Soil is loamy Luvi-
sols and main parameters are described in Tab. I.
The main design of experiment treatments (T):
T1 nonapplication of fertilisers
T2 120 kg N.ha™! via the soil and foliar spray by water
T3 120 kg N.ha™" via the soil and foliar spray by Campofort (22%
N, 8% Mg0)
T4 120 kg N.ha™' via the soil and foliar spray by mixture of urea
(46% N) and magnesium sulphate (16% MgO) solution
TS5 120 kg N.ha™! via the soil and foliar spray by urea (46% N)
T6 120 kg N.ha™' via the soil and foliar spray by magnesium sul-
phate (16% MgO) solution
T7 120 kg N.ha™! via the soil and foliar spray by MgN-Sol (110 g
N, 140 g MgO.1™)
T8 120 kg N.ha™! via the soil and foliar spray by Hycol-BN (60 g
N, 30 g MgO.I™)
T9 180 kg N.ha™' via the soil
Solution of foliar fertilisers was diluted by tap water
for application at the rate equivalent to 500 L.ha™! for
application of 0.5 kg MgO.ha_l at each treatment, and
1.3 kg N.ha™! in case of urea. During pot setting, esti-
mate of chlorophyll content in plant leaf was done by
using chlorophyll meter (Hydro) and four plants per
plot were randomly sampled for investigation of N and
Mg content in plant tissues. Seed yield, N and Mg con-
tent in seeds at harvest were also investigated.
Statistical analysis of data was done and significant
difference among treatmens was compared by LSD.
MstatC software (Michigan State University) was used.

RESULTS
Seed yield

Result from statistical combine analysis over two
years showed yield response to fertilisers application.
Both, the results of each year and by average, showed
yield increase with increase of N application from 0 to
120 kg.ha'l. But an additional increase of N rate from
120 to 180 kg.ha~! did not make any further effect on
the yield.

The lowest yield (Fig. 1) was brought from nonfer-
tiliser application treatment (T1) and was 2.18 tha™!.
The highest mean yield, at 3.51 tha™! that equivalent
to 61% higher than nonfertiliser treatment, was brought
by the application of 120 kg N.ha™! via the soil (T2).
Foliar application of individual elements (N or Mg) or
the mixture of N and Mg fertilisers did not increase the
seed yield. Our results showed neither the form, nor the

Soil test (mg.kg™"

O N = e
(mmol.kg™") (% (KCI) Mg K Ca
1997 150 1.50 6.3 144 249 2203
1998 144 1.38 6.4 157 258 2 304
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element combination affected seed yield if the soil sup-
ply of both investigated elements fit to good level.

Relative leaf chlorophyll content

Relative leaf chlorophyll content estimated by chlo-
rophyll meter (Hydro) showed a significant difference
among treatments at 99.9% confident interval in 1997,
the similar trend but insignificant was found in 1998.
The results from statistical combine analysis over two
years (Fig. 2) showed highly significant difference
among treatments. The value of estimate chlorophyll
significantly correlated with seed yield. Nonfertiliser
treatment (T1) showed the reading value at 628 unit by
average over two years. The estimated reading in-
creased significantly, about 12%, by 120 kg N.ha™" ap-
plication. Increasing rate of N application from 120 to
180 kg.ha‘l by additional application of N fertilisers
did not increase chlorophyll estimated value.

Foliar application of urea gave the highest chloro-
phyll value among all treatments in 1997, but the results
were not confirmed in the second year and showed
a high weather effect on the utilization of nutrient ele-
ments by foliar application.

Nutrient content in plant tissues

N content in plant tissue over two years of experi-
ment (Fig. 3) was highly significant among treatments.
Increasing of N content coincided with increment of N
rate from 0 to 120 kg.ha’l, but further increased N
application to 180 kg.ha‘l showed no additional effect.

N content in plant tissue of nonfertiliser application
treatment (T1) was 1.2%. Increasing soil N application
from 120 to 180 kg.ha‘l or fertiliser subsidy by foliar
spray gave the result of N content in plant tissue and
total intake of N per plant not significantly different
from application of 120 kg N.ha~! alone (T2). Applica-
tion of 180, 120 and 120 kg N.ha! combined with
foliar fertilisers application increased N content in plant
tissue up to 1.6% dry matter of above-ground plant
tissue.

Average Mg content (Fig. 4) in both 1997 and 1998
showed a high variation and were not significantly dif-
ferent among treatments. Average Mg content over two
years was 0.11% in plant tissue, at nonfertiliser appli-
cation (T1) and dropped down at 120 kg N.ha™! appli-
cation. Additional application of Hycol-BN (T8) im-
proved Mg intake and showed the highest Mg content
in oilseed rape biomass.

Nutrient content in seed

Increase in N rate from 0 to 120 kg.ha‘I affected N
content in seed (Fig. 5). By average over two years
nonfertilised treatment (T1) showed 2.96% of N in dry
seed. N content in seed increased by combination of
120 kg N.ha! via the soil and urea-magnesium sulphate
mixture solution spray (T4), 120 kg N.ha™! via the soil
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TI T2 T3 T4 T5 T6

B 100% = 2.18 t/ha

1. The response of oilseed rape yield to N and Mg application (LSD
at 95% confidence interval)

%
120

TI T2 T3 T4 T5 T6
@ 100% = 628 unit

7 T8 T9

2. The effect of N and Mg application on relative values of leaf
chlorophyll

%

TI T2 T3 T4 T5 T6

T7 T8 T9

3. The response of N content in above-ground dry matter of oilseed
rape to N and Mg application
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%

TT T2 T3 T4 T5 T6 T7 T8 T9

4. The response of Mg content in above-ground dry matter of oilseed
rape to N and Mg application (not significant difference among treat-
ments)

TT T2 T3 T4 T5 T6 T7 T8 T9

5. The response of N content in seed of oilseed rape to N and Mg
application

%

0.46

0.44

TI T2 T3 T4 T5 T6

6. The response of Mg content in seed of oilseed rape to N and Mg
application (not significant difference among treatments)

and urea solution spray (T5) and application of 180 kg
N.ha™! via the soil (T9) about 13, 13, and 15%, resp.
Application of 120 kg N.ha™! to the soil without foliar
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spray brought about increment of N content in seed at
9% higher than nonfertilised treatment (T1).

Mg content in seed (Fig. 6) was not significantly
different among treatments in both 1997 and 1998 ex-
perimental years. Average of Mg content in grain over
two years, was 0.39 and 0.38% of grain in dry weight
and was brou;%ht by nonfertilised treatment (T1) and
120 kg N.ha™" application without foliar application
(T2), resp. Combination of foliar spray of magnesium
sulphate solution and 120 kg N.ha™! application to the
soil (T6) slightly increased the accumulation of Mg in
grain up to 0.44% of Mg in dry weight.

DISCUSSION

Yield and N content in above-ground plant tissue
increased with increasing rate of N application from
0 to 120 kg.ha‘l but further increase of N application
to 180 kg N.ha~! did not affect both parameters.

Similar results were found in maize yield (Ballesta,
Lloveras, 1996) and oilseed rape dry matter (Colnenne
et al., 1996). The evidence from Setatou, Simonis
(1996) seems to be the explanation of these phenomena.
It was found that declination of N recovered in maize
coincided with increment of N fertiliser application
caused a reduction of N uptake gain.

N content in seed was increased by increasing of N
application uF to 180 kg.ha™' (T9) or application of
120 kg N.ha™" and subsidized by foliar fertiliser contain
urea at a rate of 2.6 kg N.ha™! (T4 and T5). The re-
sponse of N content in seed to application of 120 kg
N.ha™! with other source of foliar application (T3, T6,
T7 and T8) or without foliar application (T2) was not
found, probably, caused by dilution effect of N. The
similar evidence was also found by Lopez-Bellido et al.
(1996).

Foliar fertilisers containing Mg did not significantly
affect both intake of Mg and plant yield. The similar
results were found several times at the same location
for oilseed rape (Balik et al., 1998) and for maize
(Yang-Yuen et al., 1998).

Balik et al. (1998) found that intake of Mg and seed
yield of winter rape did not respond to foliar Mg appli-
cation at any growth stage, and available nutrients of
222 mg K.kg‘l and 163 mg Mg.kg_l soil were found in
this experimental field. It was suggested by Bolton
(1973) that (i) exchangeable Mg at 50 mg.kg"I soil is
considered to be sufficient for the most crops, (ii)-in-
crease of soil exchangeble Mg from 50 to 100 mg.kg'l
less affect Mg intake and yield. Therefore, it can be
assumed that no response of Mg intake and winter rape
yield caused by Mg application in this experiment,
probably due to sufficient supply of soil Mg and opti-
mum ratio of cations in soil of experiment site (Tab. I).
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RECENZE

ULOHA DRUHOV A KULTIVAROV VIACROCNYCH
KRMOVIN V PROCESE DEINTENZIFIKACIE VYROBY

OBJEMOVYCH KRMIV

Biul. Oceny Odmian, 29, Poznari, COBOR 1997. 257 s., 128 tab., 44 obr.

Posledné cislo znameho polského buletinu zahfiia
prispevky prezentované na konferencii Uloha druhov
a kultivarov viacroénych krmovin v procese deintenzi-
fikdcie vyroby objemovych krmiv v Slupi Wielikej
(1996). V Styroch dvodnych prispevkoch definuje
P. Golinski problematiku deintenzifikécie, resp. exten-
zifikdcie vyroby objemovych krmovin z technického,
ekologického i ekonomického hladiska.

Séria dalSich viac neZ 35 prispevkov je venovana
problematike vyuZitia trdv a bobovitych v podmien-
kach zniZeného vyuZivania krmovin, resp. vstupov,
kde primarnu tGlohu méZu zohravat ich zdkladné dru-
hy, ako Trifolium repens, Trifolium pratense i Medi-
cago sativa.

304

Priestor bol dany aj problematike vyuZivania sorti-
mentu trdv v sicasnych ekonomicko-vyrobnych pod-
mienkach Polska. V zborniku moZno néjst aj informa-
cie o pouZiti zriedkavejSich druhov produkcii krmiva
(napr. rasca &i Galega orientalis Lam.), ako aj znamej
francizskej metody hodnotenia objemovych krmovin
(INRA 88).

Uvedena publikécia je zaujimava nielen z obsahové-
ho hladiska, nakolko déva prehlad o stave vyuZivania
sortimentu krmovin v podmienkach sicasného Polska,
ale zaroven reprezentuje dobri spolupriacu univerzit-
nych pracovisk (napr. AR Poznaii) s COBOR (obdoba
nasho UKSUP) i vzdjomnii kooperéciu pracovisk pra-
totechnického zamerania nasich susedov.

Doc. Ing. Norbert Gdaborcik, CSc.
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EFFECT OF STAND DENSITY AND NITROGEN
FERTILIZATION ON THE YIELD AND QUALITY
OF SUGAR BEET SEED

VLIV HUSTOTY POROSTU A HNOJENI DUSIKEM NA VYNOS
A KVALITU OSIVA CUKROVKY

M. Pospisil, Z. Mustapi¢
University of Zagreb, Faculty of Agriculture, Croatia

ABSTRACT: Three-year field trials were set up on eutrically brown, anthropogenized soil, in north-west Croatia (Zagreb)
with the aim of determining and quantifying differences in the yield and quality of sugar beet seed caused by ‘interaction of
plant density and nitrogen fertilization under the same conditions of seed production without replanting. Four plant densities
of seed sugar beet were investigated after crop wintering (40 000, 80 000, 120 000 and 160 000 plants/ha) as well as three
nitrogen rates (60, 120 and 180 kg/ha) applied in two identical topdressings: at the beginning of the spring growing period
and close before shooting of inflorescence stalks. Seed yield increased significantly up to 80 000 plants/ha in 1991/92 and
1994/95 and to 120 000 plants/ha in 1993/94. Nitrogen rate of 120 kg/ha led to a significant increase of seed yield relative
to 60 kg/ha. Nitrogen rate increased to 180 kg/ha resulted in further increase of seed yield, however not statistically significant.
As regards to the seed size, participation of 4.5 to 5.5 mm seed was the highest (34.6%) in seed yield, followed by 3.5 to
4.5 mm seed (32.3%). Increase in the number of plants increased the participation of 3.5 to 4.5 mm fraction and decreased
the participation of 4.5 to 5.5 mm fraction in seed yield. Higher nitrogen rates in topdressing reduced the participation of 3.5
to 4.5 mm fraction and showed a tendency to increasing the participation of 4.5 to 5.5 mm fraction in seed yield. Seed
germination was less affected by the studied factors. Apart from certain regularities, seed yield and quality depended also on
weather conditions, notably in the ripening period.

Keywords: sugar beet; seed propagation; plant density; nitrogen fertilizing; seed yield; seed quality

ABSTRAKT: V severozdpadnim Chorvatsku (Zihieb) byly na eutrofni, antropogenni hnédozemi zaloZeny tfileté pokusy
s cilem ur¢it a kvantifikovat rozdil ve vynosu a kvalité semene cukrové fepy, ke kterému dochazi ve stejnych podminkéach
interakci hustoty porostu a hnojeni dusikem pfi mnoZeni bez pfesazovani. Byly sledovény ¢&tyfi hustoty porostu po pfezimovani
(40 000, 80 000, 120 000 a 160 000 rostlin‘ha) a tfi drovné hnojeni dusikem (60, 120 a 180 kg/ha) ve dvou totoZnych
prihnojenich: zacatkem jarni vegetace a bezprostiedné pfed vybihanim kvétniho stonku. Vynos semene se vyznamng zvySoval
do 80 000 rostlin/ha v letech 1991/92 a 1994/95 a do 120 000 rostlin/ha v ro&niku 1993/94. Davka dusiku 120 kg/ha zna¢né
zvysila vynos semene oproti 60 kg/ha. Dalsim zvySenim na 180 kg/ha vynos semene dile vzristal, rozdily vSak byly statisticky
nepriikazné. Nejvétsi podil na vynosu semene méla frakce 4,5 aZz 5,5 mm (34,6 %) a nésledovala frakce 3,5 aZ 4,5 mm
(32,3 %). ZvySovanim poctu rostlin se zvét§oval podil frakce 3,5 aZ 4,5 mm a sniZoval podil frakce 4,5 aZ 5,5 mm. ZvySeni
divek dusiku vedlo k poklesu podilu frakce 3,5 aZ 4,5 mm a k rustu podilu frakce 4,5 aZ 5,5 mm, Kli¢ivost semen byla
zkoumanymi &initeli ovlivnéna méné. Kromé sledovanych faktori zdvisela vy$e vynosu a kvalita semen i na povétrnostnich
podminkdch, zejména v dobé zrani.

Kli¢ova slova: cukrovka; mnoZeni osiva; hustota porostu; dusikaté hnojeni; vynos semene; kvalita osiva

INTRODUCTION

In the sugar beet production involving direct sowing,
as practised in the Republic of Croatia, the set plant
density is the result of sowing density, field germina-
tion and impact of low temperatures, which is unpre-
dictable. Thinning is seldom applied and mostly not in
the function of achieving a given density, which is
mainly due to lack of experimental data. Researchers
from North America (Campbell, 1968), England and
Denmark (Scott, 1968; Longden, Scott, 1973; Longden,
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1974) recommend very high plant densities, up to
300 000 plants/ha at harvest, for seed sugar beet in
western Europe. Bornscheuer (1969) maintains that
250 000 to 300 000 plants/ha is a too dense population
and that better results are achieved with 120 000 to
150 000 plants/ha. According to Trogisch (1985), the
desirable plant density for European conditions is be-
tween 150 000 and 250 000 plants/ha at harvest. In the
conditions of Vojvodina (Yugoslavia), the highest yield
and quality of sugar beet seed were obtained in popu-
lations of 125 000 and 160 000 plants/ha after crops
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wintering (Stefanovié, 1987). In Croatia, in the region
of east Slavonija Kristek, Mati¢ (1984) based on the
trial results, concluded that denser sowing should be
applied (within-row spacing 6 to 8 c¢m, or 160 000 to
200 000 plants/ha at germination), with 65 000 to
80 000 plants/ha being sufficient for good seed yields.
A survey of literature points to the conclusion that plant
density of seed sugar beet, and thereby the optimal sow-
ing pattern, largely depend on the agroecological con-
ditions, soil and length of the growing period.

Nitrogen rates applied in topdressing of directly
sown seed sugar beet, depending on the soil, range be-
tween 150 to 250 kg/ha (Longden, Johnson, 1977;
Rastija, 1993). Some authors (Bornscheuer et al., 1993)
determine nutrient rates for topdressing of seed sugar
beet on the basis of soil analysis and mostly recommend
topdressing with 100 to 120 kg N/ha.

Recognizing the fact that plant density and nitrogen
fertilization constitute the central problem for achieving
high yields of all field crops, our principal research
goals were:

— to determine the number of seed sugar beet plants
(female and male components) after wintering of
a crop capable of achieving the highest yield of top
quality seed
— to test different nitrogen rates in order to determine
the nitrogen quantity optimal for topdressing of seed
sugar beet

— to determine and quantify differences in the yield
and quality of sugar beet seed caused by interaction
of plant density and nitrogen fertilization under iden-
tical production conditions

MATERIAL AND METHODS

Investigations were carried out through field trials
set up on the experimental field of the Faculty of Agri-
culture, Zagreb, during 1991/92, 1993/94 and 1994/95.
The trial involved four plant densities of seed sugar beet
(mother and father components) after crop wintering
(40 000, 80 000, 120 000 and 160 000 plants/ha) and
three nitrogen rates (60, 120 and 180 kg/ha) applied in
two topdressings. The first topdressing (with half of the
foreseen N fertilizer quantity) was done at the begin-
ning of the spring growing period and the second
shortly prior to the shooting of inflorescence stalks. The
two-factor trials were set up according to the split-plot
method in five replications. Cultivar OS-Nada, its
mother and father lines, were used as test crops. The
basic plot size was 40 m? and consisted of six mother
rows, two father rows and two unsown rows. Sugar beet
was sown at a between-row spacing of 50 cm and
within-row spacing of 11.4, 8.6, 7.1 and 5.7 cm. In
spring, the impact of winter was assessed and density
correction made according to the test treatments. Basic
fertilization for seed sugar beet was carried out with 50
kg N/ha, 150 kg P,Os/ha and 300 kg K,O/ha. Seed
yield was estimated on mother rows and is shown as
a yield of natural seed (yield under combine harvester
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at 9 to 10% moisture) and then recalculated into yield
of primarily processed seed (filled fruits of 3.5 to
5.5 mm fraction), as well as into seed yield in units with
90% germination (acceptable commercial quality). Seed
yield in units also represents seed utilization. The data
obtained were processed by the analysis of variance using
computer programs Microsoft Excel 5.0 and Mstat.

Analyses of weather conditions during three growing
seasons show considerable variation in precipitation
distribution from year to year (Fig. 1). Particularly un-
favourable precipitation distribution was recorded in
1991/92. Water balance after Thornhwaite’s method indi-
cates a balance between potential and actual evapotranspi-
ration all the way to June, when water deficiency ap-
peared in soil. Expressly favourable conditions for the
growth and development of seed sugar beet prevailed
throughout 1993/94. Precipitation distribution in
1994/95 was slightly less favourable for seed sugar
beet. There was less precipitation accompanied by
slightly higher temperatures in April, at the time when
inflorescence shoots were formed, which speeded up
the development of seed sugar beet. Rainfall was suffi-
cient throughout the growing period, from May to July.
Lower temperatures in May and June, along with suffi-
cient humidity of this period, disturbed the balance be-
tween the growth and development of seed sugar beet,
which was negatively reflected in seed quality. Soil
water deficiency was recorded in July.

Soil of the experimental field Zagreb-Maksimir is
eutrically brown, anthropogenized, on slightly luvic
loam (Vidacek et al., 1994). Soil chemical properties
are rather heterogeneous, depending on the plot where
the trial was set up (Tab. I).

I. Chemical properties of the ploughlayer soil, depth 0 to 30 cm
(Zagreb-Maksimir)

Year pH * (mgll()?)lg soil)
H,0 | I MKCI | humus |total N| P,O5 | K,0

1991792 ( 7.7 72 2.2 0.14 35.7 17.5
1993/94 | 7.2 6.6 24 0.13 20.3 18.6
1994/95 53 4.7 2.1 0.12 10.1 12.6

RESULTS AND DISCUSSION

Seed sugar beet response to plant density and nitrogen
fertilization depended on the weather conditions prevail-
ing during the growing period and on soil fertility.

The highest average yield of (natural) seed was
achieved in 1993/94 (2410 kg/ha), slightly lower in
1991/92 (2143 kg/ha) and the lowest in 1994/95 (2006
kg/ha). Relatively low yields of seed sugar beet in
1994/95 should be partly considered in the constellation
of weather features and actual soil fertility. Yield of
(natural) seed rose significantly up to 80 000 plants/ha
in 1991/92 and 1994/95 and to 120 000 plants/ha in
1993/94 (Tab. II). Nitrogen rate of 120 kg/ha in top-
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dressing caused a significant increase of seed yield by
comparison with 60 kg/ha (279 kg/ha in the three-year
average). Further nitrogen increase to 180 kg/ha led to
a further rise in seed yield (94 kg/ha on average), how-
ever not statistically significant (except in 1994/95). An
upward trend of seed yield following increased nitrogen
rates in topdressing was noticeable in almost all plant
densities, that is, there was no interaction between plant
density and nitrogen fertilization in any of the trial
years. Since seed utilization did not greatly depend on the
studied factors, similar yield increase with increased plant
density and nitrogen rate in spring topdressing, within the
given limits, was also achieved in the case of primarily
processed seed and seed yield in units (Tab. III).

Usable part of seed yield was highest in 1993/94
(average utilization 45.6%), then in 1991/92 (average
utilization 37.8%), while it was much lower in 1994/95
(average utilization 31.3%). Poorer seed utilization in
1991/92 and 1994/95 was due to less filled fruits.

The survey of the research results relating to this
problem achieved to date in this and in other countries,
as well as production experience available to us, clearly
show that there are quite contrary opinions about the
plant density problem in seed sugar beet. This is mainly
due to the diversity in weather conditions and the length
of the growing period. In our conditions, another im-
portant factor is the plant water supply. At present no
irrigation is applied in Croatia during flowering and
ripening of fruits and in some years precipitation is not
sufficient to supply the necessary moisture. Water defi-
ciency is especially felt in the eastern part of our pro-
duction area, in which seed sugar beet is predominantly
produced. This is particularly marked in denser plant
populations with very high total water consumption.
This was the case of 1991/92. In the conditions of un-
interrupted growing period throughout winter, even
a smaller number of plants per unit area demonstrate
increased yielding potential, which leads to equalization
in seed yields (Kristek, Mati¢, 1984). Hlavacek (1978)
and Montanari et al. (1982) investigated the effect of
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II. Influence of plant density and nitrogen rate in spring topdressing
on sugar beet natural seed yield (kg/ha)

Factors Year
1991/92 | 1993/94 | 1994/95
40000 | 2025 2 181 1838
80000 | 2252 2349 2009
Plant density | 120000 | 2 064 2598 2071
(plants/ha) 160 000 | 2230 2513 2107
LSD 5% 117 227 161
1% 164 319 =
60 1833 2213 1 861
N rate in 120 2275 2 464 2 004
topdressing 180 2320 2554 2153
(kg/ha) LSD 5% 7 238 105
1% 112 = 152

plant densities with a smaller number of plants (2, 3 and
4 plants per running meter). In such plant densities,
highest yields were achieved with the largest number of
plants. It is notable that high yields cannot be attained
without a good plant density, which, according to our
research, is at least 80 000 plants/ha. On the basis of
our results as well as on those of the cited authors, it
seems difficult to assume that in our agroecological
conditions a plant density of more than 150 000
plants/ha at harvest could contribute to better yields and
better yield structure in terms of seed size.

The analyzed results have shown that topdressing of
seed sugar beet involving 120 kg N/ha brings about
a statistically significant increase of seed yield. These
results are in agreement with the research done by
Zari$najak, Sijan (1991), who also achieved the highest
seed yield with topdressing of 120 kg N/ha. Based on
soil analyses, almost the same nitrogen rate for topdress-
ing was recommended by Bornscheuer et al. (1993). In
research done by Longden, Johnson (1977), Montanari
et al. (1982) and Rastija (1993), seed yield was not
dependent on the nitrogen rate applied in topdressing.
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III. Influence of plant density and nitrogen rate in spring topdressing on sugar beet monogerm seed yield marketable product

Sadiors Primarly processed seed (kg/ha) Units/ha
1991/92 1993/94 1994/95 1991/92 1993/94 1994/95
40 000 767 999 565 540 662 445
80 000 843 1 086 601 603 721 464
Plant density 120 000 778 1147 665 552 765 523
{elsnlsine) 160 000 838 1 141 681 612 760 541
LSD 5% 49 99 56 36 75 47
1% 68 - 78 50 - 66
60 710 996 592 502 665 458
Niteln 120 872 1117 612 627 740 488
topdressing 180 838 1166 680 602 776 534
(kg/ha)
LSD 5% 47 87 32 34 72 22
1% 69 127 47 49 - 32
" 1 unit = 100 000 seeds
Participation of particular fractions in seed yield, de- o0 et
pending on plant density and nitrogen fertilization, was x
different in each trial year (Fig. 2). The highest partici- 74
pation in seed yield was that of 4.5 to 5.5 mm fraction x
(34.6%), which was followed by 3.5 to 4.5 mm fraction 0%
(32.3%). Increased plant density resulted in a higher ::
participation of 3.5 to 4.5 mm fraction and a decrease 0%
in 4.5 to 5.5 mm fraction. Higher nitrogen rates in top- % T e e aat e i 1 rglite
dressing reduced the participation of 3.5 to 4.5 mm 80000 120000 160000 piantaha

fraction while 4.5 to 5.5 mm fraction showed an in-
creasing tendency. Seed germination was less affected
by the studied factors. Highest germination was re-
corded in 1993/94, which was weatherly more favour-
able for seed quality. In droughty 1991/92, nitrogen rate
increase from 60 to 180 kg/ha showed a tendency to
reducing germination due to higher participation of
empty fruits. The number of plants per unit area and
nitrogen rate in topdressing had no marked effect on the
1000 seed weight and percent of single-germ seeds.

Literature data point to the conclusion that differ-
ences in the ripening rate and germination of harvested
seed may be expected only in very thin or too dense
populations. Plant densities in our trial had uniformly
spaced plants so that plant growth was relatively limited
by mutual competition even in the thinnest population.
On the other side, weather conditions during flowering,
fructification and ripening restrict growth and favour
ripening processes; so differences between plants, re-
sulting from differences in the sowing pattern, do not
come to expression.

Kristek, Mati¢ (1984) recorded a positive effect of
plant density on seed germination in the first two inves-
tigation years, when the thin population contained only
5200 to 8000 plants/ha. In the third year, however, seed
germination did not depend on plant density though the
number of plants most closely approached the set target.
Similar results were obtained by Radisi¢ (1977). Accord-
ing to this author, seed germination was not dependent
on plant density. Also his trial involved equidistant pat-
tern, with at least 50 000 plants/ha. In trials conducted
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by Stefanovi¢ (1987), the sowing pattern had little ef-
fect on seed germination, except in the first harvesting.

Analysis of the research results points to the conclu-
sion that nitrogen rates applied to seed sugar beet in the
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trial do not cause a statistically significant increase in
seed germination and percent of single-germ seeds.
Such results are in agreement with those obtained by
Montanari et al. (1982) and Rastija (1993). Different
results were attained by Longden, Johnson (1977), ac-
cording to which application of nitrogen fertilizers in
May reduces laboratory germination by about 3%,
while nitrogen topdressing in February and March has
no effect on germination. Excessive nitrogen rates, par-
ticularly in combination with abundant precipitation,
may retard ripening and reduce seed quality (Mati¢ et
al., 1983; Lejealle, 1986; Bornscheuer et al., 1993).

CONCLUSIONS

Results of three-year investigations of the response
of seed sugar beet to plant density and nitrogen fertili-
zation allow the following conclusions:

Yield and quality of seed sugar beet, as well as the
effect of plant density and nitrogen rate in topdressing,
were most affected by the hydrothermal characteristics
of the climate, especially during ripening, and the tech-
nological soil fertility.

In years with dry April, May and July, seed yields
achieved on less fertile soils significantly increased
with increasing the plant density to 80 000 plants/ha. In
the year with abundant rainfall during spring and sum-
mer, seed yield achieved on more fertile soil significantly
increased up to a population of 120 000 plants/ha.

On soil with good nitrogen availability in spring
(>5 mg N-min/100 g soil, at O to 60 cm depth), seed yield
was increasing up to the application of 120 kg N/ha in
topdressing. On less fertile soil (< 2 mg N-min/100 g soil,
at 0 to 60 cm depth), seed yield was increasing with the
application of as much as up to 180 kg N/ha, with
a certain drop in quality, especially in droughty years.

Seed quality traits were slightly less affected by the
studied factors than by the trial year. Better seed quality
was achieved in the year with a warmer July, in which
was less precipitation.

For high yields and good quality of seed sugar beet
grown in the conditions prevailing in north-west Croatia,
it is necessary to provide a plant density of 120 000 to
150 000 plants/ha at harvest, with two topdressings in-
volving a total of 120 kg N/ha.
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Z VEDECKEHO ZIVOTA

K Zivotnimu jubileu akademika Karla Kudrny

V leto$nim roce se v plném zdravi a svéZesti doZiva
75 let akademik Karel Kudrna, jeden z naSich nejvét-
§ich soucasnych védcu.

Prof. Ing. Karel Kudrna, DrSc., se narodil 13. kvétna
1924 v Sudoméficich u Bechyné. Jeho otec byl kolaf
a drobny zemédé€lec. Svému synovi $el prikladem, co se
tyka preciznosti v praci a ¢estného jednéni. Vedle schop-
vyrazny rys, a sice touhu po poznéni. A tak uZ od mladi
byli jeho Zivotnim vzorem néktefi vyznamni védci. Ne-
tradicnim zpusobem vystudoval realné gymnazium
v Tédbofe, na némzZ se zCasti pripravoval individualné
a pouze skladal zkousky, coZ je na stfedni $kole zcela
mimofadny a velmi naro¢ny zplsob studia.

Ve védecké praci spatfoval velky prostor pro reali-
zaci svych osobnich ambici. V dobé, kdy se rozhodoval
studovat vysokou $kolu, mu na oboru pfili§ nezaleZelo.
Nakonec misto pivodné zamyS$lené matematiky zvolil
zemedelstvi.

Na fakulté zemédélského a lesniho inZenyrstvi
CVUT si pedagogové vsimli jeho pracovitosti a mimorad-
ného zajmu a nadani pro védu a pfijali ho mezi sebe. Po
skonceni studia zistal na fakulté u A. Kle¢ky a V. Vrben-
ského jako asistent. A. Klecka ho pak pfi svém odchodu
do CSAZ jmenoval svym nastupcem na misté vedouci-
ho katedry zékladni agrotechniky a agrometeorologie.

Ve védecké kariéfe postupoval velmi rychle a na
Agronomické fakulté Vysoké Skoly zemédg&lské pusobil
po jejim zaloZeni pét let jako prodékan a pozdéji ve
funkci dé€kana, v roce 1960 byl pak jmenovén rektorem.
Jeho tkolem v této funkci bylo mimo jiné fidit vystav-
bu Skoly. Od roku 1974 mu pfibylo je¥té neméné né-
roéné vedeni CSAZ. Vychoval fadu inZenyrti, kandi-
dath a doktord véd. Jeho prace byla jiz dfive ocenéna
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Narodni cenou a Zlatou plaketou CSAV ,Za zasluhy
o védu a lidstvo*.

TeEzisté jeho védecké prace spociva ve vypracovéni
teorie zemé&délskych soustav. Pfi¢inénim jubilanta jsme
v zem&délstvi, co se tyka oblasti systémového pfistupu,
stile prvni na svété. Mame definovanu zemédélskou
soustavu, kterd je vyjadfena agregatovym schématem,
dokaZeme pomoci parametri popsat jeji vnitini skladbu
i vztah k vnéj§imu prostiedi, analyzovat jeji vyvoj a na-
vrhnout a optimalizovat jeji strukturu v riznych pfirod-
nich podminkach, tak aby témto podminkam odpovidala.
Mame metodu, jak feSit teritorialni strukturu zemédél-
sko-lesnich soustav, aby byl omezen povrchovy odtok
a zabrdnéno erozi, piestoZe je to zéleZitost technicky
a finanéné naro¢na.

CelozZivotni prace akademika Kudrny je nedocenitel-
nym prispévkem k poznani zakonitosti naSi Zemé v ob-
lasti geofyziky, napf. pfi¢in zemétieseni a zplsobu jeho
Sifeni na Zemi nebo atmosférickych poruch, tedy prin-
cipu, kterym se fidi mnoZstvi srdZek na Zemi a jejich
casové a plosné rozdéleni. Takové zdkladni poznani je
oviem vysledkem nejenom systémového pfistupu a vé-
deckého talentu, ale také mnohaleté usilovné prace.

Publikoval kolem 150 piivodnich védeckych praci
a k nim se fadi ca 700 praci odbornych. K nejvyznam-
néj§im a nejobsahlej§im publikacim patii vysokoskol-
ska ulebnice Zemédélské soustavy (1979) a jeji doplné-
né vydani (1985), VyuZiti melioracnich soustav (1970,
1987) a Biosféra a lidstvo (1988), kterou pod jeho ve-
denim vytvofil rozsdhly autorsky kolektiv.

Systémovy pfistup, nezbytny k vyfeSeni zakladnich
spolecenskych a existenénich problému, a préace jubi-
lanta na hranicich moZnosti spolu s jeho mimofadnym
nadanim daly vzniknout jedine¢nému dilu, které za sviij
Zivot akademik Kudrna vytvoril.

Ing. Marie SindeldFovd, CSc.
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PHYSICAL CONTROL OF COLORADO POTATO BEETLE
IN COMPARISON WITH BIOINSECTICIDE

NECHEMICKA OCHRANA PROTI MANDELINCE BRAMBOROVE
V POROVNANI S BIOINSEKTICIDEM

M. Hodik', M. N. Rifai’, V. T4borsky'

'Czech University of Agriculture, Praha, Czech Republic
2Agricultural College, Nova Scotia, Canada

ABSTRACT: Three different methods of controlling Colorado potato beetle Leptinotarsa decemlineata (Say) in potatoes and
their combinations were compared under field conditions: 1) bioinsecticide Bacillus thuringiensis as M-Track, 2) Bio-collector,
3) combination of propane flamer followed by bioinsecticide, 4) combination of propane flamer and Bio-collector, 5) combi-
nation of Bio-collector and bioinsecticide, 6) combination of bioinsecticide and Bio-collector, 7) no treatment. Results con-
firmed good effect of biological treatment. The Bio-collector did not perform well under these conditions. Its removal efficacy
was considerably higher against large larvae. The average Bio-collector removal rate was 34% of adults and 29.3% of large
larvae but only 9.4% of small larvae. The average flamer removal rate was 37.5% of adults and 33.4% of small larvae.
Concerning the overall control efficacy, besides pure biological treatment, the best combination seemed to be the flame
treatment followed by the bioinsecticide. This research has been conducted for organic crop production.

Keywords: Bio-collector; propane flamer; biological control; Colorado potato beetle; potatoes

ABSTRAKT: Tii nechemické metody ochrany proti mandelince bramborové Leptinotarsa decemlineata (Say) a jejich kom-
binace byly ovéfovany v polnich podminkéch: 1) bioinsekticid na bazi Bacillus thuringiensis pod obchodnim nazvem M-Track,
2) pneumaticky sbéra¢ hmyzu Bio-collector, 3) kombinace propanovy plamen a nisledné bioinsekticid, 4) kombinace propa-
novy plamen a Bio-collector, 5) kombinace Bio-collector a bioinsekticid, 6) kombinace bioinsekticid a Bio-collector, 7) ne-
oSetfend kontrola. Biologické oSetfeni bylo pouzito jako srovndvaci metoda. Vysledky potvrdily dobrou t¢innost bioinsekti-
cidu. V pokusech byla zjidténa lepsi sbéraci schopnost sbérae hmyzu pro velké larvy (L3, L4) neZ pro malé larvy (L1, L2).
Primérné sbéra¢ po jedné pasédZi z porostu odstranil 34 % dospélct, 29,3 % velkych, ale pouze 9,4 % malych larev. Plame-
nomet primérné jednim oSetfenim odstranil 37,5 % dospélct a 33,4 % malych larev. Z celkového hodnoceni efektu oSetfeni
za vegetaci byla nejlepsi (kromé pouZiti samotného bioinsekticidu) kombinace oSetfeni plamenem s naslednym oSetfenim
bioinsekticidem. Vyzkum byl realizovan pro ekologické zplsoby zemé&délské vyroby.

Klicova slova: pneumaticky sbéra& hmyzu; propanovy plamenomet; biologickd ochrana; mandelinka bramborové; brambory

INTRODUCTION

The Colorado potato beetle (CPB) Leptinotarsa decem-
lineata (Say) was first reported as a pest in the Midwest
of the USA around 1860 and by 1874 it reached the
eastern coast. Since 1922 the species has definitely
reached Europe. Before then all findings were destroyed.
It appeared on several locations of southern France and
from there it has rapidly spread all over the old conti-
nent, except for the British Isles where strict quarantine
had been in effect.

Because of the CPB’s capability to cause total defolia-
tion of potato plants, it is necessary to spend enormous
amounts every year to control the pest. For example in
USA, growers spend an estimated 150 million USD
annually only to control the CPB (Schroder, 1991).
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Traditional chemical synthetic pesticides are highly
effective but, unfortunately, after a certain time pests
are able to develop resistance. As a result of the devel-
oped resistance, it is necessary to search continuously
for new effective substances. This is a very expensive
process. Furthermore, there is considerably increasing
contamination of the environment and risk of residues
in agricultural produce.

In an effort to curtail this vicious circle of pesticide
resistance, many alternative methods of pest control have
been developed. Among those for controlling the CPB
are: 1. utilization of enthomopathogenic fungi, particu-
larly Beauveria bassiana (Dirlbekova et al., 1991);
2. utilization of predators, such as the parasitic bug Pe-
rillus bioculatus (Cloutier, Bauduin, 1995) or parasi-
toids such as Edovum puttleri (Schroder, Athanas, 1989);
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3. utilization of microbiological insecticide Bacillus thu-
ringiensis (Vaiikovd, 1990); 4. plastic-lining trenching
device (Misener et al., 1993); 5. heat in the form of
flame (Pelletier et al., 1995) or in the form of steam or
steam-air mixture (Misener et al., 1996); 6. pneumatic
insect collecting device (Lacasse et al., 1994), 7. Bt-trans-
genic potatoes (Apaia et al., 1997).

The aim of this study was to evaluate the potential
of the flaming device and pneumatic insect collecting
device the Bio-collector for controlling the CPB in po-
tatoes, as well as comparing it with the efficacy of
biopesticide Bacillus thuringiensis sprays.

Biological treatment

Bacillus thuringiensis is clearly one of the most impor-
tant nonchemical means for controlling many insect pests.
Due to its known effectiveness (Cantwell, Cantelo,
1984) it was chosen as a control method. M-Track used
in the trials contains 15 mg/l of 8-endotoxin encapsulated
in cell walls of Pseudomonas fluorescens. This technol-
ogy is called CellCapTM Delivery System (Glasgow,
Larsen, 1991).

Pneumatic treatment

Vacuum insect collectors were originally used for
monitoring of insect pests in crops (Kogan, Henry,
1980). In the 1980s these vacuums were modified to
create bug vacuums that could remove insect pests from
crops. Further improvements resulted in machines that
are now used extensively in California and elsewhere
to remove pests from strawberry, lettuce and carrot
fields (Boiteau et al., 1992).

The machines are generally based on two principles
of dislodging pests: 1. vacuuming (negative air pressure
— e.g. the Beetle Eater); 2. blowing the air (positive air
pressure — e.g. the Bio-collector). According to Lacasse
et al. (1994) vacuuming is not as convenient as blowing
the air in the plants. In particular, blown air can be
better directed and concentrated than air displaced under
negative air pressure. Blown air may thus be able to
penetrate more dense potato plants at velocities sufficient
to dislodge and transport CPBs to a catching device.
Less power is also required under these conditions.

The Beetle Eater was developed in Massachusetts
and is now manufactured in Canada. The machine blows
two ascending airstreams on each side of the rows and
vacuums the top of the plants to collect the dislodged
insects. Boiteau et al. (1992) evaluated this particular
machine in a NorthEastern North American potato pro-
duction system. For CPB he obtained average removal
rate of 48% for adults, 42% for small larvae and 27%
for large larvae.

In the tests we used the Bio-collector, which was
manufactured by Fritz Engelhard, Biolandtechnik, Hofen,
Germany.

The Bio-collector consists of several removable units
mounted by a girder on a 3-pt. hitch on the front of the
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tractor, hydraulic ducting, and an oil aggregate mounted
at the rear of the tractor. Each unit has a hydraulic motor
that drives a radial fan producing an air stream. The oil
supply for the motors is directed from the oil aggregate.

The units are carried in between rows of potato plants.
Each unit blows a horizontal airstream across the row
in order to dislodge and collect the insects into floating
trays of another unit on the other side of the row. The
other unit blows an opposite and offset airstream across
the same row. The working height is controlled by two
castor wheels.

Flame treatment

Flame treatment is usually known to be used in weed
control (Rifai et al., 1996). However, its utilization in
pest control has been also reported (Hansen, Simpson,
1969).

Flaming as a means of controlling of the CPB has
been investigated only in the past few years (Bernard,
1994; Rifai et al., 1997). Treatment with propane flamer
shows the best results when targeted against the overwin-
tering adults of CPB, when the plants are < 20 cm high.
In this situation propane flamer caused 90% mortality
of CPB adults and reduced egg hatch by 27%, lowering
the number of the first generation larvae (Moyer et al.,
1992).

The effectiveness of thermal inactivation of CPB was
reported by Pelletier et al. (1995). It was demonstrated
that the legs of the adult CPB can be damaged by ex-
posing the insects for a short period of time (0.2 to 0.4 s)
in warm water. Muscles of the legs are inactivated and
also antennae are damaged. This damage is permanent
and the resulting starvation and infection of the dead
tissue then cause mortality.

The flaming unit Reinert-DA 211 manufactured by
Agratechnik-Geritebau, Wiedenbach-Triesdorf, Germany
was used in the tests.

The device consists of 6 burners 250 mm wide each,
and two propane gas tanks, each having a capacity of
11 kg. It is equipped with a preheating unit to prevent
the liquid gas tank from icing and to raise the evapora-
tion rate, with an integrated temperature monitoring de-
vice and a safety cut-off valve (cutting off at 35 °C).
The working position of the burners is manually adjust-
able and the working height is controlled by three castor
wheels (Rifai et al., 1997).

MATERIAL AND METHODS
Trials

The 1996 and 1997 trials were carried out on a pri-
vate organic farm in Bramber, Nova Scotia, Canada.
The place is located approximately 70 km north of Hali-
fax, on the coast and thus under the permanent influ-
ence of winds coming from the ocean. The average
temperature is approximately +5.5 °C and the precipi-
tation approximately 1200 mm per year.
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The trial design included four replicates of seven and
six treatments, resp.:
1996: NT, B, M, FB, FM, MB, BM
1997: NT, B, M, FB, FM, MB

NT - no treatment

B - biological treatment as the bioinsecticide M-Track
(Bacillus thuringiensis var. San Diego)
M - pneumatic treatment (Bio-collector)

FB - one flame treatment followed by needed number
of the bio-treatments

FM - one flame treatment followed by needed number
of the pneumatic treatments

MB - one pneumatic treatment followed by needed
number of the bio-treatments

BM - one bio-treatment followed by needed number
of the pneumatic treatments

All treatments were carried out as many times as
needed according to the CPB infestation and development.
Only the pneumatic treatment was applied weekly during
the second season.

The Bio-collector was operated at maximum air ve-
locity and travelled at 4 km/h (2.5 mph).

The flaming device was travelled at 9.6 km/h (6 mph).
The angles of the nozzles were 45° from the horizontal
and 45° from the row centre line.

In the season 1996, Yukon Gold mid-season matur-
ing variety was planted on 29 May and 14 June. In the
season 1997, Jemseg early maturing variety was planted
on 6 May. All planting was done by hand. The short
season for Jemseg variety was the reason for elimination
of the BM treatment from 1997 trials. The bioinsecticide
was sufficient for controlling the CPBs of the first gen-
eration, while the second one came after the harvest.

No chemicals were applied in the trial fields, except
for copper sulphate (CuSO,) to prevent the late blight
(Phytophtora infestans) infection.

Sampling and evaluation

The CPB in four stages of development — egg
masses, small larvae (first and second instar), large lar-
vae (third and fourth instar) and adults were counted on
whole potato plants. Samples for comparing of average
yield were also taken.

Counts on a certain number (either 5 or 10) of adja-
cent plants were carried out at either 4 or 2 locations
within each plot, resulting thus in 20 examined plants
per plot.

1996 season

The counts were carried out:
1. Weekly to estimate the population density in all plots.
This served for comparing the development of the pest
populations according to different types of treatment
and the overall control efficacy.
2. Within one day before the treatment and within a cer-
tain period, which was necessary to express the control
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efficacy of the used treatment. The periods were as
follows: 1 day for pneumatic treatment, 3 days for flame
treatment, and 5 days for biological treatment. These
counts served for an investigation of the direct control
efficacy of the treatment that was actually employed.
During the same day 20 non-adjacent, randomly se-
lected plants in each plot were visually evaluated for
the value of defoliation. This was expressed as defolia-
tion index of 5 grades (0 = no defoliation; 1 = approxi-
mately 10%; 2 = approximately 20%; 3 = 30 to 35%;
4 =40 to 50%; 5 = more than 75% of leaf canopy lost).

1997 season

Numbers of CPBs were investigated as indicated
above. The counts were carried out only weekly in all
plots. Due to the very low number of colonizing CPB
beetles in the trial field, we had to establish the popu-
lation at the beginning of the season. The same number
of overwintering CPB adults was released in each plot.
The defoliation index used in 1996 season was replaced
with more accurate estimate of defoliation percentage
on certain leaves. Before the harvest 2 x 10 leaves from
each plot were removed from the field. Afterwards, each
leaf was compared with the photocopied sample leaves
that had been previously measured for the percentage
of defoliatiation by electronic planimeter.

RESULTS

1996 season

Counts made on all plots reflected the influence of
different combinations of treatments on the CPB’s
population. Due to low numbers of colonizing adults no
significant differences between treatments were found.
Not so in both groups of larvae.

As expected, the best efficacy against small larvae
performed the biopesticide (Tab. I). The first samplings
show that the effectiveness of the Bio-collector against
small larvae was very low. Even the flame treatment
did not seem to work well. Yet the numbers of small

I. Average number of small larvae per plant (1996)

Young plants Old plants

Treatment Ist 2nd st 2nd

sampling | sampling | sampling | sampling
B 0.03 a 023 a 0.03 a 0.13 a

2.93 be 1.43 a 0.83 ab 053 a
BM 0.06 a 0.76 a 0.00 a 0.46 a
MB 3.86¢ 1.70 a 1.56 b 0.03 a
FM 1.26 abc 1.00 a 146 b 0.26 a
FB 0.93 ab 0.06 a 1.50 b -
NT 2.50 abc 0.86 a 0.83 ab 0.13 a

Explanations to Tabs I to VII: Values followed by the same letter in
a column are not significantly different (o < 0.05) according to
Sheffe’s Multiple Range Test
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larvae in flamed plots of the younger plants were signifi-
cantly lower than in plots treated with the Bio-collector.

Good control efficacy of the biopesticide against small
larvae resulted in low numbers of large larvae. Worse
results indicated the combinations with the Bio-collector
as the first treatment — worse control efficacy against
small larvae resulted in higher numbers of large larvae
(Tab. II).

The defoliation index reflected most accurately the
overall control efficacy of different treatment combina-
tions. The plots treated at the beginning with the
biopesticide (B and BM) and with flame (FB and FM)
showed low values of the index at the first sampling.
Nevertheless, only those that were treated with the
biopesticide remained little damaged (B, BM and FB).
The combinations with the Bio-collector as the first treat-
ment indicated either stable higher values of the index
or its considerable increase from the first sampling to
the second one (M and MB). In fact, these combinations
were not significantly different from the untreated con-
trol (Tab. III). The Bio-collector did not manage to
control the pest at the time of its major impact. It would
probably require more passages with the machine at the
time of colonizing the field with the overwintering adults
and especially at the time of emerging of the first gen-
eration larvae.

Counts carried out before and after each treatment
showed direct control efficacy of each type of treatment.
The biopesticide was most successful against adults,
although not significantly different from other treatments.

II. Average number of large larvae per plant (1996)

Young plants Old plants
Treatment Ist 2nd Ist 2nd
sampling | sampling | sampling | sampling

B 0.16 a 023 a 0.06 a 0.03 a

1.30 ab 1.86 b 0.83 ab 093 a
BM 0.10 a 023 a 0.03 a 0.03 a
MB 1.26 ab 246 b 0.46 a 1.06 a
FM 1.40 ab 1.10 ab 1.10 ab 030a
FB 0.46 a 0.16 a 2.06b -
NT 2400 0.96 ab 240b 0.30 a

ITI. Average defoliation index (1996)
Young plants Old plants
Treatment Ist 2nd Ist 2nd
sampling | sampling | sampling | sampling

B 0.90 a 093 a 0.60 a 0.63 a
M 2.03b 256 b 1.10a 223 b
BM 0.60 a 0.56 a 1.00 a 0.66 a
MB 1.86 b 236b 2.06 b 243 b
FM 2.53b 233b 093 b 2.03b
FB 1.03 a 093 a 1.33 ab -
NT 220b 246b 2.03b 2.56 b

The high control efficacy could be explained by a re-
pellent effect of the spray. The flamer and the Bio-col-
lector removed 37.5 and 34% of adults, resp. (Tab. IV).

The Bio-collector did not manage to remove much
of the small larvae (only about 9%), but it removed on
average almost 30% of the large larvae.

The flame treatment managed average control effi-
cacy of about 33% against small larvae. The control
effect of the flame treatment against egg masses was
not found significant.

1997 season

Counts on all plots were made during season only.
No significant differences in adult beetles and egg masses
between treatments were found. In small larvae the ob-
served numbers showed good effects of treatments with
the biopesticide (B, MB and FB) and worse effects of
treatments with the Bio-collector and no biopesticide
(M and FM) (Tab. V).

In large larvae we can clearly see the influence of
the biopesticide. It did not allow the small instars of
larvae to develop into the large larvae. All plots treated
with the biopesticide indicated very low numbers of
large larvae (Tab. VI). In other plots (regularly treated
with Bio-collector) the numbers of both small and large
larvae were similar or even (for some reason) higher
than in untreated plots.

Investigation of the leaf canopy loss showed the same
results as those obtained by other means. Treatments
that included the biopesticide indicated a significantly
lower loss of leaf canopy than treatments that included
regular passages with the Bio-collector (Tab. VII).

In neither 1997 season, nor the previous season any
significant differences between treatments in average
yield were detected.

IV. Average control efficacy of treatment types (1996)

T Category
B (%) L1 (%) L2 (%)
F 375a 33.4 ab -
M 34a 9.4 a 293a
B 595a 56 b 64.9 b
V. Average number of small larvae per plant (1997)

Trcaimicit Date of sampling

10. 7. 14. 7. &% 2L. 7
B 0.96 a 0.86 ab 1.54 be 027 a

1.63 a 2.39 be 248¢ 320b
FB 092a 039a 0.99 ab 0.06 a
FM 497b 7.17d 479d 3.13b
MB 0.88 a 0.08 a 0.03 a 0.02 a
NT 229a 3.06 ¢ 1.75 be 295b
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VI. Average number of large larvae per plant (1997)

VII. Percentage of leaf canopy eaten (1997)

T Date of sampling
10. 7. 14. 7. 17: 7 217
B - 0.00 a 0.05a 0.04 a
- 0.62 b 087 b 3.00c¢
FB - 0.00 a 0.07 a 0.00 a
FM - 0.67 b 215¢ 470d
MB - 0.00 a 0.00 a 0.00 a
NT - 0.37 ab 0.87 b 122 b

*no large larvae were developéd yet

DISCUSSION

The numbers of the CPBs were too low in both years
and thus the treatments could not perform as signifi-
cantly as expected. However, it is clearly seen that the
pneumatic treatment does not reach the quality of control
as the biopesticide. As we found out, it is more effective
against the large larvae. Its efficacy is higher when used
regularly weekly or even shorter period. However, while
more frequent passages could result in better efficacy,
the soil compaction would increase rapidly (Rifai et al.,
1997).

The flame treatment did not seem to influence the
overall control efficacy of any treatment combination
considerably. The main effect seemed to have the subse-
quent treatment. We recommend, therefore, to consider
the flame treatment as an additional control method in
the general pest management. It seems to be most effec-
tive when combined with the biopesticide sprays (treat-
ment FB). If the number of colonizing CPB is not high,
the flame treatment applied at the beginning of the sea-
son can save one spray and thus, reduce the costs. In
case the number of colonizing CPB is high, then the
flame treatment can considerably weaken the popula-
tion and thus, improve the efficacy of the following
sprays.

CONCLUSION

It is possible that neither the pneumatic, nor the flame
control of CPB will ever reach the level of the effec-
tiveness that is required in conventional agriculture.
The greatest advantage of these two methods is, how-
ever, the cost of the treatment which is much lower
compared with the biopesticides or other pesticide sprays.
Unfortunately, this advantage is outweighed by the re-
cently high price of the equipment, which is due to its
low production.

Most probably we can expect these methods to find
their place in organic agriculture. However, the use of
bio-treatment will be much wider, and will probably
gradually replace other means. In particular, great expan-
sion can be expected in the use of genetically modified
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3rd leaf from 2nd leaf from
Treatment the top the ground
17:7: 18. 7.
B 052 a 1.40 a
1.98 ab 3.48 ab
FB 083 a 0.83 a
FM 285b 7.88 b
MB 0.63 a 1.75a
NT 1.13 ab 4.18 ab

Diameters: small up to 48 mm; middle 48 to 70 mm,; large over 70 mm

plants with genes for biopesticide-toxins, proliferation
of which is so regulated that it allows production of the
toxin only in case the pest starts feeding on the plant or
of other special stimulation.

Funded by Canada, Nova Scotia, Agreement on the
Agricultural Component of the Green Plan.
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ZMENY OBSAHU EXTRAHOVATELNEHO ORGANICKEHO
DUSIKU A DUSIKU MIKROBIALNI BIOMASY
VE STACIONARNIM POKUSE S KUKURICI

THE CHANGES OF EXTRACTABLE ORGANIC NITROGEN
AND NITROGEN OF MICROBIAL BIOMASS AT THE LONG-TERM
EXPERIMENT WITH MAIZE

J. Balik, J. Cerny, P. Tlustos, V. Vanék

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The effect of different rates and forms of N fertilizers on the yield of maize, N content in plant biomass, and
N uptake of above-ground biomass was investigated in the long-term experiment with maize monoculture. Five treatments,
- unfertilized, two with mineral fertilizers (ammonium sulphate — SA, and urea ammonium nitrate solution - DAM), DAM +
straw, and manure were set up in this experiment. Fertilizers were applied at annual rate 120 kg N.ha™!, and mean annual rate
in manure was 187 kg N.ha™'. The longer duration of experiment, the lower biomass yield was found at unfertilized treatment.
In the period of 1991 to 1995 was an average yield 12.02 tha™ of dry matter maize biomass, and in the period of 1996 to
1998 it was only 10.09 t.ha™'. In the period 1996 to 1998 the yield difference was 23% between zero and SA treatments, 26%
between zero and DAM, and 34% between zero and DAM + straw treatments. The highest yield increment 52% was found
at manured treatment. The experiment showed the tendency to lower N content of plants at unfertilized treatment compare to
fertilized ones. Trend of lower yield at the second period was also confirmed by lower N uptake. The annual mean uptake in
1991 to 1995 period was 130.8 kg N.ha™! and in 1996 to 1998 was 93.5 kg N.ha™!. The N uptake was higher by 54% at SA
treatment, by 51% at DAM, by 68% at DAM + straw, and by 104% at manure treatment. Simple balance of N inputs and
outputs over eight years showed the positive result of 80 kg N.ha™! only at manured treatment. The highest negative balance
-935 kg N.ha™! was determined at unfertilized treatment, 282 kg N.ha™! was difference at SA, 256 kg N.ha™! at DAM, and
-227 kg N.ha™! at DAM + straw treatments. The amount of soil mineral N (Npip), soluble organic N (Ng,), and N of soil
biomass (Ny;,) at five treatments was analysed too. Correlation coefficients between all N fractions and N uptake by plants
were determined. Highest values were found with the sum of mineral plus organic N (N;) and similar with N ;.. Relationship
between organic N, microbial N and N uptake was weak. The addition of organic matter in the soil showed a higher N, and
Npio content compare to other treatments. Results of extractable organic N cannot be used for the forecast of N fertilizers
application so far.

Keywords: long-term experiment; maize; nitrogen fertilizers; transformation of soil N

ABSTRAKT: V dlouhodobych staciondrnich pokusech (1991 aZ 1998) s opakovanym péstovanim kukufice byl sledovén vliv
riizné intenzity a razné formy dusikatého hnojeni na vynos suSiny rostlin, obsah N v rostlinich a odbér N nadzemni biomasou
rostlin. BEhem pokusi byla zfetelnd tendence ke sniZeni vynosii na kontrolni varianté a ke sniZeni koncentrace N v rostlinch.
V poéate¢ni pokusné period€ (1. aZ 5. rok) byl primérny ro&ni odbér N rostlinami kukufice 131 kg.ha‘l, v nésledujicim obdobi
(6. aZ 8. rok) viak pouze 94 kg.ha—'. Dile byla stanovena bilance vstupil a vystupi N na stanovi$ti za obdobi osmi let trvani
pokusi. Zmény dusikatého rezimu pudy byly charakterizovany obsahem mineralniho N (vyluh 0,01 M CaCl,), extrahovatel-
ného organického N (vyluh 0,01 M CaCl,) a N mikrobidlni biomasy v pidé. Byly vypocteny hodnoty koeficientu korelace
mezi jednotlivymi dusikatymi frakcemi piidy a odbérem N rostlinami. NejvysSich hodnot koeficientu korelace bylo dosaZeno
u soudtu Ny, + Ny, a dédle u Ny, Naproti tomu v pfipad€ N, a Ny, byla nalezena mald souvislost s odbérem N rostlinami.

Kli¢ova slova: stacionarni pokus; kukufice; hnojeni dusikem; transformace N v pudé

UvoD se uvolni z organickych vazeb v pudé. V fadé vyzkum-
nych aktivit je snaha vyuZit jako kritérium potencial N

Stanoveni obsahu mineradlniho N v pidé vyrazné pfi- v extrahovatelnych organickych sloueninach (Kohl,
spélo ke zpfesnéni hnojeni N. Je zfejmé, Ze k daldi op-  1989; Wodsak, Werner, 1991). PfestoZe je u této prob-
timalizaci hnojeni N je potfebné ur¢it mnoZstvi N, které  lematiky uvadén okruh nevyfe$enych otazek (Gutser et
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al., 1990; Hege et al., 1990; Olfs, 1992), je jiZ realizo-
vdna na zdkladé téchto informaci fada hnojafskych do-
poruéeni pro zemédélskou praxi (EUF metoda u cuk-
rovky). Pritom existuje stile snaha nahradit EUF
metodu vyluhem 0,01 M CaCl, (Houba et al., 1986).
Kromé toho jsou hleddny dal$i moZnosti a metody
k charakteristice transforma&nich procesit N v pudé.
Urgitou perspektivu ukazuje stanoveni N mikrobialni
biomasy (Brookes et al., 1985a, b; Miiller, 1992).

V nai vyzkumné ¢innosti jsme se zamérili na stano-
veni obsahu mineralniho N (N ..) v ptdé, obsahu ex-
trahovatelného organického N (ng) a N mikrobidlni
biomasy (Ny;,). Cilem prace bylo zjistit, jak se zménily
tyto frakce pidniho N ve staciondrnich pokusech s opa-
kovanym péstovanim kukufice a jaky vliv mély razna
intenzita a formy dusikatého hnojeni.

MATERIAL A METODA

Stacionédrni pokusy s opakovanym péstovanim sildz-
ni kukufice byly zaloZeny v roce 1990 na pokusné sta-
nici Agronomické fakulty CZU Praha v Cerveném
Ujezdé (nadmotskd vyska 405 m). Stanovi§té patii do
feparské vyrobni oblasti. Praimérna rocni teplota vzdu-
chu ¢ini 7,6 °C, pramérny ro¢ni dhrn srazek 549 mm.
Pramérna teplota za vegetaéni obdobi (IV. aZ IX. mé-
sic) je 13,9 °C, prumérny vegetaéni tGhrn srazek
361 mm. Genetickym plidnim pfedstavitelem je luvi-
zem. Hloubka ornice je 35 cm, podorni¢ni horizont do
70 cm. Mate¢nym substratem je spra$ (80 az 120 cm).
Na zacatku pokust odpovidala zdsoba pfijatelného P
v ornici kategorii vysokd zasoba, K dobri zasoba, Mg
vysoka zasoba (Mehlich II) a pH/KCI bylo 6,6.

V letech 1991 az 1993 byl péstovan hybrid CE 240,
1994 a 1995 Dea, 1996 a 1997 Romana, 1998 Torena.
Sitka fadka Cinila 70 cm. V dobg sklizné byla primérna
hustota porostu 95 000 jedinct na [ ha. VelikostP()kus-
né parcely byla 170 m? a skliziiové parcely 25 m~. Kaz-
da varianta byla ¢tyfikrat opakovana. Piedplodinou pro
kukufici byla jarni pSenice. Posledni organické hnojeni
pred zaloZenim pokust bylo realizovano v roce 1988.
V tomto sdéleni uvadime vysledky pouze péti variant,

1. Schéma pokusu — Trial scheme

které se lisily intenzitou a formou dusikatého hnojeni
(tab. I). Ddvka hnoje &inila 40 t.ha'l, davka slamy ozi-
mé pienice 5 t.ha™'. Slama byla aplikovana celkem &ty-
fikrat, hntj pétkrat v priabéhu osmi let pokusu. Kvalita
hnoje (hntj skotu + drubezi hntj) se v jednotlivych
letech liSila, zejména obsahem N. Mineralnimi dusika-
tymi hnojivy bylo hnojeno kaZdoro¢né. V pribéhu po-
kust nebylo pouZito vdpnéni ani hnojeni P, K a Mg.

Obsahy jednotlivych frakci N byly stanoveny z Cer-
stvé zeminy. Obsah mineralniho N (N;,) a extrahova-
telného organického dusiku (N,o) byl stanoven ve vy-
luhu 0,01 M CaCl, (10 g zeminy, 100 ml extrakéniho
¢inidla). Po 2 h tfepani byly pidni vyluhy odstfedény
a vlastni stanoveni Ny;, a N, bylo provedeno kolori-
metricky na piistroji SKALARP'Y® (fy Skalar, Holand-
sko).

Obsah N mikrobidlni biomasy (Ny;,) byl stanoven
pfi dvojndsobném laboratornim opakovani. Navazka
dukladné zhomogenizované vlhké zeminy Cinila 30 g.
U v8ech vzorku byla provedena nejprve preextrakce
v 0,05 M K,S804. Ve vyluhu byl stanoven obsah N .
Pro stanoveni Ny;, byla polovina vzorkd nésledné vy-
luhovana 0,5 M K,SO,4. Druhd polovina vzorkl byla
fumigovana 24 h v exsikdtoru v prostfedi chloroformu.
Po fumigaci byly vzorky extrahovdny 0,5 M K,SO4
stejné jako vzorky chloroformem neogetiené. Po centri-
fugaci byl ve vyluhu stanoven obsah N. Pfi pouZiti koe-
ficientu kgy = 0,54 byl vypocten obsah Ny;, (Miiller,
1992).

Celkovy N v rostlinach byl stanoven po rozkladu na
mokré cesté koncentrovanou H,SOy s pfidavkem smés-
ného katalyzéatoru pfi 420 °C, na pfistroji KJELTEC
AUTO 1030 ANALYZER (fy Tecator, Svédsko).

Pro statistické vyhodnoceni byl pouZit program Stat-
grafics, verze 4.0., metoda podle Tukeye. U korela¢ni
analyzy je uvadén koeficient korelace (r).

VYSLEDKY A DISKUSE

Jsou uvedeny vysledky za celé obdobi trvani pokusu,
tj. za roky 1990 az 1998. S cilem dokumentovat tenden-
ce a zmény v prab&hu pokusi jsou zhodnocena samo-

Cislo! vari.’mty2 Varianta kg N.ha! (za rok v minerélnich hnnjivech3) kg N.ha! (za obdobi* 1990-1998) | Termin apliknce5
1 K - - -
2 SA 120 960 XL
3 DAM 120 960 Iv.
4 DAM + sl 120 1029 f)l/i(M v,
5 H - 1 495 X.

K = kontrola — control

SA = siran amonny — ammonium sulphate
sl = sldma - straw

H = chlévsky hndj — manure

'No., 2variant, 3per year in fertilizers, 4for period, *date of application
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1. Relativni vynos sudiny — Relative dry matter yield

Vysvétlivky k obr. | aZ 3 — Explanations to Figs | to 3:
osa x: varianty hnojeni — x axis: fertilizing variants

K = kontrola - control

SA = siran amonny — ammonium sulphate

sl = sldma — straw

H = chlévsky hnij — manure

1 smérodatna odchylka — standard deviation

statné obdobi 1991 az 1995 a obdobi 1996 aZz 1998.
Byla zvolena graficka forma vyjadfeni a zmény jsou
uvadény v relativnich hodnotédch ve vztahu ke kontrole
(100 %). Variabilita dosaZenych vysledki je kvantifi-
kovana pomoci smérodatné odchylky. Vys§i hodnoty
smérodatné odchylky jsou ovlivnény pfedevsim mezi-
roénikovou variabilitou, kterd byla ziejmé& zpisobena
zménami v péstovaném hybridu a predev§im povétr-
nostnimi podminkami daného roku. Na pokusné bazi
Agronomické fakulty CZU v Cerveném Ujezd& jsou ne-
rovnomérné rozdéleny srazky, zejména v obdobi kvéten
az Cerven, coZ vede ke zna¢nému kolisani vynosu.
Zmé&ny vynosu v prib&hu pokust znazoriuje obr. 1
a statistické hodnoceni jednotlivych pokusnych let

II. Vynos suiny (t.hn’l) — Dry matter yield ((.ha“l)

Cislo' > | Varianta B

varianty 1996 | 1997 | 1998 x

1 K 7,62 | 12,47 | 10,19 | 10,09
2 SA 11,57 | 14,65 | 10,88 | 12,37
3 DAM 11,67 | 1508 | 11,53 | 12,76
4 DAM +sl | 123 | 1649 | 11,82 | 13,54
5 H 146 | 1857 | 13,04 | 1540
F 12,20 | 1427 | 1615

disa 317 | 262 1,16

For 1, 2 see Tab. I
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DAM  DAM + sl H

1996 az 1998 je uvedeno v tab. II. Béhem pokusi byla
zfetelna tendence ke sniZeni vynost na kontrolni va-
rianté. V obdobi 1991 az 1995 byl primérny vynos su-
§iny na této varianté 12,02 tha™! a v obdobi 1996 az
1998 10,09 t.ha“, coZ predstavuje sniZzeni o 16,1 %.

Z vysledka pocatecnich péti let pokust vyplyva, Ze
nejvyssi narst vynosu o 17 % byl u varianty hnij. Po
aplikaci siranu amonného (SA) se zvySil vynos suSiny
0 10 %, u hnojiva DAM pouze o 4 %. Pfi kombinaci
DAM + sldama bylo stanoveno zvySeni o 9 %. Zde je
nutno zduraznit, Ze slama byla v tomto obdobi apliko-
vana pouze dvakrat (v roce 1992 a v roce 1993). Po-
drobné hodnoceni jednotlivych pokusnych let za obdobi
1991 aZ 1994 uveiejnili Balik et al. (1995a, b).

V obdobi 1996 az 1998 se jesté zvyraznil rozdil mezi
nehnojenou a hnojenymi variantami. U varianty SA &i-
nil rozdil 23 %, u varianty DAM 26 %, u varianty
DAM + slama 34 %. U vSech téchto tfi variant §lo
o statisticky vyznamny rozdil proti kontrole. Nejvyssi
pozitivni efekt 0 52 % jsme opét zaznamenali u varian-
ty hngj.

Pii porovnani sledovanych obdobi v absolutnich
hodnotach nejsou rozdily mezi stejnymi variantami tak
vyznamné. V piipadé varianty SA bylo zaznamenéno
sniZeni vynosu suSiny o 0,85 tha!. U varianty DAM
jsou téméf stejné primérné vynosy (1991 az 1995
12,50 t.ha". 1996 az 1998 12,76 t.ha'l). Aplikace sla-
my ozimé pSenice na podzim roku 1995 a na podzim
roku 1997 (varianta 4) se projevila vynosové pozitivné.
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2. Relativni obsah N v rostlinich kukufice pii sklizni — Relative N content in maize plants during harvest

Ve srovnéni s variantou DAM jsme u této varianty zjis-
tili zvySeni o 0,78 tha L. Nejvyssi vynosovy rozdil byl
opét stanoven u varianty hniij a ve srovnani s pfedchozi
periodou ¢inil 1,36 tha !,

Sklizen rostlin probéhla pfi obsahu suSiny 30 az
34 %. Nebyly stanoveny statisticky vyznamné rozdily
mezi jednotlivymi variantami v obsahu suSiny. Pfitom
vSak méla kontrolni varianta vZdy nejvyssi obsah susi-
ny. Hnojené varianty se vzdjemné témér nelisily. V re-
lativnim vyjadfeni ¢inil obsah su§iny u hnojenych va-
riant priblizné 97 az 98,5 % trovné kontrolni varianty.

Obsah N v rostlinach kukufice pii sklizni je doku-
mentovan na obr. 2 a v tab. III. V obdobi 1991 az 1995
jsme na kontrolni varianté zjistili koncentraci 1,09 % N
a v obdobi 1996 aZ 1998 0,95 % N. S ohledem na sku-
tecnost, Ze se koncentrace N na varianté 1 vyznamné
sniZila a u hnojenych variant zistala priblizné na stejné
drovni, zvyraznily se relativni rozdily mezi témito va-
riantami. U varianty SA ¢inil rozdil 24 %, u varianty
DAM 17 %, u varianty DAM + sldma 22 % a u varian-
ty hnij 30 %.

DuleZitou informaci piedstavuje odbér N nadzemni
biomasou rostlin (obr. 3, tab. IV). V této poloZce se
souCasné promitaji jak vynosové zmény, tak zmény
v koncetraci N v rostlinach. Zatimco v obdobi 1991 aZ
1995 ¢inilo pramérné odebrané mnozstvi N na kontrol-
ni varianté 130,8 kg.ha’l, v nasledujicim obdobi byla
vypo&tena hodnota o 29 % niZsi, tj. 93,5 kg.ha™!. Oba
Cinitele se na tomto poklesu podilely téméf rovnomér-
né. Pokles vynosu byl 16,1 % a sniZeni koncentrace N
v rostlinich 12,9 %. Predev§im proto jsou v obdobi
1996 az 1998 vyrazné diference v odbéru N mezi ne-
hnojenou variantou a hnojenymi variantami. U varianty
SA ¢inil nartst 54 %, u varianty DAM 51 %, u varian-
ty DAM + slama 68 % a u varianty hntj 104 %. Pfitom
v absolutnich hodnotach se u hnojenych variant obé sle-
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I11. Obsah N v rostlindch (%) — N content in plants (%)

Cislo! n_—" %o

varianty’ arianta 1996 | 1997 | 1998 x

1 K 108 | 082 | 095 | 095
2 SA 1,40 106 | 1,08 | 118
3 DAM 1,19 109 | 106 | 111
4 DAM +sl | 130 L09 | 12 | 117
5 H 1,53 L10 | 1,09 | 124
F 672 | 17.00 | 674

disia 029 | 013 | 011

For 1, 2 see Tab. I

dované periody vyznamnéji neliSily. U varianty SA byl
v obdobi 1996 az 1998 primérny odbér N niZ§i
0 18 kg.ha™', u varianty DAM o 16 kg.ha™. U varianty
DAM + sldma byl primérny odbér N za obé sledované
periody témér stejny a tvofil 157 kg.ha‘l. Vysoka in-
tenzita dlouhodobého organického hnojeni (varianta 5)
se promitla ve zvy$eném odb&ru N. U varianty hntj byl
v obdobi 1996 a7 1998 odbér dusiku o 21 kg.ha'] vySsi
nez v predchozim cyklu.

V tab. V je uvedena bilance vstupl a vystupi N na
stanovisti v Cerveném Ujezdé za obdobi osmi let poku-
st. Do poloZky vstupy je zapocitin pouze N ve hnoji-
vech, neni zde kalkulovdno s N z atmosféry (suchd
a mokra depozice, ani N z biologické fixace). Do polozky
vystupy jsme zahrnuli pouze odbér N nadzemni biomasou
rostlin. Jak vyplyva z vysledku, byla bilance kladn4 pouze
u varianty hnuj, a to o 80 kg N.ha!. Na kontrolni variant§
¢inil deficit N za celé pokusné obdobi 935 kg.ha"l. U va-
rianty SA bylo dodano o 282 kg.ha’l méné, u varianty
DAM o 256 kg.ha™! a u varianty DAM + sldama
0227 kg.ha‘l, neZ ¢inil odbér rostlinami.
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3. Relativni odbér N rostlinami kukufice — Relative N uptake by maize plants

IV. Odbér N rostlinami (kg.ha'l) - N uptake by plants (kgAha'l)

Cis_lol 2 Varianta Ry N
varianty 1996 | 1997 | 1998 x
1 K 81,44 | 102,06 | 97,07 | 93,52
2 SA 160,41 | 155,08 | 116,99 | 144,16
3 DAM 139,00 | 164,24 | 121,61 | 141,62
4 DAM +sl | 160,48 | 179,49 | 131,06 | 157,01
5 H 224,39 | 204,51 | 141,9 | 190,27
F 17,99 | 19,70 | 19,65

| dmin 52,83 | 37,34 | 16,54

For 1, 2 see Tab. I

VI. Obsah N (mg.kg") v ornici v dob& sklizn€ 1997 - N content
(mg.kg") in topsoil during the harvest 1997

V. Bilance N (kg.hn") na stanovisti Cerveny Ujezd za obdobi 1991
az 1998 — N balance (kg.ha™') at the site Cerveny Ujezd for the
period 1991 to 1998

kg N.ha™!

Cis.lo' 2 Varianta rozdil®
varianty vstupy® | vystupy* | (vstupy —

vystupy)
1 K - 935 -935
2 SA 960 1242 -282
3 DAM 960 1216 -256
4 DAM + sl 960 + 69 1 256 =227
5 H 1492 1412 +80

For 1, 2 see Tab. I, 3inputs. "outputs. Sdifference

VII. Obsah N (mg.kg'l) v ornici v dobé& sklizné 1998 — N content
(mg.kg"') in topsoil during the harvest 1998

Nmin Ngrg Ns Nbin Y Nmin Nnrg Ns Nhiu

1 K 6,52 2,32 8,84 | 12,10 1 K 6,00 1,69 7,69 10,77

2 SA 9,41 1,66 11,07 | 11,69 2 SA 9,10 1,39 10,49 7,78

3 DAM 11,34 2,13 13,47 | 10,04 3 DAM 8,39 1,83 10,21 8,68

4 DAM + sl 11,03 3,19 14,22 13,21 4 DAM + sl 9,37 2,28 12,01 10,54

5 H 12,32 2,68 15,00 16,65 5 H 10,31 2,47 12,78 18,39
E 2,95 0,99 3,15 2,52 F 1,83 2,79 2,572 | 10,83
ﬂ n.s. n.s. 6,51 n.s. ﬂ n.s. n.s. n.s. 5,57

For 1, 2 see Tab. [

V tab. VI a VII jsou uvedeny sledované parametry
pidniho N pfi sklizni kukufice v roce 1997 a 1998
a v tab. VIII behem vegetace (pfi vysce porostu 30 az
40 cm). Z uvedenych vysledku je ziejmé, Ze obsahy

ROSTLINNA VYROBA, 45, 1999 (7): 317-323

For 1, 2 see Tab. I

Npin V Ornici jsou v tomto terminu velmi nizké, coZ je
také pIné v souladu s intenzitou hnojeni a odbérem N
rostlinami. Na kontrole bylo v praméru osmi let doda-
véno kazdorocné No 117 kg.ha’l méné, neZ ¢inil odbér
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VIIL. Obsah N (mg.kg") v ornici pfi velikosti porostu 20 aZ 30 cm
(20. 6. 1997) — N content (mg.kg‘l) in topsoil at the site of the stand
20 to 30 cm (20 June 1997)

IX. Vztah mezi odbérem N rostlinami kukufice a obsahem N v ornici
(koeficient korelace r) — Relationship between N uptake by maize
plants and N content in topsoil (correlation coefficient r)

S:i:il:rluyz Varianta L Rok! N v ornici? Ninin I Norg | % Is Nui
Niin Morg N Niio soubor variant pokusu

1 K 1035 | 251 | 12,86 | 13,05 1998 | sklize#® 1998 | 0,55 | 043 | 062 0,41

2 SA 1449 | 271 | 17,20 | 12,81 jgg7 | SKlizeR 1997 | 060 | 027 | 0,64 0,17

3 DAM 28,51 | 055 | 29,06 | 13,21 gerven® 1997 | 0,56 | 0,11 0,60 0,38

4 DAM + sl 29,73 3,52 33,25 15,37 soubor variant 1 a 5°

5 H 2362 | 3,14 | 2676 | 14,97 1998 | sklizeii 1998 | 0,79" | 082" | 081" | 0,62

F 4,14 | 1,08 435 | 043 lgg7 | SKlizefi 1997 077" | 020 078" | 0,62

doyin 1844 | ns. | 17,80 | ns. erven 1997 | 076" | 018 | 078" | 037

For 1, 2 see Tab. I

N rostlinami, na varianté SA o 35 kg.ha_l, na varianté
DAM o 32 kg.ha_1 a na variant¢ DAM + slama
0 28 kg.ha™'. Vzhledem k tomu, Ze obsah NH} byl v do-
bé sklizné pfevaziné nizsi nez 1 mg N.kg'l, je zde uva-
déna pouze suma N... Z téchto analyz je déle patrné,
Ze se vyznamnéji neliSi rok 1997 a rok 1998, coz také
odpovida dlouhodobému charakteru pokusi. Obsahy
Npnin na trovni 5 az 7 mg.kg_l predstavuji rezidudlni
zbytek a v dobé sklizné pravdépodobné neklesne zdso-
ba N, v ornici pod tuto hranici. S touto hodnotou je
ziejmé také mozZno kalkulovat v rozvahach pfi tvorbé
kritérii a hnojai'skych doporuceni zaloZenych na bazi
obsahu N ;. v pudé. S vyjimkou varianty hniij nejsou
téméf rozdily v koncentracich Ny, mezi jednotlivymi
hnojenymi variantami. Varianta 5 vykazuje stabilng
nejvyssi obsahy. Z analyz N, v prib&hu vegetace je
zfejmé, Ze v této fazi jsou stanovené hodnoty pfibliZng
1,5- az 3krat vyssi nez v dobé sklizné (tab. VIII). Pri-
tom nejniZsi diference mezi analyzami pii sklizni a za
vegetace jsou u kontrolni varianty, coz také poukazuje
na vyznamné sniZeni mobilizovatelného potencidlu
ptidniho N (mineralizovatelny N + fixovany NH}).

Analytické moZnosti pracovi§té ndm dale umoZznily
sledovat obsah N, ve vyluhu 0,01 M CaCl,. Je ziej-
mé, Ze obsahy N, jsou ve viech sledovanych termi-
nech velmi malé, na drovni 1 az 3 mg.kg—l. Z vysledku
je také patrnd urcitd tendence ke sniZeni této frakce
u variant hnojenych pouze primyslovymi hnojivy (va-
rianty 2 a 3). U varianty SA a DAM lze proto uvaZovat
o zvySené tendenci k mineralizaénim procestim v padg.
Naopak na variantich s organickym hnojenim (sldma
a hnij) jsme zjistili zvySeny obsah Norg: coZ je také
pIné€ v souladu s predpokladem a turovni hnojeni v po-
kusech. S ohledem na velmi nizké hodnoty N, je pro-
to velice duleZité precizni analytické provedeni a také
pfiprava pudniho vzorku pfed vlastni analyzou. Je zaji-
mavé, Ze se zfetelnéji nelisi hodnoty stanovené na konci
a v prub&hu vegetace. V tomto sdéleni prezentujeme ta-
ké souCet Ny, a N jako N, nebot byl kvantifikovén
vztah téchto frakci k vynosu a odbéru N nadzemni bio-
masou rostlin. Je ziejmé, Ze se vyznamnéji neli§i hod-
noty Npin @ Ng, coZ je zpilisobeno dominantnim posta-
venim obsahu Np....
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Stanoveni Ny;, je na naSem pracovisti realizovano ve
spolupraci s univerzitou v Bonnu. V téchto pokusech
byl obsah Ny;, v zédvislosti na varianté a terminu odbéru
v intervalu 7,8 aZ 18,4 mg.kg". Pfitom u kontrolni va-
rianty je ve srovnani s variantami hnojenymi mineral-
nimi hnojivy ur€ita tendence ke zvySeni této frakce.
Vice jsou tyto rozdily patrné pfi sklizni. V souladu
s naSimi predchozimi pokusy se zeminami z pokusného
stanovisté€ v Suchdole byly nejvyssi hodnoty Ny;, u va-
rianty hntj (Cerny et al., 1998). Dile je zfejmé, Ze se
zietelnéji nelisi vysledky rozbora provedenych v prabé-
hu vegetace od obsaht pfi sklizni, coz také odpovida
zavérum z literaturty (Miiller, 1992).

Vyznam téchto dusikatych frakci je hodnocen piede-
v8im ve vztahu k rostling, tj. k pfijmu N rostlinami.
Nejjednodus§im vyjadienim piijmu N rostlinami je od-
bér N nebo vynos suSiny. Obdobné jako Olfs (1992)
a dalSi autori, také v naSich pokusech jsme zjistily tés-
néjsi zavislost u odbéru N neZ u vynosu biomasy. Proto
uvadime pouze hodnoty koeficientu korelace mezi jed-
notlivymi dusikatymi frakcemi a odbérem N (tab. IX).
Pritom jsou zde prezentovany ddaje ziskané z celého
pokusného souboru a déle ze souboru variant 1 a 5. Je
zfejmé, Ze pii vypoctu pro viechny varianty nebyly zis-
kany statisticky vyznamné vztahy. Hlavni pfi¢inou byly
malé rozdily mezi variantami 2, 3, 4, které se z hlediska
celkové dusikaté bilance téméf neliSily. Dal§im duvo-
dem je skutecnost, Ze byly vyuZity rozbory pud ze skliz-
né. Je zndmo, Ze v podzimnim obdobi je niZ§i intenzita
transformacnich procest v pudé€. Podstatné vyssi rozdi-
ly mezi hnojenymi variantami jsou nalézany pfi jarnich
odbérech. Proto pii hodnoceni celého souboru, kdy byly
malé diference v obsazich N ve sledovanych frakcich,
vzrostl vyznam pfirozené variability pozemku. Pfi re-
dukovaném souboru a vypoétech ze skupiny dvou ex-
trémnich variant (1 a 5) byly nalezeny pfevaZné statis-
ticky prikazné vztahy.

Jak vyplyva z tab. IX, bylo dosaZeno nejvysSich
hodnot koeficientu korelace u N a jim se bliZi tésnost
vztahu u Ny Naproti tomu v pfipad€ Ny a Ny, byla
nalezena mala souvislost s odbérem N rostlinami. Ob-

dobné& nizké hodnoty koeficientu korelace mezi Ny,
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a odb&rem N zjistili v rozsahlém souboru 23 pokust
s kukufici Hege et al. (1990). DosaZené vysledky také
odpovidaji na¥im pfedchozim pracim s ozimou fepkou
(Balik, Vanék, 1995), ve kterych byl vZdy nalezen tés-
n&jsi vztah mezi odbérem N rostlinami a Ny, neZ Ny,
Mala vzdjemnd zavislost Ny, a pfijmu N rostlinami,
ovéfena také v téchto pokusech, potvrzuje zavéry, ke
kterym dospéli Wodsak, Werner (1991), Ze prozatim
nelze vyuZit hodnot N, pro praktickou korekei hno-
jaiskych zésaht. Tuto skuteCnost jeSté vice podporuji
vysledky, ke kterym dospéli Appel, Mengel (1998), Ze
frakce Ny, (EUF metoda i extrakce 0,01 M CaCl,)
obsahuji pouze &ast lehce mineralizovatelného N, ale
zéroveii obsahuji také podil dusikatych frakei, které ne-
jsou mikroorganismy schopné rozloZit. V nasi praci byla
nalezena také nizka zévislost mezi odbérem N kukufici
a Np;o- Zde jde o pomérné novou vyzkumnou aktivitu,
ktera neni ovéfena dostateénym poctem pokusid. Udaj
o obsahu Ny, je urCitou charakteristikou pidniho N,
ale bez dal§iho doplnéni neinformuje o tom, zda v piidé
budou probihat imobilizaéni nebo mineralizacni pro-
cesy.

Vyzkum je financovan z grantu CZU Praha ¢&. 1023798.
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RECENZE

ROOT DEMOGRAPHICS AND THEIR EFFICIENCIES
IN SUSTAINABLE AGRICULTURE, GRASSLANDS

AND FOREST ECOSYSTEMS

DEMOGRAFIA A EFEKTIVNOST KORENOVEJ SUSTAVY
V UDRZATELNYCH POL.NOHOSPODARSKYCH LUCNYCH

A LESNYCH EKOSYSTEMOCH

E. James, Jr.

Proc. 5th Symp. ISRR, Clemson, S. Caroline, USA, July 14-18, 1996
Developments in Plant and Soil Sciences, Vol. 82, Dordrecht, Boston, London, Kluwer
Acad. Publ. 1998. 793 pp., 128 Tabs., 229 Figs.

Univerzita v Clemsone (Juzna Karolina, USA) sa
v roku 1996 stala miestom stretnutia vedeckych a vy-
skumnych pracovnikov zaoberajicich sa korenovym
systémom rastlin a ekosystémov. V poradi uZ piate me-
dzinarodné sympézium ISRR (International Society of
Root Research) nasledovalo po dvoch stretnutiach vo
Viedni, Svédsku a Alma-Ate. Ugastnici, medzi ktorymi
boli aj sponzorovani vedci z krajin byvalého ZSSR
a vychodnej Eurépy, mali uZ v ¢ase konferencie k dis-
pozicii zbornik stihrnov jednotlivych prispevkov. Po
uplynuti dvoch rokov vychadza obsiahly zbornik (cel-
kom 68 prispevkov z 24 krajin) v rozsahu cca 800
stran, ktory bol vydany kniZne (Kluwer 1998), a nie-
ktoré prispevky boli uverejnené aj v ¢asopise Plant and
Soil, 203, 1998. Stbor prispevkov je rozdeleny do Sies-
tich oblasti:
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— Vplyv globalnych zmien na alokaciu uhlika

— Obhospodarované a neobhospodarované ekosystémy

— Udrzatelné ekosystémy

— Kvalita podzemnej vody

— Genetika, fyziolégia a molekularna bioldgia

— Porovnéavacie metédy merania dynamiky vyvinu ko-
refiov

Publikovany zbornik je bezpochyby zdrojom posled-
nych informacii skoro zo vSetkych oblasti §tadia kore-
fiového systému na viacerych Strukturalnych drovniach.
Publikaciu uvitajui zaiste nielen Specialisti-koreniari, ale
aj vedeckovyskumni pracovnici, venujici sa Stidiu fo-
tosyntetického aparatu, ktorého Cinnost je nemyslitelna
bez korefiovej ststavy.

Doc. Ing. Norbert Gdbor&ik, CSe.
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FYTOCENOLOGICKA ANALYZA UHORU
PO SAMOZATRAVNENI

PHYTOCENOLOGICAL ANALYSIS OF FALLOW
AFTER SELF-GRASSING

J. Novak
Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Phytocenological analysis of fallow after self-grassing was done in the years 1994 to 1998 in the foot of the
mountains Nizke Tatry (852 m above sea level). Fallow variants were compared (variant A — moister site, variant B — drier
site) with the control (variant K — permanent grassland). Dominant species in the first year was Viola tricolor (25%) on moister
site and Anthemis arvensis (30.58%) on drier site. This weed flora represented the stage of annual weeds ranked among absolute
weeds. In particular, Poa trivialis of grasses participated in settlement of the surface of uncovered soil. Trifolium repens
(15.25%) of legumes participated in variant A in regeneration of vegetation of uncovered soil and Myosotis palustris (6.10%)
of meadow herbs and Taraxacum officinale (3.12%). The highest presence of grasses was recorded by Agrostis stolonifera
(3.05%) in variant B, of legumes Trifolium repens (5.05%) and of herbs Glechoma hederacea (8.23%), Convolvulus arvensis
(6.20%) and Polygonum aviculare (5.30%). Compared with the control composed of 50 plant species, fallow variants were
represented only by half number of species. Percentage of blanks was relatively high (17.25 to 20.02%). Qualitative evaluation
obtained from floristic analysis using evaluation of the grassland (Byp) in variants A and B was low (2.54 to 3.10) compared
with the control (5.42), because a substantial part of the plant cover formed weeds with a low feed value (Kh = 1 to 2). In
the second year a break in floristic composition appeared. Successive course in the mountain region was short, because the
end of the stage of annual weeds and beginning of grassing of the fallow was recorded in autumn of the second trial year.
After withdrawal of weed communities in succession line they were replaced in variant A by Poa trivialis and Poa annua and
in variant B by Poa trivialis, Agrostis stolonifera, Dactylis glomerata, Festuca rubra and Trisetum flavescens. Floristic group
of grasses started to prevail and formed together 50.97 to 51.79%. The share of blanks decreased considerably by thickening
of the sod of grassland. In both variants Poa trivialis and Trifolium repens played an irreplaceable role which participated in
thickening and closing of the sod what resulted relatively fast in self-grassing. During five years percentage representation of
the grasses increased (54.21%). The share of Poa trivialis was falling and it was replaced by more stable species. Compared
with the first year diversity of grasses increased from 5 to 8 to 11 to 13 species. In floristic group of legumes in variant A
solely fall of Trifolium repens occurred. Floristic group of herbs was very interesting. Percentage growth of valuable herbs
was important (in variant A from 3.62 to 23.72% and in variant B from 0.90 to 23.12%), at simultaneous decrease of the other
(less valuable) herbs. It was caused by qualitative growth of Byp from 0.18 to 1.14. Grasses together with legumes and valuable
herbs which formed a basis of the grassland participated the most in the quality of the stand what did from less valuable stand
the cultural one (growth Byp from 2.54 to 5.70). In floristic subgroup of valuable herbs the majority were medicinal plants.
In subgroup of the other herbs of the total number 38 of nine species were medicinal, one noxious and two toxic only in green
state (Cardamine pratensis and Ranunculus acris). Noxious and toxic species formed only a low proportion in phytocenosis.
Total 13 plants were ranked among absolute weeds. Species diversity increased from 23 to 25 to 38 to 40 species compared
with the first year but did not reach such value as the control. The course of succession in mountain conditions showed that
the stage of coach grass is missing after the stage of annual weeds. This shortened the time of self-grassing because the stage
of sparsely-tussocky and stoloniferous grasses arose as early as after two years. Approximation to the values under permanent
grassland is also confirmed in fallow variants by decrease of the values C,, and modification of the ratio C : N (Tab. I).

Keywords: succession of plant species; self-grassing; fallow; feed value; evaluation of grassland

ABSTRAKT: Vysledky vyskumu v podhori Nizkych Tatier (852 m n. m.) v rokoch 1994 aZ 1998 ukazuji, Ze proces
samozatraviiovania prebiehal velmi rychlo. Priebeh sukcesie v horskych podmienkach bol kratsi, pretoZe chybalo pyrové
Stddium. UZ v jeseni druhého pokusného roku nastal zlom. Bolo zaznamenané ukoné&enie §tadia jednoro¢nych burin na thore
a zaCiatok jeho zatrdvnenia. Po ustupe burinovych spolofenstiev ich vystriedali travy, najprv Poa trivialis a Poa annua
a neskdr stabilnejsie druhy, ktoré tvorili Stadium riedkotrsnatych a vybezkatych trav. Floristickd skupina trav nadobudla
prevahu (50,97 aZ 51,70 %), pri€om sa vyrazne zniZil podiel prdzdnych miest. Na obnove vegeticie pri samozatraviiovani sa
z legumindz zucastnil aj Trifolium repens. V priebehu piatich rokov percentuélne zastipenie Poa trivialis kleslo, avsak podiel
trdv sa zvy$il na 54,21 %. DéleZity bol ndrast hodnotnych bylin (aZ na 23,72 %), pri si¢asnom poklese ostatnych, menej
hodnotnych bylin. Druhovi diverzita sa zvysila az na 40 rastlinnych druhov, av3ak nedosiahla uroveii kontroly. Z celkového
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pottu bolo 21 lie¢ivych druhov (najviac vo foristickej podskupine hodnotnych bylin), 13 absolitnych burin, jeden $kodlivy
a dva jedovaté druhy. Travy, ktoré tvorili zdklad travneho porastu, spolu s leguminézami a hodnotnymi bylinami sa vyraznou
mierou podielali na kvalite porastu (narast Byp z 2,54 na 5,70). Z menej hodnotného sa stal kultirny travny porast.

Kl'iové slova: sukcesia rastlinnych druhov; samozatrdvnenie; thor; kfmna hodnota; bonitdcia trdvneho porastu

UvoD

Restrukturalizdcia polnohospodarskej vyroby po ro-
ku 1990 sa dotyka aj travnych porastov. Zmeny v Struk-
ture polnohospodarskej pddy nastdvaji hlavne v pod-
horskych a horskych oblastiach. Tam, kde v minulosti
v snahe o zvicSenie ploch ornej pody doslo k rozoraniu
travnych porastov alebo vyklCovaniu lesa, teraz dochddza
k opacnému trendu. Pribidaju plochy trdvnych poras-
tov, najmi na erézne ohrozenych stanovistiach a na strm-
§ich svahoch. Casto ide o samovolny priebeh pri zatrav-
fiovani. Niektoré novovzniknuté porasty sa nevyuZivaji
z financnych dévodov, a tiez v dosledku poklesu sta-
vov hospodarskych zvierat (Novak, 1997a).

Klasickym prikladom formovania travnych spolocen-
stiev na ladom leZiacej ornej pdde po zanechani polno-
hospodarskej ¢innosti je proces samozatraviiovania. Na
thore sa najpryv roz8iruji jednoro¢né polné buriny, kto-
ré vyzaduji nakyprené, kultirne pddy (Viljams, 1949;
Regal, Krajéovi¢, 1963).

Moravec (1994) hovori o sérii na opustenych poliach,
ktora predstavuje najiplnejsi sled zacCinajici §tadiom
jednoro¢nych burin a pokracuje prenikanim dvojroénych
burin, trvalych bylin a trdv. Po $tidiu jedno- a dvojrod-
nych polnych burin pri samovolnom zatrdvneni sa po-
stupne do porastu dostavaji pomalSie rastice vybezkaté
druhy, napr. pyr plazivy (Elytrigia repens), ktory nado-
buda prevahu — tzv. pyrové Stadium. K tomu, aby sa na
thore vytvorili hodnotné liky a pasienky so Stadiom
riedkotrsnatych trav, treba mnoho rokov (Viljams, 1949).
Ziaduci smer pri samovolnom zatrivneni neobrobenej
pddy je zavisly nielen od stanoviStnych podmienok, ale
aj od prirodzeného zachovania zdroja semien s ich vy-
sokou zasobou v pdode (Frame et al., 1994; Tiley, Philp,
1996). Priebeh sukcesie nie je vZdy jednoznaény, stvisi
s neistotou, Ze v pdde je dostatok semien hodnotnych
druhov rastlin, a so zdlhavostou vyvoja travneho poras-
tu (Regal, Krajcovic, 1963).

V sidcasnosti sa tvoria rézne projekty ekologizicie
krajiny, obnovy biodiverzity a trvale udrzatelného hos-
podarskeho vyuZivania travnych porastov (Jakrlova,
1995; Slavikova et al., 1998). Aj samovolné zatraviio-
vanie vyraznou mierou prispieva k revitalizécii a ozdra-
veniu krajiny, pretoZe ma nezastupitelny ekologicky
vyznam pre stabilitu krajiny.

MATERIAL A METODA

Cielom vyskumnej dlohy v rokoch 1994 az 1998 bo-
lo sledovat sukcesiu rastlinnych druhov pri samozatrav-
fiovani Ghoru — ladom leZiacej ornej pddy. Pokus bol
zaloZeny v podhori Nizkych Tatier (NiZn4 Boca, 852 m
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n. m.). Stanoviste patri do chladnej klimatickej oblasti.
Podla dlhoro¢nych merani priemerna ro¢na teplota
vzduchu dosahuje 4 az 5 °C, za vegetacné obdobie 10
az 11 °C. Dlhodoby priemer celoro¢ného thrnu zraZzok
je 900 az 1000 mm, za vegetacné obdobie 600 az
700 mm. Podotvorny substrat tvoria Zulové horniny, na
ktorych sa vyvinula kamenista horska poda s pddnym
typom podzol typicky.

Pokus tvorili tri varianty. Dva z nich (variant A na
vlh§om stanovi$ti a variant B na suchSom stanovisti)
boli zaloZené na thore, kde sa predtym dlhodobo pes-
tovali zemiaky. Varianty neboli v priebehu vegeticie
hnojené. Boli raz v juli kosené a potom az do jesene
spasané ovcami. Susedné plochy predstavovali trvalé
travne porasty s bohatym druhovym zastipenim. Jedna
z ploch podobného floristického zloZenia v blizkosti
variantov A a B tvorila treti variant K, ktory sliZil ako
kontrola (tab. I).

Fytocenologicku analyzu sme robili na parcelach
o ploche 20 m2, na ktorych boli vytycené trvalé vy-
skumné Stvorce v Styroch opakovaniach. Hodnoty %D
sme ziskali metédou pravej pokryvnosti (Klapp, 1965)
pomocou metroviek so sietou (velkost Stvoréekov
0,01 mz). Z pravej pokryvnosti sme vypocitali bonita-
ciu trdvneho porastu Byp zo vztahu

%D . Kh
Bre="T00

kde: Byp — boniticia trivneho porastu
Kh - kimna hodnota (Klapp et al., 1953)
%D - dominancia (pokryvnost) vyjadrend v percentich

V odobratych vzorkach pody sme stanovili celkovy
dusik (N,) podla Kjeldahla, pristupny draslik podla
Schachschabela, pristupny fosfor podla Egnera, pH
v KClI, oxidovatelny uhlik (Cg,); z Cyx a Ny bol vypo-
¢itany pomer C : N,

VYSLEDKY A DISKUSIA

Prvy rok po opusteni ornej pody v horskej oblasti
(852 m n. m.) bol na thore zaCiatkom sukcesného pri-
budania rastlinnych druhov. Vzniknuti fléru tvorili bu-
rinové asocidcie (tab. I). Na vlh§om stanovi$ti (variant
A) bola dominantnym druhom Viola tricolor (25 %)
a na suchSom stanovisti (variant B) Anthemis arvensis
(30,58 %). Tieto druhy, ktoré sme zaradili medzi abso-
litne buriny, predstavovali §tadium jednoro¢nych burin
a vyzadovali kypri, dobre prevzdu$neni pddu. To po-
tvrdili uZ v minulosti mnohi autori (Viljams, 1949; Re-
gal, Krajcovic¢, 1963; Velich, 1986 a ini). Na osidlovani
povrchu pddy vegeticiou sa na zaCiatku vyskumu po-
merne vysokym percentudlnym zastipenim podielala
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Poa trivialis (6,10 aZ 12,40 %). Velmi dobre vyuZivala
volné miesta v poraste, ktoré tvorili od 17,25 do
20,02 %. Z dalgich rastlinnych druhov, ktoré sa svojou
prezenciou na variante A zucastnili na obnove vegeté-
cie nepokrytej pddy, boli Trifolium repens (15,25 %),
Myosotis palustris (6,10 %), Taraxacum officinale
(3,12 %) a na variante B z floristickej skupiny trdv
Agrostis stolonifera (3,05 %), z legumindz Trifolium
repens (5,05 %) a z bylin Glechoma hederacea
(8,23 %), Convolvulus arvensis (6,20 %) a Polygonum
aviculare (5,30 %). Oproti kontrole (K), ktord tvoril
pestry trvaly travny porast, zloZeny z 50 rastlinnych
druhov, mali sledované varianty na thore aZ o polovicu
mensie zastipenie. PretoZe dominovali jednoroéné bu-
riny, floristickd skupina bylin bola svojim podielom
percentualne najvyssia (47,21 az 62,55 %). Podstatni
Cast tvorila podskupina menej hodnotnych bylin (43,59
az 61,65 %). Kvalitativne hodnotenie pomocou bonita-
cie travneho porastu (Brp) na variantoch A a B bolo
nizke (2,34 aZ 3,10) v porovnani s kontrolou (5,42),
pretoZe vicSiu Cast rastlinného krytu tvorili buriny
s nizkou kimnou hodnotou (Kh = 1 aZ 2).

UZ v jeseni druhého pokusného roku nastal vo fyto-
cendze zlom. Burinové spoloenstva ustipili a v suk-
cesnom rade ich vystriedali travy. Na variante A to bola
Poa trivialis a Poa annua a na variante B sme zazna-
menali Poa trivialis, Agrostis stolonifera, Dactylis glo-
merata, Festuca rubra a Trisetum flavescens. Floristic-
ka skupina trav nadobudla prevahu a tvorila 50,97 aZ
51,79 %. DdleZita Glohu pri samozatraviiovani v prvych
rokoch na oboch variantoch pripisujeme Poa trivialis.
Podobné vysledky sme dosiahli predtym aj na eutrofi-
zovanom stanovi$ti (Novak, 1997b). Po presvetleni kos-
bou tento druh zahustoval a uzatvaral macinu, ¢o
sposobilo velmi rychle samozatraviiovanie prazdnych
miest, zahustovanie maciny, pricom bola pdda chranena
pred erdziou a dalSim rozSirovanim burin z pddnej za-
soby.

V priebehu piatich rokov sa rastlinny kryt postupne
obohacoval druhmi z floristickej skupiny trav (53,69 az
54,21 %). Na variantoch A a B s trvalymi $tvorcami
neboli rozdiely v celkovom percentudlnom podiele
trav, ale v zastipeni jednotlivych druhov. Na vlh§om
stanovisti prevladali Alopecurus pratensis, Poa trivialis
a na suchSom stanovisti Dactylis glomerata. Percen-
tudlne zastipenie Poa trivialis prudko klesalo, dokonca
v poslednom roku na such$om stanovisti tento druh tak-
mer ustipil a na jeho miesto sa dostali stabilnej$ie dru-
hy trav. Potvrdzuje to jej vztah k vlh§im stanovi§tnym
podmienkam (variant A). Oproti roku 1994 sa zvysil
pocet druhov trdv z 5 aZ 8 na 11 az 13 (tab. I).

Floristickd skupina legumindz obohatila travny porast,
pretoZe z kvalitativneho hladiska patrili druhy k hodnot-
nym a cennym komponentom s vysokou kimnou hodno-
tou (Kh = 7 aZ 8). Trifolium repens, aj ked na variante
A nastal jeho iastoény pokles, svojimi nadzemnymi sto-
l6nmi sa rozmiestiioval na nezaplnenych miestach v ma-
¢ine a podielal sa na zahusfovani a samozatrédviiovani
thoru. Ak porovnavame varianty A a B, boli medzi nimi
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nepatrné rozdiely, len Trifolium pratense sa vyznaloval
vy$§§im podielom na such$om stanovisti.

Pri samozatraviiovani sa zudastnila tieZ floristicka
skupina li¢nych bylin. Aj ked jej percentudlny podiel
sa oproti prvému roku zniZil, pretoZze bol spdsobeny
ustupom dominantnych burin, za pét rokov sa zastipe-
nie zvySilo z 15 na 24 druhov. Je pozoruhodné, Ze v tej-
to skupine podiel ostatnych (menej hodnotnych) druhov
klesal a naopak prezencia hodnotnych druhov stipala
(na variante A sa zvysila z 3,62 na 23,72 %; na variante
B z 0,90 na 23,12 %). Rozdiely vo floristickom zloZeni
medzi trvalymi $tvorcami na variantoch A a B boli
v celkovom zastipeni nepatrné. Ak porovnivame jed-
notlivé druhy, na vlh§om stanovisti sme zaregistrovali
vacsi podiel Acetosa pratensis, Anthemis arvensis a na
suchSom stanovisti Achillea millefolium. Hodnotné by-
liny sa vyrazne podielali na celkovom kvalitativnom
hodnoteni, aj ked ich pocet bol o polovicu niZ§i ako
v podskupine ostatnych bylin. Tym, Ze sa ich percentu-
alny podiel zvySoval, stapali aj hodnoty Bpp (z 0,18 na
1,15). Vo floristickej podskupine hodnotnych bylin bola
vacsina lieCivych rastlin. V podskupine ostatnych bylin
z celkového poctu 38 bolo devit druhov oficindlnych (lie-
¢ivych), jeden $kodlivy (Kh = 0) a dva druhy jedovaté
(toxické) iba v zelenom stave (Kh = —1), ku ktorym patrili
Cardamine pratensis a Ranunculus acris. Skodlivé a je-
dovaté druhy tvorili len maly podiel vo fytocendze. Medzi
absolitne buriny sme zaradili 13 druhov, z ktorych dva
druhy (Anthemis arvensis a Viola tricolor) sa podstatnou
mierou pri¢inili na tvorbe $tadia jednoroénych burin. Pri
porovnavani variantov A a B sme zaregistrovali na vlh-
Som stanoviSti Aegopodium podagraria, Myosotis palus-
tris, Ranunculus repens a na such§om stanovisti sa nepre-
javila dominancia vyraznych druhov, ktoré by boli typické
pre tieto podmienky.

Podiel prazdnych miest, ktory bol pomerne vysoky
(17,45 az 20,02 %), sa v dosledku zahustovania vege-
taéného krytu uZ v prvom roku vyrazne zniZil na 1,10
az 4,40 %. V priebehu dalSich rokov sa udrziaval ma-
ximélne do 2,90 %.

Za pitro¢né obdobie sledovania sukcesie rastlinnych
druhov konStatujeme, Ze kvalita trdvneho porastu, zis-
kana z floristickej analyzy pomocou Brp, postupne sti-
pala. Druhy vo floristickej skupine trdv, ktord tvorila
zéklad travneho porastu, spdsobili narast Brp z 1,13 na
3,58. Spolu s leguminézami a hodnotnymi bylinami sa
podstatnou mierou podielali na vyslednej kvalite trav-
neho porastu a z menej hodnotného sa stal kultirny
trdvny porast (ndrast Brp z 2,54 na 5,70). Druhova di-
verzita sa zvy$ila z 23 aZ 25 na 38 aZ 40 druhov, aviak
nedosiahla také hodnoty ako na kontrole. Priebeh suk-
cesie na thore trval kratSi Cas, pretoZe fytocendza sa
velmi rychlo sformovala do §tadia riedkotrsnatych a vy-
bezkatych trav. V naslednosti druhov chybal Elytrigia
repens a s nim suvisiace pyrové §tadium, o ktorom sa
zmiefiuje Viljams (1949). Predpokladdme, Ze stepné
podmienky v Cernozemnej oblasti, v ktorych citovany
autor vyskumne pracoval, sa vyznacovali inym priebe-
hom sukcesie ako v leso-licnej zone horskej oblasti na
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I. Fytocenologicka analyza Ghoru po samozatravneni — Phytocenological analysis of fallow after self-grassing

K A B
FS Druh' Kh %D | BTP 1994 1995 1996 1997 1998 1994 1995 1996 1997 1998
%D | Brp | %D | Bre | %D | Brp | %D | Brp | %D | Bre | %D | Brp | %D | Brp | %D | Bre | %D | Bt | %D | Bre
Agrostis stolonifera L. 7 | 647| 045| 045| 0,03| 0,75| 0,05 0,90 0,06 1,65 0,11| 2,33| 0,16] 3,05| 0,21 10,50 0,73| 12,50 0,87 13,25 0,93| 13,90 0,97
Agrostis tenuis Sibth. 5 | 2,15 0,11 0,85| 0,04| 2,20| 0,11| 2,87 0,14 3,12| 0,16 + 0,45| 0,02| 0,60f 0,03 1,10| 0,05
Alopecurus pratensis L. 7 1,10 0,08 2,07| 0,14 2,65| 0,18| 3,09| 0,22 3,77| 0,26 + 0,35| 0,02 0,70 0,03| 0,98| 0,05
i Bromus commutarus Schrad. 5 0,02
?é Dactylis glomerata L. 7 1,05| 0,07 1,12 0,08 2,80| 0,20 3,68| 0,26 4,20 0,29 5,60| 0,39| 9,38 0,66| 10,12 0,71|10,60| 0,74
5 | Elytrigia repens (L.) Desv. 6 035( 0,02 + 0,01| +
2 | Festuca pratensis Huds. 8 7,70| 0,62 142| o,11| 1,70 0,14 245| 0,20 2,75| 0,22| 0,40( 0,03 0,90| 0,07| 1,45| 0,12| 3,00{ 0,24 3,21| 0,26
N;- Festuca rubra L. 5 | 2,23( 0,11 1,80 0,09 2,00( 0,10 3,68| 0,13| 4,45 0,22 0,02 6,64 0,33 6,88| 0,34| 8,10/ 0,40| 8,60| 0,43
E Lolium perenne L. 8 + 0,02 0,37 0,03 1,86 0,15| 1,90| 0,15| 1,50| 0,12 1,50 0,12
Phleum pratense L. 8 | 3,15 0,25 0,74| 0,06/ 0,80| 0,06/ 1,80 0,06/ 2,25| 0,18 1,08 0,09| 2,15 0,17( 2,60 0,21| 3,00 0,24| 3,25| 0,26
Poa annua L. 5 2,20 0,11| 8,40| 042| 530| 0,26| + 0,01 1,62 0,08| 2,50 0,12 + 0,01
Poa pratensis L. 8 | 2,75 0,22 + 0,02| 1,85| 0,15/ 2,70 0,22 + 0,02| 045| 0,04| 1,50 0,12 2,00| 0,16
Poa rrivialis L. 7 | 3,02| 0,21]|12,40| 0,87|29,13| 2,04|25,55| 1,79]23,09| 1,62|1525( 1,07 6,10( 0,43|17,06] 1,19|10,20| 0,71| 4,08 029 + 0,02
Trisetum flavescens (L.) Beauv. 7 [1555] 1,07] 1,25| 0,09 2,83] 0,20/ 5,55| 0,39] 8,00| 0,56/ 11,39 0,80 + 0,02| 520/ 0,36/ 6,12| 043| 8,16| 0,57| 820| 0,57
45.87| 3,23]16,67| 1,13]|50,97| 3,38|51,60| 3,46(53,91| 3,58|53,71| 3,70|12,85| 0,88|51,54| 3,39]/50,88]| 3,43[51,51| 3,56]52,09] 3.51
& Anthoxanthum odoratum L. 3 1,99| 0,06 +
§ Deschampsia caespitosa (L.) Beauv. 3 5,25| 0,16 + + 1,50| 0,04 1,60| 0,05( 1,60 0,05
2 | Festuca ovina L. 3 | 0,50] 0,01
Poa chaixii Vill. in L. 2 0,25] 0,01
7,99 0,24 0,50 0,25 1,50/ 0,04| 1,60| 0,05 1,60 0,05
53,86| 3,47|16,67| 1,13|50,97| 3,38|51,60| 3,46|53,91| 3,58|54,21| 3,70|12,85| 0,88]51,79| 3,39|52,38]| 3.,47|53.11| 3,61|53,69| 3,56
o Lotus corniculatus L. 7 + 0,02 + 0,02| + 0,02 + 0,02 0,90| 0,06 1,05 0,07
E"’: Trifolium pratense L.” 7 | 2,10[ 0,15| 0,85| 0,06/ 1,00 0,07( 1,35( 0,09 1,50| 0,10| 1,45( 0,10 2,10 0,15 3,03| 0,21| 3,20| 0,22| 3,30| 0,23| 2,35| 0,16
En g Trifolium repens L. 8 8,05| 0,64]|15725| 1,22|12,57| 1,00{11,12| 0,89]1042| 0,83] 562| 0,45 505| 0,40| 9,55| 0,76|10,40| 0,83| 9.00| 0,72| 6,41| 0,51
10,40 0,81|16,10| 1,28|13,57| 1,07| 12,47 0,98|11,92| 093] 7,07| 0,55 7,15 0,55]12,58| 0,97] 13,85| 1,05 13,20{ 0,95| 9,81| 0,74
Acetosa pratensis Mill.” 4 2,60| 0,10 0,62| 0,02| 1,35| 0,05 2,11 0,08] 3,58| 0,14 + 0,01 0,89| 0,03| 1,33| 0,05| 140| 0,06
Achillea millefolium L 5 2,55 0,13 + 0,01 + 0,01| 0,69| 0,03 + 0,01 1,96] 0,10| 2,47| 0,12 2,65 0,13
Alchemilla xanthochlora Rothm.” 5 7,15 0,36 248( 0,12 3,10 0,15 4,30[ 021| 6,35 0,32 3,38| 0,17 5,02 0,25| 5,44 0,27| 5,68| 0,28
" Anthriscus sylvestris (L.) Hoffm. 4 0,90| 0,04 + 0,01] 2,00( 0,08 1,90| 0,08| 1,55| 0,06 1,00{ 0,04
2 | Carum carvi L. s | 1.40| 0,07 + | oot + | 001 + | 001 + | 001] + | o01] 030| 002
,g Heracleum sphondylium | 5 + 0,01] + 0,01 0,35| 0,02| + 0,01 + 0,01] + 0,01
5 2 | Leontodon autumnalis L. 5 2,10| 0.10 3,15 0,16] 3,50| 0,17( 2,95 0,15 3,00 0,15 + 0,01] 2,05 0,10 2,15| O,11] 2,25 0,11
E‘ Pimpinella saxifraga L.’ 5 + 0,01 + 0,01 + 0,01 + 0,01
> Plantago lanceolata L." 6 | 065 0,04 + [ 001 + | 001 + | 001 037 0,02| 0,77 0,05
Taraxacum officinale Web." 5 4,15| 0,21] 3,12| 0,16/ 4,50 0,22 5,60| 0,28| 6,15| 0,31| 835| 042| 090 0,04 4,58 023| 7.16] 0,36/ 9,59| 0.48| 9,82 0,49
22,00( 1,07| 3,62| 0,18]|13,10| 0,62|16,20( 0,76/ 18,06| 0,85|23,72| 1,13] 0,90 0,04| 871| 0,43]|17,83| 0,87|21,85| 1,07|23,12| 1,15
- Aegopodium podagraria L. 3 0,63 0,02 2,66 0,08 2,17 0,06 1,92 006| 1,57 0,05 2,05 0,06
.E Anthemis arvensis L.° 9 30,58 0,61 5,57( 0,11| +
% | Arctium lappa L.." ° 1 + +
Atriplex prostrata Boucher em. Rauschert ® 1 2,36 0,02 222| 0,02 +
Bellis perennis L." © 2 0,75| 0,01 + 1,35 0,03| 2,00{ 0,04 2,14 0,04 2,35| 0,05 + +
Campanula patula L. 3 + 0,01 + 0,01 + 0,01 + 0,01| + 0,01 + 0,01
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Campanula persifolia L. 3 + 0,01 + +
Capsella bursa-pastoris (L.) Med.” ° 1
Cardamine pratensis | LY -1 0,65(-0,01 +
Carex hirta L. 2 + + +
Cerastium arvense L. 3 + 0,01 1,24 0,04| + 0,01 2,16 0,06
Cirsium arvense (L.) Scop. *© 0 2,33 2,05 1,02 1,20 2,30 +
Convolvulus arvensis L. 3 6,20( 0,19| + 0,01
Galeapsis tetrahit L. 2 + 1,05 0,02| 0,53| 0,01
Galium mollugo L. 3 0,85( 0,02 + 0,01 + 0,01 + 0,01 + 0,01
Geranium pratense L. 2 0,55| 0,01 1,62 0,03| 1,70| 0,03 1,65| 0,03 1,50 0,03 +
Glechoma hederacea L." ° 1 + 2,35/ 0,02| 3,50( 0,03| 4,17| 0,04 4,25| 0,04 4,30| 0,04 823| 0,08 6,11| 0,06 4,98 0,05| 4,77 0,05| 3,60 0,04
Hypericum maculatum L. 1 1,00| 0,01 + +
Lamium maculatum L. 2 0,77 0,01| 0,30| 0,01
v | ey Lamium purpureum L. 2 + 4 +
5 § Leucanthemum vulgare Lam. 2 1,18] 0,02 + + + + 0,35| 0,01
& | % | Lichnis flos-cuculi L. 1 + + - +
Mjyosotis palustris (L.) Nath. 2 6,10 0,12| 2,95 0,06| 2,12| 0,04 090| 0,02 +
Plantago major L.° 2 + 1,06/ 0,02| 090( 0,02| + 1,60 0,03 1,10| 0,02
Plantago media L. 2 + + +
Polygala vulgaris L. 1 1,05| 0,01 + + 0,47
Polygonum aviculare L 1 5,30| 0,05 3,86| 0,04| 2,34| 0,02| +
Potentilla anserina L." ® 1 1,00 0,01| + + 0,42 0,53
Potentilla erecta (L.) Rauschel * 2 + + -
Primula veris L." ° 2 + +
Prunela vulgaris L. 2 + + 0,58| 0,01| 1,13| 0,02
Ranunculus acris L.¥ © -1 1,00( -0,01 + + + 0,75/ -0,01| 1,02|-0,01
Ranunculus repens L. 2 0,29 1,95| 0,04| 3,13| 0,06 2,50| 0,05| 1,25 0,02 + 0,95| 0,02 +
Stellaria graminea L. 2 0,93 0,02 + + +
Thymus serpyllum L. em. Mill." 1 + +: 4 +
Urtica dioica L." 1 0,45 + + + 133 001 +
Veronica chamaedrys L. 2 1,45| 0,03| 1,05{ 0,02| 1,12( 0,02| 090| 0,02 035| 0,01 035| 0,01 + 0,41| 0,01| 0,41 0,01| 0,63| 0,01
Viola tricolor L.° 1 25,00| 0,25 1,50| 0,01 1,11| 0,01 +
12,29 0,16/43,59| 0,51|21,26/ 0,35| 18,86| 0,33 5,11| 0,26/ 13,55| 0,23[61,65| 1,07|22,52| 0,27|12,28| 0,13]| 10,18 0,07| 10,48 0,08
34,29| 1,23/47,21| 0,69]| 34,36 0,97|35,06| 1,09{33,17| 1,11|37,27| 1,36]62,55| 1,11]|31,23 0,70|30,11| 1,00|32,03| 1,1433,60{ 1,23
Prizdne miesta’ 1,45 20,02 1,10 0,87 1,00 1,45 17,45 4,40 3,66 1,66 2,90
Bre spolu® 5,51 3,10 5,42 553 5,62 5,61 2,54 5,06 5,52 5,70 5,53
Druhovi diverzita’ 50 23 33 35 38 38 25 36 39 40 40
FS = floristickd skupina — floristic group
A, B, K = varianty - variants
Kh = kfmna hodnota - feed value
%D = dominancia (pokryvnost) v % — dominance (representation) in %
Bre = bonitécia trdvneho porastu - evaluation of grassland

* lieciva (terapeutickd) rastlina — medicinal (therapeutic) plant
2 $kodlivé rastlina — noxious plant

¥ toxick4 rastlina — toxic plant

° absoliitna burina — absolute weed

lspecies, 2grasses. 3legumes. ‘herbs, ’valuable. Sthe rest, 7blanks, *Brpin total, 9spe::ies diversity




II. Agrochemické vlastnosti pody — Agrochemical soil properties

1
g:;::;)atel' K & B
1994 1994 1995 1996 1997 1998 1994 1995 1996 1997 1998

N, (gkg™ 1,65 2,63 2,21 1,92 1,75 1,62 2,52 2,10 1,95 1,79 1,69
P (mg.kg™) 44,12 58,03 51,35 48,07 46,03 45,20 59,05 55,25 51,03 49,90 47,00
K (mg.kg™) 125,17 | 210,04 | 190,13 | 150,19 | 131,43 | 125,15 | 230,15 | 200,60 | 170,30 | 150,12 | 13580
pH (KCI) 5,00 4,80 4,85 4,90 4,93 491 5,02 5,00 515 5,11 5,10
Cix (g.kg™h) 23,50 31,50 28,00 24,46 22,83 22,36 29,85 27,05 26,13 25,00 24,10
C:N 14,24 11,79 12,67 12,74 13,04 13,80 11,84 12,88 13,40 13,97 14,26

A, B, K = varianty - variants

'indicator, Zindex

Slovensku, kde blizke rozsiahle travne porasty velmi
vyrazne ovplyviiuji nepokryté plochy ladom leZiacej
ornej pody. Diseminéciou sa semena kultirnych druhov
z tychto ploch velmi rychlo rozsirovali. Sukcesny prie-
beh bol kratky, pretoZe uZ v jeseni druhého pokusného
roku sme zaznamenali ukoncenie $tiddia jednoro¢nych
burin na thore a zaliatok jeho zatravnenia. Vytvoril sa
travny ekosystém so zapojenou macinou a jeho krajino-
tvorna a ekologickd hodnota sa prejavila v porovnani
s nepokrytou ornou pédou v odolnosti voci vodnej
a veternej erdzii.

Na variantoch pokusov v podhori Skétska (600 aZ
700 m n. m.) v odli§nych klimatickych podmienkach
porovndvali Tiley, Philp (1996) kontrolu (trvaly travny
porast) s thorom vzniknutym prirodzenou regeneraciou
a thorom po sejbe komercénej mieSanky (pat druhov
trav a 14 li¢nych bylin). Druhova diverzita stipala viac
na ladom leZiacej ornej pdde, kde za tri roky (pH 5,3,
porast jedenkrat koseny v auguste aZ septembri)
z pddnej zasoby vykli¢ilo 31 druhov rastlin. Domino-
vali Poa trivialis (28 az 33 %), Agrostis stolonifera
(9 az 31 %) a lokalne Ranunculus repens (11 aZ 22 %).
Pri porovnani s nafimi podmienkami za rovnako dlhé
trojro¢né obdobie sme zaznamenali vy§§iu druhovi di-
verzitu (A variant 35 a B variant 40 druhov rastlin).

Priebeh sukcesie rastlinnych druhov v horskych pod-
mienkach ukazal, Ze po §tadiu jednoro&nych burin chy-
balo pyrové Stadium. Tym sa skratil ¢as samozatraviio-
vania, pretoZe uZ za dva roky sa vytvorilo $tadium
riedkotrsnatych a vybeZkatych trdv. Formovanie fyto-
cen6zy na uhore sprevddzali aj prebiehajice zmeny
v pode (rozklad humusu, ulahnutie pody). PribliZenie
sa k hodnotdm v pdde pod trvalym travnym porastom
potvrdzuje na variantoch thoru zniZenie hodnét C,,
a iprava pomeru C : N (tab. IT). Podobné zmeny zazna-
menal aj Viljams (1949).

Dobre zapojeny travny ekosystém s bohatou druho-
vou diverzitou, so zastipenim hodnotnych trav, legumi-

noz a bylin bez burinovych druhov s kimnou hodnotou
Kh = 4, prispel okrem produkénych aj k mimoproduké-
nym funkcidm (pddoochrannéd, vodohospodarska,
zdravotne-hygienickd, bio-homeostaticka, esteticka)
a k stabilite krajinného ekosystému.
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DISTRIBUCE VYBRANYCH STOPOVYCH PRVKU
V NEKOLIKA OMBROTROFNICH RASELINISTICH
CESKEHO MASIVU

DISTRIBUTION OF TRACE ELEMENTS IN SEVERAL OMBROTROPHIC
PEATBOGS IN THE BOHEMIAN MASSIF

V. Ettler, M. Mihaljevi¢

Charles University, Faculty of Science, Praha, Czech Republic

ABSTRACT: Vertical profiles from the Sphagnum derived peatbogs are used as the monitors of the historical pollution by
heavy metals via atmospheric wet and dry precipitation. Present study is focused on different trends in heavy metal distribution
in shallow profiles through the bogs. For this study, following ombrotrophic peatbogs located in the frontier mountains in the
Czech Republic were selected: Pod Jeleni horou (Kru$né hory), Bild Smé&da (Jizerské hory), Upské rafelinist& and Pan&avské
louka (Krkonoge), and Jezerni slat (Sumava). From each site peat cores were collected using a PVC cylinder with sharpened
bottom edge, 10 cm in diameter. At Jezerni slat, six peat cores were collected to determine the distribution of elements within
the bog. Cores, about 40 cm long, were freezed and sectioned into 2 cm thick parts using a band saw. Peat samples were
analysed for total concentration of Be, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn using the atomic absorption. The results confirm
higher trace element concentration in northern and north-western regions in the Czech Republic. In general, three main types
of trace element distribution in the vertical profiles were found: 1. Exponential increase of Cd, Cr, Cu, Fe, Mn, Ni and Pb
concentration. This trend is typical for sites in the northern part of the Czech Republic and could reflect the influence of
industrial activities in last decades (brown coal mining, heavy industry). 2. Monotonous distribution of metal in peat profile.
This invariable pattern was identified at Jezerni slat in case of Mn which belongs to metals whose postdepositional redistri-
bution is possible. 3. Concentration of metals increasing with depth. This type of concentration curve could be explained by
the constant flux of metals (Pb, Cu, Cr) in unpolluted regions (Jezerni slat), or by mobilisation of Fe from the upper to the
deeper part of the profile. High heavy metal concentration in the upper layers of peat profile indicates the historical pollution
of the system by industrial immissions. Detailed study at Jezerni slat shows the large local variation in the trace element
distribution within the peatland. Distribution of metals is influenced by pH, Eh, humic acid content, compression of peat, type
of Sphagnum, water level variation, surface vegetation, and the only knowledge of the element concentration is not sufficient
to determine the processes of their redistribution and mobilisation.

Keywords: peatbog; trace elements; pollution; profiles

ABSTRAKT: Price se zabyva distribuci vybranych kovii v jednotlivych horizontech profilt z t&chto vrchovistnich ragelinist:
Pod Jeleni horou (Krugné hory), Bild4 Smé&da (Jizerské hory), Upské raseliniité a Pangavsk4 louka (KrkonoSe) a Jezerni slat
(Sumava). Na Jezerni slati byla odebrana pravidelna sit esti vrtnych jader. Vzorky radelin byly analyzoviny na obsah Be,
Cd, Cr, Cu, Fe, Mn, Ni, Pb a Zn. Exponenciélni narist koncentraci v profilu smérem k povrchu byl zji$tén u Cd, Cr, Cu, Fe,
Ni, Pb a Zn na severofeskych a vychodoleskych lokalitich. Tento trend miZe indikovat narist zneidténi téchto oblasti
atmosférickymi imisemi zejména v poslednich desetiletich. Vzorky ra$elin z Jezerni slati vykazuji ve vét¥in& pfipadd niZ¥i
primérné koncentrace kovi, neZ byly naméfeny na ostatnich raselini$tich. Nartst koncentraci Fe, Cu a Pb s hloubkou, zazna-
menany v profilech z Jezerni slati, je ziejmé zplisoben konstantnim vstupem téchto prvkia do raSeliniit€. Podrobnéjsi studie
na Jezerni slati ukéazala, Ze doch4zi k lokdlnim odchylkdm v distribuci kovil v rdmci raselini§té. Distribuce prvki v raSelinisti
je ovlivnéna hodnotou pH a Eh prostfedi, mnoZstvim huminovych kyselin, kompakci raieliny, druhem ra$eliniku Sphagnum,
vyskou hladiny podzemni vody, typem povrchové vegetace apod.

Klicova slova: raselini§té; stopové prvky; zne&iténi; profily
UvVoD padu soudasného znedisténi. Za timto dcelem jsou Casto
zkoumany vertikalni profily vrchovi$tnimi ra$elini§ti

Porozuméni historickym trendiim v depozici zne¢i§-  nebo jezernimi sedimenty (Lee, Tallis, 1973; Vile, 1995
tujicich latek maZe pomoci pfi studiu a pfedpovédi do-  aj.). Prostfedi vrchovistniho ra3elini$t& je k tomuto ide-
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Xive

lu nejvhodnéjsi vzhledem k tomu, Ze vliv podzemnich
vod na redistribuci polutantd lze zanedbat. Jde tedy
o raSelini3t, kterd pfijimaji veskeré Ziviny vyhradné
suchou nebo mokrou depozici z atmosféry (Jones, Hao,
1993). Tyto ekosystémy jsou malo ovlivnéné minerdl-
nim podloZim a konkrétni lidskou ¢innosti. Mezi tako-
vé patfi pfedevSim vrchovi§té vysSich poloh, nezasaZe-
na pfimo hospodarskymi aktivitami (Havelka, 1994).
Samotny vertikalni profil rafelini§tém reprezentuje his-
toricky zaznam depozice fady sloucenin prvki do sys-
tému. Pro pouZiti vrchovistnich raSelini§t k monitoro-
vani atmosférické depozice se vychazi z nékolika
predpokladi:

— sloudeniny stopovych prvkia vstupuji do systému

pouze z atmosféry

— chronologicky zaznam depozice je nepferuSeny

(napf. té€zbou raseliny nebo jinymi aktivitami)

— po uloZeni nedo§lo k redistribuci nebo remobilizaci

prvki (Livett, 1988)

Pochybnosti o imobilité zejména té¢Zzkych kovi do-
dnes pfetrvavaji, aviak vétSina badatelli se domniva, Ze
aZ na vyjimky (Fe, Mn) nedochazi k redistribuci kova
po jejich depozici do systému (Jones, Hao, 1993; Vile
et al., 1995). Pro posouzeni zmén v depozici kovi do
ekosystému po pramyslové revoluci jsou odebirdna vrt-
na jadra do hloubky pfiblizné 50 cm.

Tato prace se zabyva porovnanim a interpretaci ver-
tikdlnich koncentracnich profili Ceskych vrchovist
z oblasti imisné postizenych s raSelini§tém nachazeji-
cim se v oblasti relativné neznecisténé.

MATERIAL A METODA

Byla vzorkovana tato raselini§té severnich a vychod-
nich Cech: Pod Jeleni horou, Bila Smédd, Upské rase-
liniSt€ a Pancavska louka (tab. I, obr. 1). Na kazdé
z téchto lokalit bylo odebrano jedno reprezentativni vrtné
jadro. Jako srovnavaci odbérova lokalita byla vybrana Je-
zerni slat na Sumavé, kde bylo odebréno est vrtnych jader
v pravidelné siti 15 x 15 m pro studium variability distri-
buce kovil v ramci raselinisté (tab. I, obr. 1).

—

1. Rozmisténi odbérovych lokalit — Localisation of sampled sites

1 — Pod Jeleni horou, 2 — Bila Sméda, 3 — Pancavska louka, 4 -
Upské radelini3t, 5 — Jezerni slaf

Odbér jednotlivych vrtnych jader byl provadén po-
moci PVC sondy zhotovené z vilce o praméru 10 cm
a délce 60 cm se zaostfenym spodnim okrajem. Vilec
byl lehkym rotaénim pohybem zasunut do raseliny tak,
aby stlaceni celého jadra bylo co nejmensi (tab. II).
Rukou byl zakryt spodni okraj valce a celé jadro bylo
vytaZeno na povrch. Po zazatkovani obou okrajl trubice
bylo kazdé jadro transportovdno do laboratofe, zmraze-
no a poté nafezdno na 2 cm silné platky. Jednotlivé
vzorky byly suSeny pfi 50 °C a homogenizovany
v achatovych mlynech. Kazdy vzorek byl mineralizo-
van metodou na suché cesté (zpopelnéni a postupny
rozklad HF, HCIO,4 a HCI) a analyzovén na obsah Be,
Cd, Cr, Cu, Fe, Mn, Ni, Pb a Zn atomovou absorp¢ni
spektrofotometrii pfistrojem Spectra AA 200 HT (Va-
rian).

VYSLEDKY A DISKUSE

Celkové vyssi koncentrace vétSiny kovu byly zjisté-
ny v profilech severofeskych a vychodo¢eskych vrcho-
vi§t (tab. III). P¥i studiu distribuce prvku v raselinistich
v zévislosti na hloubce byly zaznamenény tii zakladni
trendy v distribuci:

. Charakteristika studovanych ragelini§t vrchoviitniho typu — Characteristics of studied ombrotrophic peatbogs

R 22 3 Nadmofska Uhrn Prumérna )
RaSelini§té Pohofi Poloha vyka® (m) stiekS (mm) tcplota“ Q) PodloZi
50°31' E pararuly®, ortoruly’,
Pod Jeleni horou Krudné hory 13° 10' N 875-895 1 249 4,1 hlinitopis&itd seminal®
5 50° 50" E porfyricka biotitickd
Bild Sméda Jizerské hory 15° 18' N 950-980 1476 4.4 iulaY'
5 % 50° 46" E Zulovy zvétralinovy
Pancavska louka Krkonose 15° 30' N 1350 1513 1,8 plé!‘»t"z
- - 50 °44’ E . o "
Upské radelini§té Krkonose 15° 43’ N 1 420-1 430 1513 1.8 Zulovy zvétralinovy plast
Jezerni slat Sumava 49: 9 'E 1 058-1 075 1267 3,5 bimi.ﬂdl(-? pmuskoviticks
13°36" N granity '~

: atbog, Zmountains, 3posmon, 4.'xlutude, sum of precipitation, 6nvernge temperature, 7gcologn:al basement, xparagnelss. 90rthogne|ss.
loamy sand earth, ”porphyric biotite granite, IZgranitc: regolith, Bpiotite muscovite granites
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1. Délka jednotlivych vrtnych jader — Length of sampled peat cores

Ragelini¥ts! Délka vrtného jadra? (cm)
Pod Jeleni horou 42
Bild Sméda 45
Pancavska louka 40
Upské raselini§té 42
Jezerni slat | 38
Jezerni slat 2 35
Jezerni slat 3 36
Jezerni slat 4 30
Jezerni slat § 36
Jezerni slat 6 32

lpembcg. 2k-.nglh of peat core

1. Exponencidlni nartst koncentrace v profilu miZe byt
zplsoben zvySenou depozici prvku do raSelinisté
v obdobich vyrazné&j$i primyslové aktivity (t€Zba
a spalovani hnédého uhli, ¢ernd a barevna metalur-
gie). Tento trend je charakteristicky pro severoceské
a vychododeské lokality v piipadé Cd, Cr, Cu, Fe,
Mn, Ni a Pb (obr. 2). Podobny trend, zji§tény v dis-
tribuci Mn v nékolika profilech z Jezerni slati, miZe
byt zplsoben akumulaci tohoto esencidlniho prvku
v zZivych astech raSeliniku (Damman, 1978).

2. Nulovy koncentraéni gradient byl pozorovan v dis-
tribuci Mn v nékolika vrtech na lokalité Jezerni slat
(obr. 3). Jak uvadéji Jones, Hao (1993), patii Mn
k prvkim, jejichZ vertikdlni mobilita v profilu je
moznd. Tento trend tedy nesouvisi s konstantnim
vstupem prvku do raselini$té, ale je vysledkem mig-
race sloucenin Mn.

3. Nékteré prvky (Fe, Pb, Cu, Cr) vykazuji narast kon-
centrace v profilu smérem do hloubky (obr. 4). Tento

trend, zaznamenany zejména v profilech z Jezerni
slati, miZe byt vysledkem konstantniho vstupu prv-
ku do ragelini$té. Distribuce Fe miZe byt ovlivnéna
bud vazbou na huminové kyseliny, které se ve vét-
§im mnoZstvi vyskytuji ve spodnich partiich raSeli-
ny, degradovanych procesy humifikace (Mattson,
Koutler-Andersson, 1955; Wieder, Lang, 1986), ne-
bo je zplisobena mobilizaci Fe v profilu smérem do
hlubsich partii (Jones, Hao, 1993). V oblastech rela-
tivné malo imisné zatiZenych jsou vy$§i koncentrace
pozorovény ve spodnich partiich raelinisté, kde do-
chézi k dekompozici a stladeni raSeliny.

Distribuéni kiivky z lokality Pod Jeleni horou maji slo-
Zit€j8i prubéh a vykazuji maximum v koncentraci nékte-
rych prvki (Fe, Mn, Zn) v hloubce mezi 20 aZ 26 cm.
Tato odchylka od ostatnich lokalit souvisi s vyskytem si-
likdtového horizontu v hloubce kolem 20 cm, jehoZ ma-
teridl pochazi z vySe poloZenych svahi Jeleni hory, tvo-
fenych bazaltovymi zvétralinami. Tento horizont muiZe
distribuci zminénych prvka vyznamné ovlivnit (obr. 5).

Zvysené koncentrace rizikovych prvku ve svrchnich
vrstvach raSeliny jsou velmi &asto indikdtorem znedis-
téni prostiedi atmosférickymi imisemi. Exponencialni
narist koncentraci je typicky pro zneci§téné oblasti se-
vernich Cech. Podrobnéj§i studie na Jezerni slati uka-
zuje, Ze v ramci raSelini$té dochazi k lokalni odchyl-
kam v distribuci jednotlivych prvku. Hloubkova
distribuce kovu v raselinisti je ovlivnéna mnohymi fak-
tory: pH, Eh, mnoZstvim huminovych sloucenin, stlade-
nim ra$eliny, druhem raseliniku Sphagnum i typem po-
vrchové vegetace a také vySkou hladiny podzemni
vody. Ekosystém raelini$té je velmi sloZity a znalost
koncentraci prvkd v jednotlivych horizontech raselinis-
t€ neni sama o sobé dostacujici pro definovani procesi
mobilizace a redistribuce jednotlivych elementi.

III. Pramérné, maximdlni a minimalni hodnoty koncentraci stopovych prvki zaznamenané na jednotlivych raSeliniStich (mg/kg) — Mean,
maximum and minimum concentrations of trace elements from the peat of different sites (mg/kg)

Ragelinidt¢' | Hodnota? Be Cd Cr Cu Fe Mn Ni Pb Zn
x 0,21 0,76 8,01 15,62 9 591 39,44 7,31 129,45 51,57
Pod Jeleni
horon max 0,6 1,15 332 27,45 27 290 54,7 12,15 312,4 72,55
min <01 035 1,65 9,5 2 820 30,45 38 32 36,4
x 0,13 1,34 7,26 6,72 1981 19,24 3,38 233,94 | 4147
Bild Sm&di | max 03 38 34,6 31,5 8072 65,6 13,95 350,4 75
min <01 0,35 2,25 0,45 935 7,1 <1 69,4 10,4
x 0,16 1,37 4,26 538 1816 11,06 2,73 161,57 30,62
r:l:‘::“ké max 0.5 6.6 19,45 28,25 8760 | 6435 1215 | 51125 | 9235
min <01 <015 0,8 0,5 520 0,5 3.8 65,05 3,6
. X 0,27 0,79 6,48 9,01 1293 9,96 3,62 95,32 30,71
e s | max 0,55 215 | 2005 | 3 343 | 3155 | 11 24565 | 868
min <01 <015 0,8 1,55 770 2,5 1 10,35 0,95
. x 0,076 0,54 3,13 5,66 2030 31,08 5,66 63,18 35,87
s g max 02 1.2 52 82 2500 | 4105 | 1415 882 | 4372
min <0,1" <0,15 1,6 2,65 1 665 25,8 1,95 46,5 23,45
’ pod detekénim limitem — below the detection limit
lpembog. 2value
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2. Distribuce Pb ve vertikdlnim profilu raSelinidt¢ém Pancavska
louka — Pb distribution in vertical profile from the peatbog of
Pan&avska louka
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4. Distribuce Fe ve vertikdlnim profilu radelini§tém Jezerni slal 1 -
Fe distribution in vertical profile from the peatbog of Jezerni slat 1

osa x: koncentrace — x axis: concentration
osa y: hloubka - y axis: depth
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3. Distribuce Mn ve vertikilnim profilu raselini§tém Jezerni slaf 1 -
Mn distribution in vertical profile from the peatbog of Jezerni slaf |
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5. Distribuce Fe ve vertikdlnim profilu raSelini§t¢ém Pod Jeleni horou —
Fe distribution in vertical profile from the peatbog of Pod Jeleni horou
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Z VEDECKEHO ZIVOTA

THE FUTURE OF RESEARCH IN PLANT NUTRITION

PERSPEKTIVY VYZKUMU VE VYZIVE ROSTLIN

From the acceptance speech of prof. Dr. W. Werner from University of Bonn on the occasion of his
award doctor honoris causa of the Czech University of Agriculture in Prague (May 18, 1998)

Slavnostni projev prof. Dr. W. Wernera z Univerzity v Bonnu predneseny pFi prileZitosti udéleni
titulu doktor honoris causa Ceské zemédélské univerzity v Praze (18. 5. 1998)

Ladies and Gentleman,

The future importance of research in plant nutrition
for sustainable plant production is intensively discussed
for some years, in particullarly in industrial countries.
Let me try to give some answers in this concern. Re-
search in plant nutrition is necessary for further exten-
sion of our knowledge in the field of basic science and,
I think by far more in the field of applied plant nutri-
tion, that means fertilization. Unfortunately, in devel-
oped countries there is no longer a social agreement on
the importance of fertilization, above all on the use of
chemical-synthetical mineral fertilizers. The picture of
mineral fertilization produced in our media is very
rarely an objective one. It is mostly a highly distorted
picture. Unwanted side effects of fertilizer use are pre-
sented as a rule. In consequence, in public and political
opinion very frequently the transition to a less intensive
agriculture or even a total renunciation of synthetic fer-
tilizers are requested as alternatives.

Actually, in today’s discussions on fertilization
sometimes it seems as if fertilizers in principle would
be harmful. In contrast to this, the essential role of
fertilizers for plant growth and yield is scarcely given
special emphasis. Unfortunately, also scientists of many
ecological disciplines, that have recently expanded at
most universities outside the faculties of agriculture
(i.e. landscape ecology, nature protection, soil and
water protection), often have only limited information
and knowledge on basic principles of agricultural plant
production and the role of fertilization. So we should
not be at all surprised, if university education in these
disciplines is somewhat one-sided as far as fertilization
and fertlizers are concerned.

What is the consequence? I would like to give you
some examples:

— Some years ago in a popular-scientific journal there
was a graphic showing the world wide development
of fertilizer application since 1950. It was connected
with the explanation, that the curves would demon-
strate the dramatical increase of environmental pol-
lutions with agrochemicals.

— In an official hearing about the draft of the German
“soil protection law* there was a proposal to include
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fertilizers into the list of soil-endangering substan-

ces. :

— In the general meeting 1993 of the “German Soil
Science Society* proposals were introduced to change
the name of the Commission IV from “Soil Fertility
and Plant Nutrition* into “Agroecology and Ecoto-
xicology“. The main arguments for this proposal we-
re that soil fertility as well as plant nutrition would
be increasingly associated in the society’s mind with
“environmental pollution®.

We simply have to focus on this situation, when we
are concerned with the future role of plant nutrition and
fertilization. We know, of course, that there are many
cases with negative effects of unproper fertilization
practices to the environment, especially those con-
nected with excessive use of manure in areas with high
livestock densities. But this is not the rule. Inevitably
all farming has some environmental impacts. Like in
other production branches, so agricultural production is
not possible without any emissions. But what is essen-
tial, is to reduce these emissions to an environment-tol-
erable level wherever this level is already. Research in
soil fertility plant nutrition and fertilization in our de-
veloped countries should not be reduced because there
is already surplus production with some crops.

In 2010 the world population will increase to more
than 7 billion and in 2025 to almost 8.4 billion. Over
95% of the 90 million children added to the world
population each year are born in the developing coun-
tries. How to provide all these additional people with
a qualitatively and quantitatively adequate diet is one
of the biggest challenges facing the international com-
munity, in particular the scientists. By 2010 food output
will have to more than double, and by the year 2050
a further 50% increase in demand is likely.

There are two ways to increase agricultural output in
general and food production in particular at levels than
can satisfy this demand: expansion of agricultural land
and intensification. Land reserves still exist but they are
unevenly distributed. The most densely populated
Asian countries, for instance, have only slight expan-
sion possibilities. On the other hand, in many countries,
the area of land suitable for the production of food,
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fiber and energy is not only a limited resource, it is
even steadily declining, caused by accelerated soil deg-
radation and consumption of land for settlement, indus-
tries and infrastructure. Land expansion is often
ecologically risky. When cultivation is intensified with
the aid of fertilizers, new seed varieties, controlled irri-
gation, integrated plant protection, mechanization and
intercropping the benefits of short term yield increase
also have to be set against ecological risks. Excessive
use of fertilizers and plant protection and overintensive
mechanization may have unwanted effects on the envi-
ronment. On balance, however, the potential of increas-
ing yields through intensification and modernization,
carried out in conformity with the ecosystem, out-
weighs the alternative of expanding acreage.

The challenges to food production post by a rapidly
growing world population and increasingly scare natu-
ral resources are immense. This challenge is a global
one. It needs an international consensus on how to meet
future world’s food needs while reducing poverty and
protecting the environment. Meanwhile there is an
agreement between scientists that new plant varieties by
gene technology will play an important role in future
food security in developing countries. As far as ques-
tions of plant nutrition are concerned, the relevant re-
search goals of genetic engineering are focused on the
development of plant varieties with better nutrient up-
take efficiency and nutrient utilization efficiency, better
partitioning of assimilates, that means a pronounced ca-
pacity to transmute high fertilizer inputs into high crop
yields (rather than a growth of stems and leaves), a bet-
ter adaptability to adverse soil conditions (water stress,
salt stress, acid stress) and a better capacity for the ac-
quisition of soil nutrients by biochemical or root-mor-
phological strategies.
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The realization of these aims, Ladies and Gentleman,
needs interdisciplinary and integrated research ap-
proaches. Solutions are not readily available to meet
this challenge. One reason is that in spite of the need
for intensified research a significant reduction of re-
search supports in the fields of soil fertility, plant nu-
trition and fertilizers has to be seen. This did not only
happen at universities and public research institutes but
unfortunately also in the fertilizer industry. Undoubt-
edly one can fully understand that fertilizer companies
have to reduce costs in times of decreasing profits. But
that cost reduction has included to a particlular high
degree of their research units and fertilization advisory
services as well, as it has happened in Germany and
other European countries, that was beyond my under-
standing. For me, that was cutting of roots vital for the
future. The fertilizer industries, therefore, should not be at
all surprised if future research on the role of fertilization
in plant production and public opinion about this field, as
well, would be increasingly influenced by one-sided re-
searchers and advisers in the direction of alternative meth-
ods. Some of them consider fertilizer use per se to be the
root of agriculture’s environmental problems.

I think, that more investments will be necessary in
science, research and technology that improve crop
yields and reduce the degree of uncertainty of the con-
sequences of agricultural production activity on the en-
vironment. The basic principle of sustainable land man-
agement is to increase plant production with
technologies which make maximum use of solar en-
ergy, atmospheric carbon dioxide, water and soil nutri-
ents and with side effects to the environment, that do
not exceed tolerable levels. Fertilizer use, well adapted
to crop’s demand and site-specific conditions, will in-
dispensable belong to these technologies also in future.
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