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WATER CONTENT, OSMOTIC POTENTIAL AND ABSCISIC
ACID LEVEL AS INDICES OF FREEZING TOLERANCE
IN BARLEYS

OBSAH VODY, OSMOTICKY POTENCIAL A HLADINA KYSELINY
ABSCISOVE JAKO UKAZATELE MRAZUVZDORNOSTI JECMENU

I. Prasil, Z. Kadlecova, M. Faltus, P. Prasilova
Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT: Evaluation of winter-hardiness and freezing tolerance in a set of two varieties of winter barley (Lunet, Marinka)
and one spring variety (Akcent) by field methods was compared with a laboratory freezing test and with some physiological
and biochemical traits as freezing tolerance indicators (water content, osmotic potential, abscisic acid content). Field methods
allowed to classify varietal winter-hardiness by a 9-point scale (DWH) and to determine their freezing tolerance by the values
of minimum lethal temperature LT50 after a four-year evaluation like this: highest tolerance in Lunet DWH = 6, LT50 = -16.5 °C,
followed by Marinka DWH = 5, LT50 = -14.3 °C, lowest tolerance in Akcent DWH = 1, LT50 = -8.9 °C. A method used
for laboratory measurements: the varieties were grown at 16 °C for two weeks, their hardening took place at 3 °C in a fully
controlled environment (16 hour light) for another two weeks and the second, expanded leaves were taken for analyses. Varietal
freezing tolerance achieved in laboratory experiments was lower than in field experiments while differences in this trait were
significant and LT50 values were —13.6 °C in Lunet, -9.8 °C in Marinka and -7.9 °C in Akcent with lowest tolerance. As for
the physiological and biochemical traits, the water content was in highest correlation with varietal freezing tolerance classifi-
cation; it significantly decreased in all varieties after hardening. A similar classification was determined for osmotic potential,
which also decreased after hardening, but there was a significant difference between Lunet and Akcent varieties only. On the
contrary, no differences in abscisic acid content were observed between the varieties either before or after hardening. The
usefulness of expanded leaves for laboratory analyses was confirmed in which the characteristics of plant water status were
most consistent with direct evaluation of freezing tolerance.

Keywords: winter-hardiness; freezing tolerance; lethal temperature; water content; osmotic potential; abscisic acid; barley

ABSTRAKT: U souboru dvou odriid ozimého je¢mene (Lunet, Marinka) a jedné jarni odridy (Akcent) bylo porovnino
hodnoceni zimovzdornosti a mrazuvzdornosti polnimi metodami s laboratorni metodou mrazového testu a s nékterymi fyzio-
logicko-biochemickymi znaky jako ukazateli mrazuvzdornosti (obsah vody, osmoticky potencidl, obsah kyseliny abscisové).
Polni metody (Prasilova et al., 1999) umoznily rozli$it zimovzdornost odrad v devitibodové stupnici (SZ) a stanovit jejich
mrazuvzdornost v hodnotdch minimdlni letdlni teploty LT50 po ¢&tyfletém hodnoceni v tomto pofadi: nejodolnéjsi Lunet SZ = 6,
LT50 = -16,5 °C, nésledovala Marinka SZ = 5, LT50 = -14,3 °C a nejméné odolnd byla odrida Akcent SZ = 1, LT50 = -8,9 °C.
Pro laboratorni méfeni byly odriidy péstovany dva tydny pfi 16 °C a dalsi dva tydny otuZovany pfi 3 °C v plné regulovaném
prostiedi (16h osvétleni). Pro analyzy byly odebirany druhé vyvinuté listy. V téchto pokusech byla ziskana tdroveri mrazu-
vzdornosti odrid men$i neZ v polnich pokusech, jejich rozlifeni odolnosti v8ak bylo vyznamné a hodnoty LT50 dosahovaly
-13,6 °C pro Lunet, -9.8 °C u odriidy Marinka a -7,9 °C u nejméné odolné odridy Akcent. Z fyziologicko-biochemickych
znakt nejlépe porfadi odrid podle mrazuvzdornosti odpovidal relativni obsah vody, ktery po otuZeni rostlin vyznamné klesl
u viech odrid. Podobné pofadi bylo zji$téno u osmotického potencidlu, ktery rovnéZ klesl po otuZeni rostlin, ale vyznamny
rozdil byl zaznamendn pouze mezi odriidami Lunet a Akcent. Naproti tomu se odridy mezi sebou nelisily v obsahu kyseliny
abscisové pred otuZovanim rostlin ani po ném. Vhodné bylo pouZiti vyvinutych listi pfi laboratornich analyzéich, u kterych
pfimému hodnoceni mrazuvzdornosti odrid nejlépe odpovidaly charakteristiky vodniho rezimu rostlin.

Klicova slova: zimovzdornost; mrazuvzdornost; letalni teplota; obsah vody; osmoticky potencidl; kyselina abscisova; je¢men

INTRODUCTION age) frost is a dominant factor in the conditions of this

country that influences winter crop survival. Barleys are

Sufficiently high winter-hardiness of winter crops is  winter crops included in a group with lowest freezing
an elementary condition of their successful production  tolerance.

in this country. Among many abiotic stresses of the Even though there exists a number of methods, de-

winter season (flooding, ice cover, heaving, snow dam-  termination of winter-hardiness and freezing tolerance
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of winter crops in field conditions is a long-lasting process
with high labour and time requirements (Prasilova et
al., 1999). In order to accelerate the evaluation of freez-
ing tolerance in grain crops, various methods were de-
veloped in laboratory conditions (Prasil et al., 1989).
Besides direct determination of plant freezing tolerance
by a laboratory freezing test there is an urgent need to
use so called indirect evaluation of freezing tolerance
by means of various physiological and biochemical
traits (Machdckovd, HaniSova, 1990). As research on
the constitution of plant freezing tolerance has pro-
gressed, the number of potential tolerance-related traits
has increased, and is further specified. In addition to
characteristics of plant water status recent studies have
been aimed at the use of variations in the endogenous
content of abscisic acid (ABA) classified among so
called stress phytohormones (Kadlecova, 1999). Endo-
genous ABA contents in plants exposed to drought
were explicitly demonstrated to increase (Nilsen, Or-
cutt, 1996). Effects of low temperatures are often con-
nected with ABA accumulation (Lalk, Dérffling, 1985;
Machackova et al., 1989). Not all published results
document the identical conclusions, and some new pa-
pers appeared in which no relationship between vari-
ations in ABA content and freezing tolerance was con-
firmed (Dallaire et al., 1994; review-study by
Kadlecovi, 1999).

Freezing tolerance of plants is increased by harden-
ing. It is a gradual drop of temperatures in the fall in
natural conditions, and in some crops days getting
shorter (Sakai, Larcher, 1987). These processes can be
induced in laboratory conditions by temperatures lower
than 5 °C. It is important to know that only those plant
parts (e.g. shoots, leaves) can be used for analyses that
under a suitable experimental design maintain varietal
differences in freezing tolerance. Particularly expanded
green leaves are a good material due to their finished
morphological development; the fact that the plants are
not destroyed and can be used for further studies or for
selection of tolerant genotypes is also important (Sakai,
Larcher, 1987; Prasil, Faltus, 1994).

The objective of this paper is to compare methods of
winter-hardiness and freezing tolerance evaluation in
barleys grown in field conditions and determination of
their freezing tolerance in a controlled environment.
Besides a laboratory freezing test, our investigations
were aimed at the use of some important physiological
and biochemical traits (water content and osmotic po-
tential as basic components of plant water status, and
content of the phytohormone abscisic acid) as indirect
indicators of barley freezing tolerance. Another objec-
tive was to verify whether expanded leaves could be
used for the study of varietal differences in barleys.

MATERIAL AND METHODS
Three barley (Hordeum vulgare L.) varieties, Lunet,

Marinka and Akcent, were used as representatives of
the present collection of registered varieties. Winter va-
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riety Lunet is characterized by a higher tolerance to
winter stresses, Marinka is a new generation of two-
rowed winter barleys and Akcent is a typical spring
variety.

Field experiments. Multi-annual (1996 to 1998) ex-
periments were carried out in the Research Institute of
Crop Production at Praha-Ruzyné at regular intervals to
evaluate winter-hardiness and freezing tolerance of the
above varieties.

Winter-hardiness was evaluated by a provocation
pot-culture method when the varieties were grown in
pots placed at various heights above the ground for the
whole winter season. Regardless of cold intensity, win-
ter killing rates of the varieties were different in spring
every year. Degree of winter-hardiness (DWH) was cal-
culated for each variety from all values of surviving
plants by the method of variety classification. A win-
ter-hardiness scale ranges from | (= lowest hardiness)
to 9 (= highest hardiness). Provocation method and cal-
culation of winter-hardiness degrees were described in
detail in the papers by Prasil, Rogalewicz (1989) and
Prasil et al. (1994).

Freezing tolerance was evaluated by a freezing test
in plants grown on field plots. Plants of the particular
varieties were sampled in the field in the winter season,
cleared of soil and exposed to a freezing stress in nine
freezers controlled by a computer in the RICP. A stan-
dard method was used: freezing and thawing rates 2 °C
per hour and a 24 hour exposure to freezing tempera-
tures. After the freezing test terminated, plants were
grown in a greenhouse under optimum conditions (ad-
ditional light, temperature about 18 °C) and plant sur-
vival rates for the particular freezing temperatures were
determined after three weeks. So called lethal tempera-
ture LT50 was computed from these values using a pro-
gram developed in RICP (Janacek, Présil, 1991). LT50
indicates a temperature below the freezing point that
causes 50% mortality of plants. Three freezing tests at
least were carried out from the beginning of December
to the end of February during each winter season.

Laboratory experiments were aimed at plant grow-
ing and hardening in a fully controlled environment.
After six-day seed germination on wet filter paper at
16 °C in darkness, seedlings were grown in Hoagland 3
nutrient medium-(including micro-elements) for 14 days,
at 16 °C and under 16-hour daylight (illumination in-
tensity 400 p.mol/mzls). Hardening took place for an-
other 14 days under the same light conditions, but at
a temperature 3 °C. These parameters were determined
in plants of the particular varieties before and after
hardening: level of freezing tolerance (LT50), basic
characteristics of the water status of tissues (water con-
tent and osmotic potential) and endogenous level of
abscisic acid (ABA). The second fully-expanded leaves
were sampled for these determinations toward the end
of dark period, at the stage of full saturation of plants
with water and when they were free of any visible wilt-
ing. Preliminary experiments demonstrated that a two-
week period of plant hardening was sufficiently long to
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reveal differences in freezing tolerance of the varieties
and when the tolerance of expanded leaves did not vary
any more.

Freezing tolerance (LTS50) was determined after
a freezing test in freezing boxes by conductometric
measurements of electrolyte effluent from damaged tis-
sues (Janacek, Prasil, 1991). Water content was deter-
mined from a difference in sample weight before and
after 24-hour dehydration at 90 °C and was expressed
as fresh weight percentage. Osmotic potential was de-
termined psychrometrically on a WESCOR HR-33
(USA) apparatus, in the sap extracted from freezing
killed samples. It was given in MPa and against NaCl
calibration solutions. RIA (radioimmunoassay) accord-
ing to Quarrie et al. (1988) was used to determine abscisic
acid content in co-operation with the Division of Ra-
diobiology at Mendel Agricultural and Forestry Univer-
sity at Brno. Monoclonal ABA-antibody MAC252 was
bought from Dr. S. A. Quarrie (John Innes Institute,
England).

All values were compared by Student’s r-test and
significance of differences was determined at 5% sig-
nificance level.

RESULTS

Winter-hardiness and freezing tolerance was de-
scribed on the basis of data acquired in multi-annual
field experiments (Tab. I). The degree of winter-hardi-
ness was lowest in spring variety Akcent (DWH = 1)
and highest in Lunet variety (DWH = 6). Marinka was
assigned DWH =5, i.e. average winter-hardiness at an
international 9-point scale. Freezing tolerance of the
varieties was determined as minimum lethal tempera-
ture achieved by plants sampled in the field. The distri-
bution of minimum LT50 was basically proportional to
their winter-hardiness, ranging from —-8.9 °C in Akcent
to —16.5 °C in Lunet. That means Lunet variety with
highest winter-hardiness could tolerate the hardest freez-
ing of —16.5 °C, Marinka —14.3 °C and Akcent 8.9 °C
only. The difference between Lunet and Marinka toler-
ance was always smaller than that between the tolerance
of both winter varieties and spring variety Akcent.

Figs. 1 and 2 show the results of laboratory meas-
urements of varieties grown in controlled environment.
Freezing tolerance of all experimental varieties substan-
tially increased after two-week hardening. While LT50
of expanded leaves ranged from -3.6 °C in Akcent to
—4.7 °C in Lunet before hardening (i.e. at a temperature
of 16 °C), plant hardening at 3 °C was followed by

1. Barley varieties, their degrees of winter-hardiness (DWH, scale
I to 9) and minimum values of lethal temperatures (LTS0 in °C)

Variety Type Origin DWH LTS50
Lunet six-rowed CZE 6 -16.5
Marinka | two-rowed NLD S -143
Akcent two-rowed CZE 1 -89
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a significant increase in their freezing tolerance to -7.9 °C
in Akcent, -9.8 °C in Marinka and —13.6 °C in Lunet.
Differences in the level of freezing tolerance (LT50)
between the varieties were significant.

Water content was similar in all three varieties be-
fore hardening and it significantly decreased after their
hardening (Figs. 1 and 2). The highest decrease was
determined in Lunet from 87.9 to 77.1%, the lowest in
Akcent from 87.7 to 80.9%. Parallelly, a significant
decrease in osmotic potential was recorded in all three
varieties against the values of osmotic potential before
hardening (Fig. 2). Differences in the values of osmotic
potential between the varieties after hardening were sig-
nificant in Lunet and Akcent only.

The varieties did not show any differences in ABA
contents either before or after hardening (Fig. 1). The
increase in ABA content was highest in Lunet and low-
est in Akcent, but the differences were not significant
(Fig. 2).

DISCUSSION

Degree 4 and higher appeared to be a sufficient level
of barley winter-hardiness for variable winter condi-

= unet
-15 Marinka
Akcent

Lethal Temperature

(°c)
3

(%)

A
////; N

(MPa)

(ng ABA/gf.w.)

LENGTH OF HARDENING (weeks)

1. Characteristics of three barley varieties that were measured in
expanded leaves before and after two-week hardening; means of
three replications and their standard deviations are given
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Lethal Temperature

Water Content

(%)

(MPa)

(ng ABA/gf w.)

%

DIFFERENCE

2. Differences in the characteristics before and after two-week harden-
ing of three barley varieties; + or — indicates significance or insig-
nificance of difference for the variety concerned

tions in this country with alternating impacts of conti-
nental and maritime climate (Prasil et al., 1999). This
level was represented by both winter varieties from our
experimental set, with average (Marinka) and above-aver-
age (Lunet) tolerance. On the contrary, very low toler-
ance was determined in spring variety Akcent. It was
possible to discriminate their freezing tolerance in field
and in direct laboratory experiments. The induction of
freezing tolerance in plants and/or expanded leaves
used for laboratory evaluation was not so high (i.e. such
low LT50 values) as in plants from field experiments
but significant differences in the former material were
recorded after four-week growing in air-conditioned
boxes while the last two weeks of growing were at low
temperatures. Expanded leaves appeared to be an appro-
priate material for further analyses and for the study of
physiological and biochemical traits.

196

As for the traits under study, substantial variations
in both components of the water status of plants water
content and osmotic potential, were observed. Freezing
tolerance depends on the tolerance of tissues to water
freezing, therefore a decrease in water content is often
correlated with plant hardening (Sakai, Larcher, 1987).
A decrease in osmotic potential can provide for higher
amounts of water in liquid state if temperatures drop
below zero, preventing the formation of large and de-
structive ice crystals in the tissue. Hence it is not sur-
prising that these traits were previously mentioned as
parameters of tolerance in the particular species (Levitt,
1980). But their correlations with freezing tolerance
were not confirmed in all cases, mainly when samples
were taken in field plots or when different grain species
were compared (Mclntyre et al., 1988). Moreover, there
may be circadian fluctuations in water content in the
tissues, and this is the reason why leaves were sampled
at the end of dark period and all determinations were
made instantly after sampling. It was possible to demon-
strate that water content and osmotic potential de-
creased during barley hardening in a controlled envi-
ronment: more sharply in the more tolerant variety
Lunet. But no significant differences were proved in
osmotic potential between the varieties Marinka and
Akcent after hardening. A decrease in water content and
osmotic potential is linked up with an increase in freez-
ing tolerance on the one hand, but it is one factor only
that cannot explain differences in the tolerance of all
varieties in a satisfactory way. On the other hand, these
traits can be used as benchmark indicators of variations
in freezing tolerance under defined conditions (the same
sampling date, identical and even-aged plant part, etc.).

Abscisic acid accumulation was previously related to
the degree of freezing tolerance and considered as
a good marker of such tolerance (Lalk, Dorffling, 1985;
Machéckova, HaniSovd, 1990). Some papers have re-
cently been published reporting that the effect of vari-
ations in ABA content on plant freezing tolerance is
questionable, ABA might play its role in the process of
hardening but without any increase in its content (Dal-
laire et al., 1994). Our measurements did not confirm
any significant differences in ABA contents between
the barley varieties before and after two-week harden-
ing. A certain trend of absolute ABA increase was ob-
served when the difference between hardened and non-
hardened plants of the particular varieties was
established but it was not statistically significant (Fig. 2).
So it is not possible to exclude a possibility of a tran-
sient increase in ABA content during hardening, but the
increase can also be related to a decrease in water con-
tent during hardening. In this case the effect of low
temperature cannot be explicitly separated from the ef-
fect of dehydration on ABA content. In addition, the
latest findings (Bravo et al., 1998) show that different
sensitivity of the particular varieties to ABA can play
its role in barleys. The relation of ABA to freezing
tolerance of barleys is not simple, and our results indi-
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cate that the endogenous ABA content could not be
used to describe freezing tolerance of barleys.

If different methods and approaches to evaluation of
winter-hardiness and freezing tolerance were taken into
account, direct exposition of plants to a freezing test
yielded the most accurate results of varietal tolerance
determination; as for indirect methods, determination of
variations in the water status before and after hardening
was best.
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DYNAMICS OF SPECIES RICHNESS OF FLOODPLAIN
MEADOWS

DYNAMIKA DRUHOVE PESTROSTI NIVNICH LUK

F. Klimes$

Faculty of Agriculture, University of South Bohemia in Ceské Budéjovice, Czech Republic

ABSTRACT: The effects of different nutrition level on dynamics of species richness and total stand composition were
observed in a permanent grassland (association Stellario-Deschampsietum FREITAG 1957, initial stand type Alopecuretum)
in floodplain of upper LuZnice River, South Bohemia, between 1987 and 1999. A sinusoid oscillation with ten- or eleven-year
cycle along totally zero trend of increase in species richness was observed in the non-fertilized stand. A depression in species
richness occurred initially in the fertilized stands. Depression rate and duration of that period increased continually with
increasing N doses. There were observed yearly decline 1.63 species and depression duration till about ninth year since the
initial fertilization with 300 kg N + PK. The increase in species richness started to reach a threshold level of growth resilience
(¢, > +0.1) with about one year delay after the turning point (minimum species count). As results from the observations,
changes in grassland species richness are affected by nutrient doses (preferably by N) and duration of their application.
A procedure for marginal species richness calculation described in the article seems to be an appropriate dynamic charac-
teristics for specification of species richness development.

Keywords: floodplain meadows; species richness; species diversity; dynamic models; marginal analysis

ABSTRAKT: Pii studiu rozvoje mimoprodukénich funkei travnich porosti je tieba vénovat zvlastni pozornost jejich druhové
diverzité (Rychnovska et al., 1985). DuleZitou oblasti v feSeni téchto otizek je hlubsi analyza procesi fytocenologické
dynamiky pfi rdznych zpuisobech obhospodaiovani téchto cenéz (Begon et al., 1997). V uvedenych intencich byl u trvalého
travniho porostu v nivé feky LuZnice (nadmoiskd vys$ka 452 m, asociace Stellario-Deschampsietum FREITAG 1957, vychozi
porostovy typ Alopecuretum) sledovan vliv diferencované trovné vyZivy (tab. II) na dynamiku druhové pestrosti i celkové
porostové skladby, a to ve tfech ¢asovych etapich (tab. I). VZdy pied prvni se¢i byla analyzovana porostova skladba cen6z
(stanoveni projektivni dominance jednotlivych druhii, agrobotanickych skupin a prazdnych mist v %, Regal, Veseld, 1975).
Pro hodnoceni druhové diverzity byl pouZzit Shannoniiv index diverzity. Dynamika druhové pestrosti byla ovéfovana s vyuZitim
dynamického regresniho modelu, vyjadfujiciho vztah mezi diavkou N v l<g‘ha'l (x), délkou doby jeji aplikace (¢ = pocet let)
a celkovym poétem vysSich rostlin v porostech: Q = f (x, r). Dynamicky model byl podrobné analyzovdn pomoci metod
margindlni analyzy. U nehnojeného porostu se projevila sinusoidni oscilace druhové pestrosti (s 10- aZ 11letym cyklem) kolem
celkové nulového trendu rastu. U hnojenych porostii dochazi k depresi druhové pestrosti (tab. III, IV, VII az XII), pficemz
mira deprese a doba trvéni této faze plynule vzristd s vy$i ddvky N; od roéniho tbytku 1,04 druhi pii dobg trvani poklesu
do cca 3estého roku od pocdtku hnojeni pfi aplikaci davky PK (bez N) aZ po primérny roéni dbytek 1,63 druht s dobou
deprese az do cca devatého roku od pocatku aplikace davky 300 N + PK (tab. IV). Pfiblizné s ro¢nim zpoZdénim za bodem
obratu (minimdlni pocet druhil) zacind dosahovat vzrist druhové pestrosti prahové hodnoty pruZnosti ristu (e, > +0,1; tab. VI).
Ukazalo se, Ze druhovd pestrost travnich porosti je funkei davky Zivin (pfedeviim N) a doby trvéni jeji aplikace. Vhodnou
dynamickou charakteristikou pro specifikaci vyvoje druhové pestrosti je margindlni druhovéd pestrost (tab. V), kterou od
dynamického regresniho modelu (rovnice 2, 9) odvodime jako jeho parcidlni derivace (rovnice 3, 4, 10, 11). Je prezentovan
postup pro stanoveni komplexné pojaté dynamiky druhové pestrosti s uplatnénim dynamického regresniho modelu a na zakladé
princip margindlni analyzy, mezni druhové pestrosti, mezni substituce relevantnich faktorti a pruznosti druhové pestrosti.

Kli¢ovi slova: nivni louky; druhova pestrost; druhovi diverzita; dynamické modely; marginalni analyza

INTRODUCTION is desirable to harmonize producing functions of grass
biomes with developing non-producing roles. Grasslands

Grasslands fulfil an array of non-producing func- management should allow their effective participation
tions and participate thus in protection and stabilization ~ both within farming systems and in wider ecological
of both abiotic and biotic components of the environ-  linkages within landscape (Klime§, 1997). Grasslands
ment (Rychnovska et al., 1985; Duvigneaud, 1988). It  diversity plays a specific important role among the latter
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ones and it is necessary to develop theoretical knowledge
of both qualitative and quantitative aspects of its dy-
namics (Begon et al., 1997).

From these points of view there were studied dynamics
of species richness and of total stand composition at
different levels of fertilization in floodplain meadows.
Moreover, some methodic aspects dealing with forma-
tion of dynamic models of species richness and ap-
proaches to their analysis using marginal variables
(Dufek, 1979) were also studied.

MATERIAL AND METHODS

Changes in species composition and richness at dif-
ferent N doses and a constant level of P + K fertiliza-
tion, and at a non-fertilized control stand were observed
in a permanent grassland in floodplain of upper LuZnice
River, SE Bohemia, between 1987 and 1999.

The observed stands belong to association Stellario-
Deschampsietum FREITAG 1957. The initial commu-
nity was of stand type Alopecuretum (subtype Alopecu-
reto-Poetum pratense). The stand and site
characteristics were described in details by Prach et al.
(1996). The minimum area of the observed community
was 13.7 m%. The observations were carried out in three
time stages (Tab. I).

The experiment was designed by the method of ran-
dom blocks in triplicates. Each plot was 15 m? large.

1. Time schedule of the observations

Stage Year(s) Activities

observations of non-fertilized stands

L 1287 (control variant)

observations of stands with different level

I, [1988=1995 ¢ fertilization

L | 1996-1999 observations of response following out of

fertilization

II. Design of the observed experimental variants

Doses of pure nutrients (kg.ha™")
Variant N P K
il;l after after totsl ip ip
spring | Ist cut | 2nd cut spring | spring

1 - = = - = =

2 - - - - 30 50

3 50 - - 50 30 50

4 75 25 - 100 30 50

5 100 75 25 200 30 50

6 125 100 75 300 30 50

Applied fertilizers:
ammonium nitrate with limestone (27.5% N)
superphosphate (40% P,05)
potash salt (60% K,0)

200

The different doses of nutrients were applied during the
second stage (Tab. II).

The stands were cut three times annually. First cut
carried out during the initial flowering of Alopecurus
pratensis. Analyses of stand composition (determi-
nation of projective dominance of individual species,
agribotanical groups and percentage of uncovered
space) were carried out by Regal, Veseld (1975).

Diversity of the observed cenoses was assessed by
Shannon’s diversity index (H):

Q
=-% PilnP; (1)
i=1
where: Q - total count of plant species in a stand
P - projective dominance of i-th species (%/100)
Dynamics of species richness was assessed using
a dynamic regression model, expressing dependence of

total count of plant species in a stand (Q) on N dose
(x; kgha!) and time (1; 1988 =0, 1989 = 1, ..., 1995 = 7):

0=fxn (2)

Rates of changes in species richness (= marginal spe-
cies richness) were determined in relation to N dose (x)
or time (f) as partial derivation of function (2):

_%

Bor= 5x 3)
=50

Bor=7, “)

where: B — marginal species richness in relation to N dose (x) or time (1)

Levels of marginal substitution of (x) and (1) were
derived also from the dynamic model (2):

_ Sx - BQ/
%a= E N BQ.r (5)

&  Box
U= Bor (©6)

Resilience of species richness (e,, ¢,) in dependence
on (x) or (t) was determined by the following manner:

80 «x

X
ex——g.a—ﬁg,.”é @)

%0 1 o1
“«=5 g Peg =

The dynamic model (2) was calculated for the group
of variants 2 to 6 and for years within 1988 to 1995
period (the same P + K nutrition, by principle ceteris
paribus) using Gauss method of least squares. The char-
acteristics (3) to (8) were derived from the model (2) by
the principles of marginal analysis of quantitative vari-
ables.

RESULTS AND DISCUSSION
Different tendencies in development of species rich-

ness in differently fertilized stands were observed dur-
ing the experimental period (Tab. III). In the non-fertil-
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I1I. Total counts of higher plant species in the observed stands

Year
Variant 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 17 17 18 23 22 22 19 17 18 18 18 20 21
2 19 21 21 21 20 19 18 17 18 18 19 19 20
3 17 20 22 18 18 17 18 17 20 16 19 21 18
4 17 20 22 16 14 14 12 12 13 10 13 19 17
5 15 20 20 15 16 14 13 9 12 15 12 16 17
6 15 17 23 8 8 7 10 8 9 12 12 11 13
IV. Initial and minimum theoretical values of species richness in the observed stands
Variant Fertilization o) At Qlice AQ' AQ'/A
4.812
2 0N+ PK 228 17.8 -5.0 -1.04
5.282
3 50 N + PK 22.1 16.2 -5.9 -L12
5.751
4 100 N + PK 214 14.4 -7.0 -1.22
6.690
S 200 N + PK 20.0 10.5 =9.5 -1.42
7.629
6 300 N + PK 18.8 6.4 -12.4 -1.63
Q;, = theoretical count of higher plant species in the first year of different nutrition
Q'nin = theoretical minimum count of higher plant species
AQ" =0y~ Q'nmin
Atpmin = theoretical count of years since the initial fertilization, after which count of higher plant species decreases to minimum level

V. Marginal values of species richness (Bg,) in the observed stands

P t (years of observations)
Variant
0 1 2 3 4 5 6 7 8
2 -2.050 -1.624 -1.198 -0.772 -0.346 +0.080 +0.506 +0.932 +1.358
3 -2.250 -1.824 -1.398 -0.972 -0.546 -0.120 +0.306 +0.732 +1.158
4 -2.450 -2.024 -1.598 -1.172 -0.746 -0.320 +0.106 +0.532 +0.985
5 -2.850 -2.424 -1.998 -1.572 -1.146 -0.720 -0.294 +0.132 +0.558
6 -3.250 -2.824 -2.398 -1.972 -1.546 -1.120 -0.694 -0.268 +0.158
VI. Resilience of species richness (e,) in the observed stands
Variant :
0 1 2 3 4 5 6 7 8
2 0.000 -0.077 -0.122 -0.124 -0.077 +0.022 +0.167 +0.345 +0.541
3 0.000 -0.091 -0.151 -0.169 -0.132 -0.037 +0.113 +0.305 +0.522
4 0.000 -0.106 -0.184 -0.220 -0.199 -0.111 +0.044 +0.254 +0.511
5 0.000 -0.139 -0.263 -0.352 -0.381 -0.324 -0.166 +0.088 +0.411
6 0.000 -0.179 -0.365 -0.540 -0.673 -0.713 -0.599 -0.290 +0.197

ized stand (variant 1) total count of plants increased
insignificantly (approximately for 0.1 species per year).
Thus, trend component of species richness dynamics
showed nearly zero increase. A sinusoid oscillation
along the trend component with about ten- or eleven-
years cycle was observed. It can be characterized by

ROSTLINNA VYROBA, 46, 2000 (5): 199-208

a polynomial of fourth-degree with maximum, inflexion
and mininum at 3rd, 6th and 8th year, respectively.
Changes in species richness in the non-fertilized stand
and cycle duration ask for long-term observations of
stands, which has been necessary for solution of their
phytocenologic dynamics (Klecka, Fabian, 1934;
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VIIL. Development of stand composition in variant 1 (non-fertilized), expressed by time succession of projective dominance (% D) of the

individual species and agribotanical groups

Species Year

Agribotanical group 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Agropyron repens 1 + + + + + +
Agrostis stolonifera + 6 14 5 1 + + + + + + + +
Agrostis tenuis + + + 3 4 5 3 + 3 + 4 + +
Alopecurus geniculatus 40 12 2 + 4 2 1 3 + 4 + +
Alopecurus pratensis 49 17 8 9 11 8 10 13 8 5 4 7 18
Baldingera arundinacea 4 + . ; + +
Deschampsia caespitosa 7 1 5 2 2 1 2 2 4 1 1 6
Festuca pratensis + 1 + 2 1 1 1 + +
Holcus lanatus 1 10
Lolium perenne . . . + + + + + +

Phleum pratense =

Pou palustris + 1 8 1 | + + + 1 +
Poa pratensis 16 11 5 18 14 18 18 10 18 11 4

Poa trivialis 2 19 27 + + 2 g : ¢ g
Grasses 83 95 80 46 35 39 35 28 35 20 21 14 37
Trifolium dubium +
Trifolium hybridum i § + 1 + + + + + + & +
Trifolium repens + 1 34 40 39 44 35 40 1 + 26 2
Clovers + | 6 35 40 39 44 35 40 1 + 26 2
Bellis perennis + + + + + + +
Cardamine pratensis 2 " + + 1 + + + + + + 1 8
Cerastium vulgare . + | 2 5 + 3 1 | 2 1 |
Lychnis flos-cuculi +

Myosotis palustris ‘ ¥ ‘ + + 1 1 1 1 + 1 1
Plantago lanceolata ; P v 1 2 3

Plantago media + 1 2 2 + . . . .
Ranunculus repens 5 3 + 5 6 11 10 28 11 48 69 51 33
Rumex acetosa + +

Rumex obtusifolius 4 + + + + . +

Taraxacum officinale 1 + 4 5 4 3 5 7 6 5 2 2 6
Veronica chamaedrys + + + + g

Veronica scutellata z : 0 + 3 2 1 i 1 + +
Other herbs 10 3 6 15 23 20 20 37 23 25 73 56 50
Carex leporina 1
Juncaceae + Cyperaceae ! i . |
Uncovered places 7 1 8 4 2 2 1 2 24 6 4 1

Rychnovskd et al., 1985; Moravec et al., 1994). On the
contrary to oscillatory character in species richness of
the non-fertilized stand, in its composition there can be
seen some more distinct tendencies of succession —
gradual decrease of grasses projective dominance and
simultaneous increase of coverage degree of other herbs
(mainly of Ranunculus repens) and since fourth year of
the observations also of clovers (Tab. VII).

The dynamic non-linear regression model (9) describ-
ing development of species richness (Q) in dependence
on N dose (x; kg.ha‘l) and time (7; 1988 = 0, 1989 = 1,
..., 1995 = 8) seems to be the most effective way for
explanation and prediction of species richness of the
observed differently fertilized cenoses:

202

Q=22.845-0.015x - 2.050r + 0.000004824x% +

+02131% - 0.004x1 )

Iy 4=0902""
Io,. =0813™
To (=0.743"

Analytical characteristics (B = marginal species rich-
ness; o = marginal substitution; e = resilience of species
richness), derived from the dynamic model (9) were
specified by a following manner:
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VIII. Development of stand composition in variant 2 (0 N + PK), expressed by time succession of projective dominance (% D) of the individual
species and agribotanical groups

Species Year
Agribotanical group 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Agrostis stolonifera + 1 10 1 1 + + + + + + + +
Agrostis tenuis 3 + + 2 | 3 1 + 1 + 1 + +
Alopecurus geniculatus 1 46 7 1 s 4 8 § ¥ 3 i 1 +
Alopecurus pratensis 50 23 6 10 12 11 11 14 10 7 11 11 29
Baldingera arundinacea 6 + + + + | 1 1
Deschampsia caespitosa 5 1 2 + + + + + + 8 3 1
Festuca pratensis + + 2 2 2 1 1 + | 1 1 + +
Lolium perenne . L, ® . 1 2 1 1 + 1 + 1
Phleum pratense 3 + + + 5 +
Poa palustris + 1 3 5 2 1 + + 1 + 2 1 1
Poa pratensis 17 8 5 19 21 20 21 11 22 6 7 3 4
Poa trivialis 3 11 23 + + + 3 1 ; + 3 3 B
Grasses 85 91 58 41 41 37 35 26 36 23 23 20 36
Trifolium dubium g " . . ” » " . . , . 5 1
Trifolium hybridum F + 1 | | 2 1 4 1 + + + +
Trifolium repens + 5 30 39 40 44 44 36 42 2 + 38 29
Clovers + 5 31 40 41 46 45 40 43 2 + 43 30
Bellis perennis 1 s ¢ i + + + % + + +
Cardamine pratensis + 5 + + | 1 + $ + + + 2
Cerastium vulgare 5 + 2 4 9 4 2 + 4 + 1 + +
Lychnis flos-cuculi . : 5 3 + 1 + : + *
Myosotis palustris g . 2 3 n S ; 5 v i 3 1 2
Plantago lanceolata . y + + +
Plantago media + + | 1 1 + . . . "
Ranunculus repens 4 2 + 2 1 11 28 10 58 70 29 21
Rumex acetosa +
Rumex crispus +
Rumex obtusifolius 3 + + . +
Taraxacum officinale 1 3 8 6 7 6 4 6 1 4 3
Veronica chamaedrys + + :
Veronica scutellata 3 + + + + 2 1 + 1 + + + +
Other herbs 8 3 15 18 17 20 33 21 59 75 35 33
Uncovered places 7 1 5 4 + + + + + 16 2 2 1
ﬁQ.r =-0.015 + 0.000009648x — 0.004¢ (10)
BQ, =-2.050 - 0.004x + 0.426¢ (11)
2.050 — 0.004x + 0.426¢
0,015 +0.000009648x — 0.0041 o
- 0.015 + 0.000009648x — 0.004¢
wT T 22.050 — 0.004x + 0.426¢ tz)

. —0.015 +0.000009648x — 0.004xt {ids

* 22,845 - 0.015x - 2.050¢ + 0.000004824x” + 0.2137% - 0.004xt

— 2.050¢ +0.4261 — 0.004xt
€ (15)

" 22.845 - 0.015x - 2.050¢ + 0.000004824x% + 0.2137 — 0.004xt
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IX. Development of stand composition in variant 3 (50 N + PK), expressed by time succession of projective dominance (% D) of the individual

species and agribotanical groups

Species Year

Agribotanical group 1987 | 1988 | 1989 [ 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Agrostis stolonifera + + 9 1 + + + + + + + +
Agrostis tenuis + + + 2 + + + + + + +
Alopecurus geniculatus 1 11 4 + +
Alopecurus pratensis 47 32 13 25 28 22 19 20 18 16 17 12 32
Baldingera arundinacea 3 + + + + + + +
Deschampsia caespitosa 4 2 4 + + + + + 1 18 4 4 2
Festuca pratensis + + 3 1 2 1 2 + 1 | 1

Lolium perenne ¥ . 2 ¢ 1 + | 2 | + 1

Phleum pratense 1 7 1 + + + +

Poa palustris + 3 4 5 1 + + 1 2 2 | 3
Poa pratensis 18 10 4 23 20 21 18 17 20 13 7 1 3
Poua trivialis 3 35 27 3 | + 1 1

Grasses 77 93 70 60 55 45 40 40 39 50 32 18 40
Trifolium dubium 2 |
Trifolium hybridum 5 + + + + + + + + + 2
Trifolium repens 1 2 14 20 26 25 34 27 32 3 + 29 24
Clovers 1 2 14 20 26 25 34 27 32 3 + 33 25
Cardamine pratensis 5 5 + + + 1 1 1 + 1 2 5
Cerastium vulgare i * 1 2 4 3 2 + 1 + 1
Lychnis flos-cuculi + + 4 + +
Myosotis palustris 5 8 s § + + + 1 ot * 2 I
Plantago lanceolata é 2 +

Plantago media 5 + |

Ranunculus repens 7 4 7 8 7 15 14 26 16 39 61 32 18
Ranunculus acer ; . g i + +

Rumex acetosa +

Rumex obtusifolius 5 + + 1 + +
Taraxacum officinale 2 1 3 7 5 8 7 6 6 5 2 4 8
Veronica chamaedrys + + + + +
Veronica scutellata + + 1 2 | + 1 + + + +
Other herbs 14 5 12 18 19 30 26 33 26 44 65 40 33
Carex leporina + + + +
Juncaceae + Cyperaceae + + + +
Uncovered places 8 " 4 2 + + + + + 3 3 9 2

As results from the analysis of the model (8Q/6t = 0),
with increasing N doses there intensifies decline in spe-
cies richness per time unit (one year) and simultane-
ously extends time period of decrease of total species
count to minimum level (Tab. IV). Time period from
the start of different nutrition via initial decrease of
species richness to the turning point (A7gpi,) in depend-
ence on N dose (x) can be expressed quantitatively by

the equation:
Atgmiy = 4.812 + 0.009389x (16)

As can be seen from the development of marginal
values of species richness (Bp,) at different N doses

204

(+ PK), after the turning point (16) values of BQ, are
positive. Ordered trends are recognizable: at N doses 0,
50, 100, 200 and 300 kg.ha‘[ (+ PK) since about 6th,
7th, 8th and 9th year, respectively, since the start of
fertilization (Tab. V).

A similar, diagonally orientated order within the matrix
there show positive values of the resilience of species
richness (Tab. VI).

Values ¢, > +0.1 were observed in the stands fertil-
ized with N doses 0, 50, 100, 200 and 300 kg.ha‘l
(+ PK) since 7th, 8th and 9th year, respectively, since the
start of fertilization. Thus, the regeneration mechanism
of floodplain meadows from species richness point of
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X. Development of stand composition in variant 4 (100 N + PK), expressed by time succession of projective dominance (% D) of the individual

species and agribotanical groups

Species Year

Agribotanical group 1987 1988 1989 1990 | 1991 1992 | 1993 1994 | 1995 1996 1997 1998 1999
Agrostis stolonifera 1 + 8 + + + + +
Agrostis tenuis + + + 1 | + +

Alopecurus geniculatus + 8 2 + ®
Alopecurus pratensis 53 37 26 3 1 42 35 33 32 26 30 12 30
Baldingera arundinacea 4 + 8 1 | + + 1 + +
Deschampsia caespitosa 5 3 5 5 I | 3 5 3 17 14 11
Festuca pratensis + + 1 1 1 + + + + +
Phleum pratense 1 + + .

Poa palustris + 3 3 6 2 1 + 3
Poa pratensis 14 12 4 34 33 40 36 31 37 14 14 12 7
Poa trivialis 3 33 24 | 2 1 c 1

Grasses 81 96 81 79 82 78 73 71 72 57 48 38 50
Trifolium dubium 1 2
Trifolium hybridum 3 2 + + 2 1
Trifolium repens 1 1 10 5 3 2 6 ) 5 + 13 19
Clovers 1 1 10 5 3 2 6 5 5 + 16 22
Cardamine pratensis 5 3 + + + + + + + + + S
Cerastium vulgure + + + 2 4 2 2 + 2 + 1 E 1
Cirsium palustre + + +

Lychnis flos-cuculi

Myosotis palustris + +
Plantago lanceolata i + +

Plantago media . + 1

Ranunculus repens 6 2 6 8 13 12 18 15 29 45 30 10
Rumex acetosa + 1 1
Rumex obtusifolius 2 + 1 2 + + + +
Taraxacum officinale 1 1 4 s 3 6 6 6 2 K 5
Veronica chamaedrys + +

Veronica scutellata + 1 1 + + + + + + +
Other herbs 9 3 9 15 15 20 20 24 23 31 49 36 22
Curex leporina +
Juncaceae + Cyperaceae + +
Uncovered places 9 3 + 1 + + 1 + 12 10

view was inhibited in increasing extent with increasing
N (+ PK) doses.

The highest diversity, expressed by Shannon’s index
(H = 1.857), after eight-year application of different
doses N (+ PK) was observed at dose 50 N + PK. With
increasing N doses values of the index decrease con-
tinually to level 1.267 at dose 300 N + PK. Values of
the index were about 1.75 in the stands non-fertilized
with N (variants 1 and 2). After four years 1996 to 1999
with no fertilization, maximum values of the index
H .« = 1.993 was found in the stand fertilized with
200 N + PK during the eight-years experimental period,
while the lowest value H,;, = 1.345 was observed in
the stand fertilized with 0 N + PK (variant 2). The
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found values of the index H have similar trends as pro-
duction parameters (Stielecek, Klime§, 1996) and rota-
tional fertilization of grasslands seems to be appropriate.

Within the management of grassland stands compo-
sition there must be taken into account also proportion
of the individual species and agribotanical groups for
harmonization of production and non-production roles
of those phytocenoses (Duvigneaud, 1988; Klimes, 1997).

In the observed stands the main species affecting
both production and good quality were Alopecurus
pratensis, Poa pratensis and Trifolium repens, while
development of Deschampsia caespitosa and Ranuncu-
lus repens played a negative role in some variants. The
considerable effect of nutrition and of total duration of

205



XI. Development of stand composition in variant 5 (200 N + PK), expressed by time succession of projective dominance (% D) of the

individual species and agribotanical groups

Species Year

Agribotanical group 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Agrostis stolonifera . + 4 | | +
Agrostis tenuis + + + +

Alopecurus geniculatus . 13 | .
Alopecurus pratensis 50 38 33 43 51 46 41 34 44 39 37 32 20
Baldingera arundinacea 5 + 2 + + + + + + & +
Deschampsia caespitosa 6 4 7 S 4 7 14 24 12 16 5 10 10
Festuca pratensis + | ) 2 + 1 1 1 1 1 1 1 1
Holcus lanatus . . . . 1 +

Phleum pratense 5 + + +

Poa palustris + 1 3 | 1 + + 1
Poa pratensis 16 15 2 37 31 34 33 21 31 19 20 11 11
Poa trivialis 4 20 23

Grasses 86 92 80 89 89 88 89 81 88 75 63 54 43
Trifolium dubium 1 |
Trifolium hybridum . . + + + 1 1
Trifolium repens + ) 9 + 1 + + + + + 2 19
Clovers + S 9 + | + + + + + 4 21
Angelica sylvestris +
Cardamine pratensis . . + + + | + + + + 1 4
Cerastium vulgare + 1 + 2 1 | 2 1 + 1 + |
Plantago media + 1

Ranunculus repens 2 + + 3 2 3 =) 12 6 21 32 22 18
Rumex acetosa + +

Rumex obtusifolius 2 1 5 2 2 + 2 2 2 |
Sanguisorba officinalis + | +
Taraxacum officinale 2 | 7 2 3 3 5 5 5 | 3
Veronica chamaedrys + + +

Veronica scutellata + + + + + + + ¥ 3 +
Other herbs 8 3 10 10 9 10 11 19 12 24 35 32 30
Curex leporinu + + + #
Juncaceae + Cyperaceae + + + +
Uncovered places 6 . 1 1 1 2 + 1 2 10 6

its application on dynamics of those species can be seen
in Tabs. VIII to XII. The dose from 50 to 100 N + PK
seems to be optimal from production, forage quality and
species richness aspects and also for prevention of the
necessity of substantial grassland improvement (mainly
under extensive development of Deschampsia caespi-
tosa). Application of doses 75 to 100 N + PK should
not exceed two consecutive years for preservation of
Trifolium repens.

Elimination of fertilization had a positive effect on
decrease of Deschampsia caespitosa coverage (Tabs. XI
and XII). The main role plays elimination of N appli-
cation (Klime§, 1997) at continuing P and if needed
also K fertilization (Strafelda, 1999 — personal commu-
nication).

206

Annual doses 200 N + PK seem to be necessary for
permanent preservation of the stand type Alopecuretum.
However, proportion of clovers decreased to negligible
level under these circumstances. Application of that
dose should not exceed five consecutive years. There is
a risk of too extensive development of Deschampsia
caespitosa in the stand type Alopecuretum developing
on background of association Stellario-Deschampsie-
tum FREITAG 1957 as a result of a prolonged 200 N
+ PK application.
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XII. Development of stand composition in variant 6 (300 N + PK), expressed by time succession of projective dominance (% D) of the

individual species and agribotanical groups

Species Year

Agribotanical group 1987 | 1988 | 1989 | 1990 | 1991 | 1992 [ 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
Agrostis stolonifera + + 4

Agrostis tenuis . + +

Alopecurus geniculatus + 14 3 1 +
Alopecurus pratensis 49 39 35 44 58 58 43 38 34 21 22 21 25
Baldingera arundinacea 3 + 4 1 + + +

Deschampsia caespitosa 4 5 8 7 4 9 15 31 35 46 30 11 8
Festuca pratensis + 3 1

Phleum pratense 4 3 + + + +

Poa palustris 2 3 1
Poa pratensis 19 13 4 38 34 26 34 15 26 9 21 12 10
Poa trivialis 3 16 17 1

Grasses 82 92 83 90 96 93 93 85 95 76 73 45 44
Trifolium hybridum + | 1
Trifolium repens 1 1 2 + 2 9
Clovers 1 1 2 + + + + 3 10
Aegopodium podagraria + +

Angelica sylvestris +
Bellis perennis s ¢ 2 3 +

Campanula patula + + + +

Capsella bursa-pastoris +

Cardamine pratensis + 4
Cerastium vulgare 5 + + + + + + + + + 3
Plantago lanceolata +

Plantago media +

Ranunculus repens 4 + 1 3 4 12 3 22 23 27 17
Rumex acetosa + +

Rumex obtusifolius 3 6 9 9 + 1
Taraxacum officinuale 1 1 1 2 3 3 3 2 + 2 3 6
Urtica diovica . F +

Veronica chamaedrys +

Veronica scutellata 3 2
Other herbs 8 7 15 10 3 6 7 15 5 22 25 35 32
Curex leporina + 1
Juncaceae + Cyperaceae + 1
Uncovered places 9 i + ; 1 1 + 17 14
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A NON-DESTRUCTIVE METHOD OF THE EVALUATION
OF FODDER WILTING AFTER CUTTING IN SITU

NEDESTRUKTIVNI METODA HODNOCENI RYCHLOSTI ZAVADANI
PICE PO SECI IN SITU

V. Mika', A. Kohoutek', J. Smrz’

! Research Institute of Crop Production, Prague-Ruzyné, Research Station of Grassland
Ecosystems, Jevicko, Czech Republic
2TAGRO Cerveny Dviir, Ltd., Plant Breeding Station, Tdbor, Czech Republic

ABSTRACT: In the process of the development of harvesting technologies and fodder conservation methods as well as in
breeding of fodder plants for making silage or drying, it is necessary to evaluate also water loss speed from plant tissues after
cutting by an accurate and sufficiently quick method. The method allowing the evaluation of relative differences between
individual samples right on the swath was described. The barred frame (bar length 1 m) is put under the fodder lying on the
swath. It will lift the fodder and grating (1 x 1 m) with dense slats to prevent fodder from falling when it is moved under it.
The fodder occupies the same position as it was on the swath. The fodder overlapping the frame is cut away and the grating
with the sample is left in the original place. For weight measuring any sensible scales would do. That means that it is
a non-destructive method when after weighing wilting matter it is not necessary to dry it to constant weight (at 105 °C). The
method was verified in two experiments: (1) for two grass species and red clover variety (Fig. 1) the loss of water from the
the weight of original fodder was recorded in 30 minutes intervals; (2) for the fodder of five varieties of cocksfoot in two
harvest years and three cuts a year the loss of water from the fodder after six hours of wilting was determined. Significant
interspecific and varietal differences in water content decrease were determined. Cocksfoot varieties differences were discussed
with the respect to the thickness of the layer of epicuticular waxes (negative relationship), or to the frequency of stomas on
the leaves (on the face r = 0.441, on the back r = 0.320, n = 40), resp.

Keywords: fodder; grasses; leguminous plants; wilting; drying; speed of desiccation; varieties

ABSTRAKT: Pro potfeby Slechténi picnin, pratotechnického vyzkumu, ovéfovani technologii sklizné a dalsi byla navrZena
jednoducha, rychla a dostate¢né piesnd metoda méfeni ztrity vody b&hem zavadani. Pod privé posefeny ifadek picnin se zasune
rdm s pruty, pice se jim nadzvedne, vsune se pod né&j latkovy rodt a rdm s pruty se vytdhne. Pice na rdmu se zvaZi na pocatku
a v potiebném ¢asovém intervalu se stanovuje ztrita vody vztaZena k polateCni hmotnosti pice na rostu. PoZaduje-li se
maximalni chyba 3 %, posta&i tyfi paralelni méfeni. Je prezentovin odlidny priubéh ztritovych kiivek u jetele luéniho a dvou
trav béhem prvnich 6 h zavadédni. V dal§im pokuse byly zjidtény vyznamné odridové rozdily ve ztrit€ vody po 6 h zavadéni
u sthy. Rozdily byly analyzovany s ohledem na silu vrstvy epikutikuldrnich vosku a na Cetnost praduchi na abaxialni a ada-
xidlni strang lista.

Klicova slova: pice; travy; jeteloviny; zavadani; suseni; rychlost desikace; odridy

INTRODUCTION

The speed of water content decrease in grasses and
legumes after the harvest is decisive for the amount of
loss of nutritional value of conserved fodder. Conden-
sation of cell content and creating suitable conditions
for fermentation process happen during the silage fodder
wilting. During hay making there are two phases: (a)
water content decrease until the condition when cells
die out and (b) the phase of finishing the drying process.
The course of both phases for glycidid and proteinous
fodder is rather different.

Fodder, wilting on the swath, goes through important
aerobic chemical changes as a result of enzymatic ac-
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tivity of oxidation cycle, esp. hydrolyses, and also pro-
teases. After a short time the photosynthesis fades
away. If the cells still show turgor, hydrolysis of or-
ganic matter and respiration accompanied by CO, pro-
duction yet continues. After the interruption of transpi-
ration stream, the tissues start to dry out and from the
beginning the separated plant matter protects from wat-
ter loss by a quite quick closure of stomas. If the in-
crease of concentration of electrolytes in the cells leads
to the collapse of enzymatic system, the cells start to
die out. This state is characterised, for example by an
obvious increase of osmotic pressure of cellular liquid,
changes of colloid system, decrease of protoplasm per-
meability. Respiration activity ceases with the water
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content in tissues at about 35% (Greenhill, 1959). En-
zymatic changes are followed by non-enzymatic
changes that are supported by higher temperature, light,
sufficient amount of air and even in relatively dry hay
by the activity of bacteria and mould. If dehydration
progresses slowly, the cells stay alive for a long time
and the loss of nutrients increases significantly.

Next vapour increase depends on relative air humidity.
With decreasing regulating power the temperature rises,
particularly in leaves, and the drying out is accelerated.
This can lead under some circumstances (for example,
hot air drying) to the denaturation of enzymes.

After cutting the very young plants lose water faster
than the older plants. On the contrary plants with higher
content of water-soluble carbohydrates, soluble proteins
and soluble polypeptids dry more slowly. The speed of
wilting exhibits considerable differences among botani-
cal species (Mika et al., 1997); differences among va-
rieties are also supposed. The process of wilting de-
pends not only on the initial water content and fodder
qualities, but also on meteorological conditions (esp.
temperature, relative air humidity, airflow, and mecha-
nical destruction of plant tissues). Therefore exact
methods for evaluation of the interspecific and intras-
pecific differences have to minimize the influence of
these exogenous agents.

In our breeding practice a non-destructive method
worked well. It meant that after weighing wilting fod-
der in time intervals, it is not necessary in addition to
dry the fodder artificially to constant weight (at 105 °C).
It is sufficiently accurate and expeditive at the same
time and technically simple. It can be carried out easily
in the field conditions. We present its description with
the evaluation of two experiments.

MATERIAL AND METHODS

At the breeding station TAGRO Cerveny Dviir near
Tabor the loss of water during gradual wilting was
measured in the first cut of the second harvest year for
two grass species and one leguminoses (Fig. 1). The
cutting was performed at the phase heading (grasses),

in the beginning of florescence (leguminoses), resp.,
during sunny weather after the dew disappeared (9.30).
In half an hour intervals for six hours we recorded the
loss of water from the weight of initial cut fodder, that
is in grams of water from 100 g of fodder. The meas-
urement was done in four replications.

In the second trial there was in three cuts, in two
years (1998, 1999) and four replications measured the
loss of water in the fodder of cocksfoot varieties that
was left on the swath for six hours. The water content
decrease was expressed in the same way as in the pre-
vious trial.

Our method is adjusted to the common width of plots
in variety trials at the station. The plot, 1 m wide, is cut
with a mower of the same width of span. Using the
frame with rods (plastic, 1 m long, 0.1 m span) the
fodder is carefully taken and put onto the grating, sized
1 x 1 m. The fodder is placed on the grating in the same
position as on the swath. The fodder overlapping the
sides is cut off and the grating with fodder stays in the
initial position. To measure its weight (initial, in the set
time period, resp.) any sensitive scale is sufficient.

RESULTS

Whereas the initial water content in the fodder of
cocksfoot, prairie grass and red clover showed only
small differences (80.4, 78.0 and 82.2%, resp.), the fol-
lowing wilting exhibited rising differences in the time
(Fig. 1). Red clover Tabor showed the slowest wilting
with the almost linear progress of water content de-
crease in the first five hours. During the sixth hour the
water decrease starts to gain some speed. The similar
progress was shown by cocksfoot newly bred CD with
the only difference that the water content decrease was
in the beginning about 1 to 3% higher, in the sixth hour
by 9% higher and it reaches 46%. Rather different pro-
gress was shown by prairie grass (Bromus catharticus)
Tacit. Already in the second hour of wilting the de-
crease of water content is obviously higher compared
to orchard grass and clover (14 versus 5 or 6%, resp.).

1. The water content decrease in % out of

the absolute content during six hours of

fodder wilting; the average of measure-
ments from the Ist cut in 1999, four repli-

20 - .

cations

- o- Dactylis glomerata, newly bred mate-

T rial CD
—s— Bromus catharticus Tacit

05 1 15 2 25 3 35 4 45
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I. The water content decrease in % out of the absolute content during six hours of fodder wilting of five cocksfoot varieties; the average of
measurements from 1998, 1999, the Ist, 2nd and 3rd cut, four replications

Eredies Variet Water content Water content decrease in fodder after wilting
P ¥ at the harvest for 6 h
Tenderbitte 81.3 37.1
’ 40.4
Dactylis glomerata L. Dilcea 810 0
Niva 81.6 45.0
nbm." CD 81.4 443
Dactylis polygama Horvat. Tosca 81.1 48.5
. : ’ D05 5.1
Lowest significant difference for varietes
Dy 01 7.5
Interaction variety x cut Dy s N. S.
Interaction variety x year Dqy 5 N. S.
Interaction variety x cut x year Dpyos N. S.

N. S. = non-significant differences
. ;
newly bred material

And the next hours the difference is getting greater. The
shape of loss curves shows sigmoid progress which cor-
responds to the function of hyperbolic tangent (tgh).

After six hours of wilting, cocksfoot (Tab. I) exhibited
significant variety differences. Tetraploid species Dac-
tylis glomerata exhibited lower decrease of water con-
tent for both varieties with smooth leaves (Tenderbitte,
Dolcea) than for the varieties with harsh leaves (Niva,
newly bred CD). Variety Tosca of diploid species Dac-
tylis polygama showed significantly higher water loss
after six hour of wilting. Considering statistically insig-
nificant (Pgs) interactions of the factor variety with
the other factors (harvest year, cut), the variety differ-
ences in the water loss after six hours of wilting in the
trial conditions can be regarded not only significant, but
also relatively steady over cuts and years.

It was also calculated from the measured figures
(Tab. I) that to keep the maximal error of determination
A < 3% of the water loss during fodder wilting and
Py s, the 3.85 parallel measurements for this method
are needed.

DISCUSSION

The suggested method of the evaluation of fodder
wilting speed can be used for measurement of the water
loss either once to the defined point of time or repeat-
edly in the period of time. The advantages are its quick-
ness, technically simple measurement, and four parallel
measurements provide sufficient accuracy. Some prob-
lems can arise with very low yield of fodder when it
does not make continuous line and its lifting and plac-
ing the grating underneath is a bit difficult. A similar
principle for measuring wilting speed was used by Gail-
lard (1998), but he used mobile equipment Cemagref.
In his study he worked with two parallel measurements,
but he does not present the error magnitude. On the
contrary, the destructive methods, that are methods
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when small samples (up to | kg of green fodder) are
gradually dried in bags or on trays in the drying room,
use up to 15 replications (Hiibner, Wagner, 1975).

The trial with cocksfoot varieties (Tab. I) confirmed
that also among varieties of the same botanical species
could be significant differences with high repeatability
over cuts and years. The term the speed of wilting can
be used as a selection criterion in breeding of forage
varieties for conservation.

The slower fodder wilting of both cocksfoot varieties
with smooth leaves can be connected with a thicker
layer of epicuticular waxes (Tetter, Mika, 1987), be-
cause the passage of water through cuticula after clos-
ing stomatal apparatus gets difficult and tissues desic-
cation slows down. We also searched the influence of
stoma density on the leaf on the speed of wilting. We
found out significant positive relationship between the
speed of wilting and the number of stomas on the leaf
front in the first cut (x = 212 * 55 per | mm?;
P 0.441“; n =40) and on the leaf back (x = 97 + 36 per
| mmz; ol — 0.320*; n = 40). The significant positive
correlation (Pgqg9) between the number of stomas and
the speed of water loss after harvest for Italian ryegrass
is presented by Falkowski et al. (1978). Polyploid va-
rieties have less stomas than diploid varieties and dry-
ing takes longer time (Tab. I). Tetraploid grass varieties
are not suitable for drying for hay because they have
higher content of water and the water decrease after cut
is slower (ADAS, 1978).

Time progress of the water loss in individual species
is not uniform (Fig. 1). Red clover wilts more slowly
than grasses. If we suppose that during hay making the
fodder lies on the swath four days in average and during
wilting for silage three days, it should be turned over
twice a day, in the final day just once before rolling up
(Honig, Rohr, 1974). Red clover has to be turned over
earlier after harvest and more often than grasses. The
evaluation of the speed of wilting of different plant
species has its practical usage particularly for the veri-
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fication of new technologies and in pratotechnique re-
search.
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VYUZITI SE-HPLC ANALYZY PROLAMINOVYCH
ZASOBNICH BILKOVIN PRO PREDIKCI
TECHNOLOGICKE JAKOSTI ODRUD OZIME PSENICE

USE OF THE SE-HPLC ANALYSIS OF PROLAMIN STORAGE PROTEIN
TO PREDICT BREADMAKING QUALITY IN WINTER WHEAT
VARIETIES

K. Hubik

vy

Agricultural Research Institute Kromériz, Ltd., Czech Republic

ABSTRACT: Storage non-functional prolamin protein of wheat grain endosperm is a protein producing an amino acid pool
for germination and new plant growth. From this protein, a gluten protein complex is formed during the flour hydration and
mixing process associated with dough production and plays a crucial role in breadmaking quality of wheat grain due to its
viscoelastic properties. The SE-HPLC analysis of prolamin protein of wheat grain endosperm was performed in 14 winter
wheat varieties of the Czech and Slovak origin. The analysis showed separating prolamin storage protein into high-molecular
prolamin fractions that reach a molecular weight of millions Dalton. Prolamin aggregates of 400 000 to 600 000 Dalton are
present in other field of the chromatogram. These protein polymers, however, were not always thoroughly separated from
monomer gliadin prolamin protein (molecular weight of 40 000 to 100 000 Dalton) in each variety. SE-HPLC chromatographs
of wheat grain protein showed similarities in quality among individual varieties that suggest including the varieties in groups
based on genetic linkage and need to be investigated more. The obtained SE-HPLC chromatographs were quantified using the
two methods: (1) correlation analysis between SE-HPLC protein prolamin fractions FlI, F2 and FI1/F2 ratio and individual
parameters of breadmaking quality of wheat grain, and (2) linear regression between alveographic resistance and alveographic
extensibility, and SE-HPLC prolamin fractions Fl, F2 and FI/F2 ratio. Quantitative statistical results reveal that highly
significant correlation coefficients between alveographic resistance and extensibility and SE-HPLC fractions F1 and F2 and/or
their F1/F2 ratio completed with results of linear regression indicate an important effect of high-polymer prolamin protein and
prolamin protein with molecular weight of 100 000 to 600 000 Dalton on elasticity and extensibility of the gluten complex,
i.e. dough as well. The obtained data show that a higher level of high-molecular fraction F1 (prolamin protein of 600 000 to
1 000 000 Dalton) decreases dough elasticity, and by contrast, increases dough extensibility. The latter is decreased by
SE-HPLC fraction F2 which includes prolamin protein with molecular weight of 100 000 to 600 000 Dalton. The assessed
data of correlation analysis indicate a possibility of using the SE-HPLC analysis of prolamin storage protein in the study of
relationships between protein wheat grain endosperm and breadmaking quality, and particularly in genetic and breeding
practice due to a low amount of material necessary for analyses.

Keywords: winter wheat; variety; grain; endosperm; storage proteins; prolamins; SE-HPLC; viscoelastic properties

ABSTRAKT: U 14 odriad ozimé pSenice Ceského a slovenského puvodu byla provedena SE-HPLC analyza prolaminovych
bilkovin endospermu zrna p3enice. Z priibéhu SE-HPLC analyzy je patrné rozdéleni prolaminovych zasobnich bilkovin na
vysokomolekuldrni prolaminové frakce dosahujici molekuldrni hmotnosti fidové miliond Daltont. V dalsi oblasti chromato-
gramu jsou prolaminové agregédty molekuldrni velikosti fadové 400 000 az 600 000 Daltont. Tyto bilkovinné polymery nebyly
viak vZdy u kazdé odridy dokonale oddéleny od monomernich gliadinovych prolaminovych bilkovin (molekuldrni hmotnost
40 000 az 100 000 Daltont). SE-HPLC chromatografy bilkovin zrna p3enice ukazaly jisté kvalitativni podobnosti mezi
jednotlivymi odriidami, které naznaduji seskupovani odriid na zdkladé genetickych vazeb a vyZaduji dalsi studium. Interpretace
ziskanych SE-HPLC chromatografi z kvantitativniho pohledu byla realizovana na zaklad& korelacni analyzy mezi SE-HPLC
bilkovinnymi prolaminovymi frakcemi F1, F2 a pomérem FI1/F2 a jednotlivymi parametry technologické jakosti pSeni¢ného
zrna a linearni regresi mezi alveografickou rezistenci a alveografickou extenzibilitou a SE-HPLC prolaminovymi frakcemi FI,
F2 a pomérem FI1/F2. Z vysledkii vyplyvaji statisticky velmi vysoce prikazné korela¢ni koeficienty mezi alveografickou
rezistenci a extenzibilitou a SE-HPLC frakcemi F1 a F2, popfipadé jejich pomérem F1/F2. Vysledky linedrni regrese ukazuji
na vyznamny vliv vysokopolymernich prolaminovych bilkovin a prolaminovych bilkovin molekuldrni hmotnosti 100 000 az
600 000 Daltonu na elasticitu a taznost lepkového komplexu, a tim i samotného tésta. Vy3§i mnoZstvi vysokomolekularni
frakce F1 (prolaminové bilkoviny o velikosti 600 000 az 1 000 000 Daltonl) sniZuje elasticitu t€sta a zvySuje taZnost tésta,
ktera je naopak sniZoviana SE-HPLC frakci F2, zahrnujici prolaminové bilkoviny o molekuldrni hmotnosti 100 000 az
600 000 Daltonii. Vysledky korelaéni analyzy naznacuji moZnost vyuZiti SE-HPLC analyzy prolaminovych zasobnich bilkovin
ve studiu vztahu bilkovin endospermu zrna pdenice a technologické jakosti a dale v genetické a §lechtitelské praxi pro malé
mnoZstvi analyzovaného materidlu.

Kli¢ova slova: ozimd p3enice; odrida; zrno; endosperm; zdsobni bilkoviny; prolaminy; SE-HPLC; viskoelastické vlastnosti
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Ze zésobnich nefunkénich prolaminovych bilkovin
endospermu pSeni¢ného zrna (bilkoviny tvofici amino-
kyselinovy pool potfebny pro kliceni a utvareni nové
rostliny) se v procesu hydratace a hnéteni mouky spoje-
ném s tvorbou tésta vytvafi lepkovy bilkovinny komplex,
sehrdvajici pro své viskoelastické vlastnosti dominantni
roli v technologické jakosti zrna pSenice (Pomeranz,
1988).

Vlastni zasobni prolaminové bilkoviny endospermu
pSeniéného zrna netvofi jednolitou chemickou latku ho-
mogenniho sloZeni, ale sloZity komplex frakei bilkovin
rizného aminokyselinového slozeni, a tim 1 razné terciar-
ni a kvarterni struktury. Tento celek ovliviuje funkéni
vlastnosti jednotlivych frakci. Zasobni bilkoviny endo-
spermu pSeni¢ného zrna miZeme do téchto frakei roz-
délit nékolika zpusoby. Nejstarsi je Osbornova metoda
(Osborne, 1907), zaloZend na rozpustnosti bilkovin
v roztocich, kterd ma celou fadu modifikaci (Chen,
Bushuk, 1970).

Zasobni endospermalni prolaminové bilkoviny se podle
této metody déli na rozpustné ve zfedénych roztocich
alkoholu (etanol, propanol), tzv. gliadiny, dale na roz-
pustné v slabé koncentrovanych kyselinach (napf. kyse-
lina octovd) nebo zasadach, tzv. gluteniny, a na neroz-
pustny zbytek. V pozdéj§i dobé bylo zjiSténo, Ze tyto
tzv. gluteniny jsou po ucinku redukénich €inidel, jako
je napr. beta-merkaptoetanol, redukujici disulfidické S-S
vazby aminokyseliny cystinu, také rozpustné ve zfedé-
nych roztocich alkohola.

Gliadiny a gluteniny obsahuji v rizném mnoZstvi sirné
cysteinové zbytky a na zékladé jejich mnoZstvi lze délit
tyto bilkoviny do tii skupin (Shewry, Tatham, 1997):
1. S-bohaté prolaminy (alfa, beta, gama gliadiny a niz-

komolekularni LMW gluteniny)

2. S-chudé prolaminy (omega gliadiny)
3. vysokomolekularni HMW gluteniny

Sirnd aminokyselina cystein pomahd vytvaret intra-
a interdisulfidické S-S vazby mezi jednotlivymi skupinami
prolaminovych bilkovinnych polypeptidi, ¢imZ vznika-
Jji vysokomolekularni bilkovinné agregéty, které pied-
stavuji kone¢nou strukturu a chovéni lepkového visko-
clastického komplexu (Shewry et al., 1992).

Interdisulfidické vazby, tvofici polymery o molekulo-
vé hmotnosti fadové milionu Daltont, jsou piedevsim
formovany mezi vysokomolekuldrnimi HMW a nizkomu-
lekularnimi prolaminovymi gluteninovymi bilkovinami.

Intradisulfidické vazby vytvareji predeviim S-boha-
té prolaminy (alfa, beta a gama gliadiny a nizkomole-
kularni LMW gluteniny), pfedstavujici v nativnim stavu
monomerni fetézce velikosti 30 000 az 100 000 Daltond.

Z tady praci je ziejmé, Ze pravé vysokomolekularni
prolaminové agregaty sehravaji dileZitou roli v technolo-
gické jakosti pekarenské pSenice (Gluten proteins 1993,
1994).

Analytickd separace bilkovin na zakladé molekular-
nich hmotnosti je moznd nékolika zpusoby. Nejstarsi
metodou je gradientové ultracentrifugace, kterd je na-
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ro¢na jak experimentalné, tak instrumentdlné a z téchto
davodu neni pfili§ rozsifend v bézné praxi. Teprve po
objeveni gelové vyluCovaci chromatografie, u niZ jsou
molekuly délené latky promyvany mobilni fazi pies otvo-
ry definované velikosti molekuldrniho sita gelového vy-
sokopolymerizovaného nosice, a tak déleny na zdkladé
své velikosti, resp. molekularni hmotnosti, doslo k SirSimu
pouZiti analyzy molekularni hmotnosti prolaminovych
bilkovin endospermu zrna pSenice v ceredlni praxi.

Spojeni gelové vyluCovaci chromatografie s instru-
mentalni technikou vysokotlaké kapalinové chromato-
grafie (SE-HPLC) umoznilo rychlé provadeéni této analyzy
a moznost predikce pekarenské jakosti pSenice i ve Slech-
titelském procesu (Dachkevitch, Autran, 1989; Singh et
al., 1990; Gupta et al., 1993).

Nas$im cilem bylo ovéfit tuto metodu pro predikci
technologické jakosti nékterych ¢eskych a slovenskych
odrtd.

MATERIAL A METODY

Pro analyzu molekulovych hmotnosti pomoci SE-HPLC
byl vyuzit kapalinovy chromatograf PU 4100 a UV-VIS
detektor PU 4110 fy Philips (Pye-Unicam). PouZzita ko-
lona byla WATREX GMB 500, 8 x 250 mm, velikost
Castic 7 um. Mobilni fazi byl 50mM fosfatovy pufr pH
6,9 o iontové sile / = 0,3 s pfidavkem 0,1% SDS. Byla
provedena izokratickd eluce s konstantnim pritokem
0,5 ml/min. Detekce probéhla pfi 214 nm. Registrace
pikl vCetné integrace byla realizovdna na PC Data Sta-
tion fy Philips.

Pro analyzu byla pouzita mouka (T 550) umleta na
mlynku Brabender Junior z ¢eskych a slovenskych odrad
a genotypu pSenic: Astella (tfida pekarenské jakosti B),
Tlona (E), Bruta (A), Boka (B), Brea (E), Bruneta (B),
BR 458 (A), Hana (A), Asta (B), Alka (A), Alana (A),
Samanta (A), Siria (B) a Samara (C). Odrudy pSenic
byly péstovany ve zkouSkach vykonu v rocniku
1996/1997 v lokalité Kroméfize.

Mouka byla extrahovdna 10 ml 0,IM fosfatového
pufru pH 6,9 obsahujicim 2,0% SDS po dobu 2 h pii
teploté 60 °C s oblasnym promichanim. Po extrakci
nésledovala centrifugace pii 15 000 ot./min a filtrace
supernatantu pies membranovy filtr 0,45 pwm. Filtrat byl
nand$en v mnozstvi 20 pl na kolonu.

U v3ech analyzovanych odrid pSenic byly provedeny
technologické rozbory (podle metodik AACC a ICC
a CSN): obsah bilkovin v zrné a mouce, objemova
hmotnost, obsah lepku a GI na pfistroji Glutomatic,
bobtnani lepku, viskotest, SDS-seditest, tvrdost na na-
stavei k farinografu, tvrdost na pfistroji SKCS 4100,
reologickd méfeni na farinografu a alveografu.

VYSLEDKY A DISKUSE

Prabéh SE-HPLC analyzy standardi Thyroglobulinu
(molekulova hmotnost 669 000 Dalton) a Ribonuclea-
sy A (molekulova hmotnost 13 700 Daltont) na koloné
WATREX GMB 500, 8 x 250 mm pomoci 50mM fosfa-
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tového pufru pH 6,9 (I = 0,3) s 0,1% SDS podava obr. 1.
Podatek eluce Thyroglobulinu je cca v 7. min, oba piky
standardu jsou od sebe velmi dobfe separoviny. Thy-
roglobulin dosahuje maxima v 10,8. min a Ribonuclea-
sa A v 14,3. min.

Vysledky SE-HPLC analyzy prolaminovych bilko-
vin endospermu zrna pSenice odriudy Brea znazoriiuje
obr. 2. Z prabéhu SE-HPLC analyzy je patrné rozdéleni
prolaminovych zasobnich bilkovin na vysokomolekuldrni
agregéty (piky v oblasti od cca 6. min retenc¢niho Casu
do 10,8. min), dosahujici molekularni hmotnosti fadové
miliona Daltonu (standard Thyroglobulin s 669 000 Dal-
tont ma retencéni ¢as v 10,8. min). V dal$i oblasti mezi
10,8. a 12. min jsou prolaminové agregity molekuldrni
velikosti fadové 400 000 aZz 600 000 Daltont. Tyto
bilkovinné polymery nebyly v8ak vZdy u kazdé odridy
dokonale oddéleny od monomernich gliadinovych pro-
laminovych bilkovin (molekuldrni hmotnost 40 000 az
100 000 Daltoni), které se na chromatografu objevuji od
12. min, dosahuji svého maxima cca v 13,3. min a je-
jich mnoZstvi je nékolikanasobné vétsi neZ mnoZstvi vy-
sokopolymernich prolaminovych bilkovin.

Ziskany SE-HPLC chromatogram (obr. 2) ukazuje
na lepsi separaci prolaminovych bilkovin endospermu
zrna pSenice neZ v citované zahraniéni literatufe (Dach-
kevitch, Autran, 1989), a to predev§im vydélenim vy-
sokopolymernich prolamini o molekulové hmotnosti
fadové milion Daltond.

SE-HPLC chromatografy bilkovin zrna pSenice vy-
kazuji déle kvalitativni podobnosti mezi jednotlivymi
odriidami, na jejichZ zakladé dochézi k seskupovéni od-
rad, které je zpusobeno predevsim genetickymi vazba-
mi a vyZaduje dal8i studium.

Interpretace ziskanych SE-HPLC chromatografu
z kvantitativniho pohledu je uvedena v tab. I, ktera ob-
sahuje vysledky korelani analyzy mezi SE-HPLC bil-
kovinnymi frakcemi F1 (= soudet ploch vysokomoleku-
larnich prolaminovych bilkovin s reten¢nim ¢asem 6 az
10,8 min déleny celkovou plochou pod piky chromato-
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I. SE-HPLC analyza standardi — SE-HPLC

SE - HPLC .
analysis of standards

Standardi

53 THYROGLOBULIN
(669 000 Daltoni)

RIBONUCLEASE A
(13 700 Daltoni)
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2. SE-HPLC analyza prolaminovych bilkovin endospermu zrna
pSenice odridy Brea — SE-HPLC analysis of prolamin proteins of
grain endosperm of wheat variety Brea

grafu a nasobeny 100), SE-HPLC frakci F2 (= soucet
ploch s retenénim &asem 10,8 aZz 12 min déleny celko-
vou plochou pod piky chromatografu a nasobeny 100)
a pomérem F1/F2 a jednotlivymi parametry technolo-
gické jakosti p§eni¢ného zrna.

Statisticky velmi vysoce pritkazny (P = 0,99) kore-
laéni negativni vztah byl nalezen mezi frakci Fl a po-
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mérem frakci F1/F2 a alveografickou rezistenci (tab. I).
Kladna korelace (P = 0,99) se vyskytovala mezi alveo-
grafickou extenzibilitou a frakci F1 a pomérem frakci
F1/F2. V pripadé poméru frakci F1/F2 dosahl tento ko-
relaéni vztah nejvySsi hodnoty v celém sledovaném
souboru (r = 0,9137). Mezi frakei F2 a alveografickou
extenzibilitou byl naopak zji§tén negativni korela¢ni vztah
(tab. I) o vysoké statistické prikaznosti (P = 0,99).

Uvedené vysledky jsou ve shodé s literaturou (Dach-
kevitch, Autran, 1989; Singh et al., 1990). Na rozdil od
citovanych autort nebyly u naseho sledovaného soubo-
ru zjiStény zadné statisticky vyznamné korelace mezi
jednotlivymi SE-HPLC frakcemi a alveografickou
energii. V souladu s uvedenymi autory byl nalezen ko-
relaéni negativni vztah (P = 0,90) mezi frakci F2 a se-
dimentaénim testem (tab. I). Statisticky velmi vysoce
prukazné (P = 0,99) negativni korelace (tab. I) byly dale
zaznamenany mezi SE-HPLC frakcemi F1 a pomérem
F1/F2 a vaznosti vody moukou a tvrdosti zrna (P = 0,95).

Pro dalsi statistické vyhodnoceni ziskanych vysled-
kua byla vypocitana a graficky zobrazena linearni regre-
se mezi alveografickou rezistenci a alveografickou ex-
tenzibilitou a SE-HPLC frakcemi Fl, F2 a pomérem
F1/F2 (obr. 3 az 7). Vypocitané rovnice linedrnich regresi
vykazovaly vysoké hodnoty koeficient determinace, pfi-
¢emZ nejnizSiho koeficientu bylo dosaZeno u regrese
mezi SE-HPLC frakci F1 a alveografickou extenzibilitou,
R? = 0,5567 (obr. 5), nejvyssi koeficient determinace
byl nalezen u linedrni regrese mezi pomérem F1/F2
a alveografickou extenzibilitou, RZ= 0,8349 (obr. 7).

Ze smérnic linedrnich regresi vyplyva, Ze mnoZzstvi
SE-HPLC vysokomolekularni frakce F1 ovliviiuje ne-
gativné alveografickou rezistenci (obr. 3) a naopak po-
zitivné alveografickou extenzibilitu (obr. 5). SE-HPLC
frakce F2 zahrnujici bilkovinné polymery fadové o ve-
likosti 100 000 az 600 000 Daltond méla na alveogra-
fickou extenzibilitu negativni vliv (obr. 6). Vzhledem
k vysokému koeficientu determinace R? = 0,8349 se
jako velmi slibna ukdzala linearni regrese mezi pomérem
frakci F1/F2 a alveografickou extenzibilitou (obr. 7).

Statisticky velmi vysoce prikazné korela¢ni koefi-
cienty mezi alveografickou rezistenci a extenzibilitou
a SE-HPLC frakcemi F1 a F2, popfipadé€ jejich pomé-
rem F1/F2, doplnéné vysledky lineérni regrese, svéd¢i
o vyznamném vlivu vysokopolymernich prolaminovych
bilkovin a prolaminovych bilkovin molekularni hmot-
nosti 100 000 az 600 000 Daltonl na elasticitu a taZnost
lepkového komplexu, a tim i samotného tésta. Vy3&i
mnoZzstvi vysokomolekularni frakce F1 (prolaminové
bilkoviny o velikosti 600 000 az 1 000 000 Daltoni)
sniZuje elasticitu tésta a zvySuje taZnost tésta, kterd je
naopak snizovana SE-HPLC frakei F2, zahrnujici prola-
minové bilkoviny o molekularni hmotnosti 100 000 aZ
600 000 Daltoni.

Dal$im problémem, ktery bude tfeba fesit, jsou pro-
laminové bilkoviny, které zistavaji v nerozpustném
zbytku po extrakci fosfatovym pufrem. Jejich mnoZstvi
a molekularné hmotnostni distribuce mohou zcela
zménit vysledky ziskané klasickou extrakci a ndsled-
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I. Vysledky korelacni analyzy — Results of correlation analysis

Fl F2 FI1/F2
-0,1502 (-0,324 |-0,0411
Alveograficka energie' (W)
N N N
-0,815 0,4736 | -0,8051
Alveograficka rezistence? (P) i 2
* koK N ko
0,7462 |-0,8021 0,9137
Alveograficki extenzibilita® (L) 4
*kok *ok ok *kk
~ — 3
PIL 0,6541 | 0,7556 |-0,778
*% * Kk *kk
-0,633 2 -0,
Tvrdost* (SKCS) 0,6337 | 0,4225 |-0,718
*% N * %k
: 5 -0,3361 |-0,4622 |-0,0855
Protein v mouce
N N N
-0,83 0,5001 |[-0,842
Vaznost vody moukou® i 0 GE
*okk N *kk
-0,0345 ,5392 | -0,3548
Pokles farinografické kiivky’ 2
N ¥ N
-0,3027 [-0,5354 [-0,0399
Doba vyvinu t¥sta®
N * N
,2789 | -0, 0,0104
Stabilita farinografické kfivky? a2 g Q10
N N N
0,3488 |-0,5894 | 0,5689
Bobtnini lepku!? . 389
N * *
-0,34 -0,5477 | 0,061
SDS-seditest!! 3% opd
N * N

lalVC()gl’ﬂphiC energy, 2leveogmphic resistance, 3alveographiz: exten-
sibility, *hardness, 5prou:in in flour, 6wa(er-:\bsorp(ive capacity, 7de-
crease of farinographic curve, Btime of dou%h development, 9smbility
of farinographic curve, ")gluten swelling, !sedimentation test

- V= -0,2627x 429,776
R*=0,6656

3. Vztah mezi SE-HPLC bilkovinnou frakci Fl a alveografickou
rezistenci — Relationship between SE-HPLC protein fractions F1 and
alveographic resistance

nou SE-HPLC chromatografii. Jednou z moZnych me-
tod pro uvolnéni prolaminovych bilkovin nerozpustného
zbytku do extrakéniho roztoku je pouZiti sonifikace (Gup-
ta et al., 1993).

ZAVER
Vysledky korelacni analyzy naznacuji moZnost vy-

uziti SE-HPLC analyzy prolaminovych zasobnich bil-
kovin ve studiu vztahu bilkovin endospermu zrna pse-
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4. Vztah mezi pomérem SE-HPLC bilkovinnych frakci F1/F2
a alveografickou rezistenci — Relationship between ratio SE-HPLC
of protein fractions F1/F2 and alveographic resistance
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6. Vztah mezi SE-HPLC bilkovinnou frakci F2 a alveografickou
extenzibilitou — Relationship between SE-HPLC protein fraction F2
and alveographic extensibility

nice a technologické jakosti, a pfedev§im v genetické
a Slechtitelské praxi pro malé mnoZstvi testovaného
materialu.

Vysledky publikované v tomto ¢lanku byly ziskany
na zakladé feSeni projektu NAZV ev. ¢. 960006067 Vy-
zkum a hodnoceni kvality potravindrskych obilovin.
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5. Vztah mezi SE-HPLC bilkovinnou frakei Fl a alveografickou
extenzibilitou — Relationship between SE-HPLC protein fraction F1
and alveographic extensibility
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HETEROSIS AND COMBINING ABILITY OF CERTAIN
CHEMICAL TRAITS IN BURLEY TOBACCO

HETEROZE A KOMBINACNI SCHOPNOST NEKTERYCH CHEMICKYCH
ZNAKU TABAKU TYPU BURLEY

J. Butorac

Faculty of Agriculture, University of Zagreb, Croatia

ABSTRACT: Four parent burley tobacco cultivars and their Fy, F, Be, and Bc, progenies were included in a four-year trial.
The aim of these studies was to estimate the manner of inheritance of chemical traits (nicotine, proteins, total nitrogen and
ash content). Medium to high broad-sense heritability, but also very low narrow-sense heritability, were estimated for most
of the traits tested. Negative heterosis was estimated relative to better parent, and in some cases also to mid-parent. Negative
inbreeding was recorded for nicotine and total nitrogen, and positive for ash content. Significant GCA was estimated for all
the traits tested, while significant SCA was recorded in one or two years, however not for all traits. Genotype Poseydon was
the best in GCA, and Hy 71 x TN 86, Hy 71 x BL1 and Poseydon x BL1 were the best in SCA.
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ABSTRAKT: Ve ¢tyiletém pokusu byly sledovény &tyfi rodiCovské odridy a jejich potomstvo Fy, F,, Bc; a Be, s cilem
vyhodnotit dédi¢nost chemickych znaki (obsah nikotinu, bilkovin, celkového dusiku a popela). Pro vét§inu sledovanych znakii
byla zjisténa stfedni aZ vyS§i dédivost v Sir§im smyslu, ale také velmi nizka dédivost v uz§im smyslu. Negativni heteroze byla
nalezena u lep§iho z rodi¢t a v nékterych pfipadech také u priméru rodici. Negativni inbridink byl zaznamenan pro obsah
nikotinu a celkového dusiku a pozitivni pro obsah popela. Byla zji§t€éna vyznamni GCA pro viechny sledované znaky a vy-
znamnéd SCA v jednom nebo ve dvou roénicich, ale ne pro viechny znaky. Genotyp Poseydon mél nejlepsi GCA a genotypy

Hy 71 x TN 86, Hy 71 x BL1 a Poseydon x BL1 mély nejlepsi SCA.

Kli¢ova slova: Nicotiana tabacum L.; typ burley; dédivost; heteroze; inbridink; kombina¢ni schopnost; chemické znaky

INTRODUCTION

The goal of breeding is genetic improvement of com-
mercially important traits. Along with economic and
agronomic, this also includes chemical traits of tobacco.
Nicotine is certainly the most important and the most
studied component of the tobacco chemical complex.
This organic compound is inherited qualitatively-quan-
titatively and its content in tobacco leaf varying in the
wide range of 0.2% to 4.5% (Campbell et al., 1982).
Proteins are an adverse factor in terms of tobacco qual-
ity since they develop an unpleasant smell when burnt,
and the presence of toxic products of burning, such as
HCN, has been observed as well (Beljo, 1980). Genetic
basis for total nitrogen in tobacco does not usually pre-
sent a problem in breeding since lines with low total
nitrogen have a low nicotine content as well (Kozum-
plik et al., 1991). Composition of the mineral compo-
nent is important not only for its influence upon growth
and development but also for its essential role in burning.

Nicotine heritability of burley tobacco is generally
very low (Legg, Collins, 1971; Oinuma, 1971; Legg,
Collins, 1975) and so ash heritability of flue-cured to-
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bacco (Pandeya et al., 1984). According to Legg, Col-
lins (1975), the breeding progress for total alkaloids is
about 4%.

In most of the research done to date, no heterosis has
been estimated for nicotine in burley tobacco crosses
(Legg et al., 1970; Legg, Collins, 1971; Oinuma, 1971),
in burley and flue-cured tobacco crosses (Povilaitis,
1971; Chang, Shyu, 1980), and neither for proteins
(Beljo, 1980). However, Deverna, Aycock (1983) re-
port significant negative heterosis for nicotine in
crosses within the same tobacco type, for total nitrogen
in inter-type crosses and Aycock (1980) in crosses of
Maryland x burley and burley x flue-cured tobaccos.

In most studies, no inbreeding was recorded for nico-
tine (Legg et al., 1970; Legg, Collins, 1971; Aycock,
1980) or for total nitrogen. However, significant nega-
tive inbreeding for nicotine was estimated in inter-type
crosses (Deverna, Aycock, 1983).

Significant GCA for nicotine in burley tobacco
crosses was estimated by Legg et al. (1970), Matzinger
et al. (1971) and Legg, Collins (1971), for total nitrogen
by Ostrem, Collins (1983), and for ash in flue-cured
tobacco crosses by Pandeya et al. (1984). However,
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according to the results obtained by Povilaitis (1971)
for nicotine and by Aycock (1980) for total nitrogen,
also significant SCA was estimated in crosses of several
tobacco types, while the former author estimated only
significant SCA for total nitrogen.

So, the goal of these investigations was to estimate
on specific materials the manner of inheritance of
chemical traits (nicotine, proteins, total nitrogen and
ash) by means of heritability, heterosis, and inbreeding,
as well as the value of parent genotypes as combiners
and the best specific cross combinations.

MATERIAL AND METHODS

Four-year investigations (1992 to 1995) of the se-
lected burley tobacco materials were carried out accord-
ing to the RCBD in four replications at the experimental
field of Tobacco Institute Zagreb. In the first investiga-
tion year (1992), ten genotypes were involved in the
trial, viz. four line cultivars — American line cultivar TN 86
(Miller, 1987) and three burley lines BL1, Hy 71 (Dev¢i¢,
Bolsunov, 1975) and Poseydon (Dev¢ic et al., 1984)
and their F| hybrids obtained a year earlier: Hy 71 x
TN 86, Hy 71 x BL1, Hy 71 x Poseydon, Poseydon x
BL1, Poseydon x TN 86, and TN 86 x BLI1. In 1993,
the trial was extended by including additional six geno-
types from F, progeny and further 12 Bc; and Bc,
progenies in 1994 and 1995, respectively.

Of chemical traits, nicotine, proteins, total nitrogen
and ash were estimated in an average third harvest sam-
ple on 80 plants for each genotype. CORESTA methods
were applied for nicotine estimation, and AOAC meth-
ods for proteins, total nitrogen and ash.

Data for all the studied traits and for each year were
statistically processed by the analysis of variance and
the LSD test was performed. Heritability in the broad-
sense was estimated using the formula of Mahmud, Kra-
mer (1951): h,%:VFz—VVPI . VP,/VF, in 1993, 1994
and 1995, and heritability in the narrow-sense accord-
ing to the formula of Mather (1949): h;‘: =2VF, - (VB¢
+ VBc,)/VF, in 1994 and 1995. Heterosis was esti-
mated relative to the better and mid-parent value in all
four years according to the following formulas: H\(%)
=F, - BP.100/BP and Hy(%) = F| — MP.100/MP. Inbreed-
ing was estimated in 1993, 1994 and 1995 by the for-
mula: I.D. F5(%) = F; — F,.100/F,. Combining ability
for all four years was estimated according to Griffing’s
method 2, model I (Griffing, 1956).

RESULTS

Significant differences between parents and F, hybrids
were found in all traits measured and all years, except
for total nitrogen content in 1992 and 1993, and ash
content in 1993 (Tab. I). The average performance of
all parents and F| hybrids for all studied traits from
1992 to 1995 are presented in Tab. IL.
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Broad-sense heritability for nicotine and proteins was
medium to high, while that for total nitrogen and ash
was medium to low (Tab. III). Regardless of the trait,
however, differences per trial years were recorded also
within the same genotype. Very low narrow-sense heri-
tability values were obtained for the studied traits in all
cross combinations. The highest value of 43.4% was
achieved for nicotine in genotype Poseydon x BL1, for
proteins of 49.4% in genotype Hy 71 x TN 86 and for
total nitrogen of 40.3% in genotype TN 86 x BLI.

For the studied traits, negative heterosis was esti-
mated in almost all genotypes relative to better parent,
and in some genotypes also relative to mid parent. The
values are rather high, but also various. The highest
values of most investigated traits were recorded in F,
hybrids Hy 71 x TN 86, Hy 71 x BL1, Poseydon x BL1
and Poseydon x TN 86.

Negative inbreeding for nicotine and total nitrogen
was recorded in F, cross progeny in most of the studied
genotypes. Estimated inbreeding values for proteins are
equally positive and negative regardless of the trial year
and genotype, whereas positive inbreeding was esti-
mated for ash.

Using the analysis of variance for combining ability,
significant GCA was estimated for all traits and most
years (Tab. IV). In contrast to significant GCA, signifi-
cant SCA was estimated only for nicotine in 1992 and
1994, for total nitrogen in 1994, and for ash in 1994
and 1995. Genotype Poseydon was the best general
combiner for nicotine, total nitrogen and ash (Tab. V).
This cultivar would significantly contribute to decrease
of these traits. In contrast to Poseydon, BL1 and Hy 71
would signifincantly contribute to increased of nicotine,
and also proteins, total nitrogen and ash. TN 86 was the
best general combiner for proteins. The better specific
combinations for nicotine and total nitrogen were
Hy 71 x BL1 and Poseydon x BL1 (Tab. VI). TN 86 x
BL1 was also among better specific combinations for

I. Analysis of variance for chemical traits from 1992 to 1995

F-values

Year Sogrcg of d. f.

variation: " |nicotine | proteins dotal ash

nitrogen

crosses 9 394" | 343" [1.15ns]2.35°
1992 | error 27

total 39 !

crosses 9 | 6.12" | 2.49" |1.06 n.s] 1.26 n.s|
1993 | error 27

total 39

crosses 9 | 826" | 243" 499" |[4.74
1994 | error 27

total 39

crosses 9 | 326" | 3.06" |3.30" |3.167
1995 | error 27

total 39
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II. Means of parents and F, hybrids for chemical traits from 1992 to 1995

Genotype LSD
Troit | Year | 86| BLI [Hy 71| Poseydon i e ;’S’J;;‘n Rossptonsx | Bogtunce | TGO | nms |vem
1992 | 216 | 23s5| 192| 155 | 157 | 167 | 175 201 178 201 | 038 | 0.52
Nicotine | 1993 | 240 | 231| 184 164 | 228 | 199 | 182 2.12 1.61 241 | 035 | 0.48
%) 1994 | 302 | 359| 254 259 | 250 | 262 | 273 2.38 2.46 294 | 037 | 050
1995 | 176 | 197 136| 106 | 162 | 172 | 125 1.35 132 180 | 0.45 | 0.60
1992 | 1064 | 11.03] 12.67] 1183 | 1054 | 1079 | 11.69 10.64 10.18 998 | 127 | 171
Proteins | 1993 | 832 | 831| 926| 835 | 810 | 803 | 877 832 8.18 760 | 078 | ns.
(%) 1994 | 7.99 | 80s| 876| 770 | 816 | 794 | 846 7.53 7.69 775 | 069 | ns
1905 | 7.25 | 7.64| 755 851 | 707 | 712 | 775 7.70 7.25 742 | 068 | ns
1992 | 429 | 395| 3.52| 476 | 407 | a8 | 527 3.92 427 421 | ns. | ns.
Total 993 | 322 | 318| 335| 295 | 316 | 311 | 316 324 2.8 a1l | ns. | ns.
nitrogen
(%) 1994 | 3.3 | 327| 346| 298 | 314 | 305 | 334 2.80 3.00 287 | 027 | 036
1005 | 223 | 2.54| 206 219 | 223 | 225 | 206 202 1.96 239 | 029 | 039
1992 | 2429 | 24.43] 22.64| 2258 | 2305 | 2395 | 2398 | 2346 2273 | 2501 | 1.60 | ns
Ash 1993 | 25.56 | 25.57|25.07| 2479 | 2530 | 2496 | 2420 | 2568 2545 | 2525 | ns. | ns.
(%) 1994 | 24.99 |23.17]23.19| 2262 | 2301 | 2370 | 2200 | 2433 2359 | 2520 | 119 | 1.60
1995 | 34.62 | 34.41|38.43| 3232 | 3394 | 3238 | 3341 32.12 3604 | 3330 | 317 | 420

III. Values of the estimated parameters; heritability in broad- and narrow-sense, heterosis and inbreeding for chemical traits from 1992 to
1995
Heritability (%) Heterosis (%) Inbreeding (%)
enotype it inbroad-sense | in narow-sense | 1 SOMPAKSon 0| in comparison 0|
Hy 71 x TN 86 56.0-71.2 10.7-22.7 -27.31-(=5.00) -23.03-7.54 -18.40-25.43
Hy 71 x BLI 48.2-75.0 7.8-21.1 -28.93-(-12.69) | -21.96-2.99 ~15.57-(-1.16)
Hy 71 x Poseydon | oo 51.9-70.6 15.5-32.5 -8.85-5.40 057-6.22 | ~30.40-(-2.19)
Poseydon x BL1 50.0-72.7 24.2-434 -33.70-(-8.22) -22.97-7.07 -14.07-13.20
Poseydon x TN 86 50.0-64.4 22.3-36.2 -32.91-17.59 -20.29-(-4.30) | -15.52-(-11.38)
TN 86 x BLI 46.7-68.2 12.9-23.8 -18.10-0.41 -11.17-2.11 -4.08-13.33
Hy 71 x TN 86 55.1-72.0 24.8-494 -16.81-(-5.03) -9.60-(-2.62) -4.32-7.77
Hy 71 x BLI 52.1-69.8 29.0-31.5 -14.83-(-6.80) -8.94-(-5.58) -5.61-0.87
Hy 71 x Poseydon proteins 39.1-57.5 13.3-17.9 -8.93-(-3.42) —4.57-(-0.45) -0.45-4.13
Poseydon x BLI 52.6-853 8.2-274 -10.05-(-0.23) -6.91-0.00 -9.69-13.92
Poseydon x TN 86 51.8-72.9 11.3-44.0 -14.80-(-2.03) -9.43-(-1.91) -0.27-12.34
TN 86 x BL1 56.5-78.6 24.0-40.2 -9.51-(-2.87) -7.93-(-0.40) —4.64-2.02
Hy 71 x TN 86 32.6-54.1 2.8-19.2 -9.24-0.00 -4.84-4.09 -12.55-0.31
Hy 71 x BLI 28.9-48.0 15.3-28.8 -11.84-18.48 -9.49-25.13 -5.33-(-4.91)
Hy 71 x Poseydon total nitrogen 25.6-43.1 20.3-20.6 -5.93-10.71 -3.28-27.29 -3.53-(-0.29)
Poseydon x BLI 37.5-45.2 19.2-39.7 -20.47-1.88 -14.76-5.53 -11.42-10.18
Poseydon x TN 86 31.4-50.0 12.5-13.7 ~12.10-(-4.15) -11.31-(-1.96) —4.59-6.33
TN 86 x BLI 30.6-65.0 28.9-40.3 -12.23-(-1.86) -10.31-2.18 -8.36-10.46
Hy 71 x TN 86 20.0-55.7 4.0-24.5 -11.68-(-0.66) -7.04-0.28 —6.13-9.65
Hy 71 x BL1 25.3-51.1 16.1-16.3 -15.74-2.19 -11.09-2.24 -3.34-6.01
Hy 71 x Poseydon ach 19.0-47.4 2.3-13.8 -13.06-5.92 -5.57-6.06 -6.94-10.70
Poseydon x BL1 30.1-37.2 13.7-233 -6.66-5.01 -3.75-6.24 1.25-12.38
Poseydon x TN 86 25.2-55.5 11.9-20.9 -6.42-4.10 -3.03-7.68 -3.69-10.02
TN 86 x BL1 15.5-43.1 12.6-18.2 -3.81-2.37 -3.53-4.65 -4.65-5.50
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IV. Mean squares of GCA and SCA for chemical traits from 1992 to
1995

Mean squares
Trait Year GCA SCA error
df=3)| @df=6)|(df=27)
1992 | 0.127™ 0.045° 0.018
Nicotine 1993 | 0.208" 0.036 n.s. 0.015
(%) 1994 | 0.197" 0.098" 0016
1995 | 02327 0.050 n.s. 0.025
1992 | 11257 0.441 n.s. 0.195
Proteins 1993 | 0.293° 0.126 n.s. 0.073
(%) 1994 | 0338 | 0056ns | 0062
1995 | 0348 0.078 n.s. 0.055
1992 | 0.174 ns. | 0.285 n.s. 0.215
Total 1993 | 0.027ns. | 0015ns | 0018
nitrogen s -
(%) 1994 | 0.064 0.033 0.009
1995 | 0.055"" 0.019 ns. 0.009
1992 | 1.268 0.446 n.s. 0.306
Ak %) 1993 0.302:.5. 0.]57'n.s. 0.163
1994 | 1.334 0.520 0.167
1995 | 4.140° 3.607° 1.197

total nitrogen and Hy 71 x TN 86 for nicotine and ash
in two years. These crosses would significantly contrib-
ute to decrease of the chemical traits. In other crosses,
mainly insignificant negative values were obtained.
Thus, genotypes Hy 71 x TN 86, Hy 71 x BL1 and
Poseydon x BL1 were the best combinations and might
serve for further research and investigations aimed at
commercial growing of F, hybrids.

DISCUSSION

Since burley tobacco is a component and irreplaceable
part of blend cigarettes, it has been included into this
study for several reasons. In recent years, insufficient
quantities of this tobacco have been produced in Croa-
tia. Besides, its quality should be improved because
chemical composition has a decisive influence on to-
bacco quality. Due to changes being made to the chemi-
cal composition of cigarettes, instigated by the increas-
ing demands to reduce harmful constituents of cigarette
smoke, the content of certain chemical components in
the tobacco leaf of domestic cultivars will have to be
reduced as well. Chemical traits can be changed geneti-
cally since there are limiting values for particular compo-
nents in the genetic constitution of plants and it depends
on external factors whose values will be manifested
(Beljo, 1992). This also happened in the first year of
my own investigations, as confirmed by the high con-
tent of nicotine and proteins, regardless of the genotype
and cross progeny. However, the current modern tech-
niques of genetic engineering enable changes and ad-
justments of chemical composition to be made accord-
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V. GCA effects of parent lines for chemical traits from 1992 to 1995

Trait
Parents Year
nicotine | proteins | total nitrogen ash
1992 | 0.06 |-0.42" -0.06 0.22
iiEe 1993 | 0.15" |-0.18 -0.01 0.21“
1994 | 0.04 |-0.07 -0.04 0.57
1995 | 0.08 |[-0.22" 0.01 0.33
1992 | 0.18" |-0.28 0.13 0.53°
i 1993 0.l6" -0.17 0.02 0.18
1994 | 0.24™ |-0.12 -0.04 0.20
1995 | 0.21°° [-0.03 0.13" -0.64
1992 [-0.10 | 053" | -0.07 -0.30
| 29" —
Hy 71 1993 0.07" oA-9“ 0,07" 0,21‘
1994 |-0.13"" | 0.35 0.15 -0.39
1995 |-0.04 |-0.09 -0.05 1.02"
1992 |-0.13 | 0.17 0.25 -0.45"
1993 |-0.23"" | 0.05 -0.08 -0.18
Poseydon - )
1994 |-0.16"" |-0.16 -0.07 -0.38
1995 |-0.25"" | 034" | -0.09" -0.71

"and *" estimate is significantly different from zero at the 0.05 and
0.01 level of probability, resp.

ing to market demands, which includes nicotine as the
most important chemical compound, because of which
tobacco is enjoyed.

The so far heritability investigations for nicotine in
burley tobacco point to a high participation of nonad-
ditive variance (Legg, Collins, 1971; Oinuma, 1971;
Legg, Collins, 1975). My results also point to very low
narrow-sense heritability both for particular genotypes
and for the traits in their entirety. For example, accord-
ing to the results obtained for narrow-sense heritability,
Poseydon x BL1 may be singled out for nicotine. Since
this is a cross between a high nicotine and a low nico-
tine parent, it might be possible to separate, perhaps
already in early cross progenies, genotypes with a slightly
lower, and thereby also more acceptable, nicotine con-
tent. Due to different starting genetic material, it is only
in long-term breeding that genotypes with reduced con-
tent of other chemical traits could be separated in later
Cross progenies.

Since commercial production of F| hybrids, particu-
larly in burley tobacco, has increased due to some of
their advantages, my investigations were undertaken to
prove it. In most studies, F; hybrids had an equal or
slightly lower content of major chemical components
relative to parents, which means that no heterosis oc-
curred (Legg et al., 1970; Legg, Collins, 1971; Oinuma,
1971; Povilaitis, 1971; Beljo, 1980; Chang, Shyu, 1980).
However, a significant decrease of average values is
present as well, that is, negative heterosis occurs, which
is a positive occurrence in this case (Aycock, 1980;
Deverna, Aycock, 1983). My results also point to the
same conclusions. Hence, most of the obtained F; hy-
brids could serve for further research aimed at reducing
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VI. SCA effects for chemical traits from 1992 to 1995

Year Crosses Tt
nicotine proteins total nitrogen ash
Hy 71 x TN 86 -0.27" -0.61 -0.10 -0.48
Hy 71 x BL1 -0.30" -0.49 0.58 0.11
1992 Hy 71 x Poseydon 0.10 -0.05 0.79 1.13
Poseydon x BLI 0.08 -0.28 -0.50 -0.24
Poseydon x TN 86 -0.04 -0.60 0.22 -0.64
TN 86 x BLI 0.02 -0.35 0.10 0.64
Hy 71 x TN 86 0.16 -0.35 -0.04 0.20
Hy 71 x BLI -0.13 -0.43 -0.13 -0.20
1993 Hy 71 x Poseydon 0.08 0.10 0.04 0.61
Poseydon x BLI 0.16 0.11 0.16 0.49
Poseydon x TN 86 -0.35 -0.03 -0.16 0.22
TN 86 x BLI 0.07 -0.30 -0.04 -0.33
Hy 71 x TN 86 -0.16" -0.13 -0.08 -0.84"
Hy 71 x BLI -0.23"" -0.30 -0.17"" 0.22
1994 Hy 71 x Poseydon 027" 0.27 0.15° 0.01
Poseydon x BLI ~0.44™" -0.20 -0.19"" 0.84"
Poseydon x TN 86 -0.16" -0.11 0.01 -0.27
TN 86 x BLI -0.08 -0.07 -0.15" 075"
Hy 71 x TN 86 0.07 -0.06 0.07 -152°
Hy 71 x BLI 0.04 -0.30 -0.02 -2.09"
1995 Hy 71 x Poseydon 0.03 -0.04 0.01 -0.99
Poseydon x BL1 -0.12 -0.14 -0.21 -0.62
Poseydon x TN 86 -0.03 -0.40 -0.15 231"
TN 86 x BLI 0.01 0.13 0.05 -0.50

“and " estimate is significantly different from zero at the 0.05 and 0.01 level of probability, resp.

the nicotine content. Proteins can be reduced only to
a limit without disrupting the ratio of this chemical
compound to other chemical components, thereby mak-
ing smoking unpleasant. A high reduction, e.g. of total
nitrogen, need not always be advantageous. Thus, in the
last trial year, low values were recorded already in par-
ents, and even lower in F| hybrids. Therefore, selection
of parents for certain cross combinations should be ap-
proached with great care. Due to high oscillations under
the influence of external factors, the very choice of
parents may become questionable.

Most studies treating heterosis include also the oc-
currence of inbreeding in F; hybrids of tobacco. The
results obtained to date point to the absence of any
significant increase or decrease of nicotine in F; hy-
brids (Legg et al., 1970; Legg, Collins, 1971) and total
nitrogen (Aycock, 1980). However, significant negative
inbreeding for nicotine was estimated in some inter-
type crosses (Deverna, Aycock Jr., 1983). Negative in-
breeding for nicotine, but also for total nitrogen, was
recorded also in my own research work for most geno-
types studied. Thus, F, hybrids have the highest nico-
tine and total nitrogen content and thereby also a less
favourable chemical composition than F; hybrids.
Since, irrespective of the trial year and genotype, both
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positive and negative inbreeding for proteins are pre-
sent, no relevant conclusions could be drawn.

In inheritance of certain major chemical traits (nico-
tine, proteins, total nitrogen and ash) the additive com-
ponents plays a greater part since research results for
combining abilities point to the significance of only
GCA (Legg, Collins, 1970; Legg, Collins, 1971;
Matzinger et al., 1971; Ostrem, Collins, 1983; Pandeya
et al., 1984). My own results also point to the prepon-
derance of GCA, in dependence on the trial years, for
all the chemical traits studied. The GCA/SCA ratio also
shows higher GCA values. Still, in addition to signifi-
cant GCA, significant SCA was recorded in some years,
which is in agreement with the results obtained by some
other authors (Povilaitis, 1971; Aycock, 1980). Accord-
ingly, the role of nonadditive variance cannot be fully
disregarded either. Moreover, the results of the herita-
bility, heterosis and inbreeding estimation indicate
a greater role of nonadditive variance in inheritance of
the chemical traits studied. Hence, the results obtained
after application of various methods allow the conclu-
sion that the ratio of additive and nonadditive variance
for the traits studied may vary in dependence on the
genetic material, and also on the method applied.
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VLIV GENOTYPU A AGROTECHNIKY NA STRUKTURU
VYNOSOVYCH PRVKU POHANKY SETE

THE EFFECT OF GENOTYPE AND AGRONOMICAL PRACTICES
ON THE STRUCTURE OF YIELD FACTORS OF BUCKWHEAT

M. Babirkova, J. Juza, J. Moudry, J. Pejcha

Faculty of Agriculture, University of South Bohemia in Ceské Budéjovice, Czech Republic

ABSTRACT: Between 1995 and 1996 at two experiment sites we observed three varieties of buckwheat (Fagopyrum vulgare L.):
Pyra (Czech Republic), Lifestum (Germany) and Hruszowska (Poland). The experiments were carried out in different agro-
technical conditions (the quantity of seeds sown 250 to 350 seeds per 1 m? and nitrogen dressing of 0, 30 and 60 kg N per
1 ha prior sowing). We observed the effect of genotype and the above mentioned environmental factors on the yield and yield
characteristic (the number of plants per 1 m?, the number of seeds per plant and thousand grains weight), as well as the process
of creation and reduction of flowers (the number of storeys, the number of inflorescences, the number of flowers per plant)
and formation of seeds. The seed yield was statistically affected by the choice of variety (the highest yield was found with
the variety Hruszowska and the lowest with Lifestum), a site of growing and the nitrogen nutrition. Due to great differences
in the weather between the experiment sites and during the experiment years the number of created storeys and flowers, and
the number of ripe seeds as well as their mass differed significantly in all the genotypes. The potential positive effect of more
branches and of the greater number of created flowers can be reached by both nitrogen dressing and lower plant density. The
more branches the more asynchronic the ripening was and the greater was the reduction of created flowers. The number of seeds
per inflorescence and the number of seeds per plant was in a positive relation to the seed yield as opposed to thousand grain weight.

Keywords: buckwheat; yield; inflorescence; the number of flowers; the number of seeds; thousand grain weight

ABSTRAKT: Na dvou stanovistich v letech 1995 a 1996 byly v podminkach rozdilné agrotechniky (vysevek 250 a 350 semen
nalm’a hnojeni dusikem 0, 30 a 60 kg N.ha™ pied setim) sledovény tfi odriidy pohanky seté (Fagopyrum vulgare L.): Pyra
(CR), Lifestum (SRN) a Hruszowska (Polsko). Byl zkoumdn vliv genotypu a uvedenych faktori prostfedi na vynos a vynosové
prvky (pocet rostlin na | m?, pocet semen na rostlinu a hmotnost tisice semen) i proces zaklddéni a redukce kvétl (pocet pater
na rostling, pocet kvétenstvi, pocet kvét na rostling), resp. tvorby semen. Na vynos semen pohanky méla statisticky vyznamny
vliv odriida (nejvys8i vynos byl ziskdn u odridy Hruszowska a nejniZsi u odridy Lifestum), déle stanovist€ a vyZiva rostlin
dusikem. Vzhledem k vyrazné odliSnému priibéhu pocasi v pokusnych letech se v jednotlivych letech vyznamné lisil u viech
genotypti pocet zaloZenych pater a kvétd a podet dozrilych semen i jejich hmotnost. Potencidlni pozitivni vynosovy efekt
mohutnéjsiho vétveni a vétsiho poctu zaloZenych kvéti miZe byt dosaZen jak hnojenim dusikem, tak niZ§i hustotou porostu.
S vétvenim roste i asynchronnost dozrdavani a redukce zaloZenych kvéti. PoCet semen na kvétenstvi a poCet semen na rostlinu
byl na rozdil od hmotnosti tisice semen v kladné relaci k vynosu semen.

Klicova slova: pohanka; vynos; kvétenstvi; poCet kvétl; pocet semen; hmotnost tisice semen

UvoD

Potencidlni produktivita pohanky je velmi vysoka.
Pokud by vSechny kvéty daly plna semena, je moZné
dosdhnout vynosu az 62 tha™! (Ruszkowski, 1986). Reil-
nd produktivita pohanky je vSak mald. Z nasazenych
kvétt se vytvoii jen 10 aZ 40 % nazek, nékdy pouze o 5 aZ
10 % (Petr, 1996). Vysoka potencidlni produktivita
spociva v nadmérném vétveni (Zhunging et al., 1986),
neukondeném ristu kvétenstvi (Namai, 1990; Ruszkow-
ski, 1991 — cit. Adhikari, 1997) a v zaloZeni velkého
poctu generativnich organa (Petr, 1996). Mira zaloZeni
kvéti pohanky je vyznamné zdvisld na odradé a pro-
stfedi (Shuhua, Zhunging, 1986).

ROSTLINNA VYROBA, 46, 2000 (5): 225-230

Zapornou interakci mezi mnoZstvim nasazenych
kvéti a vytvofenych semen udavaji Shuhua, Zhunging
(1986). Za jeji pficinu oznacuji opad kvétd spojeny
s nepfiznivymi Zivinnymi podminkami. Také Kreft
(1986) uvadi dostupnost asimilatd v pribéhu kveteni
jako dulezity Cinitel ovliviiujici nasazeni semen. Nedo-
statek asimilatd v dobé kvétu zdavodiiuje Petr (1996)
malou listovou plochou pfipadajici na jeden kvét a kon-
kurenci o asimildty mezi generativnimi a vegetativnimi
organy. Namai (1990 - cit. Adhikari, 1997) hovofi
o nizké distribuci asimilati.

Na redukci zaloZenych generativnich orgédnii se po-
dileji i nedostatek vlahy a vysoké teploty beéhem kvete-
ni, poruchy generativnich orgénu, nedostate¢né opyleni
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(Petr, 1996), resp. autoinkompatibilita (Namai, 1990 —
cit. Adhikari, 1997). Opad opylenych kvéti i naZzek na
pocatku vyvoje muaZe byt limitujicim faktorem vynosu
pohanky navzdory vysokému stupni opyleni a oplodné-
ni kvéta (Kreft, 1986). ZvySujici se davka mineralniho
hnojeni zpisobuje zvySeni podtu kvétenstvi a také pocet
vyvinutych semen na rostlinu (Szklarz, Olender, 1986).

Reélny vynos pohanky je znacné ovlivnén nerovno-
mérnym dozravanim. V dobé zralosti nazek v nizsich
castech rostliny ve vrcholovych Castech kvéty jesté kve-
tou (Zhunging et al., 1986).

Posuzovali jsme vliv genotypu, ro¢niku, stanovisté,
hustoty porostu a hnojeni na vynos pohanky, resp. na
vybrané prvky struktury vynosu, jako pocet rostlin na
jednotku plochy, pocet uzlin (pater) na rostling, pocet
kvétenstvi a pocet kvétd na rostling, pocet semen na
rostling, hmotnost tisice semen (HTS) a procento nasa-
zeni semen.

MATERIAL A METODY

V letech 1995 az 1996 byly na dvou stanovistich
bramboraiské vyrobni oblasti zaloZeny metodou ndhod-
nych bloka ve Ctyfech opakovanich (skliziiova plocha
pokusnych parcel 18 mz) polni maloparcelkové pokusy
se tfemi odridami pohanky seté. Charakteristiku stano-
vist podava tab. L.

Zkougené odridy Pyra (CR), Hruszowska (Polsko)
a Lifestum (SRN) byly vysety ve dvou hustotich
(250 a 350 rostlin na 1 m®) pfi §ifce fadkt 25 cm a hno-
jeny davkou dusiku 0, 30, 60 kg N.ha™!. Davka hnojeni
N byla aplikovana pred setim spolecné s zakladnim
hnojenim K a P.

Pribéh podasi znazoriiuji upravené Walterovy kli-
matogramy (obr. 1). Terminy seti a sklizné jsou uvede-
ny v tab. IL

Pred sklizni byly v obou pokusnych letech odebrany
z kazdé varianty vzorky rostlin pro jejich individualni
rozbory. Sklizefi pokusi probihala rucné.

Individudlni rozbory rostlin sledovaly pocet uzlin
(pater) na rostling€, pocet kvétenstvi, pocet kvéta (podil
zaschlych kvétd), pocet vytvorenych semen, procento
vytvoienych semen a HTS.

VYSLEDKY A DISKUSE

Ve vztahu mezi vynosem a vynosovymi prvky
(tab. IIT az V) se ukazala, jak podobné uvadi Adhikari

I. Charakteristika stanovist — Characteristics of sites

(1997), pozitivni zavislost vynosu semen na poctu se-
men na kvétenstvi, resp. na poCtu semen na rostlinu,
zatimco hmotnost semen se ve vztahu k vynosu proje-
vila jako nevyznamna.

Vliv hustoty porostu nebyl vyznamny jako samostat-
ny faktor ani v interakci s ostatnimi zdroji proménlivos-
ti u Zadné ze sledovanych odrad (vyjma ptsobeni inter-
akce roki a hustoty na pocet semen). Hustota porostu
neméla podstatny vliv na hodnoty sledovanych prvka
podilejicich se na tvorbé vynosu ani na konec¢ny vynos
semen. Nejednoznacny vliv hustoty porostu, resp. roz-
dilné reakce odrid v jednotlivych letech potvrzuji i roz-
dilné zavéry nékterych autori. Ruszkowski (1986)
tvrdi, Ze vyS8i hustota rostlin zmen$uje prostup svétla
do porostl a dochazi ke snizovani jmenovanych vyno-
sovych prvki. Podle citovaného autora dochézi také ke
zkracovani periody kveteni, coZ miZe vést ke sniZeni
pravdépodobnosti opyleni v&elami. Jako jeden z no-
vych ideotypt pohanky navrhuje rostliny se zvySenym
poétem vétvi a zvySenym povrchem lista. Aufhammer
et al. (1994) naopak doporucuji Slechténi rostlinnych
genotypl pouze s ohranicenym vétvenim a rovnomér-
nym dozravanim a uvadéji jako dostacujici hustotu po-
rostu 100 rostlin na 1 m%. Vyssi hustota neprinesla po-
dle téchto autorti zadné vynosové efekty.

Vliv stanovisté na tvorbu a troveil vynosu u pohan-
ky se projevil jako vysoce priikazny, co se tyka kone¢-
ného vynosu semen, a jako prikazny v poctu vytvoie-
nych semen na jednu rostlinu. Ukdzaly se pozitivni
interakce odriidy a stanovi§té u po&tu pater, kvétl i se-
men, coZ je zfejmé zpisobeno rozdilnym priabéhem po-
¢asi na jednotlivych stanovistich a riznymi padnimi
podminkami.

Vliv odriidy na vynos rostlin se ukdzal jako statistic-
ky vysoce prikazny, ale v rozdéleni jednotlivych vyno-
sovych prvki byl prikazny u poctu pater, poctu semen
a HTS. Projevily se prikazné interakce odridy a roéni-
ku na podet pater, pocet kvéti a HTS. Vyznamné inter-
akce odrid a ro¢niku vypovidaji o tom, Ze ne kazda
odrida reagovala na povétrnostni podminky rocniku
stejnym zpusobem. Chloupek (1995) uvadi, Ze v poly-
faktoridlnich pokusech je vynos ovliviiovan rocniky
a jejich interakcemi. Z hlediska produkce semen se nej-
vice osvédcila polskd odriida Hruszowska, coz se sho-
duje i s vysledky. jinych autorii (Honermeier et al.,
1994; Michalova et al., 1998). Nasledovala ¢eska odru-
da Pyra. Odrida Lifestum byla pfedev§im pro svou re-
lativné delsi vegetacni dobu pro naSe podminky méné

Charakteristika'

Ceské Budgjovice (1)

Sedledko (2)

Nadmoiska vyska? 380 m
Pramérny roéni thrn srizek? 621 mm
Pramérnd rocni teplota* 7,8 °C

Pida’ hlinitopis¢ita®
pH 6,1

520 m

600 mm

72.%
hlinitopiscita

6,0 (slabé kyseld’)

1 v . 3 NG = 3 . .
characteristics, Zaltitude, average annual sum of precipitation, 4:werage annual temperature, 3soil, (‘loamy sand, 7shghtly acid
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1. Upraveny Waltertiv klimatogram
(Ceské Budgjovice) — Modified Walter
climatogram (Ceské Bud&jovice)

—+— teploty — temperatures

—* sriazky — precipitation

osa x: datum — x axis: date

osa y: suma teplot a srizek — y axis: sum
of temperatures and precipitation

21.-305. 1-106. 11.-208. 21.-308. 1-107. 11.-20.7. 21.-307. 1-108,

1996

11.-208. 21.-308.

1-10.9. 11.-209. 21.-30.9

0 . + + + + +

II. Terminy seti a sklizn& pohanky seté — Dates of sowing and buck-
wheat harvest

Rok! Ceské Budgjovice (1) Sedlecko (2)
Datum? | seti? sklizng* seti sklizné

1995 23.5. [5.9,13.9.,4.10.| 24.5. (4.9.,12. 9., 3. 10.

1996 | 30. 5. 4.9, 24.9. 29. 5. 3..9,25. 9.

3 .
'ycar, date, “sowing, *harvest

vhodna, od ostatnich odrad se liSila velkym narastem
zelené hmoty a dlouhym a nerovnomérnym dozravanim.
Nizky vynos byl dan nizkym procentem nasazeni semen
a rovnéz nerovnomérnym a pozdnim dozrdvéanim, a tim
1 vysokymi ztratami pfi sklizni v disledku méné vhod-
nych podminek pfi sklizni. Podobny piipad ve svych
pokusech uvadéji Authammer et al. (1994) pfi péstova-
ni japonské odriidy Miyazakiootsubu, ktera jiz na zacatku
kvétu byla oproti ostatnim odriddm opozdéna o 15 aZ

ROSTLINNA VYROBA, 46, 2000 (5): 225-230

11.-205, 21.-305. 1-106. 11.-206. 21.-306. 1-10.7. 11.-207. 21.-307. 1-108. 11.-208. 21.-308. 1-109. 11.-208. 21.-30.9.

20 dni a ani v dobé Zni nedosahla konce kveteni. Na-
proti tomu tato odriida vytvofila vysoky vynos biomas
cca 13 tha™! pfi tvorbé vynosu semen pouze 0,5 t.ha .
Vysledky vychazeji z vys$si citlivosti této odridy na
kratky den. V naSich oblastech se odriida v podminkach
dlouhého dne rozviji predev§im vegetativné, k nasazo-
vani semen a ke zralosti dochdzi pozdéji.

Vliv ro¢niku byl vysoce prukazny, a to u viech sle-
dovanych vynosovych prvka (pocet pater, pocet kvéta
a poCet semen na rostlinu i HTS). Prubéh pocasi v letech
1995 a 1996, co se tyké srazek a teplot, byl velmi od-
lisny (obr. 1). Vy§§i mnoZstvi srazek po zaseti a v prvni
tretiné vegetace v roce 1995 zapficinilo jednoznacné vétsi
pocet pater na rostlinu. Pocet semen byl silné ovlivnén
zejména stanovi§tém a hnojenim ve vztahu k jednot-
livym rokam. Lze to vysvétlit pfedev§im priibéhem sra-
zek a teplot jednotlivych ro¢nika (obr. 1). Sussi prabéh
letnich mésict vedl k vytvoteni vy§§iho poétu kvéten-
stvi a kvéta na rostlinu a snizil procento nasazeni se-
men a HTS. Vlhky podzim 1995 ztiZil podminky pfi
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I1I. Analyza varianci pro sledované znaky za roky 1995 az 1996 — Variance analysis for studied characteristics for the years 1995 to 1996

Zdroje proménlivosti! dr Pocet pater? Pocet kvéta® Pocet semen? HTS?
Odrida® (a) 911" 23671 931,3 1264
Hnojeni” (b) 14,17"" 84 494" 9 035,7"" 226"
Rok® (c) 1 270,67"" 3421 693" 198 219" 1104,0"
Stanovi§te? (d) 1 7,95" 148 109" 14 729" 33
Hustota'? (e) 1 0,97 5749 797,7 1,68
Interakce!!

axb 4 0,49 1185 70,5 2,0
axc 2 1,66° 79 284" 64,1 496"
axd 2 1,99° 79 290" 117t 1,29
axe 2 0,14 4948 335.6 3,29
bxc 2 13 2652 18 699" 4.45
bxd 2 0,21 400 3747 9,11
bxe 2 0,20 4120 2386 4,05
exd 1 0,16 135 458" 3106,6™ 32,9
cxe I 1,33 11 207 17847 0,008
dxe 1 0,27 17 999 180,9 3,88

" e 5. . ST . 9. ( .
'source of variability, Znumber of storeys, *number of flowers, “number of seeds, “TGW, ('vanely, Tfertilization, "ycar. Usite, ”dcnsny,

Yinteraction

IV. Podil faktori na celkové variabilité jednotlivych znakt — Share
of factors on total variability of different characteristics

Zdroje Podil variability'? (%)
proménlivosti' g:‘:i; I?:é;?“ sgr(:::x:" HTS®
Odrida® (a) 2,91 0,5 0 8,7
Hnojeni’ (b) 4,54 2,0 3,8 1.5
Rok® (c) 8544 | 823 83,3 76,7
Stanovi§tg? (d) 2,96 3,56 6,2 0,02
Hustota'" (e) 0,3 0.1 0 0,01
Interakce'!

axb 0,2 0 0 0,01
axce 0,68 1,9 0 3.5
axd 0,42 0,6 0,07 0,03
axe 0,64 1,9 0,05 0
bxc 0 0 0 0,06
bxd 0 33 1,3 2,29
bxe 0 0,1 0 0,03
cxd 0 0,1 0 0,03
cxe 0,4 0,26 0,07 0
dxe 0 0,43 0 0,03
Vicendsobné interakce'? 1,51 0,55 5,21 7,09

For 1-11 see Tab. 11, '*share of variability, 13multiple interaction

sklizni, a tim zvysil skliziiové ztraty. RozloZeni srazek
a teplot v roce 1996 bylo zcela opa&né. Délka vegetaéni
doby byla v zavislosti na odriidé v roce 1995 v Ces-
kych Budgjovicich 104 az 134 dni a v Sedle¢ku 103 aZ
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132 dni; v roce 1996 trvalo vegetacni obdobi 96 az
116 dni, resp. 96 az 118 dni. U vSech odrud bylo v roce
1995 dosaZeno ve srovnani s rokem 1996 vyssiho teo-
retického vynosu, ale skutecny vynos byl ve vsech va-
riantach vys8i v roce 1996.

Vliv hnojeni dusikem. V roce 1995 se potvrdilo, Ze
s rostouci davkou N stoupd také vynos rostlin. Na sta-
noviiti 1 u odrady Pyra stoupal polet hrozni, pocet
kvétl i poCet semen na rostlinu, procento nasazeni se-
men vSak klesalo a HTS kolisala. U odridy Hruszow-
ska mély vSechny sledované znaky vzestupny charakter.
Odrida Lifestum reagovala podobné. Na stanovisti 2
viechny odridy reagovaly shodné jako na stanovisti 1.
Takeé v roce 1996 se s rostouci davkou N u odridy Pyra
a Hruszowska zvySovala droveni vSech sledovanych
faktorli v€etné vynosi semen. U odridy Lifestum jsou
vysledky spornéjsi, ale kone¢né vynosy byly u hnojené
varianty vy$$i. Odrida Pyra reagovala na davku N zvy-
Senim vSech sledovanych prvki véetné teoretického vy-
nosu. Zajimavé je porovnat rozloZeni tvorby jednotlivych
vynosovych prvki na rostliné u hnojené a nechnojené
varianty. U hnojené varianty byl celkovy pocet hroznii
vys§i, ale hrozny byly na rostliné rozloZeny diky mo-
hutnéj§imu vétveni mezi vétsi pocet pater, takZe pru-
mérny pocet hroznl na patro miZze byt nizsi. Potvrdilo
se to predevS§im u vrcholovych kvétenstvi, ktera se
u nehnojené varianty podilela na vynosu semen pfibliz-
né z jedné tietiny, zatimco u hnojené varianty byla
tvorba semen diky jiz zminénému vétveni rozloZena
i do niz8ich pater. Vrcholové kvétenstvi tvofilo pribliz-
né pétinu az ¢tvrtinu poctu vyvinutych semen. Podobné,
ale vyraznéji reagovala na davku N odrida Hruszow-
ska, u jejiz hnojené varianty se oproti nehnojené varian-
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V. Vliv jednotlivych faktori na vynosové znaky pohanky — The effect of different factors on yield characteristics of buckwheat

Faktory! Urovné faktort’ n Vonowoes ihy”
pocet pater!? pocet kvéta'! pocet semen'2 HTS'"?
Rok? 1995 36 8,90 563,16 139,25 13,75
1996 36 5,07 127,16 34,31 21,58
Pyra 24 6,39 357,43 90,94 18,12
Odriida® Hruszowska 24 6,95 309,47 89,77 19,70
Lifestum 24 7,61 368,58 79,62 15,18
— 250 semen® 36 7.10 354,10 90,11 17,82
350 semen 36 6,87 336,23 83,45 17,51
0 kg N.ha™! 24 6,25 283,33 66,81 16,59
Hnojeni® 30 kg N.ha™! 24 6,93 350,51 87,99 18,48
60 kg N.ha! 24 1,77 401,64 105,56 17,92
Stanovigtst Sedlecko 36 6,63 299,81 72,47 17,45
Ceské Budgjovice 36 7,34 390,52 101,08 17,88

'factors, Zyear. 3V:xricty, "density, Sfertilization, “site, "level of factors, *seeds, 9yi(-:ld characteristics, ""number of storeys, "number of flowers,

2humber of seeds, Brow

t& vyrazné snizil celkovy pocet zaschlych kvéta a vy-
razné se zvysilo procento nasazeni semen. Celkové byl
vliv hnojeni na kone¢ném vynosu pohanky vysoce pri-
kazny, ale vliv jednotlivych prvkd vynosu vzhledem
k jejich variabilité byl neprtikazny. Prikaznosti se pfi-
blizoval pocet pater na rostlinu.

Ruzna droveri hnojeni N byla do pokusu zafazena
piedevsim pro moZnost sledovani rozdilné tvorby vyno-
sovych prvki. U vSech variant se potvrdil predpoklad,
7e u hnojenych porosti doslo i k naristu vynosu se-
men. Aufhammer et al. (1994) uvadéji, Ze davka
40 kg N.ha ! ani jeji rozdilna aplikace nezpusobily
zadné vynosové rozdily oproti nehnojené varianté.
U v8ech odrad byl u hnojenych variant vesmés ziskidn
pfiznivy vynosovy efekt, ktery byl din zvySenym pro-
centem nasazeni semen, vyS§im poctem pater i vySSim
poctem hrozni na rostlinu. Potencidlné pozitivni vyno-
sovy efekt mohutnéjsiho vétveni a vétSiho zaloZeni
kvétd muaze tak byt dosaZen jak hnojenim N, tak nizs§i
hustotou porostu. Na druhou stranu se v§ak mohutnéjsi
vétveni rostlin projevilo i nerovnomérnéj§im dozrava-
nim a v koneéném disledku i vy3§§imi skliziiovymi
ztratami u hnojenych variant. U nehnojenych variant
byl vynos tvoren predevsim vrcholovym kvétenstvim,
resp. hornimi kvétenstvimi, zatimco u hnojenych variant
se tvorba a rozmisténi semen rovnomérnéji rozprostiely
i do niZSich pater rostliny. Nase vysledky je moZné
srovnat se zavéry z literatury (Ruszkowski, 1986), po-
dle nichZ jsou jednotlivé kvéty na hlavnim stonku nej-
produktivnéjsi, zatimco kvéty na vétvich prvniho a dru-
hého fadu jsou méné fertilni. MuZeme také souhlasit
s tvrzenim citovaného autora, Ze vysoky pocet kvéten-
stvi na rostlinu muaZe zpusobit zvySeni poCtu semen na
rostlinu. Adhikari (1997) naproti tomu uvédi, Ze vysoky
pocCet vétvi a nasledné i vysoky pocet kvétenstvi na
rostlinu miZe mit negativni vliv na vynos semen diky
konkurenci mezi vyvinutymi semeny a poupaty, a to
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vzhledem k limitujici zasobé zdroju. Uvedené tvrzeni
podporuji také dal$i vyzkumy (Ruszkowski, 1986;
Kreft, 1986), které dokazuji, Ze dostupnost asimilatt
v dobé kveteni je dilezitym faktorem pro regulaci tvor-
by semen pohanky. Opad opylenych kvétl a zrn na za-
Catku vyvoje muaze byt také limitujicim faktorem pro
vynos pohanky. Kreft (1986) se rovnéZ domnivd, Ze
vysoky pocet kvétl je spiSe plytvanim asimilatd.

ZAVER

Na obou stanovistich byla ve vSech pokusnych roc-
nicich jednozna¢né nejlepsi polska odrida Hruszowska.
Vyznacovala se vysokym vynosem, vysokym procen-
tem nasazeni semen a nizkymi ztratami pifi sklizni.
V poradi druhd odriida Pyra méla vysoky pocet semen
na rostlinu i teoreticky vynos, avSak vzhledem k vy$§im
ztratam pii sklizni byl jeji skuteny vynos niZ$i neZ
u odridy Hruszowska. Jako nejhorsi se ukdzala odrada
Lifestum, kterd se liSila habitem rostlin i délkou vege-
tadni doby. Vytvofila sice vysoky narust zelené hmoty
a vysoky pocet kvéti, ale vlivem nizkého podilu nasa-
zeni semen a HTS byl pak kone¢ny vynos niZsi. Vzhle-
dem k velmi dlouhé vegetacni dobé dozravala aZ za
velmi nepfiznivych povétrnostnich podminek.

Vétsich vynost bylo dosaZeno na stanovisti 2. Na
stanovisti 1 méla nejvyssi vynos odrida Pyra pfi hno-
jeni 30 kg N.ha! a vy$8i hustoté vysevu. Na stanovis-
ti 2 byl zji§tén nejvyssi vynos u odridy Hruszowska pfi
hnojeni 30 kg N.ha™! a niz§ hustotd vysevu.

Ve vztahu ke kone¢nému vynosu semen pohanky byl
jako vysoce priikazny zji§tén vliv stanovisté, odrady
a hnojeni. Na jednotlivé vynosové prvky (pocet pater,
pocet kvéti a podet semen na rostlinu a HTS) mél vy-
soce prikazny vliv pouze ro¢nik. Odrida méla prikaz-
ny vliv na HTS a stanovi$té na pocet semen.
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Sledované prvky predikujici hospodai'sky vynos (po-
et pater, pocet kvétl, polet semen i HTS) byly z vy-
branych faktort prostfedi nejvyznamnéji ovlivnény roc-
nikem, hnojenim a stanovistém.

Pfispévek byl zpracovén za podpory GA CR, projekt
GA 521/97/0052.
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INFORMACE - STUDIE - SDELENI

POTATO TUBERS AS A SIGNIFICANT SOURCE
OF ANTIOXIDANTS IN HUMAN NUTRITION

HLIZY BRAMBOR JAKO VYZNAMNY ZDROJ ANTIOXIDANTU
V LIDSKE VYZIVE

J. Lachman, K. Hamouz, M. Orsik, V. Pivec

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: One of the richest sources of antioxidants in human diet are potato tubers (Solanum tuberosum L.). Their
antioxidant content decreases in great deal atherosclerotic processes, inhibits from cholesterol accumulation in blood serum
and enhances resistance of vascular walls. Many antioxidants decrease risk of coronary heart disease and have free radical
scavenging effect. The main potato antioxidants are polyphenols, ascorbic acid, carotenoids, tocopherols, a-lipoic acid, and
selenium.

Keywords: potatoes; antioxidants; polyphenols; ascorbic acid; carotenoids; tocopherols; o-lipoic acid; selenium

ABSTRAKT: Jednim z nejbohatSich zdroji antioxidanti v lidské vyZiv€ jsou bramborové hlizy (Solanum tuberosum L.).
Antioxidanty zastoupené v lidské vyZivé sniZuji ve znaéné mife aterosklerotické procesy, inhibuji akumulaci cholesterolu
v krevnim séru a zvy$uji rezistenci cévnich stén. Mnohé antioxidanty sniZuji riziko korondrnich srde¢nich onemocnéni a re-
dukuji volné radikély. Hlavnimi antioxidanty brambor jsou polyfenoly, askorbova kyselina, karotenoidy, tokoferoly, a-lipoova
kyselina a selen. Polyfenolické antioxidanty (fenolické kyseliny odvozené od skoficové kyseliny, tyrozin a flavonoidy) a as-
korbova kyselina jsou rozpustné ve vodé, zatimco karotenoidy, tokoferoly a o-lipoova kyselina jsou lipofilni. Pisobi syner-
gicky a vzdjemné zvy3uji pozitivni i¢inek. Polyfenolické slougeniny chréni vitamin C a B-karoten, které na druhé strang& chréni
obsah vitaminu E - tokoferolu. Kromé L-tyrozinu (770 aZ 3900 mg/kg) jsou v bramborach nejvice zastoupeny skoficové
polyfenolické kyseliny [chlorogenova (22 aZ 71 mg/kg), neochlorogenova (11 mg/kg), kdvova (280 mg/kg) a ferulovi (28 mg/kg)],
jez predstavuji silné antioxidanty, které mohou zastavit i rist nékterych rakovinnych bunék. U ¢ervené zbarvenych odrid jsou
v peridermu hliz obsaZzeny antokyany odvozené od pelargonidinu a peonidinu. Antokyaniny pisobi jako antioxidanty na lidsky
lipoprotein a na systémy lecitin — liposom. Brambory jsou vyznamnym zdrojem askorbové kyseliny (170 aZ 990 mg/kg),
dokonce i po tepelné tpravé. Askorbova kyselina je hlavnim pfirodnim inhibitorem hnédnuti brambor, nebot redukuje pavodni
produkty oxidace o-chinony zpét na o-difenoly. Askorbova kyselina plsobi jako zachytavac kysliku, resp. jako donor vodiku
pro fenolické slouceniny a reaguje s nékterymi kovy, které redukuje. Karotenoidy mohou byt obsazené v bramborich v mnoz-
stvi 4 aZ 4,5 mg/kg. Nejvice jsou zastoupené B-karoten a xantofyly lutein a zeaxantin. Karotenoidy se vyzna&uji antioxidadnimi
ucinky, zvy3uji imunitni odpovéd a chrani buiiky pokozky proti UV zafeni. Ochranné ucinky karotenoidl jsou zvySeny jejich
komplexnim zastoupenim (12 karotenoid®). Hlizy brambor jsou také bohaté na a-tokoferol (0,5 az 2,8 mg/kg) a v relativné
dostateném mnoZstvi se v bramborich vyskytuje selen (0,01 mg/kg). Selen piisobi spole¢né s vitaminem E v buné&ném
antioxidacnim obranném systému tak, Ze zastavuje reakce volnych radikdld. Dal§im antioxidantem v bramborovych hlizach
typu vitaminu je o-lipoova kyselina (ristovy faktor brambor), kterd se uvniti bunék redukuje na dihydrolipoovou kyselinu,
jez likviduje a neutralizuje volné radikédly. Vzhledem k obsahu téchto typli antioxidanti jsou brambory dileZitym zdrojem
fytonutrient a mohou byt fazeny k tzv. fytopotravinam, ovliviiujicim pozitivné lidské zdravi.

Klicova slova: brambory; antioxidanty; polyfenoly; askorbovi kyselina; karotenoidy; tokoferoly; o-lipoova kyselina; selen

Introduction could be divided into polyphenols (flavonoids, antho-
cyanins, phenolcarboxylic acids, and coumarins), carote-

Natural antioxidants present in food and other biologi-  noids (carotenes — precursores of vitamin A and xantho-
cal materials have received considerable interest because  phylls), and tocopherols (vitamin E). Also ascorbic acid
of their safety and potential nutritional and therapeutic ~ (vitamin C) and selenium possess strong antioxidant
effects. Antioxidants regarding their chemical structure  activity. Antioxidants can scavenge free radicals before
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they cause damage, or prevent oxidative damage from
spreading out. Antioxidants have been found to slow,
block or reverse oxidative changes in human body sub-
stances and cells.

Polyphenolic compounds, esp. flavonoids are effective
antioxidants (Bors, Saran, 1987) due their capability to
scavenge free radicals of fatty acids and oxygen (Good,
1994). Vegetables and crops are significant sources of
antioxidants in human nutrition either in direct con-
sumption or in the form of vegetable juices. Justesen et
al. (1997) estimated daily flavonoid intake at 26 mg/day.
Potato tubers present very significant source of antioxi-
dants (Al-Saikhan et al., 1995) in human nutrition, e.g.
among fruits and vegetables they insure an average
daily intake about 64 mg polyphenols per capita in the
U.S.A. and occupy second place after tomatoes (Vin-
son, 1996). From antioxidants they are richest in
polyphenols (1226 to 4405 mg/kg) and ascorbic acid (170 to
990 mg/kg). From other antioxidant compounds carote-
noids (as high as 4 mg/kg), o-tocopherol (0.5 to
2.8 mg/kg) and in lesser contents selenium (0.01 mg/kg)
or o-lipoic acid are occurring.

Polyphenols

Potato tubers contain secondary metabolites
(polyphenolic compounds) presenting substrates for en-
zymatic browning of potatoes that is occurring during
peeling, cutting or grating of raw potato tubers (Laanest
etal., 1995). L-tyrosine (1 to 2.1073 M) and chlorogenic
acid (2 to 6.107 M) (Dao, Friedman, 1992) are major
polyphenolic potato constituents (Matheis, 1987, 1989;
Leja, 1989). The most presented polyphenolic com-
pound in potato tubers is amino acid tyrosine (770 to
3900 mg/kg), followed with caffeic acid (280 mg/kg),
scopolin (98 mg/kg), chlorogenic acid (22 to 71 mg/kg),
ferulic acid (28 mg/kg) and cryptochlorogenic acid
(11 mg/kg). Caffeic acid may be a product of hydroly-
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1. Major phenolcarboxylic acids in potato tubers
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sis of chlorogenic acid (Fig. 1) and possesses strong
antioxidant activity as well as its related hydroxycin-
namic acid compounds (Chen, Ho, 1997). Yamamoto et
al. (1997) have found caffeic acid level in the edible
parts of potato as high as 0.2 to 3.2 mg/kg, the total
polyphenols were 422 to 834 mg/kg. The skin parts
contained double in each case. Some polyphenols are
presented only in lesser levels such as neochlorogenic
acid (7 mg/kg). p-coumaric acid (4 mg/kg), sinapic acid
(3 mg/kg), and 3,4-dicaffeoyl-quinic acid (3 mg/kg).
Only in small levels were found 3,5-dicaffeoyl-quinic
acid, scopoletin, trans-feruloylputrescine. Negrel et al.
(1996) have found the occurrence of ether-linked ferulic
acid amides (feruloyltyramine and/or feruloyloctopamine)
in suberin-enriched samples of natural and wound
periderms of potato tubers. The major part of the ether
bonds involved the ferulic moiety of the amides. In total
plant were identified glycosides of delphinidin (3-O-ruti-
noside), quercetin (3-O-glucoside or rutinoside),
kaempferol (3-O-diglucoside-7-O-rhamnoside, 3-O-triglu-
coside-7-O-rhamnoside), and petunidin (3-O-ruti-
noside). Phenolics are mostly contained in potato tuber
peels (Sotillo et al., 1994a, b). Hung et al. (1997) using
the red tuber-producing potato cultivar Norland ob-
served changes in anthocyanin content and tuber sur-
face color during tuber development — intensity of red-
ness and anthocyanin content per unit of surface area
decreased as tuber weight increased. HPLC showed that
pelargonidin and peonidin are the major antho-
cyanidins in the tuber periderm.

Ascorbic acid

Ascorbic acid (AA) is the major naturally occurring
inhibitor of enzymatic browning of potatoes (Almeida,
Nogueira, 1995). It reduces the initial oxidation products,
the o-quinones, back to o-diphenols until it is quantita-
tively oxidised to dehydroascorbic acid (Fig. 2). Ascor-
bic acid also inhibits potato PPO directly by blocking
the copper of the active site of the enzyme. Ascorbic
acid contained in tubers attracts interest because regard-
ing its content in tubers and deal of consumption pota-
toes present an important source of vitamin C in human
nutrition. Ascorbic acid concentration in tubers influ-
ences degree and-rate of enzymatic browning of pota-
toes because it is a naturally occurring inhibitor. Pota-
toes are very rich in ascorbic acid (170 to 990 mg/kg)
(Duke, 1992a). Even in cooked potato tubers remained
in average 130 mg/kg of ascorbic acid and in microwaved
potato tubers 151 mg/kg (USDA Nutrient Database,
1998). Ascorbic acid content is affected by many ex-
trinsic and intrinsic factors such as variety, year of cul-
tivation, way of cultivation, environmental conditions,
stage of maturity, storage conditions and many others
(Mapson et al., 1963; Brudzynski, Zawidzka-Okoniewska,
1979; Mondy et al., 1979; Takebe, Yoneyama, 1992;
Mondy, Munshi, 1993; Cieslik, 1994; Storkova, Prugar,
1997; Hamouz et al., 1997, 1999). Dipierro, Leonardis
(1997) investigated the changes in the components of
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the ascorbate-glutathione system during the storage of
potato tubers for 40 weeks at both 3 and 9 °C in relation
to lipid peroxidation. The ascorbate content of tubers
decreased during storage both at 3 and 9 °C. The dehy-
droascorbate content reached a maximum after about
eight weeks and was significantly higher in tubers
stored at 3 °C. Ascorbate free radical reductase, dehy-
droascorbate reductase and glutathione reductase, the
enzymes involved in the regeneration of ascorbate,
were not affected by temperature, and remained quite
unchanged throughout storage. It can be concluded that
the ascorbate system is involved in the scavenging of
the free radicals responsible for lipid peroxidation in
stored potato tubers at least at low temperatures and in
the first period of storage.

Carotenoids

Also carotenoids are efficient antioxidants involved
in antioxidant network (Canfield, 1993; Jarvinen; 1995;
Mayne, 1996). In potatoes they represent in average
4 mg/kg. Mader, Vodickova (1996, 1998) have found
total carotenoid content in 35 Czech potato varieties in
range from 0.16 to 6.36 mg/kg and average value
1.94 mg/kg. Dokkum et al. (1990) bring an average
total carotenoid value 0.75 mg/kg. After Duke (1992a)
B-carotene (1 mg/kg) and its derivative B-carotene-5,6-
monoepoxide (Fig. 3) are the most presented among them.
But Ong, Tee (1992) have found as most occurring
lutein (0.13 to 0.60 mg/kg), and B-carotene (0.03 to
0.40 mg/kg). Granado et al. (1992) have found in early
variety as major components lutein (0.12 mg/kg), zea-
xanthin (0.04 mg/kg) and B-carotene (0.01 mg/kg).
Also Heinonen et al. (1989) have found as major ca-
rotenoids lutein and zeaxanthin (0.13 to 0.60 mg/kg)
and B-carotene (0.032 to 0.077 mg/kg). They have
found higher contents in older potato tubers after stor-
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age (in March) in comparison with new tubers (in Au-
gust), what could be explained by changes in water
content. Other carotenoids are contained only in minor
levels. Among them were found o-carotene, cis-an-
theraxanthin-5,6-monoepoxide, cis-neoxanthin, cis-vio-
laxanthin, cryptoxanthin, cryptoxanthin-5,6-diepoxide,
hypoxanthin, lycopene and trans-zeatine (Bergthaller et
al., 1986; Duke, 1992a, b). Miiller (1997) has found the
total carotenoid content in potato tubers 4.5 mg/kg — this
content was constituted from violaxanthin (1.8 mg/kg),
antheraxanthin (zeaxanthin-5,6-epoxide, 1.3 mg/kg),
lutein (1.0 mg/kg), zeaxanthin (0.16 mg/kg), neoxan-
thin (0.14 mg/kg), B-carotene (0.05 mg/kg) and B-cryp-
toxanthin (0.03 mg/kg). As determined Mader, Vodi¢-
kova (1996) and Mader (1998), total carotenoid content
is highly dependent on given variety (the highest levels
were found in Agria, Lipta, Albina, Svatava, Zlata,
Korela, Tara, Nikola, Lukava and Karin varieties). Ca-
rotenoid content is affected strongly by given year of
cultivation, whereas semi-early varieties are more de-
pendent in comparison with early varieties. They iden-
tified as dominant lutein and zeaxanthin (42 to 66% of
peak area), in lesser level was present B-carotene (1.1 to
3%).

Other potato antioxidants

Potato tubers are also rich in o-tocopherol (0.5 to
2.8 mg/kg) (Packer, 1994) and relatively sufficient
among vegetables is selenium content (0.01 mg/kg).
Djuji¢ et al. (1995) estimated average daily dietary in-
take of selenium as 29.72 pg/day and contribution of
vegetables and potatoes was 6.5%. The other vitamin-
like antioxidant in potato tubers is o-lipoic acid, known
as potato growth factor. Inside the cell, a-lipoic acid is
readily reduced to dihydrolipoic acid that is neutralising
free radicals (Packer et al., 1995). It directly destroys
damaging superoxide radicals, hydroperoxy radicals and
hydroxylradicals.

Importance of potato antioxidants

Potato tubers processed in different forms such as
French fries, hash browns, tatter tots, potato chips, and
scalloped potatoes, mashed potatoes, and baked pota-
toes are actually loaded with cholesterol-lowering fibre,
and potassium which maintains fluid and electrolyte
balance as well as normal heart function and blood
pressure. They are also rich in antioxidants complex,
esp. in polyphenols (cinnamic acids, tyrosine and fla-
vonoids) and ascorbic acid. These compounds are pre-
dominantly water-soluble. On the other hand, in potato
tubers are contained also lipophillic antioxidants such
as carotenoids, tocopherols and o-lipoic acid. Generally,
antioxidants are more effective when used in combina-
tions due to their synergical effect. They all work to-
gether synergistically for mutual benefit. Polyphenolic
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compounds protect vitamin C and B-carotene, which in
turn, can help to extend vitamin E functions (Heinonen,
1997). Besides L-tyrosine are in potatoes in greatest
deal occurring cinnamic acids (chlorogenic, neochloro-
genic, caffeic, ferulic) that are powerful antioxidants
and can stop the growth of some cancer cells (Hertog
et al.,, 1993). Flavonoids are able to capture and neu-
tralise excessive free radicals in many tissues of the
body and work in synergy with antioxidant vitamins
C and E (Cutler, 1991). Some flavonoids are capable of
binding to metal ions, which prevents these metals from
acting as catalysts in the body and are able to regulate
the activity of the body’s own antioxidant enzymes,
superoxide dismutase (SOD) and glutathione peroxidase
(GPX). They enhance the effects of ascorbic acid. An-
thocyanins work as antioxidants on human low-density
lipoprotein and lecithin — liposome systems (Satué et
al., 1997). Ascorbic acid can have antioxidant activity
under some circumstances. It can act as a scavenger for
oxygen, as a hydrogen donor to phenolics and as
a synergist with some antioxidants. Ascorbic acid re-
acts with some metals, it reduces them and allow them
to act more effectively as prooxidants. B-Carotene, the
major carotenoid compound of potato tubers, possesses
the highest antioxidant activity. o-Lipoic acid regenerates
other antioxidants such as C, E vitamins and glu-
tathione, prolonging their existence in the body. Dihy-
drolipoic acid recycles vitamin E by synergistically in-
teracting with ascorbate. While B-carotene is not active
in vitamin E recycling, it may itself protect against oxi-
dative destruction (Kagan et al., 1993). Carotenes are
tissue-specific in their protection (Ziegler, 1991). Over-
all protective effects are greater when all carotenes are
taken together. Carotenes also enhance immune re-
sponse and protect skin cells against UV radiation. Se-
lenium works with vitamin E in the cell’s antioxidant
defence system to slow or stop free radical reactions
that can damage vital cell structures.
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3. Major potato carotenoids

Regarding content of these groups of antioxidants
potatoes are an important source of nutraceuticals or
phytonutrients and can be classed to phytofoods affect-
ing positively human health.
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