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DIVERSITY IN EUROPEAN WINTER WHEAT LANDRACES
AND OBSOLETE CULTIVARS"®

DIVERZITA EVROPSKYCH KRAJOVYCH A STARYCH ODRUD
PSENICE OZIME

L. Dotlaéil, J. Hermuth, Z. Stehno, M. Manev

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

ABSTRACT: European winter wheat landraces and obsolete cultivars (120 accessions) from 15 European countries were
evaluated in three-year field trials in Prague-Ruzyné. As cultivars from the most of European regions are involved and a
broad spectrum of characters was evaluated, the paper presents some original data on diversity in European wheat.
Among the 13 examined characters, a relatively wide diversity (C.V. over 10%) has been estimated in spike length, charac-
ters of spike productivity (except in grain weight) and some quality characters (SDS-test and especially Gluten Index,
where the highest variability was found). Although it was difficult to distinguish the cultivars according to the country of
origin, lower spike productivity and good grain quality were characteristic for those originating in the southeast whereas
cultivars from northwest Europe showed an opposite tendency and were late. Using cluster analyses eight groups of
cultivars were identified, one of them was represented by the check cultivars. Very specific clusters 7 and 8 were com-
posed of 14 cultivars from six countries; they are characterized mainly by the high values of quality characters, Cluster-
ing has decreased the variability of cultivars within the clusters in the most of evaluated characters. However, it was
difficult to find a simple linkage between the geographic origin of cultivars and their appartenance to the particular clus-
ters. Potentially valuable cultivars were identified for further studies and/or the utilization in breeding programs. The
cultivar Mindeszentpusztai was very early and together with cultivars Guttet 491, Sarrayer 602 H and Landvete fran
Uppsala belonged to a group of cultivars with relatively long grain filling period. The harvest index was low but some old
cultivars can be found with higher values (Hatvan 0.48, Zidlochovicka jubilejni osinats and Ceska piesivka 0.45) of this
character. Especially in grain quality characters, some landraces and obsolete cultivars can be considered to be valuable
resources, e.g. in high crude protein content (over 18% in Bergland, Ukrajinka and Sippbachzeller) and high SDS-test
values (8.0 and even more in Ritzelhofer Alt, Automne rouge barbu, Brauner Fuchs and Gostianum 237). In general, most
of the old cultivars have a lower Gluten Index; nevertheless, old cultivars with a very high Gluten Index were also found
(e.g. Russisk Hvede — 95.9, Hessische Landsorte — 92.5).

Keywords: wheat; landraces; obsolete cultivars; Europe; genetic diversity

ABSTRAKT: Soubor 120 krajovych a starych $lechténych odrid p3enice ozimé plivodem z 15 evropskych statii byl hod-
nocen v tfiletych polnich pokusech na stanovisti v Praze-Ruzyni. Vzhledem k zastoupeni odriid z vétsi casti evropského
regionu a pomé&rné& $irokému spektru sledovanych znakil pfinsi price n&které pivodni poznatky o diverzité evropskych
odriid pSenice. Mezi 13 hodnocenymi znaky byla zjiiténa relativné velka diverzita (variaéni koeficient pies 10 %) v délce
klasu, charakteristikich produktivity klasu (s vyjimkou hmotnosti zrna) a n&kterych ukazatelich kvality zrna (SDS-test
a zvl43té pak Gluten index, kde byla nalezena viibec nejvy33i variabilita). Rozli§it odriidy podle zemé plivodu bylo obtizné,
nicméné odriidy z jihovychodni Evropy se vyzna€ovaly niZ§i produktivitou klasu a dobrymi parametry kvality zrna, za-
timco odriidy se severozapadu mély zcela opa&né charakteristiky a byly znaéné pozdni. S pouzitim shlukové analyzy bylo
mozné definovat 8 skupin odriid, z nichZ prvni tvofily kontrolni odridy. Velmi specifické skupiny odrid 7 a 8 byly tvofe-
ny 14 odridami ze 6 zemi a odliovaly se zejména vysokymi hodnotami sledovanych ukazateli kvality zrna. Shlukova
analyza sniZila u v&tSiny sledovanych znakii meziodridovou variabilitu ve skupinach. Bylo vSak obtizné nalézt ptimy
vztah mezi geografickym plivodem odriid a jejich pfislusnosti k jednotlivym shlukim. Podafilo se nalézt potencidlné cenné
odridy pro dalsi vyuziti ve vyzkumu, popf. ve $lecht&ni. Odriida Mindeszentpusztai byla velmi ranna a spolu s odriidami
Guttet 491, Sarrayer 602 H a Landvete fran Uppsala méla tato skupina pon&kud delsi obdobi tvorby zrna. Skliziiovy index
byl u starych odriid nizky, nicmén& bylo mo#né nalézt nékteré odriidy s vy$simi hodnotami (Hatvan 0,48, Zidlochovicka
jubilejni osinat4 a Ceské presivka 0,45). Zv14t& u znaki kvality zrna mohou byt nékteré krajové a staré odriidy povazova-
ny za cenné potenciélni zdroje, napf. vysokého obsahu hrubych bilkovin (u odrid Bergland, Ukrajinka a Sippbachzeller

* Experiments and research on the diversity and the value of European winter wheat landraces and obsolete cultivars were carried out
with the kind support of the Grant Agency of the Czech Republic (Grant GA CR 521/97/0834).
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pies 18 %), vysokych hodnot sedimentace (SDS-test 8,0 a vice u odrid Ritzelhofer Alt, Automne rouge barbu, Brauner
Fuchs a Gostianum 237). Staré odriidy mély zpravidla niZ§i hodnoty Gluten indexu, nicméné byly mezi nimi nalezeny
odriidy s velmi vysokymi hodnotami tohoto znaku (napf. Russisk Hvede 95,9 a Hessische Landsorte 92,5).

Kli¥ova slova: pSenice; krajové odriidy; staré odridy; Evropa; genetické diverzita

INTRODUCTION

Many modern cultivars, in wheat and in other crops as
well, are often rather similar, with a relatively narrow ge-
netic base. Therefore, the utilization of new sources of
diversity in breeding is often discussed (Devkota, Shah,
1998; Moghaddam et al., 1998). Landraces, which have
arisen through a combination of natural selection and
selection by farmers (Belay et al., 1995) have some valu-
able characters by which they can significantly contrib-
ute to the improvement of newly bred cultivars and to
broadening of their diversity (Tesemma et al., 1998;
Keller ef al., 1991). Tolerance to the locally appearing
stresses (Li et al., 1997) and on that dependent yield sta-
bility are often mentioned as characteristic features of
landraces (Tesemma ef al., 1998). Landraces and obso-
lete cultivars represent a very valuable part of gene pool
(Zou, Yang, 1995; Vojdani et al., 1993) because they cover
most of intra-specific genetic diversity of crops. Also di-
rect practical utilization of some landraces by local farm-
ers has recently been discussed (Brush, Meng, 1998).

Besides historical sources and comparative studies,
the diversity of cultivars can be estimated by means of
biochemical techniques and DNA analysis. Cluster anal-
ysis is an efficient mathematical method which makes it
possible to study the diversity among landraces using
all available data (Zeven, van Hintum, 1992; Zeven,
Schachl, 1989; Jaradat, 1992). Significant variability of
landraces and old cultivars can be caused by their ori-
gin, that is by climate, geographical and other conditions
relating to the regions of origin (van Hintum, Elings,
1991). Wang and Guo (1992) found similarity in gluten al-
leles in accordance with the geographical origin of culti-
vars. Ehdaie and Waines (1989) estimated significant
genetic variability in grain weight per spike and in pro-
ductive tillering. Li et al. (1997) found forms with resis-
tance to stresses (frost, drought, salinity) among 486
screened samples from four localities.

Obari (1990) confirms earliness and good adaptability
of landraces to high temperatures. Ehdaie and Waines
(1989) point out longer straw and higher amount of non-
productive tillers, a lower number and mass of kernels per
spike as well as lower harvest index in landraces. They
confirmed that under conditions of considerable stress
the old cultivars were more productive because of their
adaptation to the regularly occurring stresses. Jafari-
Shabestart et al. (1995) found salt-tolerant types among
landraces. Grain quality of some wheat landraces should
be paid special attention because much broader diversity
can be found here than in the presently grown cultivars.
Keller et al. (1991), Wang and Guo (1992), Rodriguez-

30

Quijano et al. (1994) and Yang and Liang (1995) refer on
very high protein content in kernels of some landraces
of common wheat. In our experiments the selected lan-
draces proved not only to have high protein content but
also convenient parameters of some other traits of qual-
ity (Michalova, Dotlacil, 1993).

MATERIAL AND METHODS

A set of 120 winter wheat landraces and obsolete cul-
tivars from European countries and three modern culti-
vars (Czech cultivars Sparta, Samanta and Ilona) were
studied in three-year field experiments (1995-1997). Tri-
als were sown in one replication on micro-plots (1.5 m?)
in Prague-Ruzyné and standard growing practices were
used but without the application of growth retardants
and fertilizers during vegetation. Fertilizers were omitted
to reduce lodging of long-stem landraces and old culti-
vars and to imitate original growing conditions of the old
materials. Grain weight per plot was estimated but not
further analyzed because only very rough values could
be obtained from microplots. Earliness in heading, flow-
ering and maturity were recorded; also plant height was
measured in field conditions as well as resistance to dis-
eases and lodging. The last two characters were evaluat-
ed according to the National Descriptor List for Wheat
(Bares et al., 1985) using point-scale 1-9. Upon maturity,
30 stems with spikes were taken from each plot to ana-
lyze spike morphology, productivity and the Harvest in-
dex. The rest of the microplot was harvested, and seed
samples were analyzed for crude protein content (meth-
od by Kjeldahl, Kjeltec Auto System I1.), SDS micro-sed-
imentation test (modification by Hyza, 1986) and Gluten
index (ICC Standard No. 155, Glutomatic 2200). The di-
versity and similarity within the set of studied cultivars
were estimated by means of cluster analysis (method:
average within groups; measure: Euclidean distance).

The results presented do not evaluate variability within
cultivars (most of them are populations). This will be the aim
of further research in selected valuable cultivars. We do
not include original data on particular cultivars either due
to a large extent of such information. Those data are avail-
able in RICP Praha and will be included in the National in-
formation system on plant genetic resources (EVIGEZ).

RESULTS AND DISCUSSION

The diversity in the evaluated characters within the
experimental set of cultivars is characterized in Table 1.

CZECH J. GENET. PLANT BREED., 36, 2000: 29-36



Table 1. Diversity in evaluated characters within the set of 120 winter wheat landraces and old cultivars of European origin (3-year field

experiments, 1994-1996)

Character Mean value Variance Coefficient of variation (%) | Maximum value | Minimum value
Days to heading 159.6 8.8 2.7 170 150
Days to flowering 167.8 34 22 176 161
Days to maturity 215.1 4.1 0.9 219 211
Grain filling period (days) 473 5.9 5.1 52 41
Plant height (cm) 113.7 59.6 6.8 131 83
Spike length (cm) 9.2 1.2 123 123 6.3
Spikelets per spike 17.1 24 9.1 20.2 132
Grain weight per spike (g) 1.23 0.06 19.9 2.00 0.67
Number of grains per spike 29.6 19.4 14.9 414 19.4
Number of grains per spikelet 1.71 0.04 11.1 2.25 1.24
Thousand grain weight (g) 39.6 123 8.9 47.9 29.8
Harvest index 0.39 0.001 9.0 0.53 0.30
Crude protein content (%) 16.2 1.11 6.5 19.0 13.3
SDS-test 6.63 0.78 133 8.23 4.20
Gluten index 527 166.2 245 95.9 29.8

The largest variability in earliness has been found in
heading time (20 days), and this variability has decreased
in flowering and especially in maturity (max. three days
difference). Hungarian cultivar Mindeszentpusztai was
the earliest one, with arelatively long grain filling period.
In cultivars Guttet 491, Sarrayer 602 H and Landvete fran
Uppsala was determined the longest grain filling period
(52 days).

Only resistance to powdery mildew has been evaluat-
ed (because of weak natural infection by other important
diseases that did not allow reliable differentiation among
cultivars). Relatively good resistance to powdery mildew
was estimated in cultivars Bartweizen linie a, Muenster-
taler (rated by 5 in nine-point scale). Coming out from
these and also earlier data (Michalova, Dotlaéil, 1992) we
do not expect that effective donors of resistance to rusts
and powdery mildew can be found among European lan-
draces and obsolete cultivars.

Rather high variability was estimated in spike length
(C.V. =12.3%), whereas variability in plant height was
relatively smaller (C.V. = 6.8%). The longest spike was
found in cultivar Ausserberg 7C. Most of the landraces
had a very long stem (110-130 cm), a slightly shorter stem
was found in obsolete bred cultivars. Exceptions were the
cultivars Rimpaus frueher Bastard and Pyselka with plant
height only 98 cm. Variability in number of spikelets per
spike was medium (C.V. = 9.1%), the cv. Berges gelber
Dickkopf (20.2 %) proved highest value of character.

Huge diversity was estimated in characters of spike
productivity. Among these characters, thousand grain
weight displayed the lowest variation (C.V. = 8.9%), fol-
lowed by the number of grains per spikelet (C.V.=11.1%)
and per spike (C.V. = 14.9%). The composite character
“grain weight per spike” has the highest variability among
spike characters (19.9%). Very high grain weight per
spike has been estimated in cv. Tschermacks March-

CZECH J. GENET. PLANT BREED., 36, 2000: 29-36

felder (2.0 g), it was based on the high number of grains
per spikelet (2.06) and per spike (37.2) as well as high
grain mass (TGW =46.2 g). Cultivars Antoninska Wczesna
(balanced high values of all characters), Zidlochovicka
jubilejni osinatd (TGW 46.7 g) and Victor (2.05 grains per
spikelet and 39.6 grains per spike) demonstrated grain
weight per spike over 1.7 g. These cultivars were middle-
early in maturity, with a longer grain filling period.

The harvest index was very low in landraces (due to
the long stems and relatively low productivity) and has
increased in obsolete cultivars; of course the modern
check cultivars have short stems and high productivity.
The variability estimated (C.V. = 9.0%) can be caused
mainly by the differences between the above-mentioned
groups. However, some obsolete cultivars also had high
HI (Hatvan 0.48, Zidlochovicka jubilejni osinata and
Ceské presivka 0.45). On the contrary, some landraces
showed HI close to 0.3 (Gelderse Ris, Blanc de Lorraine,
Saumur d’ Automne and others).

The variability in characters of grain quality was spe-
cific. The variability in crude protein content in grains can
be considered to be medium (C.V.=6.5%) and its value is
comparable to the variability in e.g. plant height. In mi-
cro-sedimentation SDS-test the doubled value has been
estimated (C.V. = 13.3%) and Gluten Index was the most
variable character within the evaluated set of cultivars
(C.V. = 24.5%). Most landraces and obsolete cultivars
had a higher protein content than check cultivars, a very
high crude protein content was found in some of them
(e.g., Bergland 18.7%, Ukrainka 18.1%, Sipbachzeller zu
213004 — 19.0%). Even though the high crude protein
content in landraces has been frequently referred to, e.g.,
by Keller et al. (1991), Wang and Guo (1992), Michalova
and Dotladil (1993), Rodriguez-Uijano et al. (1994) and
Yang and Liang (1995) such high values we have found
should always be considered carefully, and results from
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Table 2. Mean values of characters in groups of cultivars classified according to the country of origin
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different growing conditions might dif-
fer. However, the mean crude protein
content in three check cultivars did not
exceed 13.4%, which corresponds well
with the general data on these cultivars.
Also the relations between high-protein
landraces and check cultivars in partic-
ular years were rather consistent.

As concerns the micro-sedimenta-
tion SDS-test, all ranges of variability
could be found. Landraces and obso-
lete cultivars frequently exceeded
check cultivars and had very high SDS-
value (e.g., Ritzlhofer Alt 8.1, Automne
rouge barbu 8.2, Brauner Fuchs 8.0 and
Gostianum 237 8.0). We have obtained
similar results from our earlier work
(Michalova, Dotlaéil, 1993) with local
landraces. The opposite tendency ap-
peared in Gluten Index, where most old
cultivars had a lower value than the
present check cultivars. However, cul-
tivars with high GI values could also be
found (e.g., Russisk Hvede 95.9, Hes-
sische Landsorte 92.5). As concerns
this character, cultivars with very low
GI values could also be of interest —
among them such types as e.g., Kotte
(GI =32.6), Eritrospermum 917 (Gl =
33.9) and Zidlochovicka jubilejni osi-
nata (GI = 29.8) could be involved.

The above mentioned results sup-
port the hypothesis that mainly gluten
quality has been improved through
breeding, whereas protein content has
decreased in the present cultivars,
However, forms with high crude protein
content as well as high protein quality
could be found in the old cultivars stud-
ied, e.g., Bergland, Barbu du Maconnais
or Mindeszentpusztai. Some landraces
and old cultivars can probably be used
in breeding, especially as donors of
valuable grain quality characters.

The results confirmed the existence of
an extensive genetic diversity between
old cutivars. Nevertheless, a genetic
diversity exists also within landraces
which usualy consist of several geno-
types which can be further selected.
Cerny and Sasek (1966) found such di-
versity in wheat varieties using signal
gliadin and glutenin genes. Hetero-
genity of HMW-GS alleles has been
estimated in 52 cultivars studied in our
experiments (Gregova et al., 1999) and
46 cultivars (88.5%) were observed to
be heterogeneous.

CZECH ). GENET. PLANT BREED., 36, 2000: 29-36



It is obvious that conditions of climate and soil in re-
gions where cultivars have been bred can influence their
characters, especially in landraces where environmental
conditions can have a substantial impacts (Belay et al.,
1995; Tesemma et al., 1998). Therefore, a simple classifi-
cation of cultivars according to the country of origin has
been implemented to estimate the impact of geographic
origin of cultivars on the evaluated characters. The re-
sults are summarized in Table 2. Cultivars from the terri-
tory of the former Czechoslovakia are classified as one
group (Czech and Slovak cultivars), as well as cultivars
from the territory of the former Soviet Union (now Rus-
sia and the Ukraine, cultivars from other parts of the
former Soviet Union were not included). In addition to
the above mentioned two groups, cultivars from other 11
European countries were studied. Among 15 characters
studied, significant differences between the groups of
cultivars were found in 13 characters (that are in all char-
acters except days to maturity and grain filling period).

Early heading and flowering were especially found in
cultivars from Hungary and also in Bulgarian cultivars.
On the contrary, late heading and flowering were charac-
teristic of cultivars originating from West and North Eu-
rope (especially from the Netherlands, Great Britain,
Denmark, Germany and Sweden). Earliness in maturity
corresponds to the previous two characters but differ-
ences between the groups are smaller. Interesting early
maturing cultivars can be found in the Hungarian group
(e.g., cv. Mindeszentpusztai, Szekacz 1242 and Hatvan).
Even though the differences in grain filling period were
not significant, it seems that some Hungarian cultivars
demonstrated a longer grain filling period.

Plant height and spike length differed between partic-
ular groups; however, it was difficult to find some rela-
tions to the geographic origin of cultivars. A shorter
stems in Czech and Slovak cultivars is caused mainly by
the fact that some old cultivars bred from original landrac-
es (but with shorter stem) were involved. A shorter spike
was characteristic of the most of Hungarian cultivars and
of the cultivars from Great Britain. A higher number of
spikelets in spike could be found in cultivars from Den-
mark, Great Britain, Germany and Poland. On the contrary,
Hungarian cultivars had a lower number of spikelets per
spike (mean value =15.3).

Among characters constituting spike productivity
great differences were found in the number of grains per
spikelet and per spike. A low number of grains was found
in Bulgarian cultivars (1.46 grains per spikelet and 23.3
grains per spike). On the other hand, cultivars from Great
Britain (1.90 and 35.4 respectively), Poland (1.82 and 32.6,
respectively) and the Czech and Slovak Republics (1.80
and 31.5, respectively) displayed high values. As con-
cerns grain weight, it is difficult to draw some conclu-
sions on the basis of geographic origin. Even though the
differences between groups were significant, most of
group mean values didn not exceed the TGW-interval
39-42 g, Cultivars from Denmark (36.3 g), the Netherlands
(36.7 g) and Switzerland (37.3 g) showed lower TGW.

CZECH J. GENET. PLANT BREED.,, 36, 2000: 29-36

These differences are small, and they probably beétter
express the ratio of original landraces to obsolete culti-
vars in geographic groups of cultivars than the real im-
pact of natural conditions. Great differences between the
groups were estimated in complex character “grain
weight per spike”. A low value of this character was es-
timated in cultivars from Bulgaria (0.95 g) and Hungary
(1.04 g). High grain weight per spike was found in culti-
vars from Great Britain (1.48 g) and Poland (1.47 g). Sim-
ilarly like in grain weight, the share of landraces and
obsolete cultivars in the group probably influenced this
character. Nevertheless, the results support the hypoth-
esis that humid conditions of western and northwest-
ern Europe contributed to higher spike productivity of
local cultivars, whereas a relatively dry and warmer cli-
mate in eastern (southeastern) Europe led to the oppo-
site type of local cultivars. These differences are caused
by the different numbers of grains per spikelet and per
spike, not due to the differences in grain weight (in this
character, an even slightly opposite tendency could
appear).

Among grain quality characters, Micro-sedimentation
SDS-test and Gluten Index values differed between the
geographical groups. The low values of both characters
were estimated in cultivars from Sweden, Switzerland and
Great Britain, but also other western and northern Euro-
pean groups of cultivars were medium or lower in these
characters. Good grain quality parameters were estimat-
ed in groups of cultivars from East and South-East Eu-
rope, as well as in cultivars from Austria (SDS test =
7.2-7.4; G1 =51.0-61.2). The Hungarian group demon-
strated the best value of Gluten Index, as several culti-
vars showed high values of all quality characters, e.g.,
Mindeszentpusztai (crude protein 18.2%, SDS-test 6.90,
GI 83.2) and Szekacz 19 (crude protein 16.4%, SDS-test =
8.00 and GI =70.0). Liu (1988) obtained comparable re-
sults when he screened 17 landraces with high protein
content (16-17%) and good quality characiers among
more than 600 accessions.

Only slight differences were found in Harvest Index
values — the higher mean value in the Czech and Slovak
group was influenced by the composition of the set of
cultivars (three check cultivars and old bred cultivars
with a bit higher HI were involved). Differences were
mainly linked to spike productivity (coefficient of corre-
lation = 0.43*) and plant height (=-0.31*); no linkage
to geographic origin was found.

Clustering according to the country of origin made
rough characterization possible in a few characters. How-
ever, two groups with some typical characters respond-
ing to warmer arid and colder humid climates can be
distinguished (besides the other groups):

1. Cultivars from southeastern Europe (Bulgaria, Hunga-
ry, partially also Russia and the Ukraine), where earli-
ness, lower spike productivity and good quality chara-
cters are characteristic.

2. Cultivars from northwest Europe (Great Britain, Swe-
den, Denmark, the Netherlands and partially from other
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countries), with opposite characters (mainly high spike

productivity and low grain quality, late types).

Vojdani, Meibodi (1993) studied a large set of 573 wheat
landraces from 72 iocalities in Iran. The evaluation of 12
yield components made it possible to form five groups
according to the places of origin. Less certain conclu-
sions of this work could be conditioned not only by the
specific climate of both regions but also by an intensive
exchange of seeds in Europe, which could partially oblit-
erate the original regional characteristics.

We have made an attempt of a more precise grouping
of cultivars using cluster analysis based on all 15 char-
acters estimated. When the set of 124 evaluated cultivars
has been split to 8 clusters, some significant differences
between clusters were found in all characters. Relations
between particular clusters are shown in Fig. 1. The dis-
tance between clusters is characterized as the Euclidean
distance between the mean values of characters within
clusters. High distances were found between clusters 1,
7 and 8, which were all also highly distant from the rest of
the clusters. On the contrary, two groups of related clus-
ters can be identified (the first group is composed of clus-
ters 2, 3, and 4 and the second consists of clusters 5 and
6) which have a smaller distances than clusters 1, 7 and
8. Individual clusters can be characterized as follows
(Tables 3 and 4):

Cluster I. This cluster consists of 3 check cultivars that
represent modern bred cultivars, adapted to the local
conditions. They differ from the landraces and obsolete
cultivars in other clusters mainly by earliness, short stem
and spike and higher spike productivity caused mainly
by the high number of grains per spikelet (1.99). Of
course, also the Harvest Index is much higher in this
group (0.48) when compared to all other clusters. Grain
quality is specific by low crude protein content, low val-
ue of SDS test and on the contrary by high Gluten Index
(86.5).

Cluster Il is comprised of 19 cultivars of rather differ-
ent geographic origin (from eight countries) which can
be characterized by long stem, a rather high number of
grains per spikelet and per spike and mean values of grain
quality characters.

Cluster III is closely related to cluster I and involves
21 cultivars from nine countries which don’t have com-
mon geographic characteristics. Cultivars in this cluster

Distance

are late, with a relatively short grain filling period (they
differ in these characters from the previous cluster), they
have a very low number of grains per spikelet and per
spike as well as low spike productivity and low Harvest
Index. Quality characters can be described as middle.
Cluster IV is formed by late cultivars with a shorter
grain filling period, relatively short stem (105 cm) and
short spike (7.9 cm) which is rather dense (17.9 spikelets
per spike). Spike productivity is at a medium level as well
as Harvest Index and grain quality characters. This clus-
ter involves 15 cultivars, mainly from western Europe, but
also three Czech cultivars and one cultivar from Sweden.
Cluster V consists of 13 cultivars from eight different
countries (except of southern and eastern Europe). The
cultivars have a very long stem and spike (9.6 cm), a high
number of spikelets per spike (18.2), a relatively high
number of grains per spikelet and per spike and larger
grains (TGW = 41.3 g). These characters result in very
high grain weight per spike (1.47 g). Characters of grain
quality are relatively low, especially the Gluten Index (42).
Cluster Vs closely related to previous cluster V and
consists of the largest group of 39 cultivars. Except for
Denmark, Great Britain and Poland the cultivars from all
the other countries were present in this group. Most rel-
atively early cultivars belong to this cluster, with a long-
er grain filling period (50 days). The number of spikelets
per spike is very low (16.2) as well as the number of grains
per spikelet and per spike. However, the variability with-
in the cluster in the last two characters is still rather high.
Grains are a bit larger (TGW = 41.0 g ) with high gluten
content (16.7%) and low gluten quality (GI=45).
Clusters VII and VIII are very distant from all previ-
ous groups and have some specific features. Neverthe-
less, there is also a great distance between both of these
clusters. Cluster VII consists of 11 cultivars from four
countries, where Hungarian (5) and Russian (3) origin is
typical, but also one French cultivar (Barbu du Macon-
nais), one Czech cultivar (Bila od Dukovan) and one Slo-
vak cultivar (Slovensk4 777) belong to this cluster. An
absence of the cultivars from northwest Europe in this
group is obvious. Cultivars in this group are often early,
awned forms with relatively long grain filling period, mid-
dle plant height and spike length. Nevertheless, there is
still rather high diversity in earliness within the cluster.
Spike productivity is medium, characterized by a lower

22 l

20

Fig. 1. Relations between 8 estimated clusters

Clusters

within the set studied winter wheat cultivars
(120 landraces and obsolete cultivars, 3 check
cultivars)
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Table 3. Mean values of selected characters in the eight clusters within the set of 123 cultivars of winter wheat (120 landraces and old

cultivars, 3 check cultivars)

Character wr3 | w19 | nogm | nots | weis | wewo | metr | a3 | Few
Days to flowering 162 168 172 171 169 165 165 171 45.6%
Days to maturity 211 215 217 216 215 214 214 215 11.9*
Grain filling period 49 47 45 45 47 50 49 44 33.8*
Plant height (cm) 86 119 118 105 119 113 112 118 31.8%
Spike length (cm) 79 9.3 89 78 9.6 93 9.2 10.2 51
Spikelets per spike 17.2 17.6 174 17.9 18.2 16.2 16.7 183 S:1*
Spike prouctivity (g) 1.34 1.30 1.14 123 147 1.19 1.10 130 3:5*
Grains per spike 35.1 31.6 27.7 309 33.0 274 28.5 34.8 7.0*
Grains per spikelet 1.99 1.79 1.61 1.72 1.82 1.66 1.66 1.92 4.7%
TGW (g) 39.8 386 382 378 413 410 40.6 362 34+
Harvest index 048 0.39 0.36 039 0.40 0.39 040 0.40 6.8*
Protein content (%) 133 16.2 16.2 15.6 15.8 16.7 16.7 152 8.3
SDS-test 5.58 6.97 6.57 6.14 6. 06 6.64 742 777 3.5*
Gluten index 86.5 57.3 49.6 504 419 454 727 92.2 73.6*

* P <005

number of grains and slightly higher grain weight (TGW
=40.6 g). All characters of grain quality (crude protein
content 16.7%, SDS-test 7.4, Gluten Index 73) have very
high values.

Cluster VIII is comprised of only three cultivars, one
from Denmark (Russisk Hvede) and two from Germany
(Brauner Fuchs and Hessische Landsorte). Cultivars are
relatively late in heading and flowering but medium in
maturity, which results in the very short grain-filling peri-
od (44 days). However, grain filling period in cultivar
Russisk Hvede reached the mean value (47 days). The
stem is long and bears a very long spike (10.2 cm) witha

high number of spikelets (18.3). The very high number of
grains per spikelet (1.92) and per spike (35) compensates
for low grain weight (TGW = 36.2 g) and final spike pro-
ductivity is slightly above the mean value. The protein
content is relatively low, but its quality is extremely high
(SDS-test 7.8; Gluten Index 92).

In most characters the estimated coefficients of varia-
tion within clusters were lower than those within the
whole set of cultivars. This indicates that clustering has
decreased the diversity of most characters and has led
to increased homogeneity of cultivars in particular clus-
ters.

Table 4. Cultivars in the particular clusters according to the country of origin

gk Cluster
Country of origin
I m v v VI v VI
Czech and Slovak Republic 3 2 1 3 2 6 2
Austria 4 1 1 2
Bulgaria 3
Switzerland 2 1 7
Denmark 1 4 2 1
France 2 2 2 6 1
Great Britain 2 1 2
Germany 4 4 4 1 2 2
Hungary 1 4 5
Netherlands 3 1
Poland 3 2
Russia and Ukraine 2 3 2 7 3
Sweden 1 1 2 1
n 3 19 21 15 13 39 11 3
* P<0.05

CZECH J. GENET. PLANT BREED., 36, 2000: 29-36

35



REFERENCES

Bare3 1., Sehnalova J., Vlasak M., Vlach M., Krystof Z., Am-
ler P., Maly J., Beranek V. (1985): Klasifikator genus 7Triti-
cum L. VURV Praha, VSUO Krométiz.

Belay G., Tesemma T., Bechere E., Mitiku D. (1995): Natural
and human selection for purple-grain tetraploid wheats in
the Ethiopian highlands. Genetic Resour. Crop Evol., 42:
387-391.

Brush S. B., Meng E. (1998): Farmers, valuation and conser-
vation of crop genetic resources. Genet. Resour. Crop
Evol., 45: 139-150.

Cerny J., Sadek A. (1996): Analysis of genetic structure of
regional common wheat varieties using signal gliadin and
glutenin genes. Scientia Agric. Bohemoslov., 27: 161-182.

Devkota R. P, Shah R. P. (1998): Use value of rice and wheat
landraces in the public sector breeding programmes in Ne-
pal. In: Managing agrobiodiversity: farmers’ changing per-
spectives and institutional responses in the HKH region.
Kathmandu, Nepal. Int. Centre Integr. Mountain Devel.:
391 -395.

Ehdaie B., Waines G. J. (1989): Genetic variation heritability
and path — analysis in landraces of bread wheat from south-
western Iran. Euphytica, 47: 183 —190.

Gregova E., Hermuth J., Kraic J., Dotlacil L. (1999): Protein
heterogeneity in European wheat landraces and obsolete
cultivars. Genet. Res. Crop Evol., 46: 521-528.

van Hintum T. J. L., Elings A. (1991): Assessment of glute-
nin and phenotypic diversity of Syrian durum wheat lan-
draces in relation to their geographical origin. Euphytica,
55:209-215.

Hyza V. (1986): Mikrosedimentaéni metoda na hodnoceni
§lechtitelskych materialii pSenice. Genet. a Slecht., 22:
117-122.

Jafari-Shabestari J., Corke H., Qualset C. O. (1995): Field
evaluation of salinity stress in Iranian hexaploid wheat lan-
draces accessions. Genet. Resour. Crop Evol., 42: 147-156.

Jaradat A. A. (1992): Estimates of phenotypic diversity and
traits associations in durum wheat landraces from Jordan.
J. Genet. Breed., 46: 69-76.

Keller L., Schmid J. E., Keller E. R. (1991): Are cereal land
races a source for breeding? Landwirtschaft, 4: 197-202.

Li Xingpu, Sun Fengrui, Guo Beihai, Liu Lianru, Pang Chun-
ming (1997): Evaluation of abiotic stress resistance in He-
bei winter wheat genetic resources. Wheat Inform. Serv.,
85: 1-6.

Liu L. (1988): Local varieties of winter wheat with a high
protein content. Zouwu Pinzhong Ziyuan , 4: 41.

Michalovéa A., Dotlagil L. (1992): The evaluation of winter
wheat gene pool of Czech Moravian and Slovak origin.
Plant Genetic Resour. — Annual Report: 2 -9.

Moghaddam M., Ehdaine B., Waines J. G. (1998): Genetic
variation for and interrelation-ships among agronomic traits
in landraces of bread wheat from south-western Iran. J.
Genet. Breed., 52: 73-81.

Obari K. (1990): Evaluation of local wheat landraces in breed-
ing programmes in Syria. In: Wheat Genetic Resources:
Meeting Diverse Needs. ICARDA: 211-215.

Rodriguez-Quijano K., Vazquez. J. F.,, Garillo J. M. (1994):
Variation of high molecular weight glutenin subunits in
Spanish landraces of Triticum aestivum ssp. vulgare and
ssp. spelta. J. Genet. Breed., 44: 121-126.

Shabestart et al. (1995) — doplnit citaci

Tesemma T., Tsegaye S., Belay G., Bechere E., Mitiku D.
(1998): Stability of performance of tetraploid wheat land-
races in the Ethiopian highland. Euphytica, /02: 301-308.

Vojdani P, Meybodi M. (1993): Distribution and genetic di-
versity of primitive bread wheats in Iran. In: Damania A.
B. (Ed.): Biodiversity and Wheat Improvement. Chichester
U. K. John Wiley & Sons: 409- 415.

Wang Z. N., Guo B. H. (1992): SDS-PAGE analysis for local
wheat varieties in Hebei. Acta Agric. Baredli-Sinica, 7: 35-39.

Yang J. Z., Liang Q. (1995): Yinchun 3 wheat germplasm with
high protein content and resistance to drought. Crop Genet.
Resour, /: 44.

Zeven A. C., van Hintum T. J. L. (1992): Classification of
landraces and improved cultivars of hexaploid wheats
(Triticum aestivum, T. compactum and T. spelta) grown in
the USA and described in 1992. Euphytica, 59: 33— 47.

Zeven A. C., Schachl R. (1989): Groups of bread wheat lan-
draces in the Austrian Alps. Euphytica, 4/: 235-246.

Zou Z. T, Yang W. Y. (1995): Development of wheat germ-
plasm research in Sichuean province. Crop Genet. Resour.,
2: 19-20.

Received for publication Noverber 25, 1999

Contact Address:

Ing. Ladislav Dotlag&il, CSc., Vyzkumny fstav rostlinné vyroby, 161 06 Praha 6-Ruzyng, Cesk4 republika, tel.: + 420 2 33 02

23 74, fax: +420 2 33 02 22 86, e-mail: dotlacil@genbank.vurv.cz

36

CZECH J. GENET. PLANT BREED.,, 36, 2000: 29-36


mailto:dotlacil@genbank.vurv.cz

MIXOGRAPH TEST IN WHEAT BREEDING PROGRAMME
MIXOGRAFICKE HODNOCENI{ VE SLECHTEN{ PSENICE

A. HaniSova, P. Hor¢i¢ka, J. Kubdnek

Plant Breeding Station Stupice, SELGEN a. s., Czech Republic

ABSTRACT: Eight winter and four spring wheat varieties with different baking quality were analysed in 1993-1999 in
Stupice breeding programme for Mixograph parameters, SDS value, %N, gluten content, laboratory bread volume and
HMW glutenin composition. All used methods were standard, in Mixograph test 10 g samples were used. Results con-
firmed good prediction of quality level by SDS test. The content of protein and gluten did not have so good correlations
to baking quality parameters. 14 Mixograph parameters were evaluated and especially peak time and peak distance had
very low relations to baking test. Individual Mixograph traits did not show any strong relations to other baking tests.
Mixograph indexes gave better information to the breeder. We suggest a new index MIS (Sum in mm: peak height, peak
width, windth 60 mm after peak *2, width 8 minutes from start *2). High significance of correlation coefficients of
HWM gluten composition and Mixograph indexes were confirmed.

Keywords: wheat; breeding; quality; mixograph; micro-tests; index

ABSTRAKT: Mixografické hodnoceni je soucasti fady slechtitelskych programii pSenice. Vzhledem k malému mnoZstvi
pozadovanych zm pro analyzy a pomémé kratké dobé analyzy lze toto hodnoceni zafadit do ranych $lechtitelskych gene-
raci, obvykle jiZ od generace F;. Jsou vyvinuty postupy a pfistroje pro navazky 35 g, 10 g, 5 g i 2 g mouky. Dobré
vysledky ve 3lechténi na jakost pomoci mixografického hodnoceni potvrzuje fada autori (Martinant ef al., 1998; Anderssen
et al., 1998). Mixograf je pfistroj, ktery hodnoti vlastnosti tésta pfi miseni a jehoZ odpor je zapisovan jako funkce doby
miseni (Simmonds, 1998). V literatufe se setkdme s hodnocenim riiznych parametrii mixografické k¥ivky i s jejich riznym
oznaenim. Martinant et al. (1998) hodnotili 40 riznych znakl ve specialnim poéitatovém programu Mixmart. Ne vzdy se
potvrdily dobré korela¢ni vztahy k ostatnim znakiim pekaiské jakosti, zejména k laboratornim pekafskym pokusiim. Cilem
nadi price bylo ovéfeni vztahli mezi sedimentaénim testem, obsahem bilkovin a lepku, laboratornim pekafskym pokusem,
skladbou gluteninovych podjednotek k mixografickym parametriim u vybranych odriid pSenice ozimé a jarni u hodnot ze
§lechtitelskych rozbori v letech 1993-1999. Bylo analyzovano osm odriid pSenice ozimé a Ctyfi odriidy pSenice jarni, které
se lisily Urovni pekafské jakosti. Zastoupeny byly tfidy jakosti E az C (tab. 1). Potvrdila se velmi dobra predikéni hodnota
sedimentaéniho testu a nepritkazné zévislosti pro obsah bilkovin a lepku k objemu bochniku. Hodnotili jsme 14 parametrii na
mixografickych kfivkach a na zakladé jejich vztahii k ukazatelim pekatské jakosti jsme vybrali 4, které mély nejlepsi vypo-
vidaci hodnotu (tab. 2 a 3). Z nich jsme vypodetli mixograficky index oznaéeny jako MIS, ktery je souétem téchto hodnot
v mm na stfedni linii kfivky: 1. vy3ka vrcholu (P), 2. ifka vrcholu (PW), 3. 3ifka k¥ivky 60 mm od vrcholu (WP60) x 2,
4. §irka kfivky 8 minut od startu (WZ+8) x 2. Hodnoty ndmi navrZeného indexu jsme srovnavali s indexem (MI), ktery
navrhli Johansson et al. (1999), ktery je soudtem téchto hodnot v mm: 1. vyska vrcholu (P), 2. vzdalenost vrcholu od startu
(PD), 3. sitka kfivky 60 mm od vrcholu (WP60) x 10. Nami navrZzeny index MIS prokazal nejlepsi shodu s ostatnimi
znaky jakosti hodnocenymi ve §lechténi. Tento index mél vysoce prikazné korelaéni koeficienty s Grovni jakosti skupin
tiidénych podle skladby gluteninovych podjednotek (tab. 4 a 5). Hodnoceni mixografii pomoci indexi zlepsuje jejich vypo-
vidaci hodnotu a sniZuje po&ty mé&fenych znaki. Prokéazala se vhodnost vyuZiti mixografického hodnoceni ve Slechténi
pienice.

Klitov4 slova: p3enice; §lechténi; jakost; mixograf; mikrotesty; index

INTRODUCTION plotted as a function of time (Simmonds, 1989). Mixo-

graph was approved as an official physical test in 1961,
revised in 1988 (Martinant ez al., 1998). 10g and 35g ver-
sions were developed, later the 10 g version was modi-
fied to require only 5 g or 2 g of flour. The two-gram

In wheat breeding programmes the evaluations of end-
use quality are very important. Breeders are interested in
simple and fast methods for prediction of inherent qual-

ity potential. Also Mixograph was reported as an efficient
tool in wheat breeding (Martinant ef al., 1998; Anders-
sen et al., 1998). Mixograph is an instrument to record
mixing behavior of wheat flour doughs. Mixing torque is

CZECH J. GENET. PLANT BREED., 36, 2000: 37-44

Mixograph has been shown to be suitable for selection
as early as F; and in all other programmes where sample
size is very small (Gras et al., 1997). Significant correla-
tions between baking characters and Mixograph dates
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were confirmed by some authors (Martinant et al., 1998;
Wikstrom, Bohlin, 1999; Anderssen ef al., 1997). Also
Mixograph differences were described between lines car-
rying alleles 5+10 and 2+12 at Glu D1 locus (Moreno-Se-
villaetal., 1995; Gras et al., 1997). Analyses of Mixogram
curves evaluated different variables, more or less com-
plex indexes, scales and also special software Mixmart
was developed for evaluation of 40 parameters (Martinant
et al., 1998). They selected 10 parameters with signifi-
cantly lower intra-genotypic variance than inter-genotyp-
ic variance. The shape of Mixogram can be characterized
by indexes similar to those defined for the Farinogram. It
is also known that there is not always a strong correla-
tion between properties estimated on the same dough
when mixed on the Mixograph and Farinograph (Ander-
ssen et al., 1998). Johansson and Svensson (1999) report-
ed that no correlation was found between Mixogram
index and laboratory baking test for spring wheat, for
winter wheat the correlation was significant.

The aim of this work was to analyse the relations of
Mixograph parameters to other baking quality tests and to
select a more simple method of Mixogram evaluation for
breeding programme.

MATERIAL AND METHODS

Eight winter wheat varieties and four spring wheat va-
rieties with different baking quality were evaluated in
1993-1999 for some baking quality parameters: sedimen-
tation value, protein and gluten content, laboratory bak-
ing test and Mixograph resistance. The varieties were
planted in breeding trials on Stupice location.

A standard 10g Mixograph was used. All doughs were
prepared with 10 g of flour and 6 ml (or 5.8 ml) of water.
Results of Mixogram curve were evaluated in 14 para-
meters on midline (Fig. 1).

Abbreviations of used parameters and traits:

I“. lc “.. /’ .'.i
7
o d ]

The milling of all samples for sedimentation value, to-
tal protein and gluten was done on the Laboratory Mill
3100 (Perten Instruments). Total protein was estimated by
NIT on Infratec 1225 (Tecator AB, Sweden). Sedimenta-
tion value was determined on B.M.F. Seditester (BMF
Kromeéfiz, Czech Republic) according to the producer
manual. Wet gluten quantity was washed 10 min. with 2%
NaCl solution in a Glutomatic in 1997-1999 (1CC Standard
No. 155, AACC Method 38-12). During the years 1993
1996 the Gluten Washer BMF (BMF Kroméfiz, Czech
Republic) was used for wet gluten determination. Labo-
ratory baking tests were performed in Panasonic Bread
Maker (Hausbécker — HaniSova et al., 1995) with our
adapted recipe (300 g flour, 3 g dry east, 10 g fat, 10 g salt
and 190 ml of water 25 °C warm). For electrophoretic sep-
aration DESAPHOR VA (Dessaga, Heuidelberg) was
used. Polyacrylamide electrophoresis of glutenin frac-
tions was carried out by SDS-PAGE (Kubének, Cerny,
1987). For calculations of correlation coefficients results
of baking tests from the Official Trials were used (Rapid
Mix Test — D. Jure¢ka, F. Novotny).

RESULTS AND DISCUSSION

The varieties tested by Mixograph analyses in 1993—
1997 had different baking quality. Average values for
some quality parameters and their glutenin subunits are
given in Table 1. In the spring wheat collection were only
varieties with A and B quality, so the differences were
mostly not significant. The used spring wheat varieties
have also very similar glutenin subunits. Only Saxana
was better in N%, SDS test and loaf volume and Munk
for gluten content. Among the winter wheat varieties,
higher protein and gluten content s were determined for
Hana with A quality and Samara with quality C. Sparta
(C) had significantly lower protein and gluten contents.

Fig. 1. Mixogram and important used parameters

1/

P — peak height on midline (mm); PW - peak width (mm); PT — minutes to peak (mixing time); PD — distance from start to peak
(mm); P-1 - midline height | min before peak (mm); WP-1 — width 1 min before peak (mm); P+2 — midline height 2 min. after peak
(mm); WP+2 — width 2 min. after peak (mm); WP60 — width 60 mm after peak (mm); Z+8 — midline height 8 min from zero (mm);
WZ+8 —~ width 8 min. from zero (mm); P+8 — midline height 8 min. after pcak (mm); WP+8 -~ width 8 min. after peak (mm);
MS - Mixogram softening = P — P+8 min./P (%); MI — Mixogram index MI = PD + P + (WP60 x 10) (Johansson et al., 1999);
MIS — Mixogram index Stupice MIS = P + PW + (WP60) * 2 + (WZ+8) * 2

SDS - SDS volume (ml); N% — protein content (%); Go — wet gluten content (%); VOL.1 — loaf volume (cm®/100 g of bread) from
Stupice experiments; VOL. 2 — loaf volume from the Official Trials (Novotny, UKZUZ)
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Table 1. Mcan quality characters in wheat varicties cvaluated in 1993-1999 (Plant Breeding Station Stupice)

Variety Protein [%] Go [%] SDS [ml] Loaf volume co?,:;:;‘::; . Quality class
Winter wheat
average 13.7 246 68.3 441.5 749, 5+10 E
loas 5g 063 072 6.17 238
average 142 311 67.2 397.1 7+8, 5+10 A
b 55 0.15 183 446 154
average 137 31.1 69.8 411.8 7+8, 5+10 A
SATAL | 0.16 1.64 248 18.1
average 13.9 28.8 60.6 421 749, 5+10 B
SR st 052 283 483 16.1
average 13.7 29.2 70 3733 6+8, 5+10 B
R 0.24 25 3.24 6.94
average 134 28.8 525 3653 6+8, 2+12 €
B ¥ 034 1.94 58 165
average 134 20.8 423 369 6+8, 5+10, 1B3 (¢
T | 027 098 176 35
average 14 33.1 45 356.7 648, 2+12 €
Samara Sx 047 3.08 5.51 15.2 J
Spring wheat
average 139 259 723 440 1* 749, 5+10 A
el 05 219 474 129
average 13.5 29.1 66.3 398.5 7+9, 5+10 A
Munk
. 0.67 1.98 8.97 15
average 13.6 233 64.5 4153 1*, 749, 5+10 B
Leguan | o 04 187 558 94
average 133 235 66 4353 2%, 749, 5+10 B
el P 02 219 1.63 156
Average parameters
Average 13.73 2742 63.57 404.9
Sz 0.09 0.57 1.42 425
Poos 0.24 1.45 3.63 11.06
Minimum 11.8 182 36 333
Maximum 159 39 88 504
c.v. 6.48 19.62 21.24 9.96

c.v. = cocfficient of variation (%)
sz = standard crror
baking quality classcs: E - clite, A — high, B — good, C - nonbaking

Weak relationships of these characters to the loaf vol-
ume is confirmed also in Table 3 by correlation coeffi-
cients —0.06, 0.10 for %N and for Go 0.07 and -0.34.
Protein content was significantly correlated with SDS
test and gluten content. SDS test significantly distin-
guished all varieties without baking quality (C) and had
a positive relationship to protein and gluten content and
to both laboratory baking tests. Bread volumes were sig-
nificatly higher for varieties with quality E, A and Siria
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with B quality (Table 1). The similar relationships were
reported by Johansson et al. (1999) for protein content
and Zeleny sedimentation value. Graybosch et al. (1996)
described that environmental factors exceeded genotyp-
ic variance for protein content.

Analysed Mixogram parameters, which had been se-
lected from different publications, are in Fig. 1. The most
frequently used Mixogram parameter in the literature is
peak time or midline peak time (Martinant ef al., 1996).
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Table 2. Mixogram paramcters cvaluated in in Stupice in 19931999

Variety PD PT P PW  P+2 PW+2 P-1 WP-1 P+8 WP+8 Z+8 WZ+8 WP60 MS M MIS
e (mm] (mm] [mm] [mm] [mm] [mm) [mm] [mm] [mm] [mm] [mm] [mm] (mm] [%]
Winter wheat

Tlona

average 65 35 531 307 495 24 485 317 432 158 477 195 215 182 3332 2303
Sg 655 031 254 262 331 073 286 242 147 094 176 109 085 266 1391 868
Hana

average 583 3.1 57 31 543 237 515 32 447 15 477 175 207 216 3225 226
Sy 313 153 151 115 136 133 159 113 176 1 194 085 1.12 255 115 85
Samanta

average 54.8 3 486 278 478 222 446 308 40 138 434 17 192 176 295 2064
S5 75 032 121 315 139 174 108 44 071 185 093 192 166 173 16 13
Siria

average 464 264 506 27 49 198 442 28 402 132 434 152 18 202 277 198
Sg 322 017 223 202 192 124 185 305 073 124 163 086 1 191 108 10.
S$G-S1915

average 55.5 3 52 34 505 263 453 33 43 168 47 19.8 223 17.1 330 170
3% 747 041 252 402 225 317 193 389 183 103 241 193 317 336 352 151
Estica

average 465 262 483 25 46 18 395 25 36 108 408 13 168 253 2618 183
Sz 781 039 278 302 196 238 403 204 248 1.7 193 245 295 342 328 25.1
Sparta

average 613 327 39 167 377 13 367 173 33 7 343 9 103 151 2037 1253
S 733 037 173 176 1.2 173 088 186 0.58 1 067 153 145 34 8.17 991
Samara

average 343 1.86 4 20 427 147 38 23 21 7 313 9 123 521 2017 1437
Sy 133 007 058 1 145 133 1 1.73 4 058 285 153 088 95 841 817

Spring wheat

Saxana

average 735 39 56 293 54 247 522 30 455 147 50 195 208 184 337 2285
Sz 721 039 301 099 256 102 328 163 182 08 18 05 065 174 873 523
Munk

average 537 283 50 243 487 203 46 253 383 127 453 16 18 23.1 2837 1963
Sy 233 009 289 167 273 12 252 12 536 233 203 173 2 10.7 19.7 12.2
Leguan

average 797 42 527 298 515 248 492 29 45 162 49 213 223 143 3548 2368
S5 925 048 33 189 296 138 36 222 259 087 283 171 1.05 1.38 183 1.1
Sandra

average 80 423 51 27 503 247 477 263 437 15 477 197 203 144 3343 219
Sz 151 0.79 1 1 145 088 033 145 088 115 0.88 203 088 121 1598 681

Average parameters

Average 604 325 511 278 493 22 462 285 406 137 449 17 192 208 3034 2068
S5 1.99 0.1 069 064 066 05 073 067 076 039 068 049 046 1.13 605 409
Paos 504 025 175 162 166 127 186 169 192 099 171 123 117 301 153 10.9
Minimum 32 1.7 36 14 35 10 28 15 13 6 28 7 8 83 188 107
Maximum 114 6 65 43 63 35 61 48 52 20 56 28 31 711 427 270

c.v. 314 292 129 218 126 217 151 222 177 269 143 272 229 523 189 189

c.v. = cocfficicnt of variation (%)
Sz = standard error

Mixing time (Gras et al., 1997) or time to peak (Hamer et
al., 1998) have the same meaning. We are using PT, peak
time = minutes to peak. Johansson ez al. (1999), used for
calculation of Mixograph index the distance from the start
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to the peak in mm (= our PD, peak distance). Other pa-
rameters are measuring the height of midline and the
width of the Mixogram curve at these points: peak, peak
minus 1 minute, peak plus 2 minutes, start plus 8 minutes,
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peak plus 8 minutes, width 60 mm after peak. The width
of the Mixogram curve 2 minutes after peak is described
as Mixograph tolerance (Graybosch ez al., 1999; Peters-
enetal., 1997). The average for used Mixograph param-
eters are in Table 2 and correlation coeficients in Table 3.
Mixograph peak time ranged from 1.7 to 6, peak distance
from 32 mm to 114 mm. Both characters had relatively high
variation coefficients, but without good relations to qual-
ity classes. Martinant et al. (1998) concluded that peak
time was found to be a poor parameter to explain bread
making quality as measured by loaf volume and showed
less significant correlations with Mixogram parameters.
In results of Hazen et al. (1997), 3 tested varieties had
similar peak time, but different peak height. In our re-
sults PT and PD had a low relation to peak height and
width (P and PW) and to the peak width 1 min. before
peak (WP-1). To all other Mixograph parameters the cor-
relation coefficients of Pt and PD were positively sig-
nificant, but no relations were found to SDS, %N and
loaf volume from Stupice laboratory (VOL. 1). Negative
correlation was to gluten content and positive correla-
tion to bread volume from Official Trials (VOL. 2). Mix-
ograph softening — MS (= also dough weakening) was
expressed by the difference of two values of the mid-
line curve height at peak time and at 8 minutes of mixing
time (P+8) in percent. For this character significantly
worse results were determined in varieties Estica and
mainly Samara with C quality and also Munk with quality
A (Table 2). MS was negatively correlated with all other
Mixograph paramaters and also to quality characters with
exception of gluten content (Go). The correlations were
very weak at the beginning of mixing time, at the end
highly significant at P ;, (Table 3). Correlations between
other eight measured Mixograph parameters were posi-
tively significant each to other and also to SDS test and
loaf VOL. 2, at three midline height points also to loaf
VOL. 1. In Table 2 are also values for two Mixogram in-
dexes. MI was calculated according to Johansson,
Svensson (1999) and it is the sum of three parameters: 1.
distance from the start to the peak (PD), 2. the peak height
inmm (P), 3. the width in mm of the curve 60 mm after peak
(WP60) multiplied by 10. This index differentiates signif-
icantly the quality classes E and A versus C, sometimes
versus B. Index MI was highly positively correlated to

60 -
(mm)

50 4

40 |

30

20

all other Mixograph parameters, to SDS value and loaf
volume 2. MI had a negative correlation to MS. Accord-
ing to our results and analyses we suggest a new index
for evaluation of Mixogram curve. We discard peak dis-
tance (PD), which did not have any good relations to
baking quality and to other Mixograph parameters. Index
MIS is the sum: 1. peak height in mm, 2. peak width in
mm; 3. peak width 60 mm after peak in mm multiplied by 2,
4. width 8 min. from zero multiplied by 2. The curves for
variety values for these characters selected for calcula-
tion of MIS are shown in Fig. 2. MIS had better differenc-
es between classes A and B (Table 2) and higher
correlation coefficients to VOL. 1 and VOL. 2 and sedi-
mentation volume. To all other Mixograph parameters
MIS was significantly correlated at P ,. Both indexes
were not correlated with protein and gluten content (Ta-
ble 3). Comparison of these two Mixogram indexes in per-
centage in Fig. 3 demonstrates better contrasts by MIS
between baking quality classes.

Importance of HMW glutenin subunits was described
by many authors. Subunit composition is genetically
fixed and proportion of glutenin was found to be signif-
icantly related to loaf volume and Mixograph tolerance,
no relation was found to Mixograph time (Graybosch ez
al., 1999). Johansson et al. (1999) reported no differenc-
es between HMW glutenin subunits 2*, 6+8, 2+12 and
2*, 7+9, 2+12. In Table 4 tested varieties are divided by
glutenin subunits and Payne score (Payne, Lawrence,
1983). Sedimentation values were significantly lower in
varieties with subunit 2+12 and with translocation 1B3.
Loaf volumes differed significantly for subunits 6+8. In-
dex MI was significantly differenciating varieties with
Payne score 9, 7, 5 against those with score 3. MIS had
the same results and was significantly differing also the
groups with score 5 and 7. Between these four parame-
ters are also high significant positive correlation when
varieties are grouped according to their glutenin sub-
units (Table 5). The composition of glutenin was also
important in predicting the Mixograph parameters in
agreement with Martinant ef al. (1998) Graybosch et al.
(1999) reported that genes on 1RL reduced Mixograph
time. Mixograph tolerance and sedimentation volumes.

Small-scale methodologies used in breeding pro-
grammes have been developed to select commercial

Estica

Tlona
Samara

B SG-S1915

—9—P--
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Saxana

-« PW = -&r - WPH60 —X—WZ+8

Munk

Fig. 2. Mixogram parameters combined
in Mixogram index Stupice (MIS)
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Table 3. Correlation coefficients (r) for the relationships between mixogram parameters and baking quality parameters and mixogram indexes (MI, MIS)

FT P PW P+2 WP+2 P-1 WP-1 P+8 WP+8 Z+8 WZ+8 WP60 PD MS MI MIS SDS N% Go VOL.1
P 0.27
PW 0.15 0.73
P+2 0.32 096 073
WP+2 0.38 063 087 0.66
P-1 0.52 0.91 0.61 0.90 0.62
WP-1 0.06 070 092 0.71 0.78 0.60
P+8 0.53 072 067 0.73 0.73 0.75 0.54
WP+8 0.44 059 0.82 0.62 0.90 0.60 0.74 0.78
Z+8 0.59 082 0.71 0.82 0.78 0.84 0.61 0.92 0.79
WZ+8 0.61 055 076 0.58 0.90 0.61 0.63 0.77 0.91 0.82
WP60 0.38 057 0.84 0.58 0.95 0.56 0.72 0.72 0.89 0.76 0.92
PD 0.99 022 008 0.27 0.34 0.48 -0.01 0.50 0.39 0.56 0.56 0.34
MS -046 000 -021 -0.03 -0.39 -0.12 -0.05 -0.69 -0.50 -0.46 -0.52 -0.44 -0.47
M1 0.65 0.63 075 0.65 0.91 0.70 0.63 0.80 0.88 0.86 0.95 0.94 0.62 -0.49
MIS 0.45 0.70 075 0.69 0.82 0.71 0.68 0.75 0.81 0.80 0.85 0.86 040 -0.35 0.87
SDS 0.06 059 0.50 0.56 0.44 0.50 0.51 0.49 0.38 0.48 0.35 0.36 0.05 -0.10 0.36 0.41
N% 0.14 037 0.20 0.27 0.01 0.37 0.22 0.13 0.02 0.16 0.08 0.06 0.10 0.20 0.12 0.14 0.39
Go 031 026 0.03 0.20 -0.19 0.10 0.12 0.12 -0.20 -0.06 -0.26 -0.19 -0.33 0.44 -0.22 -0.14 0.38 0.48
VOL.1 0.07 024 0.2 0.25 0.16 0.19 0.09 0.36 0.14 0.29 0.16 0.15 0.09 -0.27 0.17 0.31 048  -0.06 0.07
VOL. 2 0.33 032 0.58 0.25 0.54 0.32 0.57 0.67 0.64 0.61 0.57 0.62 0.35 -0.68 0.58 0.62 034 010 -034 0.35

N =52, Poos =0.27, Poor = 0.35

For explanation of used symbols see Fig. 1
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available cultivars with good baking quality. The most
critical stages for selection are early breeding genera-
tions between F;—F ;. For indication of dough properties
and loaf volume potential Mixograph is widely used.
Small amount of flour (10, 5 and 2 g, resp.) required for
Mixograph tests enabled to evaluate plant progenies in
early breeding generations and to collect many data in a
short time. Gras et al. (1997) reported for Mixograph pa-
rameters medium to high heritability. Peterson et al.
(1997) concluded that for peak time (PT), mixograph tol-
erance and loaf volume the range of variation due to en-
vironmental effects is larger than that found between the
released cultivars. SDS volume as measured protein qual-
ity provided very good indication of baking quality. In-
dividual Mixograph traits are not strongly related to other
indirect baking quality traits. Mixograph indexes MI and
MIS gave better information for quality wheat selection.
MIS in our results had better correlations to SDS, bread
volume and glutenin composition. Evaluation of Mixo-
gram curve for breeding purposes is possible to simplify
and measure only parameters used for MIS calculation.
Significance of the results depends on the collection of
analysed varieties. Johansson ez al. (1999) reported no
significant correlation between any laboratory tests and
baking quality in spring wheat collection, on the other
hand for winter wheat collection significant correlations
were found. Similar results were in our collections of
spring and winter wheat. All kind of relations might be
changed with overstrong gluten or low falling number.
Table 4. Mean values of SDS, loaf volume, MI and MIS indexes
according to HMW glutenin subunits

Glutenin composition }:g'r‘: fn[l’ﬁ vé'l‘:fw MI | MIs
1*, 749, 5410 9 68 428 | 345 | 233
2% 749, 5+10 9 66 435 | 334 | 219
n, 749, 5+10 7 65 420 | 298 | 208
n, 7+8, 5+10 7 69 405 | 309 | 216
n, 68, 5+10 5 70 373 | 330 | 170
' n, 6+8,2+12 3 49 361 231 | 164
n, 6+8, 5+10, 1B3 3 42 369 | 204 | 125
Average 61.3 398.7 293 | 191
S 417 | 116 | 206 | 146
Poos 818 | 227 | 403 | 287
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Fig. 3. Comparison of mixogram indexes
(MI and MIS) according to wheat quality
classes (100% = average of MI and MIS)

OMI

Table 5. Correlation coefficients for SDS, loaf volume, MI and MIS
indexes between groups according to HMW glutenin subunits

SDS VOL. 1 MI
VOL. 1 0.65* 1
MI 0.97*+ 072> 1
MIS 0.81** 0.88%+* 0.84**

*significant at P, **significant at P,

It is important for breeding programme to use more
quality traits within more locations, from more years for
good prediction of baking quality. Mixograph analyses
proved to be a powerful tool in wheat breeding .
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INHERITANCE OF SMUT RESISTANCE IN PEARL MILLET
DEDICNOST REZISTENCE VUCI SNETI U PENNINSETUM GLAUCUM

H. P. Yadav, Prem Sagar, P. S. Sabharwal

Department of Plant Breeding, Haryana Agricultural University, Hisar, India

ABSTRACT: Seven generations of three crosses ICMP 904-3 x EXB 237 (R x R), ICMP 904-3 x 81B (R x S) and ICP
220 x 5141B (S x S) were grown in two artificially created high disease promoting environments to study the inheritance
of resistance. Absence of susceptible plants in the resistant x resistant (R x R) cross, and of resistant plants in the
susceptible x susceptible (S x S) cross in the F but also in the segregating generations indicated that the parents in these
crosses had the same genes for resistance/susceptibility. In the resistant x susceptible (R x S) cross the F, plants were
found to be resistant. In F,, plants with a disease severity ranging from 0 to 100% were observed. The significant x?
values in case of monogenic and digenic ratios revealed that a simple dominant or recessive mechanism did not appear to
exist. Further, the Joint Scaling Test revealed a major role of fixable (additive, additive x additive) gene effects. The
narrow sense heritability estimates were high. Thus, selection on an individual plant basis would be effective and rapid
progress could be made for smut resistance following recurrent selection and/or through backcrosses.

Keywords: Pearl millet; smut; inheritance; heritability

ABSTRAKT: Dédi¢nost odolnosti vii¢i snéti (Tolyposporium penicillariae Bref.) byla studovana u pokusného rostlinného
materialu sestavajiciho ze sedmi generaci tif typl kfiZzeni — ICMP 904-3 EXB 237 (R % R), ICMP 904-3 x 81B (R x S)
a ICP 220 x 5141 B (S % S) za dvou riiznych trovni infek&niho tlaku choroby. Absence nachylnych rostlin v kiiZeni dvou
odolnych genotypd (R x R) a rezistentnich rostlin v kfiZeni dvou nachylnych genotypii (S x S) nejen v F, generaci, ale také
v segregujicich generacich naznadila, Ze rodi¢e pouZiti v kiiZeni obsahovali stejné geny zodpovédné za rezistenci i suscepti-
bilitu. V kfizeni odolnych jedincti s nachylnymi (R x S) byly v generaci F, nalezeny rezistentni rostliny. V generaci F, byl
pozorovan vyskyt jedincl s niznym stupném napadeni, kolisajicim od 0 do 100 %. Pritkazna hodnota y? v ptipadé mono-
genického a digenického poméru ukézala, Ze jednoduchy mechanismus pro dominanci nebo recesivitu znaku pravdépodobne
neexistuje. Provedeny ,joint scaling test” nazna¢uje vyznamnou ulohu fixaéniho efektu geni (aditivni, aditivni x aditivni).
Zjisténa dédivost je vysokd. Rychlého pokroku v rezistentnim $lechténi miiZe byt dosaZeno, kdyZz po vybéru jednotlivych
odolnych rostlin bude nasledovat rekurentni selekce na odolnost nebo zpétné ktiZeni.

Klitov4 slova: Penninsetum; snét’; dédicnost;

INTRODUCTION MATERIALS AND METHODS

The experimental material consisted of P, P,, F ,F , F,,
BC, and BC, generations of three crosses of pearl millet
(Pennisetum glaucum [L.] R. Br.) namely ICMP 904-3 x
EXB 237 (resistant x resistant), [CMP 904-3 x 81B (resis-

tant x susceptible) and ICP 220 x 5141B (susceptible x

Grain smut of pearl millet (Pennisetum glaucum [L.]
Br.), caused by Tolyposporium penicillariae Bref., was
not considered a disease of economic importance till the
1960’s. Its seriousness in India was realized in the 1970’s
when the F hybrids released for general cultivation in

India in 1965 were heavily infected. The consequent loss-
es in grain yield due to smut epidemics have been report-
ed to be as high as 30 to 50% (Krishnaswamy, 1962;
Yadav and Kapoor, 1988).

Wide — spread cultivation of susceptible hybrids in
disease — prone areas is bound to lead to outbreaks of
frequent smut epidemics. Thus, the development of smut
resistant genotypes is required. Knowledge of the inher-
itance pattern and genetics of smut resistance is a pre-
requisite for initiating a sound resistance breeding
program, particularly when only meagre information on
this aspect is available (Phookan et al., 1986).
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susceptible). The material was grown in two environ-
ments viz., early and late sowing in artificially created
high disease promoting environments following Thakur
et al. (1983). The seven generations of each cross were
grown in a compact family block design with three repli-
cations. Parents and F| were allotted one row of 3 m long.
Each backcross and F , were put in two and ten rows, re-
spectively, whereas each of the twenty F, families were
accommodated in one row 3 m long. The rows were
spaced at 45 and 15 cm between and within the rows, re-
spectively. Data were recorded on five randomly select-
ed plants in parents, F, and each of the F, progenies. In
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backcross generations data were recorded on 16 plants
and in F, on 60 plants. Smut severity was scored at the
time of harvest on the basis of percentage florets con-
verted into smut sori with the aid of standard diagrams
(Williams et al., 1976) The data in percentage were sub-
jected to angular transformation (Fisher and Yates, 1953).
First, simple Mendelian inheritance was explored by test-
ing the ratios in the segregating generations. In the fail-
ure of simple inheritance, the joint scaling test (Cavalli,
1952) was performed using the weighted least squares
and the genetic parameters were estimated.

RESULTS AND DISCUSSION

The results on mean performance in two environments
of seven generations revealed that late sowing promot-
ed a higher disease level than early sowing, based on the
environmental index as well as on individual cross mean
basis (Table 1). Plants in each generation of cross ICMP
904 x EXB 237 (R x R) were resistant (< 5.0% smut sever-
ity), while all plants were susceptible (> 5.0% smut se-
verity) in cross ICP 220 x 5141B (S x S). However, in cross
ICMP 904 x 81B (R x S) the F| was resistant, and the seg-
regating generations were skewed towards the resistant
parent.

The absence of susceptible plants in the R x R cross,
and of resistant plants (barring a few which might be due
to escape) inthe S x S cross, not only in F, but also in the

segregating generations, indicated absence of comple-
mentary type of gene action. Thus in the absence of
pathogenic variability (Phookan et al., 1986) the parents
involved in these crosses possessed the same genes for
resistance/susceptibility. The attempt to explain the re-
sistance by a simple dominant or recessive mechanism
was not successful, as indicated by the significant %2
values (5.0 to 207.2 in early sowing, 7.6 to 234.7 in late
sowing) in case of monogenic (3:1) and digenic (9:7, 13:3,
15:1) Mendelian ratios. The quantitative nature of inher-
itance of smut resistance was thus apparent.

To test the adequacy of an additive dominance model,
mean values of the seven generations of cross ICMP 904-3
x 81B (R x S) were subjected to weighted analysis (Ca-
valli, 1952), because in cross ICMP9004-3 x EXB 237
(R xR) and cross ICP 220 x 5141B (R x S) the mean values
of all generations in each cross were statistically at par.
The % value in cross R x S in early sowing (55.2) and late
sowing (14.2) at 4 d.f. differed significantly from the tab-
ulated value, thereby indicating the failure of a simple ad-
ditive dominance model. This confirms. the results
obtained from the segregation ratios. Hence, the model
was extended to six parameters. Adequacy of the model
was revealed by non-significant ¥ values. Only a fixable
type of gene effects was found to be significant for the
expression of smut severity. Moderate to high narrow
sense of heritability estimates were ranging from 39.9 to
55.0 in all crosses. The expected genetic advance ex-
pressed as percentage of the mean was very high for

Table 1. Mean smut severity in seven generations of three crosses in two environments

Cross Generation Early sowing Late sowing
P 76+48 76+48
23 5839 58+3.9
F 5.8+39 5839
ICMP 904-3 x EXB 237 F 5.8+87 6.5+83
F 56+83 59+75
BC, 51252 5.7+64
BC: 5766 6.2+7.5
P 58+39 76+45
P2 562+14.2 70.3+19.5
F 7.6+48 5.8+3.9
ICMP 904-3 x 81B B 15.0+27.2 16.9+28.8
B 16.8 £29.3 226+29.1
BC: 57+64 5.1x45
BC, 24.1£30.5 29.1+329
P 592+11.6 65.9+13.9
P 66.8+17.8 789+17.6
F 62.0+14.9 69.2+16.4
ICP220x 5141 B F 62.7x17.5 70.0+18.9
By 62.3+20.6 70.0+18.5
BC: 64.5+19.2 754 +18.7
BC: 83.9+21.7 734215
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Table 2. Estimation of gene cffects and x? values based on a six
parameter model in cross ICMP 904-3 X 81B in two cnvironments

of gg:el:i‘g(::;er:lattion Early sowing Late sowing
m 21.1+43 309 +44
d 250+19 31.2+26
h -165+5.2 -347£173
i 96+45 78+38
j -89 85 -11.5£95
1 29116

' (1df) 0.8 0.7

crosses ICMP 904-3 X 81B and ICP 220 x 5141B; it was
medium for cross ICMP 904-3 x EXB 237.

The presence of high narrow sense heritability esti-
mates coupled with high genetic advance and a highly
significant positive correlation between per se perfor-
mance and responsiveness and preponderance of linear
component of g X e interaction as reported by Yadav and
Kapoor (1989) suggested that selection on an individual
plant basis would be effective. On the basis, rapid
progress could be made in the improvement of smut re-
sistance by using procedures such as mass selection, half
sib, full-sib of S /S, progeny selection.

Table 3. Estimates of heritability and genetic advance as percentage of mean for smut severity in two environments

B K (%) n.s. Genetic advance (% of mean)
early sowing late sowing early sowing late sowing
ICMP 904-3 x EXB 237 399 428 9.2 10.2
ICMP 904-3 x 81B 424 54.1 23.8 33.2
ICP 220 x 5141B 55.0 46.6 24.5 20.6
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Z VEDECKEHO ZIVOTA

Za Ing. MiloSem HaniSem, CSc. — slechtitelem pSenice

Ing. Milo§ Hani§, CSc.,senarodil 21.7. 1931 vKo-
pidIné u Ji¢ina. Po absolvovéni Vysoké $koly zemé&d&lské
pracoval postupné jako asistent na Katedfe rostlinné vy-
roby na V8Z v Praze, na Krajském $lechtitelském a seme-
nafském podniku v Doksanech, jako zemé&dé&lsky poradce
v Afganistanu a jako referent pro §lechténi na generdlnim
feditelstvi byvalé Osevy.

Vzhledem k tomu, Ze chtél uskuteénit své piani véno-
vat se piimo $lechtitelské praci odesel z feditelstvi na
vlastni zadost na Slechtitelskou stanici do Stupic, kde
pusobil jako jeji vedouci v letech 1967 az 1990.

Pod jeho vedenim se od roku 1974 §lechtitelské prace
ve Stupicich soustfedila na §lechténi pSenice ozimé
a jarni a na §lechténi jarniho jeémene. Rozsahy §lechténi
p3enice 1 jemene se zvysily az na desetinasobek pivod-
nich $lechtitelskych $kolek a pro obg plodiny byly vy-
tvofeny samostatné §lechtitelské tymy. Tyto rozsahy
umoznilo nové mechanizaéni vybaveni provizané zmé-
nou §lechtitelskych postupti. Ve Stupicich jako na jedné
z prvnich stanic jezdily pokusnické stroje nové generace
— prvni model kombajnu Hege, seci stroje Oyjord i ruéni
Seedmatic 6. Naristu §kolek a pokusnické technice neod-
povidaly dosavadni prostory $lechtitelskych provozi
a skladut. Ing. Hanis$ vénoval velké usili vystavbé moder-
né koncipované $lechtitelské stanice s mechanizovanym
Slechtitelskym provozem véetné skladii. Tento model stu-
pické stanice se pozdé&ji v rizném stupni kopiroval
i v zahrani¢i. Zékladem prace byly dobré $lechtitelské
tymy, ve kterych pracovala i fada odborniki, ktefi byli
nuceni v ramei normalizaci odejit ze svych plivodnich
pracovist. Vysledky v podob& nové povolovanych od-
rid ze Stupic se zaCaly dostavovat. V letech 1976 az 1998
bylo povoleno 13 odrid ozimych a 5 odrid jarnich p3e-
nic, na jejichZ vyslechténi se ing. Hanis podilel jako je-
den z hlavnich autort.

V obdobi svého stupického plisobeni publikoval fadu
plvodnich praci o mutaénim §lechténi a riizné metodic-
ké poznatky ze Slechténi pSenice (35 praci pavodnich
a pies 40 &lankt odbornych), kterych byl hlavnim auto-
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rem nebo spoluautorem. Byl spoluautorem publikace
P3enice (Foltyn a kol., 1970) i uéebnice Slechténi pro
stfedni zem&dglské skoly ,,Slechténi a semenaistvi®
(Hraska a kol., 1981).

Jako predseda Slechtitelské rady obilovin CSSR se za-
slouzil o rozvoj $lechténi obilovin. V dobé omezenych
moznosti spoluprace se zahrani¢nimi Slechtiteli navéazal
Ing. Milo$ Hani§, CSc., vyznamnou spolupraci s IAEA
(International Atomic Energy Agency) a centrem mezi-
narodniho vyzkumu a $lechténi obilovin a kukufice
CIMMYT v Mexiku. Ve stejné dobé& pracoval jako hlavni
koordinator v trojstranné spolupréci ve §lechténi p3eni-
cemezi CSSR, NDR a Polskem.

Ing. Milo$ Hani§, CSc., byl dlouholetym ¢lenem védec-

poroval uzkou spolupréci Slechtiteld s t€mito ustavy.

V obdobi pfestavby celé sité §lechtitelskych stanic
i semenafskych podniki po roce 1989 se zaslouzil
o vybudovani akciové spoleénosti SELGEN, jejiz hlavni
naplni bylo §lechténi obilovin, luskovin, fepky a jetelovin
na péti Slechtitelskych stanicich a jednoho zkusebniho
mista v rdmei Ceské republiky. SELGEN byl a zatim ziistal
nejsiln&j¥im $lechtitelskym podnikem v Ceské republice
a diky Ing. M. HaniSovi, ktery byl jeho feditelem az do
roku 1999, byly navazany Gzké a oboustranné prospésné
kontakty s fadou zahranié¢nich §lechtitelskych firem. Po
celou dobu svého plsobeni v Selgenu se snazil, aby
prioritni postaveni v podniku méli $lechtitelé a staral se
o jejich potfeby. Podporoval jejich dal§i vzdélavani
i studijni ndvstévy zahrani¢nich §lechtitelskych firem
a vyzkumnych ustavi. Zastiesujici organizaci pro ¢eské
§lechténi a semenéfstvi se stala CMSSA, jejimz byl
zakladajicim ¢lenem, nékolik let pfedsedou §lechtitelské
sekce a az do své smrti ¢lenem jejiho pfedsednictva.
Asociace ho poctila estnym Elenstvim in memoriam.

Ing. Milo$ Hani§, CSc., nés opustil pil roku po od-
chodu do penze dne 16. ledna 2000.

Za redakcni radu
prof. Ing. Jii Cerny, DrSc.
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HODNOCENI REAKCE VYBRANYCH ODRUD
PSENICE OZIME NA INFEKCI FUSARIUM CULMORUM
V POLNICH PODMINKACH*

EVALUATION OF THE RESPONSE OF SELECTED WINTER WHEAT
CULTIVARS TO ARTIFICIAL INFECTION WITH FUSARIUM
CULMORUM 1IN FIELD CONDITIONS

V. Sip, E. Stuchlikova

Research Institute of Crop Production, Prague-Ruzyne, Czech Republic

ABSTRACT: Response to artificial infection of ears with isolate 7710 of Fusarium culmorum was evaluated in 23 (1996
1999) and 35 (1998-1999) winter wheat cultivars (lines) with different degrees of resistance and origins (including cultivars
registered in Czech Republic). The development of Fusarium ear blight (FEB) apparently differed in the years of testing
(Fig. 1). Most favourable for the spread of the disease were the conditions of the year 1996 (Table 1). On average, patogen-
caused reductions of grain number per ear, thousand grain weight and grain weight per ear were 28.6%, 50.7% and 64.9%,
respectively. The analyses of variance revealed significant differences for cultivars and years. Relatively lower, but statisti-
cally significant in all traits, were cultivar x year interaction mean squares (Table 2). The ranking of genotypes in different
years was similar for symptom reaction (SH) and AUDPC (area under the disease progress curve) — Table 3. SH and AUDPC
were in every year significantly correlated with thousand grain weight and grain weight per ear after infection (Table 4). For
these yield traits highly significant correlations (r > 0.9) were found between measurements in infected variant and reducti-
ons obtained from comparison with uninfected control variant, which indicates the possibility to evalute in these types of
experiments the data from infected variant and lower the costs of tests. Grain number per ear was highly influenced by
development of FEB infection in certain year and therefore, it is recommended to combine this trait with thousand grain
weight and evaluate infected or reduced grain weight per ear. It was found that resistance/tolerance to FEB infection in
certain years was influenced by differences of genotypes in flowering date (Table 8, Fig. 2 and 3). Considering the perfor-
mance in this trait might increase the precision of infection tests. In spite of great differences between years, plant height
did not apparently influence resistance of cultivars to FEB. Differences in the response of the examined cultivars to FEB
infection are clear from Tables 5, 6 and 7. On the basis of SH and AUDPC values the highest resistance level was found in
the cultivars (lines) Bizel, Arina, SG-U 466 (Bona) and SG-U-513 (SH: 0.8-1.0; AUDPC: 181-241). These materials also
showed relatively high tolerance to the infection. The detection of resistance in the Czech advanced breeding lines SG-U 466
(Bona) and SG-U 513, coming from the cross Brock/Hana, is important for breeding purposes, because these materials
possess many other positive breeding characters. In two year experiments the cultivars Alana and Tower could also be
included in the resistant group.

Keywords: winter wheat; Fusarium culmorum; resistance of cultivars; indicators of resistance and tolerance

ABSTRAKT: Reakce na infekci klasti izolatem 7710 houby Fusarium culmorum byla hodnocena u 23 odrid (linif) pSenice
ozimé ve &tytletych (1996-1999) a 35 odrid ve dvouletych (1998-1999) pokusech na stanovisti Praha-Ruzyné. Byly zahr-
nuty odriidy lidici se v rezistenci k infekci a v piivodu, pfi¢em2 hlavni pozornost byla vénovana soucasnym odriidam regis-
trovanym v Ceské republice. V§voj infekce byl v jednotlivych letech odlisny, aviak priméma redukce hmotnosti zrna na
klas byla vysoka (64,9 %). Redukce hmotnosti tisice zrn byla v priiméru 50,7% a podtu zrn na klas 28,6%. Analyzami
rozptylu byly prokazany statisticky vyznamné rozdily v reakci odriid i vlivy ro&niku. Relativné nizsi, aviak vyznamné
u viech znaki, byly priimérné &tverce pro interakce odriidy s rokem. NiZsi zavislost na podminkéch riznych ro¢niki byla
zjisténa u znakl hodnoticich stupeii a vyvoj infekce (SH a AUDPC). Tyto znaky byly statisticky vyznamné korelovéany
s redukcemi viech tfi hodnocenych vynosovych znaki. Z vynosovych znakii byl podminkami roénikii nejvice ovlivnén
pocet zrn klas. Z ukazateli tolerance k nékaze 1ze upfednostnit idaje o hmotnosti tisice zm a hmotnosti zrn na klas po
infekci. Rezistence/tolerance k nakaze byla v podminkéch nékterych ro&niki (1996) ovlivnéna rozdily v dobé kveteni od-
riid. Naproti tomu u hodnoceného souboru odriid stupefi napadeni nesouvisel prokazatelné s vy¥kou rostlin. Na zédkladé

* Price byla uskute&n&na za finanéni podpory NAZV MZe a GA CR v rdmci projekti EP 7239 a 521/98/1019.
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hodnot SH i AUDPC byl nejvyssi stupeii rezistence zjistén u odrid (linif) Bizel, Arina, SG-U 466 (Bona) a SG-U 513 (SH:
0,8-1,0; AUDPC: 181-241). Tyto materialy vykazaly také vy3si toleranci k infekci. Z nové zafazenych odrid hodnoce-
nych dva roky se ukézaly jako nejvice rezistentni odridy Alana a Tower.

Kli®ov4 slova: pSenice ozima; Fusarium culmorum, napadeni klasu; rezistence odrid; indikatory rezistence a tolerance

Fuzariozy klasu, vyvolavané ve stfedoevropskych pod-
minkam pfedev§im druhy Fusarium culmorum (W. G.
Smith) a Fusarium graminearum (Schwabe), pfedstavuji
v celosvétovém méfitku vyznamné péstitelské riziko prede-
vsim u pSenice a jeCmene. Nejzietelnéjsi skody zpisobu-
jinaklasech a kofenech. Napadené klasky jsou svétle;jsi,
po uréité dobé pokryté t€lovoriZzovym povlakem myce-
lia a konidii houby. Napaden4 zrna mohou zaschnout,
klesa jejich hmotnost, kli¢ivost a pfedeviim kvalita. V di-
sledku hromadéni mykotoxint ptisobi kvalitativni zmény
v zmech toxikologické problémy u lidi a zvifat. Pfimé ztra-
ty na vynosech v letech epidemii se mohou pohybovat
mezi 10-25 % (Torok, 1989) i vice (Miedaner, Walter,
1987). Nase povolené odriidy pSenice ozimé pozadova-
nou odolnost k fuzari6zam vétSinou nemaji.

Vzhledem k tomu, Ze rezistence k fuzariozim ma kvanti-
tativni charakter, je tieba ve §lechténi na rezistenci vyu-
zit rizné typy a komponenty rezistence jak aktivniho, tak
pasivniho charakteru, které popsali Mesterhazy (1995),
Mesterhazy et al. (1999) a fada dalsich autorti. V naSich
ce zahrani¢nich odrid a vybéru vhodnych donort rezis-
tence pro nase lechténi (Stuchlikova, Kovacikova, 1993;
Stuchlikova, $ip, 1996). Rezistence/tolerance k napadeni
je pfesnéji postizena aZ na zdkladé opakovanych zkou-
ek a hodnoceni fady ukazatell. Pro pfesnéjsi detekci to-
lerantnéjich genotypl je rozhodujici pribéh infekce
v daném roce (Sip, Stuchlikové, 1997). Vedle ukazateli
stupné napadeni je tfeba posuzovat vliv infekce na hmot-
nost 1000 zm, po¢et a hmotnost zrn na klas a také na obsah
mykotoxini (deoxynivalenolu, nivalenolu, zealarelonu
apod.) v zrnu.

Cilem pfedlozené prace je charakteristika vybranych
soucasnych odrid pSenice ozimé z hlediska odolnosti
k napadeni houbou Fusarium culmorum a posouzeni riz-
nych indikator rezistence.

MATERIAL A METODY

V polnich infekénich pokusech byla v Praze-Ruzyni
v letech 1996, 1997, 1998 a 1999 zjidt'ovana reakce k na-
padeni houbou Fusarium culmorum (W. G. Smith) Sacc.
u 23 odrid (novoslechténi) pSenice ozimé. Do pokusi
byly zahrnuty registrované odriidy Alka, Brea, Ina, Sar-
ka, Sida, Mona, Boka, Rexia, Astella, Asta, Trane, Sa-
mara, Estica, novoslechténi SG-U 513, UH 4 66 (Bona),
RU 51 A, novoslechténi piivodem z Velké Britdnie NIC
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93-3070B, CWW 93-57, CWW 93-58, rezistentni kontrol-
ni odriidy Arina, Bizel, Renan a silné€ nachylnd kontrolni
odrida But. Soubor roziifeny o 12 odriid byl testovan
v letech 1998-1999. Osivo, které poskytl UKZUZ, bylo
vysévano na tiiradkové parcelky 1 m dlouhé ve sponu
20 x 3 cm. Jak infekéni (I), tak kontrolni neinfikovana (K)
varianta mély dvé opakovani.

Pro umélé infekce bylo pouZzito inokulum Fusarium
culmorum pfipravené na sterilizovanych obilkach pii tep-
lot& 20 °C (izolat 77101 ziskan ze S Solary). Obilky byly
infikovany myceliem rozrostlé houby na agarovych plot-
néch se specialni Zivnou piidou. Substrit byl porostly
myceliem po 2 az 4 tydnech. Pro polni infekce byla pii-
pravovana inokulaéni suspenze uvolnénim (smyvéanim)
konidii ze zma do vody. Postfik byl provadén ruénim
postiikovacem vodni suspenzi konidii v koncentraci 0.8
% 107/ml na 10 kvetoucich klasd ve fazi plného kvétu
stiednich kl4skt a po infikovéni byly klasy 24 hodin za-
kryty igelitovymi sacky. Napadeni klasi bylo hodnoce-
no prubé&zné od objeveni pfiznaki nakazy v tydennich
intervalech. Vysledné symptomatické hodnoceni reakce
(SH), provadéné po ukon&eni infekéni doby (obvykle
30. den po inokulaci), vychazelo z procenta napadeni kla-
st a intenzity symptomatické reakce. Byla pouzita stup-
nice, kterou navrhl Mesterhazy (1987): 0 — rezistentni (R),
4 —néchylna (S).

Po sklizni bylo srovnavéno 10 klast z infikovanych ky-
tic s 10 klasy z kontrolni varianty v kazdém opakovani. Sle-
dovali jsme nasledujici vynosové znaky: pocet zrn na klas
(PZK), hmotnost 1000 zrn (HTZ) a hmotnost zrn na klas
(HZK). U kazdého znaku byla vypoé&tena procentni reduk-
ce vzhledem k neinfikované kontrole: 100—1I/K.100 (R).

Dal$im méfitkem rezistence odrudy byly hodnoty
AUDPC (Shaner a Finney, 1977), coZ je plocha pod kiiv-
kou priibéhu choroby, ziskané na zékladé 3—5 opakova-
nych méfeni v zévislosti na prib&hu infekce v daném
roce (obr. 1). Vypocita se podle vzorce:

E[(‘m *xi)/zl(‘nl -4)

kde: x, — procento napadeni pfi i-tém pozorovéni v ¢ase ¢, (dny)
n — podet mé&feni

Pfi celkovém vyhodnocovani pokusu byly k dispozici
u zkousenych odrid idaje o dobé kveteni (pocet dnlt do
kveteni) a vySce porostu.

Charakteristika prib&hu povétrnostnich podminek
pokusnych ro¢nikt je uvedena v tab. 1.
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Tab. 1. Primémé teploty a srdZky v pentddéch b&hem vyvoje choroby v letech 1996-1999 — Mean pentad temperature and precipitation

during the period of disease development in 1996-1999

1996 1997 1998 1999
[°C) [mm] [°C] [mm] [°C] [mm] [°C] [mm])
Kvéten' 27-31 13,8 6,5 9,8 4,4 17,8 134 19,5 4,0
Cerven® 1-5 16,4 12,0 13,7 0,3 18,7 0,6 17,6 72
6-10 22,5 1,2 17,7 1,0 19,8 27,0 15,4 12,2
11-15 15,7 9,0 17,9 7.5 12,7 26,1 14,1 7.0
16-20 15,4 5,1 13,5 22,7 14,8 7,0 14,7 12,0
21-25 11,6 30,6 13,6 54 18,5 13,0 12,8 4,0
26-30 14,5 34,4 19,5 8,0 18,7 19,2 17,4 7,0
Cervenec® 1-5 16,7 14,0 16,8 25,0 15,1 8,5 21,5 25,0
6-10 13,1 42,6 16,3 11,0 13,4 11,0 17,8 54,2
11-15 17,3 29,0 18,4 4,0 15,7 16,1 18,1 14,0
Primér* [°J/Ghrn [mm]® 15,7 184,4 15,7 89,3 16,5 1419 16,9 146,6
Datum infekce® 10. 6. 3. 31.5. 2.6.

'May; 2June; *July; *mean temperature (°C);*sum of precipitation (mm), ®date of inoculation

VYSLEDKY

Pribéh infekce v jednotlivych ro€nicich a posouzeni
sledovanych znaki

Z obr. 1 je zfejmé, Ze vyvoj infekce byl v jednotlivych
letech zkouseni odlisny. Nejpfiznivéjsi byly podminky
roku 1996, kdy prodlouZena doba infekce vedla k silnéj-
$imu nartstu infekce a u sledovaného souboru odrid
bylo dosaZeno nejvy3$si primémé procento infikovanych
klaskl (v souvislosti s tim i vysoka primérné redukce
poétu a hmotnosti zrn na klas). Relativn€ krat§i pribéh
méla infekce v roénicich 1998 a 1999 s ranym nastupem
kveteni. Podminky roku 1997 (tab. 1) mély za nasledek
oddaleny (po infekci zpomaleny) a rovnéZ relativné krat-
ky vyvoje infekce.

V tab. 2 je uveden prehled primémych hodnot a vy-
sledki analyz rozptylu u osmi hodnocenych znakd. Ve
viech ptipadech se projevil vysoce statisticky

vyznamny vliv odridy a s vyjimkou PZK-I (po¢et zrn na
klas v infekéni variant¢) také vliv pokusného ro¢niku.
Nizsi, ale statisticky vyznamné, byly primérné ¢tverce
pro interakce odridy s rokem. Z tabulky analyz rozptylu
také vyplyva, Ze vzhledem k relativné nizsi rezidualni
slozce rozptylu bylo moZné vice rozdilli mezi odridami
prokézat u znakd symptomatické hodnoceni (SH)
a AUDPC nez u infek&nich a pomérovych ukazateli
sledovanych vynosovych znaki. Nejméné odriadové
a ro¢nikové proménlivosti bylo zjiSténo u poctu zrn klas
(znakl PZK-R; PZK-I) a relativné vysoké byla u téchto
znakd interakéni slozka rozptylu. Poéet zrn na klas byl ze
sledovanych znak, podobné jako v dfivéjSich pokusech
(Stuchlikové, Sip, 1997), nejvice ovlivnén priib&hem
infekce v roéniku. Z vynosovych znaki byla priméma
redukce vlivem infekce vysoka u hmotnosti zrn na klas
(64,9 %) a hmotnosti 1000 zrn (50,7 %) a relativné nizsi
u poétu zrn na klas (28,6 %). Podobné redukce (58,0 %;
46,7 %; 25,9 %) byly zjistény v testech probihajicich v ob-

80
70 X 1996 Obr. 1. Pribéh infekce houbou Fusarium
\/ﬁ_— culmorum v jednotlivych letech zkoudeni
) 60 g — Development of infection with Fusari-
_'ﬁ 50 / 1999 um culmorum in different year
= /
= e 1997
.O /-
? 40 = 2 +—1998 Ipercent of infected spikelets, 2days after in-
E / fection
z 30
i /
) )K/ / /
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Tab. 2. Celkové priméry a prim&mé &tverce z analyz rozptylu pro symptomatické hodnoceni (SH), AUDPC a vynosové znaky zjisfované
v infekéni variant& (I) a v poméru ke kontrolni varianté (R) - Total means and mean squares from analyses of variance for symptom score
(SH), AUDPC and yield traits cxamined in the infection variant (I) and in relation to uninfected, control variant (R )

Parametr' df SH AUDPC | HZK-I HZK-R | PZK-I PZK-R HTZ-I HTZ-R
Celkovy primér’ 2,00 521,72 0,95 64,85 38,88 28,60 24,00 50,66
Zdroj proménlivosti®
odriida* (0) 22 4,838%% | 431582%%| 0,709%* | 11222%%| 224,6%* | 658,2%* | 341,7** | 1406,6**
ok’ (R) 3 5399% | 877107**| 0,764** | 16852**| 60,1 1227,7%% | 542,5%% | 2,662,7%*
OxR 66 0,516%* | 64494%% | 0,204%* 240,3%* | 112,6%* | 241,4% 60,0%% | 247,3%x
Reziduln{® 92 0,059 10900 0,034 4713 26,6 90,5 12,2 49,8

*P < 0,05; ** P < 0,01

SH = symptomatické hodnoceni (0-4; 0- bez symptomi) — symptom score (0-4; 0 — without symptoms)
AUDPC = plocha pod kfivkou priibéhu choroby — area under the diseasc progress curve

HZK = hmotnost zrna na klas (g) — grain weight per car (g)
PZK = potet zrn na klas — grain number per ear

HTZ = hmotnost 1000 zrn (g) — thousand grain weight (g)

I = infek&ni varianta — infected variant

R =100 — I/K.100 (K = kontrolni varianta — control variant)

Iparameter, 2total mean, 3source of variation, * cultivar, Syear, Sresidual

dobi 1992-1994 (Stuchlikova, Sip, 1996). Miedaner a Wal-
ter (1987) uvadéji v obdobnych pokusech u sledovanych
odrtid pSenice primémou redukci 49,2 % u hmotnosti zrn
naklas, 40,6 % u hmotnosti 1000z a 17,3 % u poétu zrn
naklas.

Zavislost SH, AUDPC aredukci tfi sledovanych vyno-
sovych znakii na podminkéch roénikt dokladaji korelag-
ni koeficienty (tab. 3). Korelaéni koeficienty mezi roky
byly vZdy statisticky vyznamné u znakli hodnoticich stu-
peii a vyvoj infekce (SH a AUDPC), coz sv&déi o jejich
nizké zavislosti na podminkéch riiznych roénikt. Naproti
tomu odli$nost roéniki 1996 a 1997 (obr. 1) se projevila
nevyznamnosti korelaci mezi témito roky u viech tii vyno-
sovych znakd. Nejvice byla podminkami roénikd ovliv-
néna redukce po¢tu zrn klas, podobné jako v dfivé&jsich
pokusech (3ip, Stuchlikov4, 1997).

Korelacni koeficienty mezi znaky vypovidajicimi o stup-
ni (vyvoji) napadeni a projevu vynosovych znaki po
infekei v letech 1996-1999 byly vétsinou statisticky vy-
znamné (tab. 4), avSak napadné jsou odchylky v hodno-
tach korelaénich koeficientii v jednotlivych roénicich. Ve
viech ro¢nicich pfesahovaly hodnotu 0,8 korelaéni koe-
ficienty mezi stupn&m napadeni klasu (SH) a AUDPC, coz
ukazuje, Ze tyto znaky jsou do znaéné miry vzajemné za-

stupitelné. Stupeii napadeni klasu souvisel vyznamné
s redukci v8ech tfi hodnocenych vynosovych znak,
avsak evidentni bylo ovlivnéni téchto korelaci ro¢nikem
— v nejveétsi mife vztahu s redukei poétu zm na klas.
S poétem zmn na klas a jeho redukci souvisel stupen na-
padeni klasu nejtésné&ji v roce 1996 pfi silngjsim, dlouho-
dobém vyvoji infekce. Vyrazné ovlivnéni redukce poctu
zrn na klas priibéhem infekce v jednotlivych ro¢nicich bylo
zjidténo i v pokusech 1992-1996 (Sip, Stuchlikova, 1997).
Proto lze z vynosovych znakt upfednostnit pro hodno-
ceni tolerance k nékaze stabilnéji prokazované redukce
hmotnosti 1000 zrn a hmotnosti zrn na klas. Vysoce sta-
tisticky vyznamné (r dokonce > 0.9) byly korelace mezi
infekéni a redukovanou hmotnosti zrn na klas a infekéni
a redukovanou hmotnosti 1000 zrn. To ukazuje na moz-
nost omezit se v obdobnych typech pokusi na sledova-
ni projevu téchto vynosovych znaku v infekéni variante.

Rozdily v reakci odriid
Rozdily v reakci 23 odrid (novoslechténi) na infekci

houbou Fusarium culmorum je mozné posoudit z udaju
o primérném projevu a poétu detekovanych homogen-

Tab. 3. Korela¢ni koeficienty mezi pokusnymi roéniky pro p&t hodnocenych znakii — Interannual correlation coefficients for five examined

traits
1996/97 1996/98 1996/99 1997/98 1997/99 1998/99
SH 0,42* 0,62%* 0,72%* 0,773+ 0,67** 0,87**
AUDPC 0,45* 0,46** 0,59** 0,85** 0,78** 0,86**
HTZ-R 0,21 g73% 0,57** 0,65** 0,62** 0,85%*
PZK-R 0,10 -0.06 -0,07 0,76** 0,66** 0,69**
HZK-R 03 0.45* 0,48* 0,74** 0,63** 0,79**

*P < 0,05;** P < 0,01

PouZit¢ symboly pro znaky vysvétleny v tab. 2 — For explanation of symbols used sce Table 2
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Tab. 4. Korelaéni koeficienty mezi sledovanymi znaky v jednot-
livych letech (23 odriid) — Correlation coefficients between the ex-
amined traits in four years (23 cultivars)

1996 1997 1998 1999
SH/AUDPC 0,82%* 0,91** 0,95%* 0,98%*
SH/HZK-R 0,912+ 0,64** 0,91%* 0,77%*
SH/HZK-1 -0,87** -0,50* -0,82*+ -0,79**
SH/PZK-R 0,80%* 0,59* 0,53* 0,49*
SH/PZK-1 -0,63** -0.39 -0,35 -0,43*
SH/HTZ-R 0,88** 0,57* 0,93 0,81%*
SH/HTZ-1 -0,84%* | -0,49* —0,89%*% | —0,80%*
AUDPC/HZK-R| 0,83** 0,69%* 0,89 0,79**
AUDPC/HZK-I [ -0,8** -0,56* ~0,79** | -0,82**
AUDPC/PZK-R| 0,70%* 0,61** 0,58* 0,50*
AUDPC/PZK-I1 | -0,56* -0,48* -0,38 -0,46*
AUDPC/HTZ-R| 0,80** 0,60** 0,86** 0,83**
AUDPC/HTZ-1 | -0,77** -0,51* -0,82%* | 0,83+
HZK-R/HZK-1 | -093** | -091** | —092%* | —097**
HZK-R/PZK-R 0,85** 0,78** 0,75*+* 0,80**
HZK-R/PZK-I | -0,70** | -0,65** -0,53* —0,73*#*
HZK-R/HTZ-R 0,93** 0,91** 0,93+ 0,90**
HZK-R/HTZ-T | -0,88** | —087** | -091** | -0,84**
HZK-V/PZK-R =084%* | —0,70%* | -0,73%* | —0,74**
HZK-I/PZK-1 0,81+ 0,74** 0,69** 0,79%>
HZK-VHTZ-R | -0,88** | -084** [ —084** | _090**
HZK-VHTZ-1 0,86%* 0,93 0,91+* 0,87**
PZK-R/PZK-1 -0,84** | -0,70%** [ -0,75** | -0,63**
PZK-R/ HTZ-R 0,68** 0,51* 0,47* 0,61**
PZK-R/HTZ-1 -0,67** -0,57* -0,56* -0,67**
PZK-VHTZ-R -0,53* -0,46* -0.32 ~0,63%*
PZK-VHTZ-1 0.45* 0,47* 0.36 0,51*
HTZ-R/HTZ-1 -0,95** [ -0,90** | -0,93** [ -0,95**

*P <0,05; ** P<0,01
Pouzité symboly pro znaky vysvétleny v tab. 2 — For cxplanation of
symbols used see Table 2

nich skupin u znak symptomatické hodnoceni (SH)
a AUDPC (tab. 5) aredukci vynosovych znaki hmotnost
zrn na klas, pocet zrn na klas a hmotnost 1000 zm (tab. 6)
za Ctyfleté obdobi sledovani. Do osmi homogennich sku-
pin bylo mozné zafadit hodnocené odridy podle stupné
napadeni klasti, posuzovaného bonitadni stupnici 04
(SH) a podle hodnot AUDPC. Odrady (novoslechténi)
Bizel, Arina, SG-U-466 (Bona), SG-U-513, Renan, NIC
93-3070B, Estica, RU-51A a Alka s niZ§im prim&mym SH
se vyznamné odliSovaly od novoslechténi CWW 93-57,
odrid Rexia, Astella, Asta, Trane, Samara a siln€ nachyl-
né kontrolni odriidy But. Na zdkladé hodnot AUDPC bylo
mozné vy¢lenit rezistentni odriidy (novoslechténi) Bizel,
Arina, SG-U-513 a SG-U-466 (Bona) s pomalym pribéhem
infekce. Odriidy Alka, Renan, NIC 93-3070B, RU-51A
a Estica lze podle tohoto ukazatele klasifikovat jako mir-
né rezistentni.
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Tab. 5. Pofadi odriid a roénikli u znakl symptomatické hodnoceni
(SH) a AUDPC a jejich zafazeni do homogennich skupin (Duncan
P =95 %) — Cultivar and ycar ranking for symptom score (SH) and
AUDPC, and their inclusion in homogeneous groups (Duncan
P=95%)

Odrida’ Pavod P“;‘;’f‘} P;ZL'I.‘? b :::)nn(;
skupina® skupina

Bizel FRA 0,8 a 2155 |a
Arina CHE 09 ab 180,7 |a
Bona CZE 1,0 Jab 240,8 [ab
SG-U 513 CZE 1,0 |ab 1974 |a
Renan FRA 1,1 abc 336,5 |abed
NIC 93-3070B | GBR 13 abc 336,1 |abed
Estica NLD 14 abed 385.1 | abcde
RUS1 A CZE 1,5 abed 355,8 | abed
Alka CZE 1,6 abcde 305,8 | abc
Brea CZE 1,9 | bedef 450,7 | abedef
Ina CZE 2,0 cdefg 465,3 | abedef
Sérka CZE 2,1 | cdefg 588,3 | bedefg
CWW 93-58 GBR | 2,1 |cdefg 603,7 | bedefgh
Sida CZE 23 defg 677,8 | cdefgh
Mona CZE 24 defg 539,6 | abedef
Boka CZE 2,5 |efgh 590,8 | bedefg
CWW 93-57 GBR 26 |fgh 602,3 | bedefgh
Rexia CZE 27 |feh 706,4 | defgh
Astella CZE 2,8 |[fgh 739,2 | efgh
Asta CZE 2,8 fgh 951,7 | gh
Trane BRD 29 fgh 747,3 |efgh
Samara CZE 30 gh 819,7 | fgh
But FRA 34 h 963,4 | h
Rok * 1998 17 |a 4017 |2

1997 19 ab 464,6 |a

1999 2,0 ab 5073 |a

1996 24 b 7133 |b

‘cultivar, Zcountry of origin, *mean, *homogencous group, Syear

Celkem Sest homogennich skupin bylo mozné vy¢lenit
u redukce hmotnosti zrn klas a redukce hmotnosti 1000
zrn; pét skupin u redukce poctu zrn na klas. Tyto skupi-
ny genotypi jsou u sledovanych vynosovych znaku
pocetné vzhledem k vy3si ro¢nikové variabilité (tab. 6).
Je v8ak duleZité, Ze relativné niz8i redukce hmotnosti zrn
na klas (46—57 %) byla zjidténa u 8 z 9 uvedenych odrid
s niz§im praimémym SH (64% redukci vykazal material
NIC 93-3070B). Redukce hmotnosti zrn na klas byly u této
skupiny vyznamné niz§i nez u n§l. CWW 93-57 a odrid
Asta, Buta Trane (79-84 %). Redukce po¢tu zm klas byly
nejniz§i u novoslechténi RU 51A a odridy Renan (13 %)
byla redukce hmotnosti 1000 zrn u rezistentni kontroly
Arina (24 %) a naopak nejvy3$3i u odridy Trane (72 %).
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Tab. 6. Pofadi odriid a roénikd u znakil redukce hmotnosti zrna na klas (HZK R), redukce pottu zmn na klas (PZK R) a redukce hmotnosti
tisice zm (HTZ R) a jejich zafazeni do homogennich skupin (Duncan P = 95%) — Cultivar and year ranking for reduction of grain weight
per ear (HZK R), reduction of grain number per ear (PZK R) and reduction of thousand grain weight (HTZ R), and their inclusion in

homogeneous groups (Duncan P = 95%)

Odrida’ Pramér® HZK R H&’::f:;“’ Primér PZK R H‘;&‘;ﬁ:‘“ Primér HTZR H:m%:m
SG-U 513 455 a 18,7 ab 32,5 ab
Bizel 48,2 a 24,5 abed 30,5 ab
Arina 49,5 ab 29,0 abede 23,8 a
RUS1 A 50,9 ab 13,5 a 42,8 abed
Renan 53,7 abc 13,2 a 44,7 abed
Alka 53.8 abc 25,2 abede 374 abc
Bona 55,5 abc 22,0 abc 334 ab
Estica 57,1 abc 23,3 abc 47,9 bede
Brea 58,8 abed 20,1 ab 41,7 bede
Ina 59,0 abed 21,3 abc 46,7 bede
Sarka 61,1 abede 21,1 abe 46,8 bede
NIC 93-3070B 64,4 abedef 34,0 bede 44,8 abed
Rexia 70,1 bedef 32,0 abede 57,2 cdef
Astella 71,5 cdef 25,1 abcde 60,2 def
Mona 73,0 cdef 35,4 bede 58,8 cdef
Boka 73,6 cdef 28,6 abcde 61,8 def
Sida 73,8 cdef 353 bede 573 cdef
CWW 93 58 74,4 cdef 40,5 cde 59,5 cdef
Samara 74,6 cdef 34,6 bede 59.4 cdef
CWW 9357 78,7 def 38,6 bede 64,7 def
Asta 79,2 def 323 abede 67.8 ef
But 81,0 ef 45,1 e 67,4 ef
Trane 84,3 f 44,5 de 72,1 f
Rok * 1999 57,6 a 21.5 a 40,5 a
1998 63,6 ab 25,8 a 51,9 b
1996 66,2 ab 36,1 b 51,4 b
1997 72,0 b 25 a 589 b

'cultivar, mean, *homogencous group, *ycar

Roz§iteny soubor 35 odrid (novoslecht&ni) byl hod-
nocen v letech 1998 a 1999. V porovnéni s rezistentnimi
standardnimi odriidami Bizel, Arina a Renan (primé&rné
SH,,, , = 0,68) vykézaly z nové zafazenych 12 odriid niz-
ky stupefi napadeni (SH=0.9) odriidy Alana (CZE)
a Tower (NLD) a rezistenci ve stupni 1,2 a 1,45 odrady
Ebi (GBR) a Nela (CZE) —tab. 7. Relativné velmi nizk re-
dukce hmotnosti zrn klas (26 %), niZ8i neZ u rezistentnich
kontrolnich odriid, byla zji§téna u odridy Alana. Tyto vy-
sledky v8ak bude tfeba jeste ovéfit na zékladé viceletych
srovnani.

DISKUSE

Vysledky polnich pokusti s umélou infekci houbou
Fusarium culmorum za tyfleté obdobi dokumentuji vy-

54

sokou hospodaiskou skodlivost tohoto patogena v za-
vislosti na podminkéch prostfedi. Silnou infekci lze zv143-
t&¢ u nachylnych odriid oéekavat v podminkach nizsi
teploty a vysoké vzdusné vlhkosti po infekci v dobé kve-
teni porostti. Radou autorti uvadi, Ze z vynosovych prv-
ki byva ve vétdi mife ovlivnéna pfedev§im hmotnost
1000 zrn, ale vyrazn& redukovén, zv143té pfi prodlouZené
infekéni dobé (podminky roku 1996), byva i pocet zrn na
klas, coz zapfitifiuje celkové vysoké vynosové ztraty,
zpusobené redukci hmotnosti zrn na klas. U nachylnych
odrid redukce hmotnosti zrn na klas v infekénich poku-
sech dosahovala 80 i vice procent, zatimco méné neZ po-
loviéni ztraty byly zaznamenany u rezistentnich odrid.
Vyznam dosaZeni rezistence odridy k fuzariéze klasu
a nepochybné i k naslednému hromadéni mykotoxini
v zrnu je nesporny (Parry et al., 1995; Miedaner, 1997,
Mesterhézy et al., 1999).
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Tab. 7. Prim&mé hodnoty péti znakil u odrid s vy$§im stupném
rezistence z dvouletého sledovani (1998-99) v porovnéni s néchyl-
nymi odriidami Versailles a But a celkovymi priméry — Two year
(1998-99) average values of the five examined traits in the culti-
vars that showed a higher level of resistance in comparison with

Tab. 8. Korclaéni koeficienty mezi znakem pocet dnli do kveteni
a ostatnimi sledovanymi znaky v jednotlivych letech — Correla-
tion coefficicnts between days to anthesis and the other examined
traits in four years

susceptible cultivars Versailles and But and total average 19% 1997 1998 1999
Odrida SH |AUDPC| HZKR | PZKR | HTZR SH ~0,66%* 0,02 -0,04 -0,07
Bizel 0,60 | 133,94 | 4504 | 27,81 | 24,82 AUDPC -0,39 0,09 0,05 -0,01
Arina 0,70 | 124,14 | 43,41 | 2322 | 18,85 HZK-R -0,58** 0,42* 0,17 0,41
SG-U 513 0,70 | 151,50 | 32,06 | 11,57 | 23,53 HZK-I 0,64** -0,47* -0,23 -0,37
Renan 0,75 171,38 | 46,59 14,46 | 37,71 PZK-R ~0,55%* 0,41 0,57** 0,57**
Alana 0,90 181,70 | 25,62 730 27,17 PZK-1 0,71+ -0,41 -0,35 -0,37
Tower 090 | 224,50 | 51,82 | 24,03 | 36,43 HTZ-R -0,52* 0,33 -0,06 0,33
(SBGm:i )‘“’6 095 | 25567 | 49,19 | 18,06 | 22,16 HTZ1 043 | 045 | -0l -0.37

n 23 23 23 23
Alka 1,00 | 259,39 | 44,73 | 21,25 | 29,61
Ebi 120 | 300,64 | 59,23 | 3693 | 36,74 | ‘P <005 **P <00l
NIC93-3070B | 125 | 31439 | 68,17 | 43.43 | 43,56 Pouzité symboly pro znaky vysvétleny v tab. 2 — For explanation of
symbols used see Table 2
Estica 1,40 | 326,00 | 57,27 | 24,87 | 43,33
Brea 145 | 302,50 | 49,6 | 987 | 4431 Predpokladem aspéchu ve $lechténi na rezistenci k této
$drka 1,45 | 296,39 | 49,77 | 11,63 | 32,77 chorobé je vybér vhodnych zdroji rezistence na zakladé
Nela 145 | 321,60 | 5274 | 1678 | 43,13 co nejpiesnéjsiho stanoveni urovné rezistence v polnich
Versailles* 300 | 757.83 | 8538 | 5431 | 68,00 infekénich pokusech, ovliviiovanych povétrnostnimi
But* 325 | 05138 | 7658 | 3844 | 6183 podminkami pokusnych roénikt (interakcemi genotypti
— . - . : . s pokusnym rokem & mistem — Mesterhazy, 1995; Sip,
s 1,88 | 46298 | 61,13 | 27,18 | 4141 |  Stuchlikov4, 1997). Stupefi infekce byva mj. ovliviiovan
patogenitou pouZzitych izolétl, aviak podle nejnovéjsich

*suceptible checks, **total average (n = 35)
Pouzité symboly pro znaky vysvetleny v tab. 2 — For explanation of
symbols used sce Table 2

vysledki (Mesterhazy et al., 1999) nebyla zji§téna dife-
rence v rezistenci hostitelskych rostlin po infekei houba-

44 * “dny do kveteni (priméry 1996 az
SH Rexia 32,8  1999) — days to anthesis (average
4.0 . Mona 330 1996-1999)
i . Astela 33,5
3,5 \. Py H + = Boka 35 !days to anthesis
- ™ [ ] Alka 34,5
3.0 5 '\_ + = B}xl 34,5
+ o Y ® - . Sarka 34,5
& N o i * Ina 35,0
%2 . = 8 RUSI A 35,3
A Sida 36,0
Renan 36,5
Brea 37,3
Samara 37,3
Bona 37,5
SG-U 513 37,5
Asta 38,8
A + Bizel 39,3
G N A Estica 39,5
Arina 39,8
0,0 i I ¥ X T Trane 40,5
32 34 36 38 40 42 44 CWW 9357 41,0
Dny do kveteni'  NjC93-3070B 42,3
CWW 9358 43,0
e 199 = 1997 a 1998 + 1999
— = 21996 == 1997 = = = =1998 1999

Obr. 2. Vztah mezi symptomahckym hodnocenim infekce (SH) v jednotlivych letech a primémym poctem dnti do kveteni u 23 testovanych

odriid — Relationshi symp

P
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scores (SH) in different ycar and average days to anthesis in 23 tested cultivars
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Obr. 3. Vztah mezi redukci po&tu zmn klas (PZK R)
v jednotlivych letech a prim&mym poétem dnii do kve-

teni u 23 testovanych odriid - Relationship between
the reduction of grain number per ear (PZK R) in dif-

ferent year and average days to anthesis in 23 tested
cultivars

!days to anthesis

0 T T T T T

32 34 36 38 40 42
Dny do kveteni'

* 199 = 1997 A 1998 + 1999

—-=-1996 — —1997 =----:1998 ——1999

mi F. culmorum a F. graminearum, které jsou hlavnimi
piivodci fuzari6z klasu také na izemi Ceské republiky.
Po celé obdobi 1992-1999, ve kterém probihalo testova-
ni rezistence odriid psenice k F. culmorum ve VURV Pra-
ha-Ruzyné, byl pouzivéan izolat 7710. Porovnani vysledki
testll rezistence vybranych odriid po infekcei izoldtem
7710 aizolatem ST (s vy§si patogenitou) na stanovistich
Praha-Ruzyné, Stupice a Uhfetice po dvaroky (nepubli-
kované idaje) vedlo sice k rozdilnému primérném stup-
ni napadeni, ale nepfineslo zdsadni rozdily v klasifikaci
odriid z hlediska jejich rezistence. Odlisna reakce na po-
uzity izolat se projevila pouze u nékterych nachylnéjsich
odrid v nékterych typech prostredi. Jak uvedli Mester-
hézy et al. (1999), nejvice rezistentni genotypy ziejmé
odolavaji infekci riznymi izolaty patogena, zatimco reak-
ce nachylnych genotyp byvé za riznych podminek epi-
demie nestabilni.

Ve shodé s difv&jsimi vysledky (Stuchlikova, Sip, 1996;
Sip, Stuchlikova, 1997) bylo i v pokusech probihajicich
v obdobi 1996-1999 prokazano nizsi ovlivnéni podmin-
kami prostfedi (projevujici se vysoce vyznamnymi kore-
lacemi mezi stanovenimi v jednotlivych ro¢nicich—tab. 3)
pii hodnoceni stupné infekce ukazatelem SH, coZ je sym-
ptomatické hodnoceni provadéné po ukonceni infekéni
doby (obvykle 30. den po infekci). Udaje o vyvoji infek-
ce (vysoce vyznamné korelované s SH) byly ziskany vy-
poctem hodnoty AUDPC, coZ je plocha pod kiivkou
vyvoje choroby. Na zékladé tohoto ukazatele by mély byt
upiednostnény piedevsim genotypy s pomalejsim rozvo-
jem choroby, aviak jak ukazuje tab. 4, mezi SH a AUDPC
nebyly zjidtény ndpadné rozdily v jejich vypovidaci hod-
noté a v korelacich se sledovanymi vynosovymi znaky.

Komplexni idaj o stupni ,,tolerance** odrady k infekci
. poskytuje zjistovani redukce hmotnosti zrn na klas po in-
fekei vzhledem k neinfikované kontrole. Z praktickych
Slechtitelskych aspektii je zdvazné zji§téni vysoce vy-
znamnych korelaci mezi redukci hmotnosti zrn na klas
a projevem tohoto znaku v infekéni varianté (tab. 4).
V infekénich pokusech zahrujicich odriidy (novoslech-
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téni) vyrazné se neliSici v produktivité klasu je tedy ziej-
mé mozné zjednodusit hodnoceni stupné tolerance k na-
kaze a vychazet z idaji ziskanych z infikovanych parcel.
Presnéjsi stanoveni stupné tolerance odridy k nékaze je
nepochybné ziskdno az na zakladé viceletého zkouseni,
jelikoz vynosové znaky (pfedevSim pocet zmn na klas)
byvaji v téchto typech pokusi silné ovlivnény prostre-
dim (podminkami ro¢niki). Shodu mezi stanovenimi
v riznych roénicich nelze u téchto znaki obecné pred-
pokladat (tab. 3).

Opakované bylo zjiSténo, Ze rezistence k fuzarioze kla-
su je kvantitativnim znakem, kontrolovanym obvykle
vétsim poctem gent (Snijders, 1990; Bai et al., 1993 aj.).
Stupeii rezistence miiZe souviset téZ s nékterymi morfo-
logickymi znaky, vyskou rostliny, dobou kveteni a po-
dobné. Stalou pozornost je tieba vénovat zpfesnéni
infekénich pokusi a brat v iivahu riizné faktory ovliviiu-
jici reakei odriidy na infekei, které popsal Mesterhazy
(1997). Ve vlastnich pokusech mohly vysledné hodnoce-
ni reakce odrad ovlivnit existujici rozdily v dobé kveteni
a vySce rostliny. Pfitom je tfeba zdiraznit, Ze v pokusech
bylo dusledné dbano na to, aby infekce probéhla v dobé
kveteni a v rdmci kaZdé parcely byly vybirdny klasy ve
stejné vyvojové fazi. Variatni rozpéti odrid v dobé kve-
teni bylo deset dnii (obr. 2) a proto byla pozornost vé-
novana moznému ovlivnéni hodnocenych ukazateli
rezistence/tolerance timto znakem. Korela¢ni analyza uka-
zala (tab. 8), Ze v podminkéch roku 1996 pozdgji kvetouci
genotypy vykazovaly relativné niz§i stupeil napadeni
i redukce vSech sledovanych vynosovych znak, zatim-
co v ostatnich ro¢nicich nebyla rezistence ani tolerance
odriad dobou kveteni takto ovlivnéna. Naopak opacny
trend se projevil u redukce poétu zm na klas v podmin-
kéch ro¢nikt 1998 a 1999. Zavislost SH a redukce poétu
zrn na klas na dobé kveteni je znidzornéna na obr. 2 a 3.
Uniformitu v dobé& kveteni riiznych srovnavanych odrad
nelze pfedpokladat. Pokusy ukézaly, Ze pro zpfesnéni vy-
sledki infek&nich testi je zfejmé diilezité i analyza vzta-
hu mezi dobou kveteni a stupném napadeni.
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Obdobné byly analyzovany také vztahy sledovanych
znakii s vyskou rostliny, nebot’ niZ3i stupeii napadeni
fuzarioézou klasu miZe souviset s vétsi délkou rostliny
(Mesterhazy, 1995; Hilton et al., 1999). U souboru odriid
hodnoceného v obdobi 1996-1999 se viak ovlivnéni
stupné napadeni (SH) vy$kou rostliny nepodafilo proka-
zat (r =-0,08), i kdyz existovaly vyrazné rozdily v pri-
mémé vyice porostil v jednotlivych letech (1996 = 82 cm;
1997=93 cm; 1998 = 68 cm; 1999 =92 cm). Nejvyssi stu-
pefi napadeni byl zaznamenan v roce 1996 (SH = 2,4), kte-
ry byl vyznamné odlisny od nizkého stupné v roce 1998
(SH = 1,7; tab. 5), kdy byla vyska rostlin nejnizsi. Vyska
rostlin v daném roce nebyla ziejmé rozhodujici pro stu-
peii napadeni, ktery byla evidentné ovlivnén pfedeviim
priubéhem infekce — pomalym za pfiznivych podminek
v roce 1996 a naopak rychlym (kratkym) v roce 1998. Ne-
gativni souvislost vy8ky rostlin se stupném napadeni
byla zaznamendna u soubord odriid hodnocenych
v pfedchozich letech (1993-1995) (»=-0,40; P < 0,01).
V podminkach roku 1993 byl zji$tén negativni koeficient
regrese SH na primérnou vysku rostlin, viyznamné odlis-
ny od nuly (b=-0,041; P=0,032). U odriid hodnocenych
v obdobi 1996-1999 byla studovana rovnéz moznost
ovlivnéni stupné napadeni pfitomnosti gent zakrslosti
z odriidy Norin 10 (RAt I & Rkt 2). U skupiny 9 odriid ne-
citlivych na aplikovany giberelin (pfitomnost genti RAt 1 Ci
Rht 2) bylo pramérné SH vyssi (2,28) nez u 18 odrid cit-
livych na aplikaci giberelinu (1,94). Vyznamnost rozdilu
mezi t€émito skupinami se vSak nepodafilo prokazat.
V pokusech, které d&lali Hilton et al. (1999), byl efekt pii-
tomnosti genl RAt a Rht 2 na zvySeni stupné napadeni
fuzariézou klasu prokazan pouze u blizce izogennich
,»Rht“linii z odriidy Maris Huntsman, nikoliv jednoznagé-
né u linii z odridy Maris Widgeon. Na zakladé provede-
nych analyz lze vyslovit souhlas se zdvéry posledné
jmenovanych autord, Ze ziejmé odli§né, nezavislé geny
kontroluji vysku rostlin a stupefi napadeni fuzariézami
klasu, coz umoziiuje vybér rezistentniho materialu s roz-
dilnou délkou rostliny.

Ve $lechténi na rezistenci pSenice k fuzarioze klasu byly
vyuzivany jarni odridy Sumey-3 nebo Nobeoka Bozu
s vysokou urovni rezistence. Oligogenni zaloZeni rezis-
tence napf. u odridy Sumey-3 (Mesterhédzy, 1997) miize
usnadiiovat selekci rezistentnich forem v porovnéni s po-
lygennim zaloZenim rezistence. Slechtitelsky proces
s vyuzitim téchto odrid geneticky znaéné odlisnych od
soudasného povoleného sortimentu odriid je vsak bez
pochyb dlouhodoby a klade velké naroky na opakované
testovani materidlu na rezistenci. Je proto zdvazné, Ze
vysoka variabilita v rezistenci byla zjisténa i mezi sou¢as-
nymi odriidami pSenice ozimé lépe adaptovanymi pro
podminky Evropy (Snijders, 1990; Buerstmayr et al.,
1996; Ittu et al., 1996; Stuchlikova, Sip, 1996; Mesterha-
zy et al., 1999) a byly nalezeny odrudy s vyssim stupném
rezistence, jako napf. zde hodnocené odridy Arina, Bi-
zel a Renan &i Ring0 Star, Kooperatorka a podobné. Pro
potieby &eského Slechténi pSenice je zvlasté cenné zjis-
téni, Ze vy3§i stupen rezistence vykdzaly opakované
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(nyni jiz v pétiletych pokusech) novoslechténi penice
ozimé SG-U 466 (Bona) a SG-U 513, coZ jsou kratkosté-
belné vysoce vynosné linie rezistentni ke rzim (kromeé rzi
travni), padli travnimu a Septoria nodorum a s dobrou
zimovzdornosti. Zvlasteé linie SG-U 513 se vyznacovala
vysokou toleranci k ndkaze (v pokusech 1996-1999 vy-
kézala dokonce z hodnoceného souboru odriid nejnizsi
redukci hmotnosti zrn na klas). Obé odridy pochézeji
z kfizeni Brock xZdar. Tyto zdroje jsou vyuZzivany v sou-
&asnych programech $lechténi p3enice ozimé; vysledky
vSak bude mozné posoudit pozdéji. Dosavadni hodno-
ceni kontaminace zrna mykotoxiny (Papouskova et al.,
1999) ukézalo spojitost rezistence odriid Arina a SG-U
466 s nizkym obsahem deoxynivalenolu (DON). S vyuzi-
tim vhodnych zdroji rezistentnich fuzariéze zfejmé lze po-
Citat s niz§i kontaminaci mykotoxinem DON (Mesterhazy,
1997), piesto v8ak rezistence k hromadéni mykotoxint
vyzaduje vzhledem k ovlivnéni fadou faktorti oddélené
posuzovani.
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VYUZITELNOST JIHOAMERICKYCH ZDROJU
POLNI REZISTENCE K PHYTOPHTHORA INFESTANS
VE SLECHTENI BRAMBOR V CESKE REPUBLICE*

POSSIBILITY OF USE OF SOUTH AMERICAN SOURCES
OF FIELD RESISTANCE TO PHYTOPHTHORA INFESTANS
IN POTATO BREEDING IN THE CZECH REPUBLIC

P. Petr, J. Pavlas

Potato Research Institute Havli¢kiv Brod, Ltd., Havlickiv Brod, Czech Republic

ABSTRACT: During 1996-1998 suitability was evaluated of South American potato genotypes for breeding utilization
under conditions of the Czech Republic directed to obtaining clones expressing a high level of field resistance to Phyto-
phthora infestans. Breeding stock was obtained in the form of true seeds in 1998 based on an agreement of project solution
“International Collaboration to Develop Horizontal Resistance to Late Blight in Potato Free of R Genes and Adapted to
Long Days”, between International Potato Centre CIP and Potato Research Institute Havlickiv Brod. Genetic material
originates from crosses, which have already been tested in localities with the highest infection pressure (Rio Negro in
Columbia and Toluca in Mexico), and 300 resistant clones were obtained (Landeo, 1987). In total 3050 true seeds of
different crosses at a tetraploid level were received and sown from a collaborative workplace (J. A. Landeo, CIP, Lima,
Peru) — Table 1. Before sowing, sampling was carried out in each combination for testing for quarantine diseases PSTVd
(Potato spindle tuber viroid), APLV (Andean potato latent virus) and APMV (Andean potato mottle virus). Their occur-
rence was not detected. In introduced seed stock germination capacity of individual crosses was observed, tuberization
was evaluated in emerged seedlings and the most suitable materials were selected for planting in field conditions in the
first tuber generation (Table 2). Field resistance to late blight was evaluated in a plot not treated with fungicides in 1998.
The plot was established without replications; each line of the tested clone (5 hills) was also planted with susceptible
Lukava variety as a “spreader” to provide an optimum and stable infection pressure during whole growing period. Five
control varieties Impala, Agria, Karin, Krumlov and Zlata with different length of growing period were also included in
the field test. Determination of percentage leaf area infection was carricd out in 3—4 day intervals from the first occur-
rence of foliage late blight (July 3, 1998) to vegetation end (August 18, 1998). A nine-point scale was used, on which 9 is
high level of field resistance and 1 is susceptibility to foliage late blight infection. As a decisive date for determination of
the level of field resistance to foliage late blight in evaluated clones was defined August 7, when the highest infection
pressure terminated and largest differences between clones occurred. Fig. 1 presents distribution of individual resistance
levels. ADPC values (Fry, 1978) were measured as another criterion for resistance of individual crosses or individual
clones: it is Area under the Disease Progress Curve (ADPC) obtained by repeated measurements. Totally, 387 hybrids
and 5 control varieties were evaluated. Taking into account the fact that the vegetation period 1998 was very suitable for
infection and spreading of late blight pathogen (Fig. 2), we can presuppose that clones were objectively grouped in indi-
vidual resistance levels. Clones with 9 and 8 and with the lowest ADPC value were considered as promising ones usable
in further breeding work directed to resistance to Phytophthora infestans. Differences were observed between individual
crosses, the highest level of field resistance to late blight was achieved in crosses 96.76 (387415.7 x 389746.2), from
which 23 resistant clones were obtained showing points 9 and 8 in leaf area infection, and which indicated low ADPC
values in 16 clones. Totally, 30 promising clones suitable for further utilization as original breeding stocks were selected
(Table 3). These clones originate from 8 different crosses. It is evident from Fig. 3 that the slowest disease progress was
in crosses 96.76 (39 32 14) and the most rapid was in crosses 96.85 (39 26 18), control varieties Karin, Impala and
“spreader” Lukava. Obtained data show similar results like those reported by Colon et al. in 1995, when they found
Libertas variety to express a high level of field resistance to late blight. Among the 30 most promising clones there are
four materials originating from this variety. The lowest ADPC values (35.50) in our test were shown by clone 96.78/23
and hybrids 96.78/25, 96.78/24 and 96.78/21, with parentage 386209.10 x Libertas. The result of Colon et al. (1995)
about resistance of Pimpernell variety was not proved because crosses 96.88 (39 34 62) originating from this variety
expressed as susceptible to late blight. It was found that genetic material obtained from short-day conditions of South

* Problematika byla Fe§ena v ramci projektu financovaného Narodni agenturou pro zemé&délsky vyzkum Ministerstva zemédélstvi
(projekt &. EP 0960996565).
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America was well adapted to long-day conditions of the Czech Republic, but it has a longer vegetation period and is
susceptible to virus disease infection.

Keywords: potato; breeding; resistance; late blight

ABSTRAKT: Béhem obdobi 1996-1998 byla posuzovana vhodnost jihoamerickych genotypl brambor pro Slechtitelské
vyuziti v podminkach Ceské republiky zamé&fené na ziskani kloni vykazujicich vysokou troven polni rezistence viici Phy-
tophthora infestans. Celkem bylo od spolupracujiciho pracovisté CIP (J. A. Landeo, Lima, Peru) ziskdno a vyseto 3 050 se-
men od 14 riznych kombinaci kiiZeni na tetraploidni @irovni (tab. 1). Hodnoceni trovné polni rezistence k plisni bramborové
v nati probihalo na parcele neoSetfené fungicidy, za pouziti nachylné odridy Lukava jako ,spreader”. Byly zji§tény rozdily
mezi jednotlivymi zkouSenymi kombinacemi kiiZeni, pfi ¢emZ bylo dosaZeno nejvyssi hladiny polni odolnosti k plisni bram-
borové u kombinace kiiZeni 96.76 (387415.7 x 389746.2), z niZ bylo ziskiano 23 odolnych klonii vykazujicich bonitaéni
stupefi 9 a 8 v napadeni listové plochy plisni a ktera vykazala u 16 klonl nizké hodnoty ADPC. Bylo vyselektovdno
celkem 30 perspektivnich kloni vhodnych pro daldi vyuZiti jako vychozi §lechtitelsky material (tab. 3). Tyto klony pocha-
zeji z osmi rliiznych kombinaci kfiZzeni. Geneticky material ziskany z kratkodenni oblasti Jizni Ameriky se dobfe pfizpiso-

bil podminkim dlouhého dne CR, mé viak deli vegetaéni dobu a je nichylny k napadeni virovymi chorobami.

Klitova slova: brambory; $lechténi; rezistence; pliseii bramborova

UvoD

Slechténi na odolnost k plisni bramborové nabyva stale
vice na vyznamu vzhledem k tomu, Ze se v Evropé objevila
nova silné patogenni populace Phytophthora infestans,
a rovnéz z divodu nezbytného omezovani aplikace pes-
ticidd.

Cilem je kombinovat horizontalni rezistenci k plisni
bramborové v nati s cennymi znaky hliz (Rousselle ez al.,
1992). Jak uvadgji Swiezynski et al. (1994), dafi se kombi-
novat rezistenci k plisni bramborové s jinymi pozadova-
nymi vlastnostmi a existuje moznost vyrazné zvysit
odolnost k plisni pfi pouZiti novych $lechtitelskych me-
tod.

V soucasné dob€ se uplatiiuji a realizuji principy in-
tegrované ochrany proti plisni bramborové, z nichZ maji
rozhodujici roli geneticka (biologicka) a agrotechnicka
opatfeni, na néZ navazuji chemické zpisoby ochrany.
NejdileZitéj$im krokem v boji proti plisni bramborové je
piijeti takovych fytosanitarnich opatfeni, ktera by redu-
kovala nebo eliminovala zdroje inokula, tzn. pfedeviim
péstovani rezistentnich odrid (Mackay, 1996). Novou
strategii v ochrané proti plisni bramborové, zaloZenou na
rezistenci odriid a nazvanou RETONA (REturn TO NA-
ture), popsali Niederhauser et al. (1996).

Vyzkum se zaméfuje na vyuziti druhu Solanum ve
Slechténi odrid odolnych proti Phytophthora infestans.
Mezindrodnim trendem je hledani klont s vysokou rezis-
tenci k plisni v nati a s dal§imi dobrymi charakteristikami
(Darsow, 1991).

Zjistilo se, Ze Solanum demissum, Solanum iopetalum,
Solanum brachycarpum, Solanum verrucosum a Sola-
num stoloniferum ma komplexni specifickou odolnost
a vysokou hladinu obecné odolnosti viéi Phytophtho-
ra infestans. Tyto druhy jsou vyuZivany jako nové ge-
netické zdroje rezistence a je sledovan zplsob transferu
do Solanum tuberosum (Rivera-Pena, 1992). D4le mohou
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byt jako zdroje odolnosti vyuzivany Solanum andigena,
S. andreanum, S. berthaultii, S. bulbocastanum, S. bra-
chistotrichum, S. cardiophylum, S. demissum, S. fendle-
ri, Solanum guerreroense, S. hjertingii, S. microdontum,
Solanum phureja, S. polyadenium, S. pinnatisectum, S.
toralapanum a S. trifidum (Bamberg et al., 1994).

Také z kiizeni s mexickymi planymi druhy byly ziskany
hybridy s velmi vysokou urovni rezistence (Darsow,
1992).

Vys$si stupeti odolnosti v§ak byva spojen s delsi vege-
ta¢ni dobou. Analyza citlivosti odriid ukazuje, ze pozdni
odridy jsou schopny udrZzet déle zeleny porost pii napa-
deni chorobou, nicméné maji vétSi vynosové ztraty nez
rané odridy.

Vztah mezi rezistenci k plisni bramborové v nati a hli-
zach studoval Stewart (1994). Zjistil, ze nejefektivnéjsim
zpisobem vybéru na rezistenci k obéma typiim choroby
ve §lechtitelském programu je selekce na odolnost v nati
a nésledné selekce na odolnost v hlizach.

Cilem feseni problematiky rezistence k plisni brambo-
rove je ziskani jedinci s nespecifickou (horizontalni) re-
zistenci, ktera je zaloZena polygenné a je fizena minor
geny. Klony pak vykazuji odolnosti k riznym rasam pa-
togena a jejich Zivotaschopnost neni tak tésné zavisla na
zméné rasového spektra (Darsow, 1992).

Colon et al. (1995) hodnotili v polnich podminkach
22 odriid bez R-genti na hladinu rezistence k plisni a do-
§li k zavéruy, Ze nejvice rezistentni byly odriidy Robijn, Po-
pulair, Pimpernel, Libertas a Surprise, které byly zaroven
materidlem s nejpozdnéjsi zralosti. Tyto odridy pravdé-
podobné maji stejné geny rezistence.

Jak uvadéji Sieczka et al. (1992), byly pfi vyvoji rodi-
¢ovskych linii pro §lechténi brambor rezistentnich viici
Phytophthora infestans ziskény rezistentni genotypy
rizného pivodu, u kterych bylo zjisténo, Ze odolnost
n&kterych genotypi, pokladana za obecnou, je do znac-
né miry specificka.
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Hlavnim cilem prace bylo otestovat dovezeny §lechti-
telsky material z Jizni Ameriky (CIP, Lima, Peru) na polni
rezistenci k plisni bramborové (Phytophthora infestans)
a posoudit jeho vyuzitelnost v §lechtitelskych progra-
mech Ceské republiky.

MATERIAL A METODY

Slechtitelsky material byl ziskan v semenné formé
v roce 1996 na zakladé smlouvy o feSeni projektu Inter-
national Collaboration to Develop Horizontal Resistance
to Late Blight in Potato Free of R Genes and Adapted to
Long Days, uzaviené mezi mezinarodnim stiediskem pro
brambory CIP a VUB v Havli¢kové Brodg.

Geneticky material pochdzi z kombinaci kfizeni, které
byly jiz testovany v lokalitach s nejvyssim infekénim tla-
kem (Rio Negro v Kolumbii a Toluca v Mexiku) a bylo zis-
kéno 300 rezistentnich klonti (Landeo, 1987).

Celkem bylo vyseto 3 050 semen od 14 riznych kombi-
naci kiiZeni na tetraploidni drovni (tab. 1), u kterych je
piedpoklad vy$si Grovné polni rezistence viéi plisni
bramborové (Phytophthora infestans).

Pted vlastnim vysevem byly odebrany vzorky od kaz-
dé kombinace na otestovani na karanténni choroby
PSTVd (Potato spindle tuber viroid), APLV (Andean
potato latent virus) a APMV (Andean potato mottle vi-
rus). Jejich pritomnost nebyla prokazana.

Za dodrzeni pfisné izolace byla semena zacatkem dub-
na 1996 vyseta do sklenikovych podminek a po vzejiti
bylo stanoveno procento jejich kli¢ivosti. Semenacky
byly ndsledné ve sklenikovych podminkéch prepikyro-
vany do hrnkt 10 x 10 cm. Sklizefi prob&hla ve druhé
poloviné zafi. Po poskliziovych rozborech byla vybrana
sadba pro rok 1997 do polnich podminek ve stupni rams.
Rozbory byly zaméfeny pfedeviim na selekci materidlu

Tab. 1. Kombinace kfiZeni zafazené do hodnoceni — Crosses includ-
ed in the evaluation

Oznageni VUB' | Oznageni CIP* Pavod®
96.76 393214 387415.7 x 389746.2
96.77 393457 Désirée x 387334.5
96.78 393111 386209.10 x Libertas
96.79 393452 Aracy x 387334.5
96.80 3926 34 387136.14 x 387170.9
96.81 393305 387132.2 x Kathadin
96.82 3934 64 Serrana x 381400.22
96.83 391061 3873122 x 387338.3
96.84 3931 80 387415.32 x 390357.4
96.85 3926 18 387002.11 x 387434.5
96.86 392146 387315.27 x XY-20
96.87 393197 38741547 x XY-16
96.88 3934 62 Pimpernell x 387334.5
96.89 393468 Ultimus x 387170.9

lcode of Potato Research Institute, 2code CIP, 3origin (Source)
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s ohledem na pocet vytvofenych hliz, jejich velikost
a kvalitni morfologické znaky.

Na jafe roku 1997 byla provedena vysadba ramsu do
polnich podminek, kde byl materidl sledovan béhem
vegetace, a nevhodné typy byly z dal§iho hodnoceni
vylucovany. Jednalo se o negativni vybéry materialu
neschopného Zivota v disledku napadeni zejména viro-
vymi chorobami. Také pfi sklizni dochézelo k vylougeni
nékterych trst z divodu nevhodné morfologie hliz,
hloubky ocek atd. Z genotypu, které se ukazaly jako
vhodné pro dalsi vedeni v sortimentu a pfizpisobily se
na$im podminkam, byla po sklizni pfi rozborech odebra-
na sadba pro rok 1998.

Na parcelce neoSetfené fungicidy byl béhem vegetace
v roce 1998 sledovéan vyskyt plisné bramborové v nati.
Parcelka byla zaloZena bez opakovani, kazdy fadek zkou-
Seného klonu (5 trsit) byl prosazen zdrojem infekce — na-
chylnou odridou Lukava (,,spreader”) pro zaji§téni
optimalniho a stalého infek&niho tlaku b&hem celé vege-
tace. Do polniho testu bylo zafazeno také pét kontrolnich
odriid s riznou délkou vegetacni doby — Impala, Agria,
Karin, Krumlov a Zlata. Napadeni listové plochy plisni
bramborovou bylo hodnoceno v procentech a bylo pro-
vadéno v tfi- az ¢tyfdennich intervalech od prvniho vy-
skytu plisné v nati (3. 7. 1998) az do konce vegetace (18.
8. 1998). Byla pouzita devitibodova bonitaéni stupnice
(9 — vysoka uroveii polni odolnosti a 1 — nachylnost
k napadeni plisni bramborovou v nati). Jako rozhodujici
pro urceni irovné polni rezistence k plisni bramborové
v nati byl u zkousenych kloni stanoven termin hodno-
ceni 7. srpen, kdy byl ukon&en nejsilnéjsi infekéni tlak
a byly nejvétsi rozdily mezi klony. Rozlozeni genotypa
podle jednotlivych bonitaénich stupiiti v tomto terminu
je uvedeno na obr. 1. Dal§im méfitkem rezistence jednot-
livych kombinaci kiiZeni, resp. jednotlivych klont byly
zji§tované hodnoty ADPC (Fry, 1978), coz je plocha pod
kfivkou priibéhu choroby ziskana na zékladé opakova-
nych méfeni. K vypoétu byl pouzit vzorec:

n
Z[(xwl * x,)/2]. (’H-l -1,)
i=1
kde: x, — procento napadenf listové plochy pfi i-tém pozorovéni

v Ease 1, (dny)
n — po&et méfeni

VYSLEDKY A DISKUSE

U introdukovaného semenného materialu byla sledo-
vana kli¢ivost jednotlivych ziskanych kombinaci kfiZeni.
Bylo vyseto vzdy 250, resp. 200 semen od kombinace
kiiZeni. Kli¢ivost semen byla rozdilna, pfiemz nejvyssi
uroveii vykazala kombinace kfizeni 96.87 (39 31 97) 96,5 %
a nejniz§i pak kombinace kiiZeni 96.78 (39 31 11) 49,5 %
(tab. 2).

U vzeslych semena&l byla hodnocena tvorba hliz. Bylo
zjiténo, Ze 1 842 semenacki tvofilo hlizy a byl sledovan
jejich podet pod jednim trsem. Nejispésnéjsi byla kom-
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[ Stupeii rezistence 9 B Stupeil rezistence 8
42 klonti = 11 % 42 kloni = 11%

B Stupeti rezistence 7 M Stupeii rezistence 6
59 kloni = 15 % 34 kloni = 9 %

B Stupeii rezistence 5 A Stupen rezistence 4
28 klonli = 7 % 20 klont = 5 %

Stuperi rezistence 3 M Stupen rezistence 2

22 klont = 6 %

26 klont =7 %

B Stupeii rezistence ]
114 klond = 29 %

1o g

Obr. 1. RozloZeni stupiili polni rezi k Phytop
9-1 (9 = nejvy33i rezistence) k 7. 8. 1998 — Distribution of 9-1 scale
points (9 = with highest resistance) of field resistance to Phy-
tophthora infestans (7th August 1998)

binace kiizeni 96.77 (39 34 57), u které tvofilo hlizy 94,1 %
semenadi, a nejméne Uspé$na kombinace 96.86 (39 21 46),
u které vytvofilo hlizy pouze 29,8 % semenéc&i.

Semenéde, které vytvarely hlizy, byly podrobeny po-
skliziiovym rozboriim, pfi kterych byly vybirany nejvhod-
néj§i materidly pro vysadbu do polnich podminek ve
stupni rams. Hlizy, které nespliiovaly zejména kvalitativ-
ni ukazatele pozadované pro klony vhodné k dal$imu vy-
uziti (morfologické znaky, velikost hliz atd.), byly
vylouceny. Celkem bylo do stupné ram§ zafazeno 1 442
klont. Nejvice klonti (93,8 %) postoupilo do stupné rams
od kombinace kfiZeni 96.77 (39 34 57) a nejméné od kom-
binace kfizeni 96.86 (39 21 46), ze které bylo vylouceno
celych 66,7 % hodnocenych kloni.

V prib&hu vegetace byly klony vybrané a vysézené
do polnich podminek jako ram§e hodnoceny a pfipadné
vyluéovany v disledku vyskytu virovych chorob, ne-
vhodnosti typu trsu, $patného tvaru hliz, pfilisné hloubky
odek €1 moznych p¥imési. Po sklizni byla z téchto materi-
410 vybréana sadba na parcelku neoSetfenou fungicidy —
nejuspésnéjsi byla kombinace kiizeni 96.88 (39 34 62), ze

120

100

% napadeni listové plochy
8 & 8 &8
) A

iy -

které bylo vybrano 45,5 % kloni na hodnoceni polni
odolnosti vii¢i plisni bramborové. Nejméné tspéiné byla
kombinace kiiZeni 96.89 (39 34 68), ze které postoupilo
pouhych 11,2 % klonii na parcelku neoSetienou fungici-
dy.

Hlavnim kritériem hodnoceni introdukovaného §lech-
titelského materilu z Jizni Ameriky (Peru, Lima, CIP) byla
hladina polni rezistence vii¢i plisni bramborové v nati.
Klony byly hodnoceny polnim testem na parcele neoetie-
né fungicidy. Celkem bylo testovano 387 hybridii a 5 kon-
trolnich odrtid. RozloZeni jednotlivych stupiiti rezisten-
ce v celém testovaném spektru je uvedeno na obr. 1.
Vzhledem k tomu, Ze vegetacni obdobi roku 1998 bylo
velice pfiznivé pro rozvoj infekce a pro §ifeni patogena
plisné& bramborové (obr. 2), Ize pfedpokladat, ze doslo
k objektivnimu rozloZeni klont do jednotlivych stupiii
odolnosti. Za perspektivni klony vyuzitelné v dalsi §lech-
titelské praci zaméfené na rezistenci vici Phytophthora
infestans byly ty, které byly ohodnoceny body 9 a 8
a u nichZ byla zji$téna nejniz§i hodnota ADPC.

Na zakladé bonitace vykézala nejvice odolnych klont
kombinace kiiZeni 96.76 (39 32 14) a déle pak kombinace
kiizeni 96.78 (3931 11) a 96.82 (39 34 64). Nejnéchyln&jsi
kombinaci kiiZeni byla 96.88 (Pimpemell x 387334.5), u niz
ani jeden klon nevykézal odolnost viiéi plisni. Ani kom-
binace kfizeni 96.77 (39 34 57) a 96.81 (39 33 05) nelze po-
vaZovat z hlediska polni rezistence k plisni bramborové
za piilis perspektivni.

Podle hodnot ADPC (tab. 3) se jako nejperspektivné;jsi
ukézala kombinace 96.76 (387415.7 x 389746.2), ze které
se plnych 16 klont dostalo mezi 30 nejodolnéjsich, dale
téZ kombinace kfiZeni 96.83 (39 10 61), 96.86 (39 21 46)
296.80 (39 26 34). Celkové bylo zastoupeno osm kombi-
naci kiizeni mezi rezistentnimi hybridy. Podobné jako pii
vizualni bonitaci byla i podle zji§ténych hodnot ADPC
nejnichylnéjsi kombinace kiiZeni 96.88 (Pimpernell x
387334.5). Na zékladé hodnoceni jednotlivych kloni me-
todou ADPC byly vybrany klony nejvhodné;si pro dalsi
testovani a vyuZiti ve $lechtitelskych programech. Roz-
voj plisné bramborové vzhledem k jednotlivym termintim
hodnoceni (3.,7.,10.,17.,21.,24.,27., 31. dervence a 4.,
7.,11.,14., 18. srpna) byl u zkousenych 14 kombinaci kii-

Obr. 2. Prub&h infekce naté plisni bram-
borovou v letech 1994-1999 (odrida Lu-

7.7. 18.7.22.7. 26.7. 2.8. 6.8. 13.8. 17.8. 20.8. 25.8. 30.8. 2.9. 6.9. 21.9. 28.9.

Datum’

=994 =B #1995 =—dr—1996 = =
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11997 ==X==1998 ==O==1999

kava) — The course of foliar late blight
infection 1994-1999 (variety Lukava)

linfected leaf arca (%), 2date
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Tab. 2. Celkovy pfchled zjisténych tdajii — General survey of data obtainedn first tuber

Oznaceni Vyseto Kligivost® Poéet'k'lonﬂ Focet lflom'h Fotatklonh . Pocetp':;[:’ar:z;/s{:iicgmvm
VUB! semment (%) !v:li;m::h zafazenych djo parcele n'e(')Eelrene K P. infestans ADPC
zy stupné& ram3 fungicidy® (stupei adolnosti 8-9)7

96.76 250 84,0 173 133 43 23 87,73
96.77 200 94,0 177 166 43 2 230,71
96.78 200 49,5 83 74 27 12 143,54
96.79 250 86,8 189 154 37 5 220,46
96.80 200 89,0 111 83 17 6 117,71
96.81 250 81,2 160 146 58 2 278,96
96.82 250 84,4 173 144 32 10 153,77
96.83 200 88,5 81 42 8 3 96,82
96.84 250 80,0 111 58 16 5 167,06
96.85 200 95,0 146 101 13 0 285,51
96.86 200 95,5 57 19 3 2 116,15
96.87 200 96,5 150 116 33 6 208,37
96.88 200 70,0 114 99 45 0 300,30
96.89 200 66,0 117 107 i2 8 132,94

Icode of Potato Research Institute, 2number of secds sown, 3germination (%), “number of cloncs that formed tubers, *number of clones
included in first tuber generation, ®number of clones selected for fungicide untreated plot, 'number of clones with ficld resistance to late blight

(degree 8-9)

Zeni a 5 kontrolnich odriid rizny. Nejpomale;jsi rozvoj
choroby probihal u kombinace kfiZeni 96.76 (39 32 14),
nejrychlejsi rozvoj byl u kombinace kifZeni 96.85 (39 26 18),
kontrolnich odriid Karin, Impala a nachylného prosazu
Lukava (obr. 3).

Ziskané udaje potvrzuji vysledky, které ziskali Colon ez
al. (1995), kdyz zjistili, ze odrada Libertas vykazuje vyso-
kou tiroveii polni rezistence k plisni. Mezi 30 nejperspek-
tivn&jsimi klony jsou zastoupeny ¢tyfi materidly majici
piivod v této odridé. Vibec nejniz§i hodnoty ADPC
(35,50) vykazal v naSem polnim testu klon 96.78/23. Dal-
§imi odolnymi klony pivodu 386209.10 x Libertas jsou
96.78/25,96.78/24 a 96.78/21.

Naopak se nepotvrdil pfedpoklad o pfedavani rezisten-
ce u odriidy Pimpernell (Colon et al., 1995), nebot’ kom-

% napadeni listové plochyI

Kombinace kfiZeni?

binace kiiZeni 96.88 (39 34 62) pochézejici z této odridy
se projevila jako nachylna k plisni bramborové.

Vysledky ukazuji, Ze se vyskytly i takové klony, jejichz
reakce na polni infekci P. infestans byla podobna jako
u nachylné odridy Lukava a jsou tedy nevhodné pro
dalsi vyuziti z hlediska odolnosti k plisni bramborové.
Podle hodnot ADPC se jevi jako nevhodna zejména kom-
binace kfizeni 96.81 (39 33 05) pochézejici z kiiZeni
387132.2 x Kathadin.

Bylo zjisténo, Ze z hlediska délky vegetacni doby je
vétina testovanych klonti pozdné&jsich, ale vyskytly se
i genotypy s kratsi vegetaéni dobou. Mezi 30 nejodolné;j-
§imi klony jsou nadéjné materiély, srovnatelné s polora-
nymi odriidami (96.76/30, 96.76/1, 96.76/18, 96.76/45,
96.76/47,96.76/8, 96.84/4, 96.76/42,96.78/21 a 96.89/4)

linfected leaf area (%), Zcrosses, >date

b G
~
LS ]
o
-

Obr. 3. Rozvoj plisné bramborové na fungicidy neoSetfené parcele v roce 1998 u testovanych kombinaci kfiZeni a kontrolnich odrid - Late
blight progres of the tested crosses and control varictics at fungicide untreated ficld plot in 1998
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Tab. 3. Pfehled nejisp&$n&jSich klonii (1-30), nevhodnych klonii (31-38) a kontrolnich odrid (K) z hlediska polni odolnosti vii¢i plisni
bramborové na zaklad® hodnot ADPC — Survey of the best clones (1-30), unsuitable clones (31-38) and control varictics from viewpoint
of field resistance to late blight (P infestans) based on the ADPC values

Koo' | ADPC | EETEE | resience’ | | doba Klon appc | RS | restonce
1 96.78/23 355 1 9 PP 31 Lukava 2538,0 95 1
2 96.76/30 46,0 2 9 PR 32 96.81/49 25420 100 1
3 96.78/25 53,0 2 9 P 33 96.88/32 2575,0 100 1
4 96.76/1 61,5 2 9 PR 34 96.81/41 2629,5 100 1
5 96.76/23 66,5 1 9 PP 35 96.81/44 26325 100 1
6 96.76/18 77,0 2 9 PR 36 96.82/32 2642,0 90 1
7 96.76/45 88,5 5 9 PR 37 96.79/19 2667,0 100 1
8 96.87/4 96,5 5 9 P 38 96.81/15 2765,0 100 1
9 96.76/24 98,0 2 9 P K Zlata 806,0 30 7
10 96.89/12 101,5 5 9 PP K Krumlov 937,0 30 7
11 96.76/39 110,0 5 9 - K Agria 1344,5 50 5
12 96.76/47 114,0 5 9 PR K Karin 17245 80 2
13 96.76/8 117,0 5 9 PR K Impala 2289,5 100 1
14 96.82/2 131,0 5 9 P . : )
15 9676120 1400 2 9 P ll;l:e,—Pp:];ora;ndii—_nll:zmmmarly, PP = polopozdni — medium-
16 96.76/13 1425 2 9 P
17 || a5 1520 3 J B !clone, Zinfected leaf area % (7™ August 1998), level of re-
18 96.84/4 157.5 5 9 PR sistance (evaluation on 1-9 scale (9 without symptoms), *ma-
19 | 96.76/42 1750 5 9 PR turity
20 96.78/24 178,5 5 9
21 96.84/11 192,5 5 9 PP
22 96.78/21 213,5 5 9 PR
23 96.82/12 2375 10 9 PP
24 96.76/5 2555 8 9 -
25 96.89/4 2575 10 9 PR
26 96.82/3 2635 10 9
27 96.76/46 264,0 10 9 -
28 96.76/14 278,5 10 9 PP
29 96.83/1 283,5 10 9 PP
30 96.76/6 2880 10 9 -

— tab. 3. Z 10 poloranych rezistentnich kloni je 7 od
kombinace kfizeni 96.76 (39 32 14), které byla ze viech
hlavnich hledisek (polni rezistence k plisni bramborové,
hodnoty ADPC, kratsi vegetacni doba) nejperspektivnéj-
§i.

Z péti kontrolnich odrid bylo dosaZeno nejvyssi hla-
diny rezistence u odriidy Zlata a nejniZ8i odolnost k plisni
vykazala velmi rané odrida Impala.

ZAVER

Z uvedenych vysledki 1ze konstatovat, Ze byly zjisté-
ny rozdily v polni odolnosti k Phytophthora infestans
mezi jednotlivymi zkouSenymi kombinacemi kfiZeni ziska-
nymi od spolupracujiciho pracovisté CIP (Lima Peru).

Rozdily byly prokéazany ve viech dalich hodnocenych
znacich a vlastnostech (kli¢ivost, tvorba hliz, vyuzitel-
nost ve stupni rams, vhodnost zafazeni na parcelku ne-
oSetfenou fungicidy a polni odolnost k Phytophthora
infestans).

Jako nejperspektivnéjsi pro dal$iho vyuZziti ve slechti-
telskych programech Ceské republiky se zaméfenim na
ziskani klond s polni rezistenci k plisni bramborové v nati
se uké4zala kombinace 96.76 (387415.7 x 389746.2), u niz
mélo n&kolik klonti vysokou hladinu polni rezistence vii¢i
plisni bramborové. Vysokou hladinu polni rezistence
doséhly i klony, které nepochézeji z nejperspektivnéjsich
kombinaci kfiZeni, cozZ svéd¢i o velké variabilité v ramci
kazdé kombinace. Tyto materialy budou piedmétem dal-
$iho studia s ohledem na vyuziti pfi tvorbé novych vy-
chozich materiali ve §lechténi brambor.
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Obecné lze konstatovat, Ze materialy ziskané z krat-
kodenni oblasti Jizni Ameriky se vcelku dobfe pfizplso-
bily podminkam dlouhého dne CR, maji del3i vegetadni
dobu a jsou nachylné k napadeni virovymi chorobami.
V budoucnu budou nejperspektivnéjsi klony ozdraveny
v podminkéch in vitro od vech virt a vyuzivany v dalsi
hybridizaci.

Podékovani

Dékuji Dr. J. A. Landeo z CIP (Lima, Peru) za poskytnuti
genetického materialu pro testovani polni rezistence k plisni
bramborové.
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Z VEDECKEHO ZIVOTA

K osmdesatinim prof. RTDr. Ing. Jana Roda, DrSc.

Kulaty rok 2000 bude vyznam-
ny nejen tim, Ze Brno hosti mezi-
narodni konferenci k oslavam
Gregora Johana Mendela, zakla-
datele genetiky. Bude vyznamny
i tim, Ze 28. fijna oslavi v obdi-
vuhodné dusevni i télesné své-
zesti osmdesatiny pan profesor
Jan Rod .

Jeho rodistém je Ceskomoravska vyso¢ina mésto Telé.
Tam vyrustal a také se ke svym kofentim vratil, aby zde
v rodném kraji prozil zaslouzeny odpocinek po velice
plodné praci.

Studium na Vysoké §kole zemédé€lské a lesnické ukon-
¢il v roce 1947 a pokracoval ve studiu RTDr. V roce 1950
se jiz jako mlady védecky pracovnik podilel na feseni
ukolii ve Vyzkumnych ustavech pro rostlinnou vyrobu
v Brné-Pisarkach. Tam ale Gstav nemél dlouhého trvéni,
nebot’ v roce 1951 se st€hoval do Prahy-Ruzyné. Jenda
Rod byl jednim z téch, ktefi piesli za praci do Prahy. Pol-
ni pokusy VURV se v té dobé odbyvaly na pracovisti
v Doksanech, kam Jan ¢asto z Prahy zajizdél. Ve volnych
chvilich se t&sil zdejsi podiipskou piirodou, obzvlasté
pak kolem feky Ohfe a hlavné pii provozovani vodnich
sportt na jeji hlading.

Vyznamny kus prace vykonal na Vysoké §kole zemé-
délské v Brné, kde od roku 1955 prednasel statistiku,
polni pokusnictvi a §lechténi a semenafstvi. V roce 1969
musel z politickych diivodi svoji milovanou praci opus-
tit.

Dalsich pét let pak pracoval ve Vyzkumném ustavu
zakladni agrotechniky v HruSovanech u Brna, ktery byl
jednim z pracovist VURYV Praha-Ruzyng. Po 20 letech se
tedy vratil znovu pod ruzytiska kfidla. V HruSovanech
zalozil a vedl oddéleni biometriky a pokusnické techniky.
Svymi bohatymi zkuSenostmi pomahal zakladat a hlavné
vyhodnocovat polni i laboratorni pokusy jak v Hrusova-
nech, tak i v Praze-Ruzyni.

V oboru biometriky a polniho pokusnictvi byl v té dobé
prof. Rod jiz natolik ve svété znamym odbornikem, Ze byl
jmenovanym zastupcem nasi republiky do organizace
EUCARPIA. Jako ¢len této organizace usporadal védec-
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kou konferenci,,Biometrika a polni pokusnictvi®, spoje-
nou s vystavou malé pokusnické techniky, coz byla pre-
vratna udalost a v té¢ dobé prvni pokus prosadit k nam
vyspélou ,,zapadni* techniku do polniho pokusnictvi.

Posledni Gsek jeho védecké Cinnosti zacal v roce 1974
ve Vyzkumném a Slechtitelském ustavu picninaiském
v Troubsku u Brna. Zde ved] kolektiv genetiky a §lech-
téni, pracoval na metodikach §lechténi syntetickych po-
pulaci a s nemalymi uspéchy také jako prakticky Slechti-
tel vojtésky. Hloubavy védecky piistup ke $lechténi
rostlin ukazal jeho mlad$im spolupracovnikiim vzdy ten
spravny smér. Na pracovisti v Troubsku setrval az do
odchodu na zaslouzeny odpocinek.

Béhem dlouhé védecké kariéry vykonaval celou fadu
velice dilezitych funkci. Namatkou: zastupce CSR
v Evropské organizaci pro vyzkum a §lechténi rostlin,
dlouholety predseda Biometrické komise CSAV, zaklada-
jici ¢len redakéni rady Casopisu Genetiky a Slechténi, ¢len
komisi pro obhajoby kandidéatskych a doktorskych pra-
ci, ¢len habilitaénich a profesorskych komisi, ¢len védec-
kych rad mnoha vyzkumnych pracovist’ (napi. VURV
Praha-Ruzyné, VUZA HruSovany, VSUP Troubsko, Men-
deleum Lednice atd.).

Jako jazykové zdatny védec publikoval vice nez 120
védeckych praci v angliéting, ném¢éing, rustiné i ¢estiné.
Jeho vysokogkolsk4 skripta jsou dodnes &asto pouZiva-
nou pomuckou studentt pfirodovédnych oboru vyso-
kych skol.

Je velka Skoda, ze prof. Rod musel vice nez desetinu
stoleti ¢ekat nez mu bylo umoznéno obhajit doktorskou
disertaci. Po sametové revoluci v roce 1989 byl VSZ
v Brné plné rehabilitovan a pravem mu byl pfiznan pro-
fesorsky titul.

Mily priteli i kdyZ dodnes plisobi§ napt. ve védecké
radé VURYV nebo v redakéni radé Gasopisu Czech Journal
of Genetics and Plant Breeding (Genetika a §lechténi)
pieji Ti zaslouzeny odpocinek v diichodu. At ve zdravi
uzivas prochazky Tvym rodnym krajem, at’ se dlouho té-
§i§ pohledy na Tvuj les, ktery zvelebujes, at’ dlouho za-
stanes tak jako vZdy na$im ucitelem i dobrym kamariadem.

Miroslav Skorpik
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INFORMACE - STUDIE — ZPRAVY

GENETICKA TRANSGENOZE U OBILNIN*

TRANSGENSIS IN CEREALS

L. Ku&era!, L. Ohnoutkov4?, E. Miillerov4Z, J. Ovesna'

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

2Institute of Experimental Botany, Academy of Sciences of the Czech Republic, Olomouc,
Czech Republic

ABSTRACT: Cereals are the world’s largest crops in total production and area. Rice (Oryza sativa), wheat (Triticum
aestivum) and maize (Zea mays) are primary food sources for the world population. Barley (Hordeum vulgare) is used
for feeding and malt production. High yielding and quality cultivars have been obtained during the last century using
conventional breeding systems. However, rising world population needs still more and more food. Molecular biology,
namely genetic transformation may help to solve such increasing demands providing more stable yield through better
disease/pest resistance, easier management of herbicide tolerant crop and higher quality in grains with changed protein,
vitamins or trace element contents. Transformation of cereals is not easy. Cereals, especially wheat, had been considered
recalcitrant for a long time. Different plant tissues were tested for their regeneration ability in vitro like leaf segments,
roots, floral segments, mature and immature embryos, pollen and microspores. Regeneration was achieved after tremen-
dous effort via somatic embryogenesis using immature embryos and via pollen embryogenesis from anthers and mi-
crospores. Cell and protoplast cultures are still not common. Agrobacterium does not attack monocots in nature, which is
the second reason why transformation of cereals is more difficult as compared with dicots. There were effort in some
laboratories to manipulate Agrobacterium genome to force it to interact with monocots. Some phenolic compounds like
acetosyringone were added to the cocultivation media to induce Agrobacterium virulence regions. Other types of transfor-
mations were tested as well. Particle bombardement were proved to be the most successfull for all the cereals. Up to now
hundreds of transformants have been developed. Details concerning barley transformation are given in the review. Mainly
maize and rice cultivars advanced lines and cultivars are available. Several maize cultivars have been introduced and ap-
proved for the market. Mostly they are herbicide tolerant. Roundup, Liberty and bromoxynil herbicides can be used to
minimalize inputs for growing the crops and to save environment. Delta-endotoxin producing cultivars are the other ex-
ample of genetically modifieded cereals. Maize resistant to the European corn-borer is recomended by plant pathologist.
At present 420 applications for deliberate release GMO into the environment are registred in the EU member states for
maize, 3 applications for barley and 13 applications for wheat.

Keywords: genetic transformation; transgens; transgenic wheat; transgenic barley; transgenic maize; GMO

ABSTRAKT: V poslednim stoleti byly pomoci konven&nich §lechtitelskych postupli vy$lechtény vysoce vynosné a kva-
litni odridy obilnin, avSak rostouci svétova populace potiebuje stile vice potravin. Molekulérni biologie, jmenovité gene-
tické transformace mohou napomoci v feSeni zvy3ujicich se pozadavki poskytnutim vyssi stability vynosti diky lepsi
odolnosti vii¢i chorobdm a Skidciim, snadn&j3i agrotechnikou u plodin odolnych vii¢i herbicidim a vy33i kvalitou zma se
zménénym obsahem proteind, vitamini a nedostatkovych prvki. Transformace obilnin neni jednoduchou zaleZitosti a obil-
niny byly po dlouhou dobu povaZovany za rekalcitrantni. Byla studovéana regeneracni schopnost in vitro fady rostlinnych
pletiv, jako jsou listové segmenty, kofeny, &asti kv&tnich organil, zrala i nezrald embrya. Regeneraci bylo dosazeno po znac-
ném experimentéalnim 1sili cestou somatické embryogeneze u nezralych embryi a cestou pylové embryogeneze z pra§nikovych
a mikrosporovych kultur. Vyuziti buné&nych nebo protoplastovych kultur neni stale bézné. Agrobacterium v ptirodé nena-
pada jednodélozné rostliny, coz je jednim z diivodd, pro¢ je transformace obilnin obtiZn&j¥i nez dvoudé&loznych rostlin.
Nekteré laboratofe se snaZi upravit genom Agrobacterium tak, aby se zvysila interakce s jednodéloZnymi rostlinami. Pro
indukci virulence Agrobacterium se do kokultivaéniho média pfidavaji nekteré fenolické latky (napf. acetosyringon). Rov-
néZ jsou testovany jiné metody transformace a bylo ov&feno, ze mikroprojektilovy pfenos je pro obilniny nejefektivnéjsi.

*Prace byla uskuteZnéna s podporou Ministerstva zemédélstvi (projekt €. EP 0056).
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Do soucasnosti byly vytvofeny stovky transformantii a jsou jiz k dispozici novoslechténi a odridy kukufice a ryze. Né-
které odridy kukufice jiZ byly povoleny a uvolnény pro trh. Jedna se ve vét§ing ptipadl o rostliny tolerantni k herbicidiim
a pouziti herbicidi Roundup, Liberty a na bazi bromoxynilu tak miiZe sniZit vstupy pfi péstovani plodin a sniZit ekologic-
kou zatéz. Odrudy vytvafejici delta-endotoxin jsou dalsim prikladem geneticky manipulovanych obilnin. V soucasnosti je
v &lenskych stitech EU podano 420 Zadosti o uvolnéni do Zivotniho prostfedf pro GM linie kukufice, 3 pro jeémen a 13 pro

pSenici.

Kli¢ovi slova: geneticka transformace; transgeny; transgenni pSenice; transgenni je¢men; transgenni kukutice; GMO

UvVOoD

Soudasné péstebni technologie u jednodé&loZnych
rostlin jsou charakteristické vy$8imi naroky na hnojeni
a ochranu rostlin vii¢i chorobidm a $kiidcim spojenou
s vyuZitim nové generace herbicidi. V priib&hu dlouho-
dobé selekce nutné dochézi ke sniZeni genetické diverzi-
ty uvnitf selektovanych populaci, a proto jsou vyvyveny
nové Slechtitelsko-genetické postupy véetné moznosti
piimych genetickych manipulaci.

Ve svété jsou v soucasné dobé transgenni rostliny
péstovano na 35 mil. ha. Odhad osevnich ploch s gene-
ticky modifikovanymi rostlinami pro rok 2001 je 177 mil.
ha. Niz§i zastoupeni ploch jednodéloznych druhl mezi
geneticky modifikovanymi rostlinami véetné hospodai-
sky vyznamnych obilnin je zpiisobeno obtiZzemi pfi zava-
déni regeneracnich systému a transformacnich technik
pfedevsim vektorového prenosu. Vzhledem k tomu, ze
obilniny nejsou citlivé vici agrobakterialni infekci, bylo
vypracovéano n&kolik alternativnich p¥istupt ke vnaSeni
klonovanych genti do rostlinné buiiky.

Regeneralni systémy in vitro vyuZitelné
pro transformaéni experimenty

Uspésnost transformacniho procesu je zavisla na vy-
pracovani indukénich a regenera&nich systému in vitro
u jednotlivych druhi, zpravidla pomoci somatické a py-
lové embryogeneze. Méné Easté i méné& isp&¥né jsou
prenosy DNA do intaktnich bunék kompletnich rostlin.

K odvozeni somatické embryogeneze u hospodaisky
vyznamnych druhii (jeémene, pSenice, kukufice, ryze) se
nejéastéji kultivuji nezrala zygotickd embrya o velikosti
1,0-1,5 mm, pfipadné zrala zygoticka embrya, ktera kulti-
vujeme in vitro na vhodbém médiu, pfiemz indukéni &as-
ti explantétu je titek. Suspenzni kultury, které jsou také
vhodna k transgenozi, jsou zpravidla odvozené z kalusu
ze stejného Casti explantatu. Pylova embryogeneze je
indukovéna bud’ v kultufe pradniki, nebo v kultufe izolo-
vanych mikrospor. Tyto kultury umoZiiuji vnaset cizoro-
dou DNA do haploidniho genomu. V obou regenera&nich
systémech lze odvodit i protoplastové kultury, které viak
muzZeme ziskat i z izolovanych vaji¢ek, dalsich bunék z4-
rodeéného vaku, piipadné i ze zygoty.

Transformaéni techniky

Jednodélozné rostliny na rozdil od dvoudéloznych nej-
spiSe netvofi v procesu hojeni specifické latky indukuji-
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ci expresi Ti-plazmidovych virulentnich (vir) geni, které
umoziuji agrobakteridlni prenos T-DNA. U jednodéloz-
nych rostlin se neobjevuje jev dediferenciace poranéni
a neprodukuje se ani ranovy kalus. To jsou pravdépo-
dobné zékladni rozdily mezi jedno- a dvoud&loZznymi
rostlinami, které jsou pfi¢inou niZ8i uéinnosti transforma-
ci pomoci Agrobakterium tumefaciens. V souasné dobg
je vyzkum v této oblasti zaméfen na selekci a konstrukci
novych kment, vhodnych pro transformaci u jednodé-
loznych druhi rostlin.

Nejpouzivanéjsi metodou je v soucasnosti tzv. mikro-
projektilovy pfenos DNA (particle bombardment, napf.
patent fy Pioneer US Patent 5,886,244). Do jader nebo or-
ganel kultivovanych bunék, pfipadné i do intaktnich
rostlinnych orgéni jsou vstielovany mikroskopické cas-
tice netoxickych kovli (napf. zlata nebo wolframu), na
kterych je za pomoci adheze povrchové pfichycena DNA.
V dnesni dobé jsou komeréné vyrabény pfistroje, u kte-
rych lze nastavit potfebné parametry nastrelovani, nej-
casté&ji se pouziva Biolistic® PDS-1000/He System od
firmy BioRad.

Mezi alternativni nevektorové pienosy zahrnujeme
elektroporaci. Tato metoda je zaloZena na zvyseni perme-
ability membrany protoplastii vysokonapét'ovymi pulzy,
coz umoziluje zavedeni vysokomolekuldrni DNA do pro-
toplastu, Vzhledem k faktu, Ze regenerace transformova-
nych protoplast neni u obilnin rutinni zélezitosti, je
vytéZnost zminéné metody nizka.

Prostupnost cytoplazmatické membrany pro DNA lze
ovlivnit rovnéZ pomoci aplikace polyetylenglykolu
(PEG). Utinnost transgenoze je viak velice nizk4. Pro
vnédeni cizorodé DNA do rostlinné buiiky lze u obilnin
vyuzit i mechanického pfenosu pomoci mikro- a makro-
injekci roztoku DNA. Reprodukovatelnost téchto postu-
pl je omezend. Vy38i Gsp&inost lze zaznamenat pii
vnaSeni DNA pomoci metody SCW (Silicon Carbide
Whisker), ktera je i finanéné méné naroéna. Mikrovlakna
karbidu kfemiku pfi intenzivnim protfepavani v roztoku
DNA, v némz jsou zaroveii pfitomny i embryogenni Casti
rostlin (napf. nezrala embrya), vytvafi vstupni otvory do
bunéénych stén a umoziiuji tak priinik molekul DNA do
ben&k. Nevyhoda metody spo¢ivé ve vysoké néro¢nosti
na zaji§téni bezpecné manipulace s mikrovlakny, které
maji karcinogenni iéinek.

Prehled vysledki transformaénich experimentii u vy-
branych obilnin shrnuji tab. 1-3.
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Tab. 1. Prehled vysledki transformaénich experimentd u Triticum aestivum L.

Objekt Pouzity plazmid | Geny Metoda | Selekce Vysledek Citace
PMON8678 gus, nptll, epsp PG kanamycin kalus
PMON752 i
Suspenznf kultura PMON19606 Vasil er al. (1991)
PMON9967
pCaMVIICN cat PG CAT kalus ;
Nezrald embrya pCaMVILGusN | gus Chibbar et al. (1991)
Kalus pBARGUS bar, gus PG Basta transgenni rostliny | Vasil et al. (1992)
Nezrald embrya pBARGUS bar, gus PG PPT transgenni rostliny | Vasil er al. (1993)
Nezrald embrya pBARGUS bar, gus PG bialaphos transgennf rostliny | Weeks et al. 1993)
Nezrald embrya pDB1 bar (PAT), gus (uidA)| PG Basta transgenni rostliny | Becker er al. (1994)
Protoplastové
knltury vep VCP kalus a pryty Lupotto et al. (1995)
bar (PAT), bialanhos » ¢ costli
Nezrald embrya pAHC25 gus (uidA) PG bialap g rostliny | Altpeter et al. (1996)
pBI221 gus
Nezrald embrya pActl-F gus PG bialapho: transgennf rostliny | Takumi, Shimada (1996)
PARK22 bar
Zrald embrya pHAC25 bar, gus i:;'t‘:(;‘ bialaphos transgenni rostliny | Serik er al. (1996)
pBARGUS bar (PAT), bialaphos
Nezrald embrya gus (uidA) PG pA%s transgenni rostliny | Ortiz et al. (1996)
pGL2 hpt hygromycin
YNezrald embrya pBARGUS bar, gus PG PPT transgenn{ rostliny | Bomminemi er al. (1997)
PAHC25 bar (PAT), PG PPT transgennf rostliny
Nezral4 embrya gus (uidA) Dobrzanska et al. (1997)
pTa6376 pvull PG PPT transgennf rostliny
pActl-F gus . . C e
Nezrald embrya pDM302 e PG bialaphos transgennf rostliny | Takumi, Shimada (1997)
Nezrald embrya pALS1 luc, bar PG PPT transgennf rostliny | Londsdale et al. (1998)
Nezrald embrya gus . .
pMONI18365 AT kanamycin transgenni rostliny | Cheng et al. (1997)
Kalus nptll
Nezrald embrya pDB1 bar (PAT), gus (uidA)| PG PPT transgenni rostliny | Lorz er al. (1998)
bialaphos
Nezrald embrya ;:;‘::;’y ::Irhgu: PG gene:cin transgennf rostliny | Bemard ez al. (1998)
“Nezrald embrya pBM113Kp bar, gus PG PPT transgenni rostliny | Bommineni e al. (1998)
Nezrald embrya pDP687 gus PG anthocyanin transgenni rostliny | Lacock er al. (1998)
Nezrald embrya Cme (BTI-CMe) PG transgenni rostliny | Altpeter er al. (1998)
Nezrald embrya Vstl PG Basta transgennf rostliny | Leckband er al. (1998)
Embryogennf kalus | pGlulO(H)5 glu-1, bar PG bialapho. transgennf rostliny | Blechl ez al. (1998)
Nezrald embrya pAHC20 bar (PAT), gus PG bialaphos f rostliny | Pauk er al. (1998)
pDM803 bar, aphA., hpt PG bialaphos
geneticin : ;
Nezrald embrya . transgennf rostliny | Witrzens er al. (1998)
paromomycin
hygromycin
N . ; elektro- :
ezralé kvétenstvi | pActl-DGUS gus (uidA) porace kalus He, Lazzeri (1998)
Skuteldmf kalus pAHC25 bar (PAT), gus (uidA)| PG PPT transgennf rostliny | Iser et al. (1998)
Nezrald embrya pAHC25 bar (PAT), gus (uidA)| PG Basta transgennf rostliny | Rasco-Gaunt er al. (1999)
"Nezrald embrya pBARGUS bar, gus PG PPT transgennf rostliny | He, Lazzeri (1998)
AGLO bar, s-gfp, hph AT Bialaphos kalus
Suspenzni kultura | AGL1 Guo et al. (1998)
EHAI101 hygromycin
Nezrald embrya LBA4404 gus, sgfp-S65T AT kalus McCormac et al. (1998)
Nezral4 embrya pLECGNA2 GNA PG transgennf rostliny | Stoger er al. (1999)

Dviticum turgidum L.; DTriticum durum L.; PTriticum aestivum L., Tritordeum
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Tab. 2. Pfehled vysledki transformaénich experimenth u Hordeum vulgare L.

Objekt Pouzity plazmid Geny Metoda Selekce Vysledek Citace

Nezrald embrya pCaMVCAT-L cat PG

Kalus pCaMV,CN kalus Kartha er al. (1989)
Suspenzni kultura | pUC8

" pJIT33 wdv, gus PG :

Mikrospory pIITI29 i AT kalus Creissen et al. (1999)
PBSGUS, gus (uidA) PG ”

Nezraly endosperm pE9, pE12 kalus Knudsen, Miiller (1991)
pCaMV,CN cat

Endosperm pCIGUS e PEG, PG kalus Lee et al. (1991)
pHTT303 nptll ;

Suspenzni kultura pATI3 sk tdd) PG G418 kalus Ritala et al. (1993)

Buneéna suspenze | 9 riznych plazmidd gus PG kalus Chibbar er al. (1993)

Nezrald embrya pBC17 B-Peru, C-1 PG transgennf rostliny | King, Kasha (1994)

. bar (PAT), - 994
Mikrospory pDBI1 gus (uidA) PG PPT transgennf rostliny | Becker er al. (1994)
Nezrald embrya pAHC25 bar (P{AT),
kalus, somatickd gus (uidA)

X pBARGUS bar, gus PG bialaphos | transgennf rostliny | Wan, Lemaux (1994)
embrya odvozend BYDV
ZinikIospor pRsalBY] cpBYDV
pPAV110 cpBYDV
Nezrald embrya pHTT303 nptll PG noemycin | transgenni rostliny | Ritala er al. (1994)
pHTT303 npill, gus geneticin " . ]
Nezrald embrya pATI13 PG kaamycin transgenni rostliny | Ritala et al. (1995)
5 . Salmenkallio-Marttila
Protoplasty pHTT303 nptll elektroporace transgenni rostliny et al. (1995)
Mikrospory pEmuGN gus PG transgenni rostliny | Harwood er al. (1995)
Protoplasty pAct1Dneo nptll PEG G418 transgenni rostliny | Funatsuki er al. (1995)
pC3 hor2-4
Endosperm PC58 nptll, gVie PG Heim ez al. (1995)
pEmuGN gus
Nezrald embrya pBB1 hph, gus (uidA) PG hygromycin | transgenni rostliny | Hagio er al. (1995)
” pKAH21 EGI y
Suspenzni kultura pHTT303 nptll PG G418 transgenni rostliny | Aspegren et al. (1995)
pVAI3 luc, bar (PAT)
Nezrald embrya PACtI-F widA elektroporace kalus Hinsch er al. (1996)
bar (PAT), s .
Nezrald embrya pAHC25 eus (uidA) PG bialaphos | transgenni rostliny | Koprek et al. (1996)
Nezrald embrya pDM803 par;uidd PG bialaphos | transgenni rostliny | Brich-Pedersen er al. (1996)|
lysC, dapA .
pSBG501 Nptll : :
Protoplasty Sy beanyl PEG transgennf rostliny | Kihara er al. (1997)
Mikrospory pAHC25 bar ((5;4;)) il PG bialaphos | transgenni rostliny | Yao et al. (1997)
Nezrald embrya pDM803 bar, uidA PG, AT bialaphos transgenni rostliny | Tingay et al. (1997)
Nezrald embrya plazmid pALS1 bar, luc, R 173 bialaphos transgennf rostliny | Travella er al. (1998)
Mikrospory Vstl PG Basta transgenni rostliny | Leckband, Lorz (1998)
Nezrald embrya CcP PG hygromycin | transgennf rostliny | Hagio (1998)
Protopasty pAct1Dneo35St nptll PEG G418 transgenni rostliny | Kihara er al. (1998)
Suspenzni kultura | pTOK233 hph, gusA, nptll AT hygromycin | transgenni bune&né
mikrosporidlni pBECKSGUS hph PPT kultury Wu et al. (1998)
kalus pBECKSGUS bar
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Vysvétlivku k tab. 1 a 2

gus —P-glukuronidéza; hph — hygromycinfosfotransferdza; npsll — neomycinfosftransferaza, epsp — enolpyruvylshikimatfosfate syn-
taza; aphA - neomycinfosfotransferéza; Vstl — z Vitis vinifera stiblen syntdza gen (phytoalexin, resveratrol), CMe (BTI-CMe) — Zitny
trypsinovy inhibitor; cat — chlor icol acetyltransferase; GNA — Galanthus nivalis agglutinin; vep — virus coat protein gene; luc
-~luciferdzovy gene; sgfp-S65T —~ synteticky zeleny fluorescentni proteinovy gen; glu-1 — gene pro vysokou molekulovou hmotnosti
glutenin; gfp — zeleny fluorescentni protein; AT — Agrobacterium tumefaciens, PG — particle bombarderdment, cpBYDV - Barley
yellow dwarf virus coat protein, EGI/ — B-glukanaza z Trichoderma resei, G418 — specifické antibiotikum (geneticin), R 173 — Zitna
repeat sekvence, Herbiace, Basta — herbicidy, PEG - polyetylénglykol, B-Peru, C-1 — antokyanové reguladni geny, gVic — lysine-rich

vicilin gen z Vicia faba, co — kotransformace, CP — geny z Barley mild mosaic virus

Proc jsou produkovany geneticky modifikované
obilniny

* Wuziti aplikacnich vyhod modernich a ekologicky
Setrnych herbicidi.

Transgenni rostliny, které jsou tolerantni k herbicidim,
umoziiuji nahrazeni klasickych herbicidi typy, které se
v piidé rychleji odbourévaji a jsou §etrnéjsi k Zivotnimu
prostiedi, k pracovnikiim v zemé&dé&lstvi i ke konzumen-
tim (Ondfej ez al. 1998).

Cilena transgenoze umoznuje rozsitit spektrum druht
hospodaisky vyznamnych rostlin vhodnych pro aplikaci
herbicidl s $ir§im spektrem u&inku. Péstovéni téchto
transgennich odrid je spojeno zpravidla se zménami
agrotechniky, kterd ovliviiuje i ekonomiku péstovani
dané plodiny.

Odvozeni tolerance je v soucasné dobé zaméreno na
zakladni skupiny G¢innych latek: glyphosate (Roundup),
phosphinotricin (Basta, Finale, Liberty, Radicale), chlor-
sulfuron (Glean), bromoxynil (BXN) a dalsi.

o ZvySeni odolnosti vii¢i chorobam a skiadcum.

Soucasné experimenty jsou zaméfeny na ziskani rost-
lin tolerantnich k virovym infekcim (napt. BYDV, WMSV),
bakterialnim (bradavi¢natka) a houbovym chorobam (fu-
sari6zy, padli). Vyuzivané geny (geny pro obalové pro-
teiny, PR geny, chitinazy, ubichinony atd.)

Transgenozi lze vyuzZit pro ziskéni rostlin odolnych
vudi rostlinnym $ktidcim (hadatka, zavijeci, obaleéi atd.).

Vyuzivané geny: Bt gen, tripsin, gen pro toxin §tira, li-
monene synthase (Meyer, and, 1994; International patent
application No. PCT/US94/03011), trypsininhibitor z jec-
mene CMe (BTI-CMe).

*» Zvyseni odolnosti vuci abiotickym stresum.

Ziskani rostlin se zvySenou vynosovou stabilitou v ne-
pfiznivych podminkéch (sucho, mraz, zasoleni, nizké pH)
je dalsim z cili transformaénich experiment.

* Nutriéni a potravindrska jakost.
Geny zvy3ujici nutriéni a potravinafskou kvalitu pro-

duktu:

- zvySeni obsahu proteind,

— zména podilu esencidlnich aminokyselin (lyzin, metio-
nin, threonin aj.),

- zlep$enich nutri¢nich parametrii pomoci vneseni enzy-
mu fytazy, ktery zvy¥uje vyuZiti fosforu a mineralnich

CZECH J. GENET. PLANT BREED.,, 36, 2000: 67-76

latek, které jsou obsazeny v zrnu je¢mene, dale je uva-
Zovano vyuziti genl pro -, B-amylazy, glukanézy,
—zvySeni podilu zasobnich proteint zvysujicich pekat-
skou kvalitu (geny pro podjednotky HMW glutenint),
— zvySeni obsahli vitaminu A, B, D, pfipadné zvySovani
obsahu stopovych prvkd, napf. Zeleza (gen pro ferritin).
*» Geny, jejichz produkty umoznuji alternativni techno-
logické zpracovani produktu (nap¥. geny spojené
s biosyntézou a tvorbou alternativnich forem skrobu).

Uspéné praktické aplikace u jednotlivych plodin

Vyzkumem a pfipravou transgennich rostlin s praktic-
kym vyuzitim v zeméd€lské praxi se zabyva fada specia-
lizovanych pracovi§t' (v souéasné dobé& je v Evropé
evidovano 420 experimenti s GMO uvolnénymi do Zivot-
niho prostiedi —tab. 4). Teoretické aspekty pfenosu DNA
do rostlin a konstrukci plazmidd obsahujicich hospo-
datsky vyznamné geny jsou feSeny v univerzitnich i sou-
kromych laboratofich. Jsou souéasti narodnich i mezi-
narodnich programii (INCO-Copernicus, 4RP, SRP). Mezi
nejzndméjsi a nejuspésnéjsi producenty transgennich
odrid patii firmy MONSANTO, NOVARTIS/Ciba, Du-
Pont (Pioneer Hi-Bred), AgrEvo, DeKalb (tab. 5-7).

ZAVER

Vzhledem k soudasnému stavu, kdy jsou rozvojové
zemé z4vislé na produkci dostate¢né kvalitnich obilnin,
zejména ryze, je vyzkum transgenoze podporovan fadou
vyznaénych nadaci (nap¥. Rockefeller Foundation). Oce-
kéva se, Ze tato rozhodujici plodina bude kromé proteint
a sacharidt i zdrojem potfebnych vitaminti a stopovych
prvka. Jeji nutricni hodnota by méla zajistit dostatecnou
vyZivu stale se zvySujiciho poétu obyvatel. V soucasné
dobé& 800 mil. lidi trpi chronickou podvyZzivou, z toho
180 mil. déti, a 400 mil. téhotnych Zen mé nedostatek Ze-
leza. RovnéZ je snaha zamezit ztratdm pfi pfepravé a skla-
dovéani zemédélskych plodin, které jsou zplisobeny
skladistnimi $kadci. Podobné postaveni ma ve svété
i kukufice. U pSenice a jeémene budou na trh zfejmé uva-
d&ny modifikace, které zvy$uji moZznost jejich primyslo-
vého vyuziti.

PiestoZe jsou v soucasné dobé znacné problémy s pii-
pravou geneticky modifikovanych obilnin, budou podle
odhadu odbornikl poZadavky na jejich rozsifeni nartstat.
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Tab. 3. Usp&$né transformacni experimenty u rekalcitrantnich obilnin

Druh | Trensformovany| pyazmigy Geny Metoda | S9Ke | yystedek Literatura
nezrald embrya Nptl, gus PG |paronomycin | transgennf rostliny | Torbert er al. (1995)
nezrald embrya | pUCS, pH24, | gusA(uidA), bar, PG |PPT transgennf rostliny | Pawlowski er al.
PMAYV, pPAV, | cpgenes (BYDV) (1998)
pRPV
nezrald embrya | PBARGAS, gusA(uidA), bar PG |PPT transgennf rostliny | Pawlowski ez al.
?ﬁ,‘:L pH24 cpgenes (BYDV) (1998)
zrald embrya pNGL gusA(uidA ),npt 11 PG | paromomycin | transgennf rostliny | Torbert er al. (1998)
pH24 npt Il
listové segmenty| pDB1 gusA(uidA), bar (PAT) PG |PPT transgenn{ rostliny | Gless et al. 1998)
p35S39K60K, | Yd2, Bdvl PG |BYDV transgennf rostliny | Koev et al. (1998)
p35S99K
Secale klasy pLGVneol 103 | aph(3°)II injek&né | kanamycin transgennf rostliny | Pena er al. (1987)
cereale L. | €mbryogenni | pAHC25 gusA(uidA ), bar (PAT)| PG |PPT transgennf rostliny | Castillo e al. (1994)
kalus
Tab. 4. Poéet zédosti o uvolnéni GMO do Zivotniho prostfedi v EU (stav k IV. 2000)
Plodina AT | BE | DE | DK | ES FI FR | GB | GR IE T NL PT SE | Celkem
Kukufice 1 25 23 1 58 0 194 7 6 0 90 10 5 0 420
Je&men ozimy 2 2
Jegmen jarni 1 1
Pienice jarni 1 6 7
PSenice ozim4 1 3 1 5
Ryze 1 1 3 5

Tab. 5. Pfehled transgennich materidlli obilnin (produktii) pfihlaSenych pro uvolnéni nebo uvolnénych (v souladu s dircktivou 90/220/
EEC) pro trh stath EU (stav k 30. 6. 1999)

Druh (linie) IFirma EU zdznam | Rok Stat Znak Gen(y) Stav Poznémka
Maize (Event 176 | Ciba- C/F/94/11-03 1994 | Francie odolnost vii¢i hmyzu, | Bt (CrylA(b)), PAT| povoleno
= Maximizer with | Geigy odolnost vii¢i herbici- 1997
Knockout4") du (phosphinothricin)
Maize (T25 = AgrEvo C/F/95/12-07 | 1995 | Francie odolnost vii¢i herbici- | PAT povoleno
“LibertyLink2°) du (phosphinothricin) (1998)
Maize (MON 810 = | Monsanto | C/F/95/12-02 |1995 | Francie odolnost vii¢i hmyzu | SM-CrylA-Btk/ SM- povoleno
“Yield Guard Corn”) EPSPS-/ SM-Nptll-|  (1998)
E. coli
Maize (MON 809) |Pioneer | C/F/95/12.01B |1995 | Francie tolerance viiéi herbici- | Bi(CrylA(b)) nevytizeno
du (glyphosate), odol-
nost viiéi hmyzu
Maize (Btl1) Northrup | C/GB/96/M4/1 | 1996 | Velka odolnost vii€i hmyzu | B#(CrylA(b)), PAT | povoleno |import, skla-
Britdnie (1998) | dovéri, zpra-|
covdni, ne-
povoleno pro}
péstovén{
Maize (DBT418) De Kalb C/NL/97/17 |1997 | Nizozem- | odolnost vii¢i hmyzu; | -/CrylA(c)-Btk/SM-| vyfazeno
sko odolnost viiéi herbici- | PAT-Strep. hygro-
du (phosphinothricin) | scopicus
Maize (BTI1) Novartis | C/F/96/05-10 | 1996 | Francie odolnost vii&i hmyzu; | Bt(CryIA(b)), PAT | nevyiizeno
odolnost viigi herbici-
du (phosphinothricin)
Maize (MON810 x | Pioneer C/NL/98/08 [1998 [ Nizozem- | odolnost vii¢i hmyzu; nevyfizeno
T25 =33Y11,38B22, sko odolnost viigi herbici-
34T14) du (phosphinothricin)
Maize Monsanto | C/ES/98/01 |1998 Spanélsko odolnost viigi herbi- | EPSPS nevyfizeno
(GA21 =RR Corn) cidu (glyphosate)

EPSPS = 5-enolpyruvyl-3-Sikimatfosfatsyntaza
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Tab. 6. Pfehled stavu povolovani GMO ve statech OECD (plodina kukufice)

fnskitice OECD Prvnf stit Rok | Schvélené pouziti jako | Povolené pouZiti pro potravinafské | Povolené
(evid. &islo) | (pfihlaSeni) krmiva ucely obchodovién{
DeKalb, DeKalb DLL25 (B16) USA 1995 | Kanada (XI-1996) USA (FDA 1996), Kanada (X1I-1996)
Genetics
Novartis (Ciba-Geigy, | Event 176 USA 1995 | Japonsko (IX-1996), United States Food and Drug EU
Ciba-Geigy Canada Kanada (II-1996), Administration 1995, Kanada (C/F/4/11-3)
and Mycogen, Ciba Nizozemsko, Svycarsko | (XII-1995), Japonsko (VIII-1996), 18/12/96
Semences) UK, Dinsko, Holandsko, Svfcarsko
AgrEvo, AgrEvo T14, T25 USA 1995 | Kanada (VI-1996), United States Food and Drug
Canada Inc. Japonsko (I11-1997), Administration (1995), Kanada
Svycarsko (IV-1997), Japonsko (V-1997)
Monsanto MONS810 USA 1995 | Kanada (I-1997), USA (FDA 1996), Kanada
Japonsko (VI-1997), (1-1997), Japonsko(V-1997), UK
Nizozemsko, Svycarsko
Pioneer Hi-Bred MON809 Kanada 1996 | Canadian Decision USA(96), Kanada (X1I-1996),
Document Reference UK (97)
No.: DD97-18
(XI-1996), USA (96),
UK (97), Japonsko (97)
Monsanto GA21 USA 1996 USA (FDA 1998) Kanada
(VI-1998)
Monsanto MONB802 USA 1996 | Kanada (ITI-1997) USA (FDA 1996), Kanada (1X-1997)
DeKalb DBT418 USA 1996 | Kanada (ITI-1997) USA (FDA, 1997), Kanada(IV-1997)
Plant Genetic Systems | MS3 USA 1996 | Kanada (III-1998) USA (FDA 1996), Kanada (VII-1997)
Novertis (Northrup Bt1l USA 1996 | Kanada (VI-1996), Japonsko (VII-1996), Kanada
King, Northrup King Japonsko (IX-1996), (VII-1996), UK, Svycarsko
Seeds Ltd. (Canada)) UK, Svycarsko
Monsanto Canada MON 832 Kanada 1997 Kanada (IX-1997)
LITERATURA Blechl A. E., Le H. Q., Anderson O. D. (1998): Engineering

Altpeter F., Vasil V., Srivastava V., Stoger E., Vasil, I. K.
(1996): Accelerated production of transgenic wheat (7Triti-
cum aestivum L.) plants. Plant Cell Rep., 16: 12-17.

Altpeter F., Diaz 1., McAuslane H., Gaddour K., Carbonero
P., Vasil I. K. (1998): Increased insect resistance in trans-
genic wheat stably expressing trypsin inhibitor CMe. Plant
Biotechnology and in vitro Biology in the 2*' Century,
Jerusalem, Israel: 35.

Aspegren K., Mannonen L., Ritala A., Puupponen-Pimia R.,
Kurtén U., Salmenkallio-Marttila M., Kauppinen V., Teeri
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Becker D., Brettschneider R., Lorz H. (1994): Regeneration
of transgenic, microspore-derived, fertile barley. Theor.
Appl. Genet., 89: 525-533.

Becker D., Brettschneider R., Lorz H. (1994): Fertile trans-
genic wheat from microprojectile bombardment of scutellar
tissue. Plant J., 5: 299-307.

Berard S., Brunel N., Nadaud 1., Madéore A. (1998): The
use of haploid tissues for wheat genetic transformation. In:
Proc. 9" Int. Wheat Genet. Symp., Saskatchewan, Canada,
Vol. 3: 165.

CZECH J. GENET. PLANT BREED., 36, 2000: 67-76

changes in wheat flour by genetic transformation. J. Plant
Physiol., 152: 703-707.

Bommineni V. R., Jauhar P. P, Peterson T. S. (1997): Trans-
genic durum wheat by microprojectile bombardment of iso-
lated scutella. J. Hered., 88: 475-481.

Bommineni V. R., Bethune T. D., Hull K. L., Dunstan D. 1.
(1998): Expression of uid4 under regulation of the ABA-
inducible wheat Em promoter in transgenic white spruce
somatic embryos. J. Plant Physiol., /52: 455-462.

Brinch-Pedersen H., Galili G., Knudsen S., Holm P. B.
(1996): Engineering of the aspartate family biosynthetic
pathway in barley (Hordeum vulgare L.) by transforma-
tion with heterologous genes encoding feed-back-insensi-
tive aspartate kinase and dihydrodipicolinate synthase.
Plant Mol. Biol., 23: 611-620.

Castillo A. M., Vasil V., Vasil 1. K. (1994): Rapid production
of fertile transgenic plants of rye (Secale cereale L.). Bio/
Technol., /2: 1366.

Creissen G., Smith C., Francis R., Reynolds H., Mullineaux
P. (1990): Agrobacterium — and microprojectile — mediated
viral DNA delivery into barley microspore-derived cul-
tures. Plant Cell Rep., 8: 680-683.

Dobrzanska M., Krysiak C., Kraszewska E. (1997): Tran-
sient and stable transformation of wheat with DNA pre-
parations delivered by a biolistic method. Acta Physiol.
Plant., 19: 277-284.

Funatsuki H., Kuroda H., Kihara M., Lazzeri P. A., Miiller
E., Lorz H., Kishinami 1. (1995): Fertile transgenic barley

73



9£-L9 ‘0002 ‘9€ “QIAYL LNV1d 'LANED ‘[ HOIZD

Tab. 7. Prehled zkoudek GMO v Japonsku

Transgenni plodina (linie) Firma Gen (y) Pozndmka
1) (2) (3) ) ) 2)
RSV rezistentni ryZe (16-2) MAFFC P - 1990 1992 1993 1994 - -
RSV rezistentni ryZe (Kinuhikari) PRI cpP - 1990 1992 1993 1994 - -
Nizkoalergenova ryZe (Kinuhikari) Mitsui Toatsu AS-albumin pro allergické nemoci 1991 1993 1994 1995 - -
RyZe s nizkym obsahem bflkovin (Akihikari) KIK AS-gluterin pro Sake-brewing 1991 1993 1994 - - -
Kukufice tolerantni k glufosinatu (T-14) AgrEvo PAT z USA USA UsA 1995 1997 1997 1997
(T-25) AgrEvo PAT zUSA USA USA 1995 1997 1997 1997
Kukufice rezistentni k hmyzu (MON810) Monsanto Bit(CrylA(b)) z USA USA USA 1996 1996 1997 1997
Kukufice rezistentn! k hmyzu a “’(‘;A"z‘)“;l’go"z)glyf°“‘“ Monsanto BH(CryIA(b)) 2USA UsA | usa | 1996 | 1997 < _
Kukufice rezistentnf k hmyzu (Bt11) Northrup King Bi(CrylA(b)) zUSA USA USA 1996 1996 1996 1996
Kukufice rezistentni k hmyzu (Event176) Ciba Seeds By(CrylA(b)) z USA USA USA 1996 1996 1996 1996
Kukufice tolerantnf k glufosindtu (DLL25-DK566) Dekalb PAT zUSA USA USA 1996 1997 - -
Kukufice tolerantni k hmyzu (DBT418-DK566) Dekalb Bi(CrylA(b)), PAT zUSA USA USA 1997 1997 - -
RSV rezistentni ryZe (20-2) MAFF cpP - 1990 1992 1996 - - -
(21-3) MAFF CP - 1990 1992 1996 - - -
Kukufice tolerantnf k glufosinatu (MON832) Monsanto EPSPS zUSA USA USA 1997 - - -
Kukufice rezistentni k hmyzu (MON809) Pioneer Hi-Bred Intemnational Inc. Bt(CrylA(b)) z USA USA USA 1997 1997 - 1998
:‘C"é‘;‘{’;; ;‘1‘5“"‘“‘ K hmyzu a tlerantnf k glufosinétu | 1, 0 Genetic Systems BH(CrylA(b), PAT 2USA USA | USA | 1997 | 1999 = =
RyZe s nizkym obsahem bilkovin (Tsuki-no-hikari: H39) | Japan Tabacco AS-gluterin pro Sake-brewing 1994 1995 1997 1998 - -
(Tsuki-no-hikari: H75) | Japan Tabacco AS-gluterin pro Sake-brewing 1994 1995 1997 1998 -
RyzZe tolerantni k bialafosu (No.4) Iwate Biotechnology Research Center | bar 1997 1997 1998 - - -
Kukufice tolerantn{ k glufosinatu (GA21) Monsanto EPSPS z USA USA USA 1998 - - -
Kukufice tolerantni k glufosindtu (DLL25) Dekalb PAT zUSA USA USA 1998 1999 - -
Kukufice tolerantni k hmyzu a glufosindtu (DBT418) Dekalb Bi(CrylA), PiniU,bar | zUSA USA UsA 1998 1999 - -
Low gluterin Rice (KA45) Japan Tabacco AS-gluterin 1997 1998 1999 - a =
(KA48) Japan Tabacco AS-gluterin 1997 1998 1999 - - -
(KA119) Japan Tabacco AS-gluterin 1997 1998 1999 - - -
(KA130) Japan Tabacco AS-gluterin 1997 1998 1999 - - -
Ryze tolerantni k glufosinatu (LLRICEQ6) AgrEvo Japan bar z USA USA USA 1999 - - -
RyzZe tolerantnf k glufosindtu (LLRICE62) AgrEvo Japan bar zUSA USA USA 1999 - = -
Kukufice tolerantni k glufosinatu (MS6) AgrEvo Japan bar, MS zUSA USA USA 1999 - - -
Ryze tolerantni k glufosinatu (730) Monsanto EPSPS zUSA USA USA 1999 - - -
(1107) Monsanto EPSPS z USA USA USA 1999 - - -
(1316) Monsanto EPSPS z USA USA USA 1999 - -
(1702) Monsanto EPSPS z USA USA USA 1999 - - -
(1708) Monsanto EPSPS zUSA USA USA 1999 - -
(1863) Monsanto EPSPS z USA USA USA 1999 - -

Vysvétlivky: 1, (1), (2) - sklenikové pokusy; I, (3), (4) - polni pokusy; Il (1) — bezpe&né pro lidskou vyzivu; 11 (2) — bezpe&né pro vykrm zvifat
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