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VERNALISATION REQUIREMENTS OF SOME WINTER WHEAT
VARIETIES*

Jindrich KOSNER, Katetina PANKOVA

Research Institute of Crop Production, Prague, Czech Republic

Abstract: Vernalisation requirements and responses to vernalisation deficit
were determined in a set of 13 winter wheat varieties. It was found that the
varieties have different vernalisation requirements, which are probably caused
by presence of different vrn alleles (multiple alleles). The delay in heading
depended on the vernalisation deficit and the dependence was exponential, but
the shape of regression differed among the varieties. On the basis of these dif-
ferences the varieties could be assigned into the groups of regressions. Heading
time was also affected by photoperiod sensitivity of the varieties; this effect was
not significantly changed by vemalisation.

Triticum aestivum;, wheat;, Vrn-genotypes, vernalisation response; heading time

Wheat (Triticum aestivum L.) varieties have a spring or winter growth
habit that differ from each other by the course of developmental phases
which determine many of the important agronomic traits. Spring wheats dif-
fer from winter ones in their vernalisation requirement, that is a requirement
for a cool period. A low requirement for a cool period characterises spring
wheats, whereas winter wheats sensitive to vernalisation require a long cool
period.

These differences in growth habit of wheat are controlled mainly by the
genes Vrnl, Vrn2 and Vrn3, each with two or more alleles (Pugsley, 1971;
Snape etal., 1976). The combination of these genes determines the vernali-
sation requirement, and thus spring or winter growth type. With a dominant
Vrn allele present in the genotype, spring growth habit will result. A domi-
nant allele of Vrnl is epistatic and completely inhibits the vernalisation
requirement; Vrn2 and Vrn3 alleles partly inhibit the vernalisation require-

* The research was supported by grant No. 521/96/0114 of the Grant Agency of the Czech
Republic
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ment. These very important genes are located on chromosomes 54, 5B and
5D (Law etal., 1976; Maystrenko, 1980).

Winter varieties carry those three loci in recessive form (Pugsley, 1972).
Their vernalisation requirements are high but not identical. The differences
between the vernalisation requirements of winter varieties can be explained
by the existence of different recessive alleles (Pugsley, 1971) or by gene
modifiers in the background (Gotoh, 1980; 1983). Recent results (Ko§-
ner, Pidnkova4, submitted) show a diversity of recessive vrn alleles, so
this may be a case of multiple alleles.

The aim of our experiment was to study the vernalisation requirements
within a set of winter varieties. Evaluated were: a) the requirement of full
vernalisation, that is the shortest period after which plants go to heading
without a delay, and b) the basic requirement of vernalisation, that is the
shortest period after which plants, maybe with a long delay, go to heading.

MATERIAL AND METHODS

Seeds of the varieties studied were germinated in 1 week intervals and ver-
nalised under short photoperiod and at a temperature of +1 to +3 °C, so that
variants of 8, 7, 6, 5, 4, and 3 weeks of vernalisation were prepared to the
date of planting 20 April. In this time photoperiod exceeds 14 hours at the
latitude of the experiment and we can assume that all plants were grown
under long day from the date on, and that no further significant period of cool
weather causing additional vernalisation occurs. Altogether 75 plants in five
rows were planted per variant. Number of days from planting (20 April) to
heading (emerging of half the ear on the first tiller) was evaluated. The re-
quirement of full vernalisation was established as number of weeks sufficient
for full vernalisation, i.e. that heading time was not significantly increased in
comparison with a full 8 week vernalisation. The significance of the dif-
ferences was detected by the z-test between values of 8 week vernalisation
and respective variants of a shorter vernalisation period. The basic vernalisa-
tion requirement was determined as the shortest period of the cold after
which plants, maybe with a long delay, go to heading. The response to the
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vernalisation deficit was established by comparison of regressions that ex-
press the dependence of the heading time on the vernalisation deficit.

RESULTS AND DISCUSSION

The average numbers of days from planting to heading of all variants of
vernalisation are shown in Table I; there are considerable differences be-
tween the varieties in both earliness, expressed as heading time in the variant
with 8 week vernalisation, and in the response to vernalisation deficit.

On Table II, earliness is expressed as number of days to heading under full
vernalisation, the requirement of full vernalisation is presented as the num-
ber of weeks after which heading time did not significantly increase in com-
parison to a full 8 week vernalisation, and a basic vemalisation deficit is
presented as the number of weeks of vernalisation when plants, maybe de-
layed, still go to heading.

Heading time can be delayed by a vernalisation deficit. This delay
depended on the degree of the deficit and was exponential. This dependence
is expressed in the equation:

y=+(Yo"'k1)‘EXP[k2*(x"xo)]

where: k,, k, — estimates of regression coefficients

y —heading time

¥, — intercept of y

x — vemnalisation requirement

x, — intercept of x

A regression analysis of the averages of all varieties shows that the equa-

tion of exponential function fits and the regression is highly significant
(Table III and Fig. 1).

The estimates of regression coefficients k; and k, have been established
for each studied variety. The resulting models of regression of the varieties
were tested by analysis of variance and a regression coefficient was estab-
lished, adjusted to degrees of freedom (Table IV). This statistical model was
highly significant for all the varieties. We can suppose that this regression of
heading time on the vernalisation deficit holds generally.
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I. Vernalisation requirement within the set of winter wheat varieties

Varieties

Weeks of vernalisation

; 7 6 : il e R
Alka 61.46+2.40 | 59.64%1.25 67.57+2.49 64.52+1.27 69.18+ 1.73 0 108.55 + 8.87 23
Asta 66.61+1.02 | 67.71+£0.74 73.43 £ 1.06 69.77£0.71 85.31+3.66 0 95.36 £3.56 0
Astella 57.40£0.84 | 61.79+1.36 67.00 £+ 1.00 76.83 £6.57 97.25+5.53 0 141.70 £ 9.80 70
Boka 5842+1.22 | 61.07+£1.22 74.20 £ 2.69 69.80 +2.09 92.56 £2.99 0 129.18 £ 8.11 36
Estika 68.03+2.00 | 74.83£3.85 71.23£2.49 75.90+£2.70 77.00 + 1.66 0 11594+ 11.08 24
Hana 56.72+£0.91 61.02£1.25 61.57+1.00 63.83+1.71 76.08 £ 1.71 0 110.91 £ 8.41 19
Ina 58.83+240 | 63.13+1.30 68.72 £ 1.55 99.72 £11.78 95.88 +5.89 0 126.91 + 8.43 32
Mona 57.88+1.79 | 5847+0.93 62.34+0.87 67.31+2.02 67.10+0.89 0 73.88+1.89 0
Samanta 57.45+0.65 | 58.14%0,71 63.27 £ 0.81 67.17£2.80 69.85+£2.30 0 13043 £ 21.87 17
Samara 70.65+£1.52 | 69.06%0.88 76.81 £2.43 83.18+4.19 90.92+£7.74 0 104.42 £ 15.50 17
Sida 64.00 + 1.81 63.28+1.14 70.35+ 1.65 75.47+2.38 83.56 £ 2.66 0 121.82 £9.62 36
Siria 69.81+1.23 | 67.65+1.39 70.10£0.84 72.63 £1.75 102.92 £ 6.62 4 12580+ 11.14 40
Vega 71.00£2.39 | 6834+%1.59 75.59+3.16 80.64 +4.34 97.00 £ 5.46 0 11420+ 12.48 0

1LT1-191 : (€) L661 ‘£€ “WIR[S © J2uaD
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11. Earliness, requirement of full and basic vernalisation in the varieties studied

Variety Earliness headin‘g ti.me Vemalisation requirement (weeks)
(8 weeks vernalisation) full vernalisation NT—
Alka 61.46 7 4
Asta 66.61 7 5
Astella 57.40 8 4
Boka 58.42 8 4
Estika 68.03 7 i
Hana 56.72 8 4
Ina 58.83 8 ,
Mona 57.88 7 "
Samanta 57.45 7 4
Samara 70.65 7 4
Sida 64.00 7 %
Siria 69.81 6 5
Vega 71.00 7 g

Although the function is exponential in all cases, the course of it differs
between varieties. These differences may be caused by a different genetic
constitution of the varieties in their vernalisation deficit, and the course of
the function best characterises the response of the varieties to an insufficient
vernalisation.

150
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g o
o 110
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T
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70 e s
— 1. Dependence of
heading time
50 (average of all
0 ! ! 3 4 5 studied varieties)
Vemalization defiat

on vernalisation
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I1I. Regression analysis of the dependence of heading time on the vernalisation deficit in the
varieties studied

Estimates of non-linear regression coefficients | Analysis of variance for the full regression
estimate | stnd error ratio source d.f. M.S. ratio
Coefficient 1 | 62.040 0.256 242.416 | Model 2 | 1934846 | 6955.03
Coefficient 2| 0.833 0.061 13.608 Error 4 2.78
R =0.995

R (adj. for d.f)) = 0.993

To compare the different responses of the varieties, cluster analysis was
performed on the estimates of regression coefficients k, and k,, the heading
time after full vernalisation, and the heading time after the largest vernalisa-
tion deficit. This resulted in five clusters, as shown in Fig. 2.

IV. Regression analysis of the varieties studied (parameters of the equation, significance of
analysis of variance for used model and regression coefficient adjusted for degree of freedom)

Estimate of
Variety Yo X, F model R (ad. for d.f.)

kl k2
Alka 61.46 0.00 61.45 1.61 1612.15 0.970
Asta 66.61 0.00 64.86 0.58 1 670.83 0.920
Astella 57.40 0.00 54.52 0.68 16 867.624 0.999
Boka 58.42 0.00 55.92 0.67 849.28 0.965
Estika 68.03 0.00 67.97 1.33 966.90 0.933
Hana 56.72 0.00 56.28 0.96 343591 0.988
Ina 58.83 0.00 53.41 0.52 38 372.01 0.999
Mona 57.88 0.00 49.18 0.21 5203.95 0.936
Samanta 57.45 0.00 57.41 1.50 950.33 0.975
Samara 70.65 0.00 66.66 0.45 5127.51 0.978
Sida 64.00 0.00 63.40 0.91 2 685.24 0.984
Siria 69.81 0.00 68.87 0.83 591.81 0.933
Vega 71.00 0.00 68.93 0.62 2 597.74 0.973
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Vernalisation deficit . Vemalisation deficit

2. Responses of studied varieties to the vernalisation deficit; regressions
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Group I clusters the early varieties Astella, Ina, Boka and Hana (heading
within 60 days after full vernalisation) that respond pronouncedly to a ver-
nalisation deficit by delayed heading. Heading is delayed even after only 1
week vernalisation deficit. The sensitivity to photoperiod of these varieties is
probably the same and in view of their earliness it is low, which lets us sug-
gest that in the varieties Astella, Ina and Boka the vrn alleles may also be
identical. Hana responds to a higher vernalisation deficit less markedly than
the other three varieties of the group, and it is likely that it carries a different
combination of vrn alleles.

Group II includes the medium to late varieties Sida, Siria and Estika that
start to react moderately to a vernalisation deficit, but to a higher vernalisa-
tion deficit they respond more strongly. Siria probably differs from Sida in
sensitivity to photoperiod (Siria is more sensitive) but does not differ in com-
bination of vrn alleles. Estika seems to be identical with Siria in the reaction
to photoperiod, but has a different combination of vrn alleles than Siria and
Sida.

Group III contains the two earlier varieties Alka and Samanta. Their reac-
tions to a low vernalisation deficit are moderate, but they respond strongly to
a large deficit of vernalisation. Both varieties seem to be sensitive to photo-
period.

Group IV comprises the later varieties Asta, Samara and Vega that react
to a vernalisation deficit by a regular gradual increase of heading time, and
they can endure a high vernalisation deficit. Vega and Samara are almost
identical in the observed characters, but Asta probably differs from them in
low sensitivity to photoperiod.

Group V consists only of the variety Mona that differs from all the other
varieties observed. Mona is an early variety so that it is little sensitive to
photoperiod and least sensitive to a vernalisation deficit.

The differences between the vernalisation requirements of winter wheats
have been explained by the existence of multiple vrn alleles (Pugsley,
1971), or as the effect of gene modifiers in the background (Gotoh, 1980;
1983). The evaluation of the present experiment is based on the former sup-
position, that of vrn alleles. Our recent results (KoSner, Padnkov4, sub-
mitted) have confirmed the idea of the presence of different vrn alleles in the
studied set of wheats. It has also been shown that all the loci under study
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(Vrnl, Vrn2 and Vrn3) include more recessive alleles that affect the vernali-
sation requirement. The results of the present experiment also promote the
idea of multiple alleles. The genotypes of the studied winter wheat varieties
probably include different vrn alleles, especially vrnl, vrn2 and vrn3, that
primarily determine their vernalisation requirements. An incomplete vernali-
sation is manifested as a delay in heading time or even as an absence of head-
ing.

The differences in earliness within the groups of varieties having the same
course of regression of heading time on the vernalisation deficit are ex-
plained by a different photoperiod sensitivity. It is known that heading time
in wheat is affected not only by the vernalisation response that is controlled
by vrn genes, but also by photoperiod sensitivity that is determined by genes
of the Ppd system (positioned on the homoeologic group 2 chromosomes).

In an earlier experiment that studied heading time (earliness), primarily the
effect of sensitivity to photoperiod on fully vernalised variants had been
demonstrated (Ko$ner, Zirkova , 1996). Photoperiod sensitivity was
one of the main factors influencing earliness (expressed as number of days
from germination to heading); genotypes sensitive to photoperiod showed a
delay in heading even under natural photoperiod (longer than 14 hours). In
the present experiment, the most probable explanation of the differences be-
tween the heading times of different genotypes with the same vernalisation
requirements again arises from their different photoperiod sensitivity, i.e.
from the different expressions of Ppd genes. The course of the regressions of
varieties that have the same response to vernalisation, but differ in their re-
sponse to photoperiod, is parallel (Fig. 2).

The effect of the vrn genes is obviously manifested during developmental
phases of the plant, and they consequently influence agronomic charac-
teristics. This occurs probably in the same way as in the case of the dominant
Vrnl, Vrn2 and Vrn3 genes and their influence on agronomic characters in
varieties of spring wheat (Stelmakh, 1993).

The problem of earliness per se has often been discussed (Worland,
1996; Scarth, Law, 1983). We can probably explain most of the genetic
determination of heading time without considering an influence by genes
that control earliness per se. KoSner and Pankova (1997) have estab-
lished that Vrn and Ppd genes determine 85.3% of the characteristics of
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spring and winter growth habit in a set of 14 wheat varieties that were grown
in nine environments of vernalisation (0-8 weeks) and under short photo-
period conditions.

Conclusion

The genotypes of the winter wheat varieties studied here probably include
different alleles that determine the vernalisation requirement; the different
vernalisation requirements of winter wheat varieties result from multiple alleles
at Vrn loci. Genotypes with high vernalisation requirements or genotypes
with low vernalisation requirements can arise from different combinations of
those alleles. An incomplete vernalisation is expressed as a delay in heading
or even no heading. The length of the delay in heading depends on the degree
of the vernalisation deficit, and the dependence is exponential. Heading time
is also influenced by the photoperiod sensitivity of the genotypes,; its effect
is not changed by vernalisation
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Jaroviza¢ni naroky nékterych odrid pSenice ozimé

U souboru tfinacti odriid pSenice ozimé byla uréovana potfeba jarovizace a sledo-
vana reakce na deficit jarovizace. Bylo zji§téno, Ze sledované odriidy maji na jarovi-
zaci rozdilné naroky. Rozdilna potieba jarovizace je pravdépodobné zpusobovana
rozdilnymi alelami vrn (mnohotnym alelomorfismem). ProdlouZeni doby do metani
bylo zavislé na deficitu jarovizace a zavislost méla exponencialni charakter, pribéh
regresnich kiivek byl vSak u jednotlivych odrid ¢i skupin odrid rozdilny. Porovna-
nim regresnich kfivek byly charakterizovany skupiny odrid a jednotlivé odridy. Na
dobu do metani méla vliv rovnéZ fotoperiodicka citlivost genotypu; jeji vliv se jaro-
vizaci vyznamné neménil.

Triticum aestivun;, pSenice, Vin-genotypy; jarovizacni reakce; doba metani

Contact address:

Ing. Jindfich Ko3ner, CSc, Vyzkumny ustav rostlinné vyroby
161 06 Praha 6-Ruzyné, Czech Republic
tel.: 00 420 2 328 051, fax: 00 420 2 365 228
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STABILITY OF YIELD AND SEED PARAMETERS IN RICE

Ajmer SINGH, P. S. SABHARWAL, D. V. S. PANWAR,
1. S. MEHLA

HAU, Regional Research Station, Karnal, India

Abstract: The present investigations on 30 diverse genotypes of rice were
undertaken to determine the effect of genotype X environment interaction
(g x e). The variance due to g X e was highly significant for all the characters
except fresh ungerminated seeds, root length, shoot length, and seedling dry
weight. Partitioning of g X e interaction showed that variance could be attributed
to both g x e (linear) and pooled deviation (nonlinear). For grain yield, only the
three varieties IR 8, PR 106 and IR 64 were found stable with moderately high
mean and average response. The three varieties IR 8, Jaya and Pusa 33 exhibited
stability in their performance for high standard germination and better seed vi-
gour.

stability; sedd parameters; rice

Rice is the mainstay for food of more than two thirds of the worlds popu-
lation. Most of the work on genotype X environment interaction (g X €) in rice
pertains to attributes that affect grain yield per se. Work on seed quality
parameters, however, is scarce, perhaps because of the confounding effects
of seed dormancy or the different length of seed dormancy in different geno-
types. Yet insight into such parameters is desirable because it would help
identify the most suitable environments for seed production of specific rice
cultivars. The present investigation, therefore, was conducted to study the
seed quality parameters in various genotypes grown under different environ-
ments. The results were expected to throw some light on the relevance of
seed production environments vis-a-vis seed characters.

MATERIAL AND METHODS

The experimental material was comprised of 30 genotypes of rice (22 non-
scented and 8 scented). It was planted during kharif 1995-1996 in four dif-
ferent environments (two locations and two dates of planting). Bulk seed of
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each entry from different environments was used for taking observations on
seed characters in the laboratory. The seed parameters viz. grain yield (g),
seed weight (g), standard germination (%), fresh ungerminated seed (%),
root length (cm), shoot length (cm), dry weight of seedlings (mg) and vigour
index [(root length + shoot length) standard germination %] were studied
according to the rules of ISTA (1985). The values of traits like standard ger-
mination (%) and fresh ungerminated seed (%) were subjected to angular
tranformation before statistical estimates.

Analysis of variance for the randomized block design was carried out sep-
arately for each of the environments and for each character to test the signi-
ficance of genotypic differences. The data obtained from the various
environments were pooled after testing the homogeneity of error variances
from the Bartlett’s technique. The stability parameters of individual geno-
types were computed using the analytical approach of Eberhart and
Russel (1966).

RESULTS AND DISCUSSION

Analysis of variance mostly showed highly significant genotypic mean
squares for all the seed parameters which indicated sufficient differences
among genotypes.

Pooled analysis of variance (Table I) indicated that genotype mean squares
were highly significant for all the parameters except root length. Likewise,
the variance due to environments was highly significant for all the characters
except 1000 grain weight, fresh ungerminated seeds and dry weight per seed-
ling, which indicated that the environments differed considerably from one
another. Highly significant g X e interaction for grain yield per plant, 1000
grain weight, standard germination and vigour index indicated that the geno-
types interacted considerably with the environments for these characters.
Gupta and Saini (1990) recorded g X e interaction for standard germina-
tion and 100 seed weight in soybean under monoculture as well as in associ-
ation with maize. On the other hand, the non-significant g X e interaction
component for fresh ungerminated seed, root length, shoot lenght and dry
weight per seedling showed that the genotypes under reference did not react
differently to the changing environments. Both genotype X environment (li-
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. Pooled analysis of variance for seed quality characters

Mean squares

resh
Suntice df standard  |ungerminated | root length | shoot length | dry weight wigour
" | germination seed per seedling index
(%] (%) [em] [em] [me]

Genotypes 29 29.34** 4.75%* 65.68 1 002.79** 16.60%* 95 422.29**
Environments 3 95.30%* 0.23 350.12** 546.26** 0.55 127 607.02**
Genotypes X Environments 87 13.84** 0.89 51.12 92.11 0.64 27 156.08**
m‘;‘i’r":'n:‘:flg)(m““”“ 90 16.56 0.87 61.09* 107.25* 0.63 30 504.45*
Environments (Linear) 1 285.91** 0.69 1 050.36*%* 1 638.78 1.65 382 821.05**
C(}E:‘z;’:; X v 29 18.32 0.43 7625%* |  142.00%% |  142.00%% | 41486.23%*
Pooled deviation 60 11.22%* 1.09** 37.28%* 64.93*%* 0.60** 19 234.64**
Pooled error 232 5.42 1.31 61.33 79.03 0.63 15 042.25

* significant at 5% level of significance
** significant at 1% level of significance
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II. Estimates of stability parameters for standard germination and vigour index

176

Sr. Standard germination Vigour index
No. Genotypes 2 oy
K b; 5 ai B b, 5 di

1. |HKR 126 92.17 1.42 15.01*%* 2399.33 2.50 —2467.33

2. |HKR 120 88.83 0.40 51.37** 2332.83 2.42 14211.73*

3. |IR8 92.83 | 0.88 0.90 2462.17 2.71 9969.78

4. |Jaya 92.17 3.01 3.52 2432.83 4.03 2286.70

5. |PR 106 92.83 2.37 4.44* 2333.50 3.61 —-2839.86

6. |IR 1545 91.50 1.65 -0.89 2237.00 2.76 24391.99%*

7. |IET 6155 94.17 | 0.19 3.53 2308.17 -0.24 25768.76%*

8. |IET 6288 90.67 | 2.24 4.13* 2191.83 1.94 10687.78*

9. [MO1 88.17 | -2.27 20.54** 2438.67 -4.05 206 766.88**
10. |[IR 20 95.67 0.87 2.34 234333 0.71 -4 586.02
11. |Java 14 92.17 | -0.19 24.42%* 2440.50 0.77 646.70
12. |Pusa 2-21 95.83 | -1.25 1.20 2507.33 -0.55 15 178.68*
13. |Pusa 33 93.17 | -2.49 -0.07 2548.50 -2.63 1281.03
14. |IR 36 9467 | 0.16 3.85%* 2398.50 -1.46 2923.27
15. |HKR 1 95.33 0.33 10.13*%* 2580.67 0.64 14 192.94*
16. |Palman 579 95.00 2.43 0.60 2320.50 2.08 9 036.41
17. |Parasad 95.00 | 1.20 0.43 2255.17 0.62 9340.73
18. |IR 64 89.83 2.61 0.15 2370.17 0.93 4958.01
19. |Manhar 89.50 2.10 5.77* 2092.33 2.50 2] 939.81**
20. |[Pusa 169 91.33 2.54 2.49 2452.50 3.27 3374.79
21. |HKR 119 91.17 1.74 15.49%* 2165.00 1.79 -3 075.65
22. |Jhona 349 93.67 1.29 10.09** 2822.83* -0.80 -3 405.71
23. |RP967-4-7-4 | 88.50 3.03 2.21 2192.50 2.70 -2 128.82
24. |Basmati 370 89.33 0.14 -0.57 2489.00 0.23 1839.94
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Table II to be continued

St Standard germination Vigour index
No. Genotypes o >

K b; § di K b; S ai
25. |Pak Basmati | 83.33 | 0.56 9.60** 2462.17 -0.24 4336.61
26. |RPSC 44 91.00 | 2.09 1.66 2403.67 i.55 13 881.84*
27. |HKR 212 90.50 | 0.35 224 2188.17 0.55 10 618.14*
28. |HKR 210 90.17 | 0.30 29.48** 2099.83 -0.37 14 432.57*
29. |HKR 206 91.33 | 1.37 20.37%* 2357.67 0.76 18 987.52**
30. |HKR 207 91.67 | 0.93 37.83%* 2272.83 0.57 6767.47
General Mean 91.72 | 1.00 2363.32 1.00
S.E. 1.93 1.08 80.86 1.23

* significant at 5% level of significance
** significant at 1% level of significance

near) and pooled deviation (non-linear component) were highly significant
for grain yield per plant, 1000 grain weight, root length and vigour index,
whereas only pooled deviation was highly significant for standard germina-
tion, fresh ungerminated seed and dry weight per seedling. Similar results
were reported by Silveira and Venkovsky (1983) and Amrithade-
varathinam (1987). The higher magnitude of the non-linear portion of the
g X e interaction showed that there was either no relationship or a complex
relationship existed between genotypes and environmental effects, and the
prediction for these characters will thus be difficult.

Many works have emphasized that the prediction is more reliable when the
linear component is significant. The three varieties IR 8, PR 106 and IR 64
were found stable, with moderately high yield, unit regression and least de-
viation from'regression. Four varieties, HKR 126, Java 14, IR 36 and Pusa
33, were best in yield and exhibited unit regression, but they were unstable
as they had highly significant deviation from regression. The report of
Panwar and Arora (1976) confirms our results. Parameters like standard
germination and seed vigour offered some promise to identify the stable va-
rieties. Accordingly, the varieties IR 8, Jaya and Pusa 33 exhibited consider-
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ably high standard germination and vigour index (Table II). Thus, in the
present case the changing production environments did not prove to be of
much consequence in these genotypes. This is in contrast to the earlier re-
ports of Thiagrajan (1990) and Majumder & Borthakur (1996) in
rice. The reason for the discrepancy could be larger differences in genotypes
and locations used by earlier works.

References

AMRITHADEVARATHINAM, A. (1987): Stability analysis of some released varie-
ties, local cultivars and promising cultures of dry and semi-dry paddy. Madras Agric.
J., 74: 434—-439.

EBERHART, S. A., RUSSELL, W. A. (1966): Stability parameters for comparing
varieties. Crop Sci., 6: 36—40.

GUPTA, V. P, SAINI, G. C. (1990): Genotype-environment interaction for seed ger-

minability traits in soybean under monoculture and in association with maize. Intern.
Conf. Seed Sci. and Technol. N. Delhi, Feb. 21-25: 142.

MAJUMDER, N. D., BORTHAKUR, D. N. (1996): Genotype-environment interac-
tion in rice. Oryza, 33: 11-17.

PANWAR, D. V. S., ARORA, N. D. (1976): Phenotypic stability of grain yield in
rice. HA.U. J. Res., 6: 117-121.

SILVEIRA, E. P., VENKOVSKY, R. (1983): Grain yield stability of upland rice in
Sao Paulo State. Cienciae Cultura, 35: 971-977.

THIAGRAIJAN, C. P. (1990). Sources of variation in rice seed quality. Intern. Rice
Res. Newsletter, 15: 9-10.

ISTA (1985). International rules for seed testing. Seed Sci. Technol., 13: 299-513.

Received June 6, 1997

Stabilita parametri vynosu a osiva ryze

Na 30 riznych genotypech ryZe jsme stanovovali efekt interakce mezi genotypem
a prostfedim (g x e). Variabilita v disledku g x e byla vysoce vyznamna pro vSechny
znaky s vyjimkou znak Cerstvé nenakli¢ena semena, délka kofenti, délka stébla a su-
Sina semenacki. Rozdéleni interakce g x e naznacilo, Ze variabilitu 1ze piipsat jak
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g x e (linearni), tak ahmné odchylce (nelinearni). Ve vynosu zma se jako stabilni
ukazaly pouze tfi odrudy IR 8, PR 106 a IR 64, které vykazovaly mimé vyssi stfedni
pramémy vynos a stfedni reakci na prostfedi. Odridy IR 8, Jaya a Pusa 33 vykazovaly
u znakl vysokou a stabilni standardni kli¢ivost a zlepSenou vitalitu semen.

stabilita; parametry osiva; ryZe

Contact address:

Dr. P. S. Sabharwal, Assistant Scientist (Plant Breeding)
H.A.U. Regional Research Station, Kammal-132 001 (Haryana), India
tel.: 0091 0184 218 57
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RESULTS OF A PHYSIOLOGICAL SELECTION APPROACH
TO IMPROVE DROUGHT RESISTANCE IN SUNFLOWER

Mario BALDINI, GianPaolo VANNOZZI, Maurizio TURL',
Daniel GOMEZ-SANCHEZ '

Crop Production Department of Udine University, Udine;
! Agronomy Department of Pisa University, Pisa, Italy

Abstract: The use of physiological traits as criteria to select high-yielding sun-
flower genotypes that can resist drought is proposed. The aim was to evaluate
(i) the variability of physiological characters in the progeny; (ii) the heritability
and effectiveness of selection for these characters, and (iii) what correlated re-
sponses in other growth traits are caused by the selection for high physiological
activity under drought conditions. Carbon exchange rate, transpiration rate and
relative water content of leaves were used as selection criteria to improve the
drought resistance in a population coming from a cross between the wild species
Helianthus argophyllus and inbred line C of cultivated sunflower. In the F3 and
under drought conditions, other traits related to growth and yield were evaluated:
time to flowering and maturity, plant height, leaf area per plant, yield of dry
matter per plant, and root/shoot index. The observed variability showed that se-
lection for physiological traits was possible. The heritabilities calculated as par-
ent-offspring and standard unit were very similar and intermediate for the three
selection criteria, while the realized heritability, obtained by choosing the ex-
treme values of the F; population (divergent selection), was significantly
greater than the others, showing the suitability of the three physiogical traits as
selection criteria. Following divergent selection in the F2 population, elevated
physiological activity under drought resulted in genotypes with a high vegeta-
tive growth and with an elevated water consumption. This was paralelled by an
increase of root/shoot index and was very useful under local conditions of water
availability. Stress was avoided by continued water uptake from deeper soil
layers. While genotypes, obtained with a selection us low physiological activity
under drought, show a more conservative mechanism to limit their growth and
save water. This tolerance mechanism could be very useful in the environment
with a superficial soil and fixed amount of water availability present at sowing
time.

drought resistance improvement; physiological index; heritability; sunflower

Among the approaches to select for drought resistance in a cultivated crop,
the selective incorporation of specific morphological or physiological cha-
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racters related to drought resistance into varieties with high yield potential
under optimum conditions has become a subject of major interest in the last
years (see review by Blum, 1979). Much of this interest comes from at-
tempts to reduce the time required by selection for other criteria that involve
yield and its stability, with tests over many years and locations (Hurd,
1969, 1974; Fischer, Maurer, 1978), and to the progress on information
about physiological processes and genetic systems related to seed yield
under drought in sunflower (Fereres etal., 1986; Gimenez, Fereres,
1986; Passioura, 1986; Turner, 1986; Baldini et al., 1991). The
identification of a simple physiological trait which confers an advantage in
yield under a specific stress condition is a dilemma in many breeding pro-
grammes. Gas exchange and leaf hydratation are indicated by many authors
(Boyer, 1976; Planchon, 1987) as being possible physiological mecha-
nisms that are related to yield under drought conditions and that permit re-
liable, effective and rapid measurements to screen the progeny.

The wild genetic resource, H. argophyllus, has been used as a source of
drought tolerance in large programmes of many countries (Seiler, 1988;
Skori¢, 1992). Many of these studies involved exclusively the variability
in the density of trichomes in the progeny in relation to physiological activity
under wet and drought conditions (Harada, Miller, 1982; Iuoras,
Voinescu, 1984; Blanchet, Gelfi, 1980; Morizet etal.,, 1984). On
the other hand, Baldini et al. (1993) and Martin et al. (1992) suggest
that instead of morphological leaf characteristics of wild species, the root
system could be responsible for a high physiological activity and high water
use efficiency (WUE) under drought. Today, in fact, there is no doubt that
many shoot responses, such as leaf conductance, may arise from root signals
as available soil water decreases and/or the resistance of soil to root expan-
sion increases (Tardieu, Davies, 1993; Passioura, 1988; Kramer,
1988; Passioura, Gardner, 1990; Tardieu, 1994).

The aims of this work were to (i) evaluate the variability of the physiologi-
cal parameters such as gas exchange and relative water content of leaves in a
population from a cross between H. argophyllus and cultivated sunflower
differing in the above mentioned characters under drought; (ii) estimate the
heritabilities from parent-offspring regression of advanced filial generation,
and (iii) determine the effectiveness of selection for the above physiological
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characters and measure the possible effects of this selection on other traits
related to plant growth and yield.

MATERIAL AND METHODS

A single-cross population was used in this study. The male parent of the
population was the wild species H. argophyllus, coming from USDA-ARS,
North Dakota, and characterized by good physiological behaviour under
drought as previously reported by Baldini et al. (1993); the female parent
was line C, a modemn inbred line of cultivated sunflower, selected at the Ag-
ronomy Department of Pisa University and chosen for its susceptibility to
drought (Baldini et al., 1993). The cross was made during summer 1991,
and the F, generation was produced by controlled selfing of six F; plants
under warm and lighted conditions in the greenhouse during the winter 1992.
The F; generation was similarly obtained by selfing and separate harvesting
of F, plants.

Single-plant evaluation in the field

The two parental genotypes and plants of the F, were evaluated in the field
under drought during summer 1992 at the Experimental Farm of Pisa Univer-
sity, located at San Piero a Grado 10 km from Pisa, on a homogeneous deep
soil with a sandy-loam texture where the groundwater level during the study
was about 2.5 to 3 m below the soil surface. The two parental lines and the
156 F, seeds were sown on 05/06/1992 in six adjacent rows 7 m long, with
0.7 m of row distance at a rate of about 4 seeds per meter. Border rows of the
female C line were established. 70 kg P,O4/ha and 80 kg N/ha were applied,
with phosphate at sowing time, and nitrogen in two equal doses at sowing
and 21 days after emergence. Establishment of the plants was enhanced by
two irrigations, the first immediately after sowing and the second 4 days
later. The F, progeny, as 144 plants, emerged 10 days after sowing. There
was no further irrigation after emergence, and the plants were grown under
drought conditions up to maturity. No significant rainfall occurred during the
crop cycle. 65 days after sowing (incipient flowering time) on the F, the fol-
lowing three characteristics were recorded:

— gaseous exchange of the plants as carbon exchange rate in pmoli.m™.s™!
(CER) and transpiration rate in mmoli.m™2.s™' (TR);
— relative leaf water content in % (RWC).
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Leaf gas exchange was measured between 1 h prior to and 1 h after solar
noon, using a commercial ADC (Analytical Development Co., England)
open-portable system (Long, Hallgren, 1985). All measurements were
made in the midsection of the three top and fully expanded leaves of each
plant. On the same leaves, the relative water content (RWC) was sampled
during the same afternoon (at about 17.00 local STD time), following the
methodology suggested by Sobrado and Turner (1983).

All 144 F, progenies, derived from selfed F, plants, were evaluated under
protective rainproof shelters during the summer of 1993 at the Experimental
Farm of Pisa University. The plants were hand sown on 2nd June and the
water content of the soil was maintained at an approximate field capacity
until 40 days after sowing. Then drought conditions were imposed by sus-
pension of irrigation, resulting in a progressive water stress until physiologi-
cal maturity. Each progeny was sown in two 2 meter rows, with 0.5-m row
spacing, and with a final number of 8-10 plants per plot, following a ran-
domized block design, with two replicates. 72 days after sowing the same
physiological characters as for the F, were recorded in all plots, and in addi-
tion these characters were measured:

— leaf area per plant in dm® (LA), calculated using the relationship accor-
ding to Rowson et al. (1980);

— flowering-physiological maturity period in days (F-M);

— plant height in cm (H);

— above-ground dry matter per plant (g);

— root dry matter per plant (g);

— root index.

Four mature plants per plot were harvested by hand and subdivided into
above-ground part and root and dried at 80 °C before weighing. The root
system of plants designated for recovering was carefully dug up from the soil
to a depth of 60 cm and an area of 30 x 30 cm around the crown of a plant.
Root index was calculated as a proportion of root dry matter in total dry bio-
mass.

Heritability estimation

Narrow-sense heritability for the physiological characters was estimated
using simple linear parent-offspring regression. F; progeny means obtained
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in 1993 under rainproof-shelters were regressed separately on individual F,
parent plant values, coming from the field during 1992. Parent-offspring re-
gressions were adjusted for parental inbreeding according to Smith and
Kinman (1965), and the regression coefficients and their standard errors
were multiplied by 2/3. Since the parents and the progeny were evaluated in
different environments and years, heritability could not be influenced by
genotype x environment interaction (Casler, 1982). Nevertheless, differ-
ent environmental conditions which tend to interact with the phenotypic ex-
pression of the plants, could change in scale of parents to progenies with a
drastic effect on the magnitude of heritability estimate (Frey, Horner,
1957). To reduce the potential scale effect of the two environments, the
correlation coefficient was also used as an estimate of heritability, that is
equivalent [as reported by Frey and Horner (1957)] to regression coeffi-
cient on data coded in terms of standard deviation units (standard-unit heri-
tability).

Selection

At the same time, seeds from 12-13 F, plants exhibiting the highest and
lowest values (positive and negative selection) of each physiological charac-
ter (CER, TR and RWC) were chosen and grown randomized within the
same experiment as described for F; progenies. The average F, selection in-
tensity resulted in 17.3% for RWC and CER and 18.7% for TR. Realized
heritability (Hr) was also estimated using the results of F, progeny values as
a consequence of selection among the F, plants with the formula suggested
by Farnham et al. (1990):

( mean of selected F; progenies) — ( F; mean population)

T ( mean of selected F, plants) — (F, mean population)

The effect of the divergent selection for the above described three physio-
logical characters on the expression of other related growth and yield charac-
ters of the F, was also evaluated, using correlation analysis. Family means of
possibly associated other traits of the F; progeny generation, were regressed
on the three characters CER, TR and RWC of individual F, parents in the
previous generation in order to determine if other characters were altered by
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the selection for extreme positive and negative levels of physiological activ-
ity under drought.

RESULTS AND DISCUSSION

The distribution for the three physiological characters (CER, TR and
RWC) in the F, population was unimodal and continuous for all characters
as presented in Figs. 1-3. For all characters some plants of the F, exceeded
the mean value of the wild parent, and the number of individuals that showed
lower values than the cultivated parent (C line) was greater than the number
that showed values higher than the wild parent, especially for CER and TR,
exhibiting a transgressive segregation. The distribution was slightly skewed
towards higher values for CER. In any case the F, means did not show values
higher or lower than the midparent values, confirming the possibility to ob-
tain some results from a selection programme using physiological traits.

Analysis of variance of all F; progenies (Table I) showed significant dif-
ferences between progenies for all the examined characters, underlying the
presence of high variability in the F; population, although cultivated under
drought condition. The levels of stress on the plants expressed as water
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I. Analysis of variance for all analyzed characters of F3 progeny grown under limited water availability, 1993

Flow-mat | Plant leaf Plant Plant dry | Rootdry |Root/shoot
Sour'ce's 4L CER. =R RWE period area heigh matter matter ratio
of variation
Mean squares
Blocks 1 13.7 0.9 0.00006 34.1 71.1 273 1214.4 30.4 0.00084
F, families 172 | 100.5%* | 4.3** 0.015%* 83.9%* 7547.1%*% | 13864.2*%* | 49689.2*%* | 1036.3** | 0.0033**
Error 172 12.6 0.8 0.001 11.6 170.9 317.6 1409.9 313 0.0007

*, ** significant at P > 0.05 and > 0.01, respectively

II. Correlation coefficient between mean values of growth-yield traits of Fa progeny and physiological characters of individual F2 parents
grown the previous year and obtained by divergent selection

L8I

Characters | Flow.-matur. period | Plant leaf area Plant heigh Plant dry matter | Root dry matter | Root/shoot ratio
CER 0.75%* 0.78** 0:75%% 0.73** 0.65%* 0.50%*
TR 0.72%* 0.69** 0.67** 0.63** 0.53%* 0.40*
RWC 0.60** 0.55%* 0.71** 0:53%# 0.52%* 0.44*

*, ** significant at P > 0.05 and > 0.01, respectively
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potential at pre-dawn were between —0.75 and —2.1 Mpa in the F, trial, and
between —0.8 and —2.5 Mpa in the F; trial.

The heritability estimate computed by means of the F;—F, linear re-
gression (Table IIT) was low for TR (k% = 0.28) and moderately intermediate
for CER and RWC (k% = 0.37 and 0.36 respectively). Since the parents and
offspring were cultivated in different environments, heritability estimates
with the regression coefficient as above reported, would not be biased
by genotype X environment interaction (Casler, 1982), but possible in-
terferences in heritability estimate could be due to the scale differences by
different environmental effects on some characteristics in plan'ts (Fernan-

III. Estimation of heritabilities (+ SE) as regression coefficient (h2a) and as standard unit (h2b)
from linear regression of physiological parameter means of F3 progeny on physiological values
of individual F7 parents

Characters H'a Kb

CER 0.37 % 0.06 0.42 +0.06
TR 0.28 £0.07 0.32 £0.08
RWC 0.36 £0.06 0.39 +0.08
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IV. Estimate of realized heritability (Hr) for physiological parameters computed from family
mean of F3 progeny of divergent selections among F2 plants

Hr
Characters
positive negative
CER 0.64 0.79
TR 0.49 0.48
RWC 0.73 0.72

dez, Miller, 1985; Casler, 1982). For that reason, a computation of
heritability in standard-units was performed and reported in Table III. The
similarities of the two heritability estimates suggests the absence of signifi-
cant scale differences between the offspring and parents. This fact may be
explained by the possibility that both progenies showed the same reaction
mechanism although they were grown under different drought conditions.
The estimation of realized heritability (Hr) from a divergent selection with
an intensity of about 17-18% of the F, population was similar in both posi-
tive and negative selection for TR (0.49 and 0.48, respectively) and for RWC
(0.73 and 0.72, respectively), while the realized heriability in negative selec-
tion for CER showed a significantly higher value than the positive selection

25ﬂ F) = F1 means
F2 = F2 means
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T . P2 = means of wild parent
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(0.82 and 0.64, respectively) (Table IV). This result was probably due to the
presence of a few F, plants with stable and conditional chlorophyll mutants
with altered leaf pigmentation during the inbreeding (Mihaljcevi¢,
1992a, b), which also inhibited the photosynthetic activity in their progenies.
However, these estimations were significantly higher in magnitude than the
regression obtained from an unselected population, which suggested that the
effectiveness of the selection under drought for the above reported characters
could be significantly improved by choosing extreme values.

The correlations between the physiological characters used as selection
criteria and the other analyzed characteristics of the F;-derived progeny re-
sulting from a divergent selection on the basis of F, plant population perfor-
mance were calculated. As reported in Table II, all correlations were
statistically significant, with many high r values and there were no negative
correlations between physiological traits of the F, and the analyzed
yield/growth characters of the derived F progenies. The results indicate that
correlation coefficients were higher for CER than to TR and RWC in corre-
spondence with plant height (r = 0.75), flowering-maturity period (r = 0.75),
plant leaf area (r = 0.78) and plant dry matter (r = 0.73). A low, but highly
significant correlation occurred, however, between physiological characters
in the F, and root dry matter and root/shoot ratio of the F;. Thus, under
drought conditions, especially the selection for elevated CER determined in
the progeny a lengthening of the reproductive period and an increase in plant
height, in leaf area per plant and generally in plant dry matter, in which the
root system increased more than the aerial part.

Conclusion

The results obtained in these studies indicate that reasonable selection pro-
gress would be expected for RWC and CER especially if these were applied
under drought conditions as selection criteria to a segregating population
coming from the cross between a wild species, Helianthus argophyllus, and
a cultivated inbred line. The absence of a detectable nonadditive genetic ef-
fect for these physiological traits suggests that selection might be done as
early as in the F, generation on the performance of individual plants and that
the effectiveness of selection could be significantly improved if the extreme
values of the population were chosen. The results on the correlated responses
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of the other traits permit to consider the use of physiological traits for the
selection of drought resistant genotypes. Selecting for extreme values of gas
exchange and RWC under limited water availability identified genotypes
which activated an opposite mechanism to drought. In fact, genotypes se-
lected for elevated physiological activity showed high vegetative growth,
large leaf area per plant, elevated transpiration rates per unit leaf area and
consequently an elevated water consumption per plant (Table II). The me-
chanism involved, probably coming from the wild species (Baldini et al.,
1993), avoids drought stress by an increase of root index (Tables I and II)
with a larger soil volume penetrated by deep roots, permitting a continuous
water uptake. The appropriateness of this selection strategy, that might be
confirmed by positive yield results in the future, could be emphasized in an
environment corresponding to that in this trial, i.e. a very deep non-com-
pacted soil with a favourable structure and deep wet layers below 2-3
meters. Under different environmental conditions, characterized by very
superficial soil, a very compacted soil or one rich in structural obstacles such
as stones, with unique limited water availability at sowing time, the genotype
selected above probably wasted all water during the vegetative phases, with
a very negative influence on the final yield. A genotype better adapted to
such an environment probably could come from the negative extreme values
of the population under selection, with a more conservative mechanism, with
limited gas exchanges, water consumptions and reduced growth, in which
the hormonal messages from roots in drying soil become predominant in re-
ducing both physiological activity and growth of the plants (Tardieu,
1994). For these reasons the physiological traits utilized as an index during a
* .selection programme to improve drought resistance could be very interesting
because heritable and screened without sophisticated technology. However,
the local pattern of water availability, related to environmental conditions,
seems to be of fundamental importance for the determination of traits contri-
buting to drought tolerance.
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Fyziologicka selekce pro zvyseni odolnosti k suchu u slunecnice

Je navrhovano pouziti fyziologickych znaku jako kritérii pro selekci vysokopro-
duktivnich genotypu slunecnice, které mohou byt odolné proti nedostatku vlahy. Ci-
lem bylo vyhodnoceni (1) variability fyziologickych znaki v potomstvu; (ii) dédivosti
a efektivnosti selekce na tyto znaky, a (ii1) jaké korelované reakce u ostatnich znak
ristu zpisobuje selekce na vysokou fyziologickou aktivitu v podminkach sucha. Pro
zvySeni odolnosti vii¢i nedostatku vldhy v populaci pochézejici z kiiZence mezi divo-
ce rostoucim druhem Helianthus argophyllus a inbredni linii C kulturni slune¢nice
jsme pouzili jako selekéni kritéria rychlost vymény uhliku, rychlost transpirace a re-
lativni obsah vody v listech. V generaci F3 a v podminkach sucha jsme vyhodnotili
ostatni znaky tykajici se ristu a vynosu: dobu do kveteni a zralosti, vysku rostlin,
listovou plochu na jednu rostlinu, vynos susiny z jedné rostliny a pomér podzemni
a nadzemni Casti rostliny. Zjisténa variabilita naznacila, Ze selekci na fyziologické
znaky lze provadét. Dédivosti vypocitané ze vztahu rodi¢—potomstvo a standardni
jednotka byly velmi podobné a pro tii kritéria selekce byly na stfedni arovni, zatimco
realizovana dédivost ziskana vybérem extrémnich hodnot v populaci F, (divergentni
selekce) byla vyznamné vyssi nez zbyvajici, coz ukazuje vhodnost pouZiti tfi fyzio-
logickych znakl jako selekénich kritérii. Divergentni selekci v populaci F, s vyssi
fyziologickou aktivitou v obdobi sucha vedla k vybéru genotypi s rychlym vegetac-
nim ristem a s vy$§i spotfebou vody. Soucasné doslo ke zvySeni poméru podzemni
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a nadzemni Casti rostliny, coZ bylo velmi ic¢elné v mistnich podminkach dostupnosti
vlahy. NepietrZitym pfijmem vody z hlubsich vrstev piidy se podafilo zabranit stresu.
Tyto genotypy vykazuji lepsi zachovny mechanismus pro Setfeni vodou, a tim, Ze
omezuji rychlost svého ristu. To je v souladu se selekci na nizkou fyziologickou
aktivitu. Tento mechanismus tolerance by mohl byt velmi uzite¢ny v prostiedi s mél-
kou pudou a evidovanym mnoZstvim dostupnosti vlahy v dobé vysevu.

zvyseni odolnosti proti suchu; fyziologicky index; dédivost; slunecnice
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INHERITANCE OF BRANCHING TYPES IN SUNFLOWER

Ion SANDU, Alex V. VRANCEANU, Dan-Sorin CRAICIU, Ilie BALANA,
Maria PACUREANU

Research Institute for Cereals and Industrial Crops, Fundulea, Caldragi, Rumania

Abstract: The branching character in sunflower has a high morphological vari-
ability. Branching can be short or long, profuse or scarce, basal or top, or all stem
type. The branching character in wild species of sunflower is inherited by domi-
nant genes, while in cultivated sunflower it is mainly determined by recessive
ones. Our study included different types of branching and non branching (mono-
headed) type. The purpose was to determine the inheritance of the branching
character from crosses between the different types. Difterent types of branching
in cultivated sunflower are controlled by different recessive genes, and an in-
fluence of the environment was also demonstrated. The types with recessive
genes are widely used as restorer lines in sunflower hybrid production. Crosses
between two inbred branching types resulted in intermediate types. The F,
generation segregated in 1 : 2 : 1 ratio for this character.

sunflower; inheritance; branching; dominance; recessiveness

Branching is very common in wild species of sunflower, and shows a wide
range of morphological variability. Using test crosses within wild species
(Putt, 1940; Heiser, 1954) it was demonstrated that the branching charac-
ter is dominantly inherited. Putt (1940) identified a single dominant gene
named Brl which controls all stalk branching.

Later (Hockett, Knowles, 1970) reported two other dominant genes,
Br2 and Br3, the first one controls the top branching. Together, the two men-
tioned genes control the branching over the whole length of the stalk. Ko -
vacik and Skaloud (1990) reported two dominant complementary genes
which together control the branching all along the main stalk. The branches
were shorter if one of the two dominant genes were present. Putt (1964)
established that the intensive branching of the inbred line 953-88-3 was in-
herited by a recessive gene named b. It is supposed that the origin of the b
gene is a wild species from Renner, Texas. This type of branching is re-
cessive, it is not expressed in crosses with a dominant “non branching® char-
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acter. The F, generation will exhibit only non branched plants. Hockett
and Knowles (1970), reported a further two recessive genes, named b2 and
b3, which induced branching all along the stalk when they were homozy-
gous.

The top branching was induced if only one of the two mentioned genes was
present. Kovacik and Skaloud (1990) reported two genes b/ and b2
which segregated in the ratio 9:7 (non branched : branched) in the F, gener-
ation.

If one or the other of the two aforementioned genes were present as ho-
mogenous recessive then the plants were branched. The study of the “branch-
ing“ character of the stalk constituted the aim of many research projects in
sunflower. Nenov and Tsvetkova (1994) studied the inheritance of
branching types. Vranceanu (1985) studied the use of recessive branching
types in sunflower seed production. Work on this topic still needs to be con-
tinued to gain a better knowledge of the phenomenon.

MATERIAL AND METHODS

The research was carried out during 1993—-1995 at the Research Institute
for Cereals and Industrial Crops at Fundulea. Nine sunflower inbred lines
were included in diallel crosses, both directly and reciprocally. The inbreds
had dominant genes for pollen fertility restoration (Rf) and genes which con-
trol the branching character. The F,; generation and the segregation ratio in
the F, were analysed. The following inbreds were used:

1. Rf 1064 — non branching type;
. Rf 1066 — 6—8 branches at the top of the stalk, each 10-25 cm long;
. Rf 102 — branches all along the stalk, the length of branches being 20—50 cm;

. Rf 1721 - 2/3 of the stalk length branched and the branches having a length
of 10-15 cm;

. Bf 750007 — 7-9 branches at the top of the stalk, with a length of 12—40 cm;
. Rf 420 — 8-9 branches in the upper half, with a length of 11-39 cm,;
. Rf 8791 — top branching (6—7 branches) with a length of 10-30 cm;

. Rf 1566 — top branching (5—7 branches together), with a length of branches
10-38 cm;

9. Rf 8740 — two symmetric basic branches with a length of 40—60 cm.

&~ W N

0 9 N W
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Because of a strong interaction with the environment, the study of morpho-
logical characters of parental lines and F; and F, generations was made in
1995.

RESULTS AND DISCUSSION

When the non branched type Rf 1064 was crossed with all other types of
branching, only non branched plants were obtained in the F, generation.
After selfing of the F, the segregation ratio in F, was 3:1 (non branched to
branched). This demonstrates that branching was controlled by recessive
genes, with the “non branched type“ character being dominant. The recipro-
cal crosses did not show significant differences, whether the parental lines
were used as male or female.

The crosses between different branching types produced an F, that was
intermediate for the number and length of branches and the position and
angle of branch insertion. The data presented in Table I demonstrated that
heterozygocity induced an intermediate expression of branching characters.
The F, generation presented a large variability. By crossing the non bran-
ched Rf 1064 with different types of branching in the F, generation, the se-

I. Average number of branches in F| generation

Male

RF RF RF RF RF RF RF RF

1066 102 1721 | 75007 | 420 | 8791 | 1566 | 8740
RF 1064 0 0 0 0 0 0
RF 1066 12 10 10 8 12 0
RF 102 14 12 12 11 0
RF 1721 %" 21 17 13 17 0
RF 420 : . 0
RF 8791 0
RF 1566 0
RF 8740 2
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gregation ratio was 3 : 1 (non branched to branched). The branched plants

were sub-divided into several phenotypic groups:

Rf 1064 x Rf 1066 : 70 non branched : 27 branched (9 : 2 : 8 : 6 : 2 plants in
phenotypically different groups);

Rf 1064 xRf102:78:22(10:4:6:1:1);

Rf 1064 x Rf 1721 : 64 : 18 (12 : 3 : 3).

The overall segregation ratio was 62 : 30 (3:4:8:10:1:1: 3). This se-
gregation of the F, generation demonstrated that the branching genes were
located at different loci of the same chromosome.

The study of the branching character demonstrated that the phenomenon is
very complex. There are several genes with individual effects, small and ad-
ditive for branching character.

Rf 1064 x Rf 75007 : 61 : 35 (18 : 7 : 6);

Rf 1064 xRf420:66:21 (8:6:2:2:1:1:1);
Rf 1064 x Rf 8791 : 68 :30(12:9:4:3:1:1);

Rf 1064 x Rf 1566 : 68 : 21 (7:7 : 7);

Rf 1064 x Rf 8740 :73 :20(8:4:4:4).

The number of phenotypic groups for the segregating plants was between
three and seven. This demonstrated that polygenic control of inheritance is
involved. The number of phenotypic groups (three, four or seven) depends
on the active number of alleles. The crosses between branching types that are
recessively inherited produced in the F, generation new types intermediate
for number, length, angle and position of branches.

The fact that in the F, generation all plants were branched, showed that the
alleles are situated on the same chromosome. An inspection of the F, gener-
ation revealed useful types of plants amongst the phenotypic groups with an
intermediate type of branching. The continuous phenotypic variation be-
tween the parental lines demonstrated the presence of three phenotypic
groups, and the action of two pairs of genes which contribute to the ex-
pression of the same character, having a cumulative effect. The alleles of
those genes could be dominant or recessive.

There was a particular response in the F, of the combination with line Rf
8740. It showed two basal branches with all combinations of branching type,
and in this case the segregation ratio was 1 : 2 : 1. The branched plants were
assigned to the above mentioned three phenotypic groups.
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The cross Rf 1066 x Rf 8740 produced:

— plants totally branched, branches with variable length, increasing from the
base to the top;

— plants branched all along the stalk, more numerous in the upper half;

— plants with 11-12 ramifications in the upper half;

— plants with 6-9 branches at the top of the stalk;

— two-headed plants;

— five-headed plants

— plants having 2-3 branches at the base.
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Dédi¢nost typu rozvétveni u slunecnice

U slune¢nice vykazuje znak rozvétveni vysokou morfologickou variabiltu. Podle
typu rozvétveni mizZe byt kratké nebo dlouhé, bohaté nebo skromné, bazalni nebo
vrcholové nebo podél celého stonku. Znak rozvétveni u divoce rostoucich druhi slu-
necnice ma dominantni dédi¢nost, zatimco u kulturni sluneénice je uréen hlavné re-
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cesivnimi geny. Do pokusi ve Vyzkumném ustavu obilnin a technickych plodin ve
Fundulea byly zahmuty rostliny s riiznymi typy rozvétveni a nerozvétvujici se rostli-
ny (s jednim uborem). Uéelem t&chto pokust bylo stanovit dédiénost znaku rozvét-
veni, ktera je vysledkem kiiZeni jednotlivych typu. Rizné typy rozvétveni u kulturni
slunec¢nice jsou kontrolovany riznymi recesivnimi geny a také byl prokazan vliv
prostiedi. Pro produkci hybridi slune¢nice se ve velkém méfitku jako obnovitelské
linie pouZivaji typy s recesivnimi geny. Vysledkem kiiZeni dvou inbrednich rozvét-
venych typil byl intermediarni typ. St&peni v generaci F pro tento znak bylo v poméru
1:2:1.

slune¢nice; dédiénost; rozvétveni; dominance; recesivita
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DENSITOMETRICKA INTERPRETACE VYSLEDKU
ELEKTROFORETICKE FRAKCIONACE GLIADINU PSENICE OZIME
V A-PAGE

Densitometric Interpretation of Results from Electrophoretic
Fractionation of Winter Wheat Gliadins on A-PAGE

Martin MANEYV, Zdenék STEHNO

Research Institute for Crop Production, Prague, Czech Republic

Abstract: The aim of the contribution has been to apply densitometry and special
software Scan Pack I to evaluate gliadin electrophoreograms. Electrophoreograms
have been prepared for two old Czech winter wheat cultivars Mandelikova Rat-
boiska Mara and Cervena perla. Relative electrophoretic mobility (REM) and
colour intensity of zones have been the main characters. According to their
comparison, two gliadin lines (A and B) have been identified in Mandelikova
Ratbotska Mara (Table I). Their proportion has been 39% of line A and 61% of line
B. The highest spectra homology with other traces has been identified for trace 4 in
line A and for trace 7 in line B (Table II). In cultivar Cervena perla only one line
(A) has been identified (Table III). Common comparison of all gliadin traces of
both cultivars showed high coincidence of traces within each of gliadin lines and
differences among lines (Table IV).The Scan Pack II software can be used for
checking of wheat seed originality.

wheat; gliadins; electrophoresis; detection of spectra; digitalisation of electro-
phoreograms; REM,; lines electrophoreticaly identified

Abstrakt: Elektroforeticka separace gliadini dvou ¢eskych krajovych odriid pSe-
nice seté (Triticum aestivum L.) byla ovéfena modifikovanou metodou ISTA,
A-PAGE (CSN 46 0610). Elektroforeogramy byly hodnoceny denzitometricky
a ziskané vysledky analyzovany po¢itaovym programem Scan Pack II. Testovany
analyticky postup je vhodny pro detekci mezi- a vnitroodriidovych rozdili ve
spektrech zasobnich bilkovin.

pSenice; gliadiny; elektroforéza; detekce spektra; digitalizace elektroforeogrami;
REM,; linie elektroforeticky identifikované
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Gliadiny tvofi sou€ast lepkového komplexu a jako takové plisobi vyrazné
na jakost mouky. Pomoci monosomickych analyz bylo zji§t€éno, Ze pom&mé
vysoky pocet genu fidicich biosyntézu gliadini je lokalizovan na chromozo-
mech /4, IB, 1D, 64, 6B, 6D. Odridy-linie pSenice obecné se zietelné 1isi
skladbou gliadinového spektra, coz umoziuje jejich identifikaci na zdkladé
elektroforetické separace extrahovanych bilkovin na polyakrylamidovém
nosi¢i. Molekuly bilkovin nesouci elektricky niaboj — amorfni bilkoviny
s ur¢itou specifickou molekulovou hmotnosti a izoelektrickym bodem — jsou
frakciovany pusobenim elektrického pole na PAGE nosic¢i do jednotlivych
zOn.

Metody vyhodnocovani ziskanych elektroforeogramii (identifikace a inter-
pretace jednotlivych z6n) mohou byt rizné. Tradi¢nim zpisobem je vizualni
zhodnoceni a jeho graficka interpretace. Metodou nezivislou na hodnotiteli
je denzitometrické vy hodnoceni elektroforeogramii. Vyuzivani tohoto zptiso-
bu hodnoceni elektroforeogramu lze pouzivat napi. ke stanoveni hordeini
(je¢men), sekalimi (Zito), gliadini a gluteninu (pSenice). Vysledky denzito-
metrického hodnoceni mohou byt poc&itatov€ zpracovany napf. ke stanoveni
podobnosti genotypii (Alika etal., 1995; Sdkova et al., 1996).

Cilem této prace je uplatnéni densitometrické metody stanoveni celkového
poc¢tu zon, jejich relativni elektroforetické mobility, intenzity zbarveni,
a stupné polymorfismu pro identifikaci genetickych zdroju pSenice.

MATERIAL A METODY

Mezinarodni metodika ISTA ve zné€ni normy plati pro laboratorni zkouSeni
Cistoty a pravosti odridy pSenice obecné (7riticum aestivum L.) a jeCmene
obecného (Hordeum vulgare), pro semenaiskou kontrolu a odridové zkuseb-
nictvi i pro pravni ochranu odriid pSenice.

Elektroforeticka frakcionace gliadinii byla provedena u dvou ptvodnich
geskych krajovych odriid Mandelikova Ratboiska Mara a Cervena perla,
péstovanych ve tficatych letech 20. stoleti. K frakcionaci byla pouzita refe-
renéni metoda ISTA v kyselém prostiedi A-PAGE, modifikovana na CSN 46 0610.
Extrakéni roztok: pyronin G v 2-chloretanolu (25 %).

Elektrodovy pufrovy roztok: ledova kyselina octova (4 ml), glycin (0,4 g)
v 1000 ml destilované vody, pH 3,2.
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Gelovy pufrovy roztok: ledova kyselina octova (20 ml), glycin (1 g) v 1 000 ml
destilované vody, pH 3.2.

Pfiprava extraktu gliadimi: jednotliva zrna se ru¢né rozdrti a translokuji do
1,5 ml mikrokyvet. Pfida se 0,2 ml extrakéniho roztoku, obsah se diklad-
né¢ promichd a nechd extrahovat pfes noc pfi pokojové teploté. Pred
nanesenim 10-20 pl extraktu do gelu se obsah mikrokyvet centrifuguje.

Pfiprava 100 ml gelu:

— 60 ml gelového pufrového roztoku

- 10 g akrylamid

— 0,4 g N,N’-metylenbisakrylamid

- 0,1 g kyselina askorbova

- 0,005 g siran Zeleznaty

— 6 g moCovina

— doplnit gelovym pufrem do 100 ml roztoku
- 0,14 ml 10% roztok persiranu amonného

- 0,31 ml TEMED

Elektroforéza probiha pfi konstantnim napéti 500 V po dobu dvojnasobku
b&hu markeru (Pyronin G) pii teploté 10-15 °C.

K elektroforetické frakcionaci jsme pouZili zafizeni Hoefer 600 SE (18 x
x 16 cm). Barveni gelt bylo provedeno v 10% roztoku TCA s 1% barvivem
Coomassie Brilliant Blue R 250 rozpusténym ve 100 ml etanolu. Pocet
nanesenych vzorkii na polyakrylamidovy nosi¢ byl u odriidy Cervena perla
(n = 10), Mandelikova Ratboiska Mara (» = 30), ve dvou opakovanich. Jako
metody vyhodnocovani elektroforeogramii bylo pouZito softwaru Scan Pack
I1 firmy Biometra.

VYSLEDKY A DISKUSE

Standardni referen¢ni metodou (A-PAGE, ISTA), byly charakterizovany
krajové odriidy pSenice ozimé (7. aestivum L.) Mandelikova Ratboiska Mara
a Cervena perla. Maximalni po&et zon elektroforetického spektra gliadini byl
u odridy Mandelikova Ratboiska Mara 17 a u odridy Cervena perla 18.
Relativni elektroforetickd mobilita (REM) a stupeii zbarveni gliadinovych
markert (%) byly u odridy Mandelikova Ratboiska Mara: 22,3 — (12,2);
25.6 - (2,2): 36,3 — (2,7): 63,1 — (3,7); 68,0 — (27,7); 80,1 — (6,6); 90,1 — (7,1);
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I. Bitova mapa odridy Mandelikova Ratbofska Mara — Bit map of cv. Mandelikova Ratbofska

Mara

Linie’  Rozpéti’: 0,20-0,50 o= 0,05

Linie Rozpéti: 0,20-0,50 o= 0,05

A39%
Drahy’
3-4-6-8-10-15-18

B 61%
Drahy
1-2-5-7-9-11-12-13-14-16-17

Iline; 2range; 3traces

REM - (%), u odridy Cervena perla: 25,8 — (2,7); 48,4 — 2,0); 51,5 — 2,1);
65,3 — (5,9); 72,6 — (5,3): 79,1 — (6,5): REM — (%).

Gliadinovy polymorfismus odridy Mandelikova Ratbofskd Mara byl sle-
dovan bitovou mapou. Celkovy pocet analyzovanych drah polyakrylamido-
vého nosice byl (» = 20). Krajni drahy nebyly v disledku (smiling effects)
v blizkosti spaceri sledovany. Drahy jsou identifikovany pfedponou (softwa-
rova deskripce), v naSem piipad€ manram — kddova zkratka odridy Mande-
likova Ratboiska Mara a pofadovym Cislem — determinace drah. Odrida se
sklada ze dvou determinovanych linii, (A, B). Linii A reprezentovaly drahy

II. Informaéni soubor —klastrova analyza odridy Mandelikova Ratbofska Mara — Cluster analysis
of cv. Mandelikova Ratboiski Mara

Linie' Rozpéti’: 0,20-0,50 Linie Rozpéti: 0,20-0,50
A o= 0,05 B o= 0,05
Drihy’ Drahy
manram 4-8 1,000 manram 5-11 1,000
manram 4-18 1,000 manram 7-9 1,000
manram 10-15 1,000 manram 7-12
manram 3-6 0,9091 manram 7-14 1,000

manram 7-16

manram 7-17 1,000
manram 1-2 0,9309
manram 11-13 0,9268

lqsn. 2 3
line; ‘range; “traces
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I11. Informadni soubor — klastrova analyza odriidy Cervena perla — Cluster analysis of cv. Cervena
perla

Linie! A (100 %) Rozpéti’: 0,00-1,00
Pofadové &islo® Drihy* n Hladina vyznamnosti® (o = 0,05)
1 cerper01-02 1,000
2 Cerper01-03 1,000
3 Cerper01-06 1,000
4 cerper01-07 1,000
5 Cerper01-08 1,000
6 cerper01-10 1,000
7 Cerper05-09 1,000
8 cerper01-05 0,9896
9 Cerper01-04 0,9599

lline; 2range', 3number; 4traces; Slevel of significance

nosice s téméf identickym spektrem gliadinii: 3—4—-6—8-10-15-18; linii B:
1-2-5-7-9-11-12-13-14-16-17 (tab. I). Drahy linie A tvofi 39% a linie B
61% podil z celkového poctu drah polyakrylamidového nosice.

Informacni soubor klastrové analyzy (tab. II) detailn€ dopliiuje predchaze-
jici analyzu. Vypoctené koeficienty hladiny vyznamnosti (o = 0,05) stanovi
pfesnost hodnoceni homogenity drah gliadinovych spekter polyakrylamido-
vého nosice. Linii A reprezentuji drahy: 4-8; 4—-18; 10—-15 (100% homoge-
nita). Drahy ¢. 3—6 jsou homogenni z 90,9 %. Linii B prezentuji drahy: 5-11;
7-9; 7-12; 7-14; 7-16; 7-17 (100% homogenita). Drahy €. 1-2 jsou homo-
genni z 93,1 %, drahy €. 11-13 z 92,7 %. Krajova odrida Mandelikova
Ratbofskd Mara manifestuje pfitomnost dvou linii A a B. Z hodnoceni
homogenity drah vyplyva, Ze nejvhodnéj§im reprezentantem pro linii A je
draha €. 4 a pro linii B draha €. 7.

Informacni soubor klastrové analyzy odridy Cervena perla dokumentuje,
Ze osm drah nosice z celkového poctu (» = 10) pii hladin€ vyznamnosti o =
0,05 bylo propoc¢teno na vysledné koeficienty k£ = 1,000. Byla zjist€na 99,4%
homogenita osiva, odriida Cervena perla mé jednoliniovou kompozici, tj. linii
A (tab. IIT). Odriida Cervena perla tvofi homogenni elektroforetick4 gliadino-
va spektra, sklada se z linie A bez projevu vnitroodridového polymorfismu.
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IV. Klastrova analyza smési vzorkii odriid Mandelikova Ratbotska Mara a Cervend perla — Cluter
analysis of sample mixture of varieties Mandelikova Ratbofska Mara and Cervena perla

Kombinace vzorki' Shoda’
Eperla02 — Eperla04 1,000
cperla02 - cperla06 1,000
¢perla02 — ¢perla07 1,000
¢perla02 - cperla09 1,000
¢perla02 — ¢perlal0 1,000
manram(7 — manram14 1,000
manraml5 — manram11 1,000
manram10 — manram07 0,952
manraml0 — manram135 0,906
¢perla02 — manram03 0,845
¢perla02 — manram10 0,755

! combination of samples; 2coincidence

Programovy software Scan Pack Il dokdZe i determinovat elektroforeticka
spektra odli$nych vzorki vice odrid na polyakrylamidovém nosici (tab. IV).
V nasem pfipadé je gel reprezentovan 12 libovolné€ vybrany mi drahami odrid
Mandelikova Ratboiska Mara a Cervena perla. Po provedeni shlukové analy-
zy lze konstatovat, Ze gliadinové spektrum drah odridy Cervena perla je
homogenni. Odrida Mandelikova Ratbofska Mara potvrzuje své dvojliniové
slozeni. Odli$nost prolaminovych spekter odrid Cervena perla a Mandeliko-
va Ratboiska Mara je znazorn€na drahami ¢perla02 —manram03, 10.

Jednorozmérmym elektroforetickym délenim na polyakrylamidovém nosici
je mozné zjistit 30 i vice gliadinovych slozek (Cerny, Sasek, 1996).
Uvedeny software byl pouzZit k determinaci relativni elektroforetické mobili-
ty (REM), stanoveni intenzity zbarveni (%) a jejich porovnianim k verifikaci
originality uloZeného osiva genetickych zdroji — starych a krajovych odnid,
povolenych odrid, novo$lechténi atd. Program je plné etablovan ve SRN
1 ostatnich statech Evropy. Modularni koncepci patii do skupiny profesional-
nich softwarovych produkti.

Na zakladé rozboru gliadinovych spekter bude kontrolovana originalita
uloZeného osiva genetickych zdroji v oddéleni genové banky.
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Ustredni zemé&d@&lski a lesnicka knihovna
Praha 2, Slezska 7

Ustiedni zemé&dé&lska a lesnicka knihovna v Praze (dale jen UZLK), kter je jednou
z nejvétsich zemédélskych knihoven na svété, byla zaloZena v roce 1926. JiZz od
pocatku 3lo o knihovnu vefejnou. V soucasné dobé je ve fondu knihovny vice nez
jeden milion svazku knih, cestovnich zprav, dizertaci, literatury FAO, svazanych
ronikii Casopist z oblasti zemédélstvi, lesnictvi, veterinarni mediciny, ekologie
a dalsich obori. Knihovna odebira 750 tituli doméacich a zahrani¢nich Casopist.
Informaéni prameny ziskané do fondu jsou v UZLK zpracovavany do systému
katalogli jmenny a pfedmétovy katalog, dale riizné specialni katalogy a kartotéky.
Poatkem roku 1994 pfistoupila UZLK k automatizovanému zpracovani knihovniho
fondu v systému CDS/ISIS.

Pro informaci uZivatelii o novych informa¢nich pramenech ve fondu UZLK zpraco-
véna a vydava knihovna nésledujici pibulikace: Pfehled novinek ve fondu UZLK,
Seznam Casopisti objednanych UZLK, Piehled reSerSi a tematickych bibliografii
z oboru zemé&délstvi, lesnictvi a potravinafstvi, AGROFIRM - zpravodaj o pfiris-
tcich firemni literatury (distribuovan na disketach) a AGROVIDEO - katalog
videokazet UZLK.

V oblasti mezinarodni vymény publikaci knihovna spolupracuje s 800 partnery ze
45 zemi svéta. Knihovna je ¢lenem IAALD — mezinarodni asociace zemédélskych

knihovnikii. Od zafi 1991 je ¢lenem mezinarodni sit€¢ zemédélskych knihoven
AGLINET aod 1. 1. 1994 je depozitni knihovnou materiali FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatel nasledujici sluzby:

Vypiijéni sluzby — jsou poskytovany vSem uZivatelim po zaplaceni roéniho regis-
traéniho poplatku.

Reprografické sluzby — pro uZivatele zabezpecuje zhotoveni kopii obsahi Casopisi
a nasledné kopie vybranych ¢lanki. Pro praZské i mimopraZské uZivatele jsou
zabezpeCovany tzv. individualni reprosluzby.

Sluzby z automatizovaného systému firmni literatury — jsou poskytovany z data-
baze firemni literatury, ktera obsahuje téméf 13 000 zaznami 1 700 firem.
Referenéni sluzby — vlastnich databazi kniZnich novinek, odebiranych &asopisi,
reSersi a tematickych bibliografii, védeckotechnickych akci, firemni literatury, video-
téky, dale z databazi pfevzatych — Celostatni evidence zahraniénich €asopist, bibli-
ografickych databazi CAB a Current Contents.

Pujcovani videokazet — videokazety s tematikou zemé&délstvi, ochrany Zivotniho
prostfedi a pfibuznych obori jsou pijcovany bud v UZLK nebo mimoprazskym
zajemcum postou.

UZivateli knihovny slouZi dvé studovny — vieobecna studovna a studovna ¢asopis.
Obé jsou vybaveny pfiru¢kovou li’teraturou. Ctenati zde maji volny pfistup k novin-
kam pfirtistkii knihovniho fondu UZLK.
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NEWS

USE OF MOLECULAR MARKERS IN CEREAL BREEDING

Ahmed JAHOOR, M. SCHONFELD, G. BACKES,
V. MOHLER, G. WENZEL

Technische Universitit Miinchen, Lehrstuhl fiir Pflanzenbau und -ziichtung,
Freising-Weihenstephan, Germany

Powdery mildew of cereals caused by the fungus Erysiphe graminis is one of the
most important diseases in temperate climates. Many genes or alleles for resistance
to mildew have been identified and transferred from wild relatives of cultivated
crops or from land races into newly developed cultivars of cereals. Based on the
gene-for-gene hypothesis of Flor (1955), which was confirmed for powdery mil-
dew of barley by Moseman (1959), many race-specific powdery mildew resist-
ance genes from different origins have been recognized in barley (Moseman,
1955). As far as they have been localized, they were mapped on chromosomes 4
(4H), 5 (1H), and 6 (6H) (Jahoor, 1987).

With an increase in the number of resistance genes which can be combined in a
cultivar, the use of the gene-for-gene model to identify these genes became un-
wieldy. To improve the diagnosis of resistance genes, restriction fragment length
polymorphism (RFLP) markers have been developed to determine genetic differen-
tiation at the DNA level. Closely linked RFLP-markers have been identified by
various strategies for several resistance genes in various crop plants. For example,
Schiiller et al. (1992) isolated a RFLP marker which was able to differentiate
alleles at the Mla locus in barley, and Hilbers et al. (1992) identified a molecular
marker for the detection of the Laevigatum resistance gene in barley. Hartl et al.
(1993, 1995) were able to differentiate the presence or absence of mildew resistance
genes in a large set of wheat varieties by the application of molecular markers. Ac-
cessions of H. vulgare ssp. spontaneum lines from Israel have repeatedly been de-
scribed as a very rich gene pool for powdery mildew resistance (Moseman, 1955;
Fischbeck et al., 1976). Many sources of resistance were identified but only for
some of them allelism or close linkage with already known loci for mildew resistance
has been determined (Jahoor, Fischbeck, 1987a, b).

In three barley lines, ‘R542-6*0.", ‘R5137-28*E. and ‘HSY-78*A.’, derived
from crosses with wild barley (Hordeum vulgare ssp. spontaneum), a few new
major, race specific resistance genes to powdery mildew (Erysiphe graminis f. sp.

211



Genet. a Slecht., 33,1997 (3): 211-214

hordei) have been identified (Schonfeld et al., 1996). The resistance gene origin-
ating from wild barley in line ‘R542- 6*0." shows a recessive mode of inheritance,
the other two wild barley genes a dominant one. RFLP mapping of these three genes
was performed in segregating F, populations. The recessive gene of line ‘R542-
6*0.” was localised on barley chromosome 1S (7HS), while the dominant genes of
the lines ‘R5137-28*E.’ and ‘HSY-78*A.’ were localised on the chromosomes 1L
(7HL) and 7L (5HL), respectively. Closely linked RFLP clones were mapped at dis-
tances between 2.6 cM and 5.3 cM. Hitherto, no specific loci for powdery mildew
resistance in barley were known on these chromosomes.

Furthermore, tests for linkage to the unlocalised resistance gene Mlp revealed
free segregation. Therefore, new designations for these genes are suggested: mit
(‘R542-6*0."), MIf (‘R5137-28*E.’), and Mlj (‘HSY-78*A.’). Comparisons with
mapped QTLs for mildew resistance are made and discussed in the context of ho-
moeology in the genomes of barley (H. vulgare), wheat (Triticum aestivum), and
rye (Secale cereale). Duplications of RFLP bands detected in the neighbourhood of
MIf and mlt seem to indicate evolutionary interrelationship to the Mla locus for mil-
dew resistance.

Marker technology is moving from hybridisation-based markers to PCR diagnos-
tic markers, as the latter are more economically handled for high sample throughput
and for the simultaneous analysis of multiple loci. Sequence-tagged sites (STSs,
Olsen et al., 1989) and random amplified polymorphic DNAs (RAPDs, Wil-
liams et al., 1991) are the most common PCR markers for gene diagnosis in
plants. Primers for the polymerase reaction (PCR) were tailored to selectively am-
plify RFLP marker alleles associated with resistance and susceptibility to powdery
mildew at the MILa-locus in barley and at the Pm2 locus in wheat. The differentia-
tion between marker alleles for susceptible and resistant genotypes is based on the
discrimination of single base pairs by using allele-specific PCR primers (Mohler,
Jahoor, in press).

The almost unlimited availability of molecular markers provides an opportunity
to understand the inheritance of quantitative traits, to localise the corresponding
loci and consequently to make breeding for these traits much more efficient
(Backes et al., 1995). Doubled haploid lines were used to determine and localise
quantitative traits loci for resistance to Rhynchosporium secalis and Erysiphe
graminis, for lodging, stalk breaking and ear breaking tendency, for the physical
state before harvesting, plant height, heading date, several kernel parameters and
grain yield. QTLs for these agronomically important characters detected in these
experiments explain 50-52% of the genetic variance. In addition, resistance to pow-
dery mildew was also determined on detached leaves with a specific isolate on the
same set of double haploid lines. The major QTL found in the field as well as in
laboratory conditions were mapped to the same chromosomal region.
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Vyuziti molekularnich markeri ve slechténi obilnin

Soucasné moZnosti vyuZiti molekuldrnich markeri ve Slechténi obilnin jsou doku-
mentovany pro geny rezistence k padli travnimu (Erysiphe graminis) u jeCmene
a pSenice. Technologie znackovani genomu se pomalu odklanéji od vyuZivani marke-
ru zaloZenych na hybridizaci (RFLP) a spiSe se zacinaji uplatiiovat techniky, které
jsou vhodnéjsi pro zpracovani vétsiho poctu vzorkd a umoziiuji soucasnou analyzu
vice lokust. Téméf neomezena dostupnost molekularnich markert poskytuje piilezi-
tost k pochopeni dédi¢nosti kvantitativnich znak, k lokalizaci odpovidajicich lokust
a v dusledku toho k zefektivnéni $lechténi na tyto znaky.

Contact address:

PD. Dr. habil. Ahmed Jahoor, Technische Universitit Miinchen, Lehrstuhl

fir Pflanzenbau und Pflanzenziichtung, D-85350 Freising-Weihenstephan, Germany
tel.: 00 49 8161 71 3189, fax: 00 49 8161 71 5173

e-mail: jahoor@mm.pbz.agrar.tu-muenchen.de
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PREHLEDY

METODY EMBRYOKULTUR A FUZE PROTOPLASTU
A JEJICH VYUZITi PRI MEZIDRUHOVE HYBRIDIZACI
U RODU MEDICAGO, TRIFOLIUM A LOTUS *

Jana REPKOVA, Pavla BINAROVA'

Vyzkumny tistav picninad¥sky, spol. s r.o., Troubsko;
IMikrobioIagick)'r itstav Akademie véd Ceské republiky, Praha, Ceskd republika

Zajem vyzkumnych a $lechtitelskych pracovist picninafskych je v sou¢asné dobé
soustfedén pfedeviim na otazky zvySeni kvality sklizené hmoty pfi minimalnim
obsahu antinutri¢nich latek a na zvySeni vytrvalosti a odolnosti k nepfiznivym
biotickym a abiotickym faktorim prostfedi, s ¢imZ Casto souvisi vitalita plodin
(odrid). Jednou z cest jak ziskat vychozi $lechtitelsky material je introdukce geni
kodujicich poZadované vlastnosti. To umoZziiuji metody hybridizace, pfedevsim vzda-
lené hybridizace s vyuZitim genofondu planych druhi. U rodi 7rifolium a Medicago
je mezidruhova hybridizace zaméfena na introdukci genli podmifiujicich rezistenci
k chorobam, kvalitu a u rodu Trifolium i vytrvalost. U rodu Lotus je cilem hybridizace
introdukce nepukavosti plodii do Stirovniku riZkatého.

Ziskani mezidruhovych hybridi pohlavnim kfiZenim Casto naraZi na riizné zabra-
ny, jako jsou napf. mezidruhova inkompatibilita béhem progamni féze oplozeni
a cytologické poruchy ve vyvoji embrya a endospermu. U rodu Trifolium ukazalo 144
kombinaci kfiZeni v ramci 38 druhi, Ze vznik mezidruhovych hybridii klasickou
hybridizaci je spise vyjimkou (Kazimierski etal., 1972). Perspektivnimi cestami
k pfekonani nekfiZitelnosti druhii jsou kultury exstirpovanych embryi a fiize proto-
plasti.

Cytologicka charakteristika druhu Trifolium, Medicago a Lotus

U 80 % druhti rodu Trifolium je zakladni chromozomové €islo x = 8, u 15 % druht
x = 7, u jednoletych mediterannich druhii vzacné také x = 6 a x = 5. VétSina druhi je
diploidnich, jen n&které jsou spontanné tetraploidni (napf. 7. repens L.), malo druhi
je polyploidnich (napt. 7. medium L., T. pannonicum Jacq.), a to zvla§té mezi
vytrvalymi druhy. U né&kterych druhi se pfirozené vyskytuji rasy di- i tetraploidni,

* Problematika byla fesena v ramci projektu &. IE 0950975067 NAZV MZe CR.
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pfevazné patfici kultunim druhim. VétSina druhi je povaZovéna za cizospas$né
a nékteré jednoleté za samosprasné.

Zakladni chromozomové ¢&islo u rodu Medicago je x = 8, s vyjimkou jednoletych
druht M. constricta Dur., M. praecox DC., M. polymorpha L., M. rigidula (L.)
All.-Bas. a M. murex Willd., které maji x = 7. U Medicago spp. se vyskytuji tfi irovné
ploidie, diploidni 2n = 2x = 14 a 2n = 2x = 16, tetraploidni 2# = 4x = 42 a hexaploidni
2n = 6x = 48. Existuji vyjimKy, napf. M. scutellata (L.) Mill. a M. rugosa Desr., které
maji 2n = 30. Jednoleté druhy Medicago jsou autogamni, vétSina vytrvalych druht je
allogamnich s riznym stupném autoinkompatibility.

Zakladnim chromozomovym ¢islem rodu Lotus je x = 5, 6, 7. Ekonomicky vyznam-
né druhy jako je L. corniculatus L. ma 2n = 24, L. tenuis Waldst. Kit. a L. uliginosus
Schkuhr 21 = 12. '

Perspektivni druhy pro hybridizaci

Pro mezidruhovou hybridizaci v ramci rodu Trifolium jsou perspektivni druhy
1. sekce Lotoidea. T. repens L. je vytrvaly druh intenzivné zemédélsky vyuZivany
(pfedevsim pastevni smési, technické zatravnéni), tvoii nadzemni plazivé vyhony,
kterymi se v porostu rozsifuje. Odolnost vii€i chorobam (zvlasté virozam) a vymrzani
je znané nizka. Perspektivni je jeho kiiZeni s 7. ambiguum M. Bieb., vytrvalym
druhem vegetativné se udrZujicim kratkymi podzemnimi vybé&Zzky. Ma vysokou odol-
nost viiCi biotickym a abiotickym faktorim. Jde o druh velmi perspektivni vzhledem
ke své rezistenci k viru Zluté mozaiky fazolu, viru Zluté Zilkovitosti jetele a viru
vrcholové nekrozy hrachu (Smrz et al., 1985). Druh ma diploidni i tetraploidni
odrudy.

Do 6. sekce Trifolium patii T. pratense L., vytrvaly druh intenzivné zemédélsky
vyuZivany. Jeho odolnost vii€i chorobam a vymrzani je znaéné nizka. Dalsi Slechténi
na tyto vlastnosti je nezbytné. Vhodnym donorem geni podmifiujicich rezistenci
k virovym chorobam je T. alpestre L. (SmrZ etal., 1985), T. medium L. a T. saro-
siense Hazsl.

Druhy blizce pfibuzné s Medicago sativa patiici do téZe podsekce Falcatae jsou
M. glomerata Balb. a M. prostrata Jacq. Jde o druhy vzajemné kiiZitelné. Perspektiv-
ni druhy pro hybridizaci ze sekce Falcago jsou M. glomerata Balb., M. prostrata
Jacq. a M. rupestris M.Bieb.

Stirovnik rizkaty Lotus corniculatus L. je duleZita picnina s vysokym obsahem
bilkovin. Nejcastéji se uplatiiuje v luénich sméskach, méné se péstuje jako polni
monokultura. VyuZiva se jeho adaptabilita, tolerance k pidnimu pH, vytrvalost, jako
protierozni prvek a pfi zurodfiovani pudy fixaci vzdusSného dusiku. Nevyhodou
Stirovniku riZkatého je pukavost luski a nasledné vypadavani semen, coZ sniZuje
jeho vynos. Vhodnymi zdroji nepukavosti jsou L. conimbricensis Brot. ze sekce
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Erythrolotus, L. ornithopodioides L. ze sekce Xantholotus a druhy patfici do téZze
skupiny Lotus corniculatus, sekce Xantholotus — L. alpinus (DC.)Schleich., L. japo-
nicus (Regel) Larsen a L. burtii Sz.-Borsos.

Uspésné kombinace k¥iZeni

Kombinace kiiZeni metoda citace

rod Trifolium

T. ambiguum X T. hybridum EK Keim (1953)

T. repens X T. uniflorum EK Pandey (1957)

T. repens X T. nigrescens EK Evans (1962)

T. uniflorum x T. ambiguum EK Evans (1962)

T. hybridum x T. ambiguum EK Evans (1962)

T. repens X T. ambiguum EK Rupert, Evans (1980)

T. repens X T. nigrescens EK Rupert, Evans (1980)

T. repens X T. uniflorum EK Rupert, Evans (1980)

T. repens x T. isthmocarpum EK Rupert, Evans (1980)
T. ambiguum X T. hybridum EK Rupert, Evans (1980)

T. pratense x T. sarosiense EK Phillips etal. (1982)

T. pratense X T. medium EK Collins etal. (1981)

T. pratense X T. medium EK Vogt, Schweiger (1983)
T. pratense X T. medium EK Sawai etal. (1990)

T. pratense X T. alpestre EK Collins etal. (1981)

T. pratense X T. alpestre EK Merker (1988)

T. medium X T. pratense EK Merker (1984)

T. pratense X T. hybridum EK Hyrkas etal. (1986)

rod Medicago

M. sativa X M. scutellata EK Sangduena etal. (1982)
M. sativa X M. rupestris EK McCoy (1985)

M. sativa x M. arborea FP Nenz etal. (1996)

M. sativa x M. rhodopea FP Denton, McCoy (1987)
rod Lotus

L. alpinus x L. conimbricensis EK O’Donoughue, Grrant (1988)
L. burtii X L. ornithopodioides EK O’Donoughue, Grrant (1988)
L. corniculatus X L. tenuis FP Aziz etal (1990)

L. corniculatus x L. conimbricensis  FP Wright etal. (1987)

EK — embryokultury, FP — fiize protoplastii
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Vyvoj embryi in vitro

Metoda embryokultur, tedy kultivace zralych i nezralych zygotickych embryi
oddélené od pletiv semene ve sterilnim prostiedi a iniciace jejich riistu aZ po celistvou
rostlinu, byla jednou z prvnich metod in vitro u rostlin. Pro ispéSnou kultivaci embryi
in vitro je nejdileZit&jsi optimalizace kultivaéniho média, které musi poskytovat ve
vhodné formé zdroj uhliku, dusiku a jinych makroelementt a dalsi stimula¢ni latky.
Pro nezrala embrya rodu Trifolium bylo modifikovano médium L2 (Phillips etal.,
1982). Hlavnim zdrojem energie embryi kultivovanych in vitro jsou glycidy. Nej-
vhodnéjsim a nejpouzivanéjsim je sacharoza. Vhodna koncentrace sacharozy je za-
visla na rostlinném druhu a pfedevsim na vyvojovém stupni exstirpovaného embrya.
Pro kultivaci zralych embryi je dostacujici 2-2,5% roztok sacharézy v mediu, u ne-
zralych embryi se koncentrace zvySuje aZ na 8-12,5 %. Sachardza neni jen zdrojem
energie, ovliviiuje 1 osmotickou hodnotu kultivaénich médii. Také v podminkach in
situ jsou embrya obklopena roztokem o vysoké osmotické hodnotg.

Vitaminy se pouZivaji jako sloZka médii pfedevsim pii kultivaci velmi mladych
embryi. Jejich pfitomnost vSak neni vZdy nezbytna. Pokud je pfitomnost vitamini
Zadouci, pouZiva se nejcastéji thiamin, pyridoxin, kyselina nikotinova, pantotenova,
askorbova a biotin. Aminokyseliny se do kultivaénich médii pfidavaji ve smésich,
avSak Casto byva u¢inna i jedna aminokyselina. Napf. nejCastéji pouZivany glutamin
stimuluje riist embryi zastupcu deviti Celedi. Také Monnier (1973) zaclefiuje
glutamin do kultivacniho média optimalizovaného pro kultivaci nezralych embryi
fady dvoudéloZnych rostlin. Byl vyuZit pfi dopéstovani nezralych embryi rodu Medi-
cago (Bauchan, 1987). Vliv rustovych latek na vyvoj embryi in vitro je zavisly
nejen na jejich druhu a pouzité koncentraci, ale pfedev§im na jejich vzajemném
poméru v médiu, na rostlinném druhu a stupni diferenciace embrya. Pfi vystiZeni
optimalni koncentrace pusobi pfiznivé na vyvoj embryi in vitro. Pozitivni vysledky
byly ziskany pfi aplikaci BAP v kombinaci s IAA do kultiva¢nich médii pro embry-
okultury rodu Medicago (Bauchan, 1987).

Uspésné piezivani nezralych embryi v podminkach in vitro se zvétsuje s velikosti
explantitu. Embrya 200 pm a vétsi pieZivaji témétr 100%. Je to ovlivnéno zlepSenim
metodiky jejich kultivace véetné sloZeni kultivaénich médii. Dopéstovani mensich
embryi je spojeno s ur¢itymi obtizemi. Specifi¢nost poZadavki na prekurzory, které
mu poskytuje endosperm, klesa s postupnou diferenciaci embrya. Buduje se jeho
kompletni enzymaticky aparat, embryo se stava sobéstainé nejen v syntéze nukleo-
vych kyselin a bilkovin, ale i vitamini a ristovych latek. Pfijem latek bazalni ¢asti
nezralych embryi dava odpovéd’ na otazku, proé¢ se nedafi kultivovat embrya exstir-
povana v linedrni nebo rané globulami fazi. Pfi exstirpaci se obvykle porusi baze
suspenzoru, ktera souvisi se sténou zarode¢ného vaku. Absorpéni aktivni baze em-
brya se poskodi a embryo hyne. V pozdni globularni nebo srd¢ité fazi dochazi

218



Genet. a Slecht., 33,1997 (3): 215-227

k vyznamnému mezniku ve vyvoji embrya. Méni se pravdépodobné zpisob piijmu
Zivin jeho bufikami. Embryo pfechazi z pfevaZzné suspenzorové vyZivy na vyZivu
povrchovou, pfi niZ je hlavnim zdrojem vyZivnych a regula¢nich latek endosperm.
Jeho vyZivna funkce miZe byt nahrazena kultiva¢nim médiem.

Kultivace embryi v transplantovaném endospermu

Lautor etal. (1978) vypracovali metodu kultivace nezralych embryi v transplan-
tovaném endospermu u Stirovniku (Lotus), jetele (Trifolium) a ptaci nohy (Ornitho-
pus). Darcem endospermu byl jeden z rodi¢ovskych druhti nebo jakykoliv ptibuzny
druh. Na tuspéSnou kultivaci mélo vliv pfedevsim vyvojové stadium endospermu.
Tuto metodu vyuZila Williams (1978, 1980) pro dopé&stovani hybridnich rostlin po
ktiZeni Trifolium repens x T. ambiguum a T. ambiguum X T. hybridum. L autor etal.
(1978) ziskali rostliny z kiiZeni Lotus pedunculatus X L. tenuis a L. tenuis X L.
corniculatus.

In ovulo embryokultury

Za zvlastni typ embryokultur lze povaZovat vyvoj embrya v preparovaném vajicku
(in ovulo), které je kultivovano v umélém prostfedi. Tato metoda pomahé pfekonat
t&Zkosti s kultivaci embrya v globulamni a ranéjsi fazi. Metoda in ovulo embryokultur
byla uspésné aplikovana pii vzdalené hybridizaci v ramci rodu Medicago. McCoy
(1985) uspésné kiiZil M. sativa X M. rupestris. Yamada a Fukuoka (1986)
aplikovali metodu oplozenych vajicek pii hybridizaci Trifolium ambiguum x T. re-
pens. Yamada et al. (1989) ziskali stejnou cestou dva mezidruhové hybridy mezi
tetraploidnimi 7. ambiguum a T. repens. Ferguson et al. (1990) ziskali hybridy
jeteld novych kombinaci, T.ambiguum X T. occidentale, T. isthmocarpum X T. nigres-
cens a trojnasobného hybrida 7. repens X T. uniflorum X T. occidentale.

Fuze protoplasti

Somaticka hybridizace cestou fuze protoplasti v chemickém prostfedi PEG nebo
elektrofuzi umoZiiuje ziskat hybridy mezi dvéma inkompatibilnimi druhy. Protoplas-
ty se z rostlinného pletiva ¢i bunééné suspenze uvoliiuji pusobenim enzymatickych
preparatl s pektinazovou a celulazovou aktivitou. UZiva se jednostupiiové a dvou-
stupfiova metoda izolace protoplasti. Dvoustupiiova metoda spoiva na principu
oddéleného plisobeni obou sloZek enzymatického preparatu. Nejprve na rostlinné
pletivo pusobi slozka s pektinazovou aktivitou, dochazi k maceraci €ili uvolnéni
stfedni lamely bunééné stény a rozpad pletiva na samostatné buiiky. V tomto stadiu
se buriky uvoliiuji do hypertonického média, aby doslo k odtrZeni protoplastu od
bunééné stény a k jeho stabilizaci. V druhém stupni pusobi celulazova komponenta
pripravku, ktera rozloZi zbytky celuloznich slozek. Castéji se viak uZiva jednostup-
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flova izolace protoplastil, pii niZ se obé funké¢ni slozky enzymatického preparatu,
pektinazova i celulazova, aplikuji soucasné. Vyc€isténi protoplasti od zbytka bunéc-
nych st&n, poskozenych protoplastii a enzymatického preparatu se provadi filtraci,
opakovanou centrifugaci a vymyvanim vhodnym médiem.

Wright etal. (1987) uspésné izolovali protoplasty z hypokotyli Lotus conimbri-
censis a L. comiculatus. Regeneraci rostlin z protoplasti L. corniculatus popisuji také
Vessabutr aGrant (1995).

Embryokultury rodu Trifolium

Priprava pokusného materialu

Rostliny jsou vypéstovany ze semen ve sklenikovych podminkach. Kveteni je
dosaZeno pii fotoperiodé 16 hodin. U vSech mezidruhovych kiiZeni je nutné ru¢ni
opylovani s kastraci — odstranénim celych ty¢inek nebo prasniki pfed prasknutim
prasnych vacka. Cerstvy pyl je nanasen na bliznu pomoci preparaéni jehly ihned po
kastraci a opyleni je opakovano druhy den. Kvétenstvi je nutné izolovat pied neza-
doucim pylem monofilovymi sitémi. Rostliny s nakiizenymi kvéty umistime v klima-
tizované komofe s kontrolovanymi podminkami, s fotoperiodou 16 hodin, teplotou
25 °C ve dne a 16 °C v noci, intenzitou osvétleni 20 000 Lux a vlhkosti 55 % (den)
a 70 % (noc).

Sledovani prezygotickych a postzygotickych bariér kriZitelnosti po
mezidruhové hybridizaci

Sledovani kli¢eni pylu a proristani pylovych lacek

Rizné druhy rodu Trifolium (Medicago, Lotus) jsou ruéné opylovany v mezidru-
hovych kombinacich, véetné reciprokych. Kvéty jsou odebirany 24 aZz 30 hodin po
opyleni pro vyhodnoceni klieni pylu na blizn€ a proristani pylovych lacek.

Celé odebrané kvéty jsou fixovany v IN hydroxidu sodném na vodni lazni pti
teploté 60 °C po dobu 20 minut. Po 24 hodinach propirani jsou objekty barveny ve
vodném 1% roztoku anilinové modii (K3PO4) a ve stejném roztoku uchovavany pii
teploté 10 °C. Pfi vyhodnocovani jsou preparovany pestiky, umistény na podloZni
sklo do glycerinu a zhotoveny roztlakové preparaty. Od kazdé kombinace kiiZeni se
pozoruje 5 aZ 10 objekth. Ve fluorescenénim mikroskopu s filtrem G 249 a pfi
zvétSeni 16/0,40 a 160/0,17 je pozorovana pfitomnost pylovych lagek v jednotlivych
tastech &nélky a v semeniku (Repkova, 1992).

Sledovadni embryogeneze in situ po mezidruhové hybridizaci

Celé semeniky nebo oplozena vajicka 5 aZ 14 dni po opyleni jsou 24 hodin fixovany
v NavaSinové fixaZi Némec et al., 1962) a po 24 hodinach propirani jsou objekty
odvodiiovany ve dvou odvodiiovacich médiich — etanol + metylbenzolat a etanol +
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+ tercialni butanol. Odvodnéné objekty jsou zalévany do parafinu a upravené parafi-
nové blogky fezany na saiikovém mikrotomu. Rezy silné 10 aZ 15 pm jsou lepeny na
podloZni skla glycerolbilkem. Po usuSeni fezti a odparafinovani jsou preparaty mofe-
ny 3,5 h v 2,5% kamenci (NH4FE(SO4),.12 H20) a barveny 12 h Haidenhainovym
hematoxylinem ve zfedéni 1 : 20. Po diferenciaci a odvodnéni preparati vcetné
projasiiovéani karboxylolem 7 min jsou objekty uzavirany do fluoromountu (Repko-
va, 1992).

Odbér explantatu a priprava pro Kkultivaci in vitro

Kvéty s vyvijejicimi se semeniky jsou odebirany v ¢asovém intervalu 4 az 15 dni
po opyleni a povrchové sterilizovany 3 min v 70% etanolu a 15 min v 5% chloraminu
B s naslednym promyvanim ve sterilni destilované vodé. Ve sterilnich podminkach
ve flowboxu jsou preparovana Zivotaschopna embrya v riznych stadiich vyvoje
(Repkova et al., 1991). Preparace je provadéna pomoci stereomikroskopu MST
131 pii zvétseni 40krat.

Kultivace zygotickych embryi in vitro

Pro pfimou kultivaci zygotickych embryi se pouZiva zakladni médium L2 (Phil-
lips, Collins, 1979). Pro kultivaci embryi jeteli v torpédovité fazi je v tomto
médiu zvySena koncentrace sacharozy na 7,5 az 10,0 %. Embrya v srdéité fazi
vyZaduji 12,5% sacharozu. Nejvétsi podil dopéstovanych zralych embryi je zazname-
nan na médiu s 2,5% sacharézou (Repko va etal, 1991; Repkova, 1992).

Pro kultivaci embryi v srd€ité fazi se nejlépe osvédCuje dodani 0,1 pM GA3 do
média s 12,5% sacharozou (Repkova, 1992). Pro embrya v této vyvojové fazi je
také vhodné dodani 15 M adeninu v kombinaci s 0,03 pM picloramu (Phillips et
al., 1982; Repkova et al.,, 1991). Rustové latky maji pozitivni vliv na preZivani
1 rychlost ristu embryi, coZ se projevuje prodluZovanim radikularni ¢asti. Za 10 dni
kultivace na téchto médiich jsou embrya pasaZovana na médium pro embrya v torpé-
dovité fazi (Repkova, 1992).

Pro embrya v torpédovité fazi je vhodné dodani 15 pM adeninu do média se 7,5%
sachar6zou. Podil pfeivajicich embryi je na tomto médiu vys$i (Repkova, 1992).

MnoZeni hybridnich a rodi¢ovskych rostlin

Pro klonové mnoZeni hybridnich a rodi¢ovskych rostlin je aplikovana metoda
regenerace rostlin z vrcholovych a uZlabnich pupenti. Pupeny jsou kultivovany na
zékladnim médiu L2 doplnéném o nasledujici ristové latky (Repkova, 1989):

2 uM ADE + 0,1 uM BAP + 0,05 pM NAA
2 uM ADE + 0,1 pM BAP + 1,00 uM GA3
10 uM ADE + 2,0 uM BAP + 0,01 pM NAA
Kofenéni je dosaZeno na tekutém médiu L2.
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Fuze protoplasti rodu Medicago a Lotus

Izolace protoplasti

Potfebné roztoky (Nedbalkova etal., 1994 ):
Promyvaci médium U1: glukéza (66,659 g/1), CaCl,.2 H20 (0,2 g/1)
Sterilizujeme autokldvovanim.
Enzym S/ON: MES (200 ml/1), mannitol (0,34 M), CaCl.2 H2O (1 g/l ), celulaza
,-Onozuka“ (10 g/1), driselaza (2,5 g/1), macerozym (5 g/l), pektinaza (5 g/l)
Sterilizujeme membranovym mikrobidlnim filtrem o velikosti ok 0,23 pm.

Enzym M/ON: MES (100 ml/1), mannitol (0,34 M), CaCl,.2 H,0 (1 g/l), celulaza
,Onozuka“ (10 g/1), driselaza (2 g/1), macerozym (2 g/1), pektinaza (10 g/1)
Sterilizujeme jako piedchozi enzym.

Mezofylové protoplasty

Zdrojem explantatu jsou kli¢ni rostliny asi dva mésice staré. Pro izolaci protoplasti
jsou vyuzZivany nejmladsi pravé listy a délohy. Jejich segmenty asi 0,3 mm jsou
umistény v promyvacim roztoku Ul. Po nafezani listi vysajeme promyvaci roztok
a nahradime jej enzymatickym preparatem M/ON. Enzym nechame piisobit pfes noc
12 aZ 14 hodin pfi teploté 27 °C.

Protoplasty Cistime filtraci pies sitku o velikosti ok 50 pm do sterilni kadinky.
Obsah pfemistime do umélohmotnych zkumavek o obsahu 10 ml. Ve zkumavkach
centrifugujeme roztok 5 min pfi rychlosti 600 otacek za min. Pak odsajeme piebytec-
ny roztok nad sedlymi protoplasty a nahradime jej promyvacim roztokem U1 a znovu
centrifugujeme. Timto zplisobem provedeme centrifugaci &tyfikrat. VeSkeré prace
provadime ve sterilnim prostfedi pomoci sterilnich pipet.

Protoplasty ze suspenznich kultur

10 ml enzymu S/ON umistime spolu s 10 ml suspenzni kultury do Petriho misky
a nechame pusobit 12 aZ 16 hodin pfi 27 °C ve tmé. Cistime ptes sitku o velikosti ok
56 pm, dalsi postup je stejny jako u mezofylovych protoplasti.

Kultivace protoplastii

Protoplasty kultivujeme v kultiva¢nich médiich KM8P (Kao, Michayluk,
1975) pii 27 °C ve tmé. Regenerace bun&éné stény a prvni déleni jsou pozorovana
dva az tf1 dny po izolaci, tvorba mikrokolonii za pét aZ Sest dni.

Zivotnost kultur

Zivotnost kultur protoplastii stanovujeme podle reakce s FDA. K 1 ml protoplasto-
vé suspenze pfidame 2 pl roztoku FDA (0,5 % roztok v acetonu) a po 5 min
pozorujeme ve fluorescen¢nim mikroskopu.
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Fuze protoplastu

Potfebné roztoky (Nedbalkova etal., 1994):
PEG: Ca(NO3)2 (23,6 g/l), mannitol (0,4 M), PEG (6000) (250,0 g/1), CaCl,.2 H,O
(25gMpH=9
Roztok W/B: glukoza (144 g/1), CaCl2.2 H20 (14,7 g/l), dimethylsulfoxid (100 mV/1)
pH=10,5
Roztok W/C: glycin (7,5 g/l), pH = 10,5

V3echny uvedené roztoky sterilizujeme membranovym mikrobialnim filtrem.

Protoplasty, které jsme Cerstvé izolovali z listovych explantati a ze suspenzni
kultury, pfipravime pro fuzi tak, Ze po posledni centrifugaci je ponechame v koncen-
trované formé (2—4 x 10° protoplastii v 1 ml) v promyvacim médiu U1. Fazujeme bilé
suspenzni a zelené mezofylové protoplasty. Smichame oba typy protoplasti ve
zkumavce a pipetou tvofime na polyetylenovych Petriho miskach kapky o priméru
asi 5 mm. V kapkach nechame protoplasty sednout asi 15 aZ 20 min, potom opatrné
pfidavame 1 aZ 2 kapky roztoku PEG ke kazdé kapce protoplasti.. Fiize nechame
probihat 20 min Cetnost fuzi sledujeme mikroskopicky.

Po skonCeni fuze odsajeme pipetou pfebyte¢ny roztok z kapek a doplnime malou
kapkou roztoku z promyvacich médii W/B a W/C smichanych v poméru 1 : 1. Po
5 min roztok odsajeme a nahradime novym. Po dal$ich 5 min nahradime roztokem
Ul.

Po ¢isténi protoplasti umistime produkty fuze do kultivaéniho média KM8P
(Kao, Michayluk, 1975) a kultivujeme v termostatu pii teploté 27 °C. Po tydnu
kultivace kontrolujeme prvni déleni. Mikrokalusy rodu Medicago vzniklé dalsim
bunéénym délenim pasaZujeme na média pro iniciaci regenerace rostlin (Novak,
Konec¢na, 1982):

Iniciace somatické embryogeneze:
Bl (Blaydes, 1966)+ 50 uM 2,4-D + 5 pM KIN
Regenerace rostlin:
Bl + 1 pM NAA + 10 pM KIN
Rod Lotus:
54 uM NAA +44 pMBHP (Damiani etal., 1993)
Analyzou izoenzyml nebo DNA ovéfime jejich hybridni charakter.
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Pouzité zkratky

ADE - adenin 2,4-D - kyselina 2 ,4-dichlorfenoxyoctova

BAP - benzylaminopurin IAA - kyselina indolyloctova

FDA - fluoresceindiacetat GA3 - kyselina giberelova

KIN - kinetin MES - 2-(morpholino )ethansulfonova kyselina

NAA - kyselina naftyloctova PEG - polyethylenglycol
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Methods of Embryo Culture and Protoplast Fusion
for Interspecific Hybridization in Medicago, Trifolium and Lotus

Interspecific hybridization is desired owing to the transfer of some characteristics such
as specific pathogen resistance (7Trifolium, Medicago) or pod dehiscence (Lotus).
Hybridization between species of Trifolium under natural conditions is considered very
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improbable, even in closely related species. The method of embryo culture in vitro was
developed to perform successful crossing of species, that cannot be crossed by the
traditional method. It is one way of overcoming interspecific barriers, but only in some
suitable combinations. The conditions for the cultivation of zygotic embryos of Trifo-
lium species have been optimized. The method of protoplast fusion provides the
possibilities of somatic hybridization in the genus Medicago and Lotus. The composi-
tion of the all solutions used for the isolation of mesophyll protoplasts, protoplasts from
suspension culture and for protoplast fusion is described.

Kontaktni adresa:

RNDr. Jana Repkova, CSc., Vyzkumny ustav picninafsky, s.r.o.
664 41 Troubsko, Ceska republika
tel.: 00 420 5 472 275 10-13, fax: 00 420 5 472 273 85, e-mail: vuptbmo.ics.muni.cz
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Z VEDECKEHO ZIVOTA

Seminar o historii slechténi rostlin

Mendelova zemédélska a lesnicka univerzita (MZLU) v Brné a Ceskomoravsky
svaz Slechtitelii uspofadali dne 4. 3. 1997 v aule MZLU Seminaf o historii $lechténi
v Cechéach a na Moravé. Cilem seminéfe bylo poukazat na dlouholetou a tsp&$nou
¢innost v oblasti $lechténi rostlin na tizemi dnesni Ceské republiky, seznamit ucast-
niky s dosaZenymi vysledky Slechténi a vzpomenout osobnosti, které se o to zaslou-
zZily. Seminaf byl ur¢en pro pracovniky $lechténi, zemédélského vyzkumu a vSechny,
ktefi se o Slechténi zajimaji. Zicastnilo se ho vice neZ 200 osob.

V uvodnim vystoupeni vyzvedl prof. Ing. O. Chloupek, DrSc., vyznam $lechtitel-
ské prace pro zvySovani vynosi zemédélskych plodin a jeji trvalé poslani pfi zajisto-
vani vyZivy lidi. Pfispévky k jednotlivym skupinam plodin pfednesli:

obiloviny — doc. Ing. J. Bouma, CSc.

kukufice — Ing. F. Damborsky

luskoviny — Ing. F. Tyller

jeteloviny — Ing. J. Palan

travy — Ing. V. Svétlik, CSc.

ovoce, réva vinnd, okrasné rostliny — prof. Ing. J. LuZny, CSc.

zeleniny a kofeninové rostliny — Ing. J. Moravec, CSc.

okopaniny, olejniny, technické plodiny, chmel — Ing. V. Némec, CSc.

Piednasejici poukézali na to, Ze u vétSiny u nas péstovanych plodin ma Slechténi
dlouholetou historii. U nékterych velkoplo$né vyuZivanych plodin, ale i u specialnich
a méné vyznamnych plodin byla vy$lechténa fada vyznamnych odrid, které byly po
né€kolik let nosnymi odridami péstovaného sortimentu a staly se také vyznamnymi
zdroji pro dal$i odridy vy$lechténé u nas nebo v zahranici.

S ohledem na soucasnou situaci ve Slechténi a jeho vyznam pro dalsi zvySovani
vynost zemédélskych plodin byl seminaf uspofddan ve vhodny Cas. Podle pfedpo-
kladu OSN vzroste pocet obyvatel na nasi planeté v roce 2020 pfibliZné na 8 miliard
a v roce 2035 na 10 miliard. JestliZe se ma zabranit hladovéni, bude rist populace
nevyhnutelné vynucovat rist zemédélské vyroby. Rist rozlohy zemé&délské pudy pro
intenzivni hospodafeni nelze o¢ekavat. Zvyseni vyroby bude kromé ekonomickych,
politickych, technickych a jinych podminek zaviset pfedevsim na vyuZivani vysoce
vykonnych odrid. Tento pfedpoklad je zcela opravnény, ponévadZ béhem poslednich
30 let pfineslo vyuzivani vylep$enych odrid 50% narust produktivity pfi péstovani
hlavnich zemédélskych plodin.
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Z, uvedenych udaji vyplyva, Ze uspésné Slechténi ma nezastupitelny vyznam
v dal$im rozvoji zemédélské vyroby. To by si méli uvédomit vSichni, kdo se jakym-
koliv zplsobem podileji na vytvafeni podminek at’ uZ legislativnich, technickych,
dotacnich nebo jinych pro nase Slechténi, aby svym rozhodnutim pfispéli k rozvoji
této Cinnosti.

V zajmu Siroké informovanosti o historii a stavu eského Slechténi pfipravuje
Ceskomoravsky svaz Slechtitelii pod zastitou Ceskomoravské Slechtitelské a seme-
nafské asociace vydani Almanachu $lechténi v Cechéch a na Moravé. Autory kapitol
o Slechténi rostlin budou uvedeni autofi pfispévki, vedoucim kolektivu je Ing.
V. Némec, CSc., ze Semc¢ic. Doufame, Ze Almanach pfispéje k oZiveni historie
naSeho Slechténi a k pochopeni vyznamu $lechtitelské ¢innosti pro soucasnost i bu-
doucnost.

Ing. FrantiSek Damborsky
predseda CMSS
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10. zasedani Biometrické sekce spolecnosti EUCARPIA

Ve dnech 13. aZ 16. kvétna 1997 se v Poznani v Polsku uskutecnilo 10. zasedani
sekce spole¢nosti EUCARPIA pod néazvem Biometrika ve $lechténi rostlin. Jednani
jednotlivych tematickych okruhii bylo uvedeno péti vyzvanymi referaty, na které
navazovalo celkem 52 dil¢ich ustnich ¢&i plakatovych sdéleni.

Zasedani zahajil pfedseda sekce Dr. J. Hill z Velké Britanie. Prvni tematicky
okruh uvedl odbornym pfispévkem H. H. Geiger z Univerzity ve Stuttgartu (SRN)
na téma Kvantitativni genetika a optimalizace Slechtitelskych programi. Navazujici
referaty se tykaly optimalizace Slechtitelskych postupli u fepy cukrové (studia pro-
ménlivosti jednotlivych faktori), modell reciproké rekurentni selekce u rodu Euca-
lyptus, modelovani riznych systémi dialelniho kfiZeni a organizace kvantitativnich
znakii. Vlastni prispévek (V. 8ip,J. Radek, M. Skorpik aJ. Vacke) se zabyval
porovnanim riznych indexovych odhadi pro posuzovani rezistence obilovin k viru
Zluté zakrslosti je¢mene (BYDV). Byl vyvinut pocitatovy program v jazyce Pascal
(J. Radek, BIOMETRIKA, Vinafice, CR), ktery vyuZiva iteraéni metody pro stano-
veni mocninné regrese spolu se substituci vybranych proménnych a dopo¢tem kore-
la¢nich analyz a analyz rozptylu. Tento pfistup by mohl najit uplatnéni pti hodnoceni
znaku, které maji multivariaéni charakter, jako jsou napf. znaky mlynaiské a pekaiské
kvality pSenice.

Vyuziti tvorby dihaploidnich linii ve $lechténi rostlin a v genetickém vyzkumu bylo
druhym tematickym okruhem. V ivodnim referatu J. W. Snape (John Innes Centre,
Norwich, UK) poukazal na pokrok dosaZeny v produkci dihaploidnich linii. PraSni-
kové kultury nyni pfevladaji u kukufice a ryZe, zatimco u pSenice a ovsa se nejlépe
osvéd&uje technika kfiZeni s kukufici a u je¢mene ,,bulbosum* techniky. Pro potfeby
Slechténi je nejvyhodnéjsi tvorba dihaploidii v generacich F2 €1 F3 o kfiZeni. V gene-
tickém vyzkumu sehravaji dihaploidy vyznamnou roli pii vyvoji genetickych map,
zv1asté u ryZe, pSenice a je¢mene. Jsou téZ vyhodné pfi analyze kvantitativnich znaki
a pro zjistovani QTL. Vyznam dihaploidi byl demonstrovan na zékladé analyzy
agronomickych znakl u jeémene a pSenice. Na tento pfispévek navazovaly referity
tykajici se vyuziti molekularnich markerovacich technik pro identifikaci genotypt
(Lolium sp.), odhadi genetickych vzdalenosti a predikce vykonu kiiZenct (je¢men)
a hybridu (kukufice).

Mapovani lokust pro kvantitativni znaky (QTL) bylo pfedmétem pfispévku R. C.
Jansena (CPRO-DLO, Wageningen, Nizozemsko). Vyznamné bylo konstatovéni,
Ze v poslednich letech byl zaznamenan vyrazny pokrok ve vyvoji statistickych metod
a softwaru pro mapovani QTL v populacich ziskanych kfiZenim inbrednich linii (BC,
F2, DH linii a rekombinantnich inbrednich linii). Techniky zaznamenaly pfiklon
k mnohotnym (multiple) analyzam QTL v rizném prostfedi a dostupna je fada
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pocitatovych programi. Soucasny stav vyuZitelnosti detekovanych QTL markeru
vynosovych znaku ve Slechténi (pro zvyseni efektivnosti vybéru na vynos od ranych
hybridnich generaci) demonstroval P. Stam a kol. (Agricultural University, Wage-
ningen) u kiiZzence jamiho je¢mene. Z pfispévku vyplynulo, Ze tento pfistup zdaleka
jesté nepiinasi uspokojivé, Slechtitelsky vyuZitelné vysledky. Na zavér této sekce
prezentoval A. Gallais (Station de Génétique Végétale, INRA, Ferme du Moulon,
Francie) analyticky pfistup k posuzovani efektivnosti $lechtitelského vybéru s vyuzi-
tim markerti. Ukazuje se, Ze vybér zaloZzeny na markerech QTL miiZe byt vysoce
efektivni i pfi rozdilnych trovnich heritability znak.

Multivaria¢ni pfistup k analyze interakci genotypi s prostfedim ozfejmil ve svém
piispévku T. Calinski (Univerzita, Poznaii). Piistup je zaloZen na analyzach roz-
ptylu (ANOVA) a multivariacnich analyzach rozptylu (MANOVA), pfiCemZ pro
testovani hypotéz o hlavnich vlivech a interakcich genotypu s roky a misty byly
nezbytné testovaci statistiky z MANOVA. UZite¢né v tomto sméru se ukazaly téZ
kéanonické variace a analyzy hlavnich komponent. Navazujici pfispévky pojednavaly
o vybéru vhodnych lokalit pro testovani odrid a analyzach interakci genotypt s pros-
tfedim u pSenice (J. Hartmann aJ. Pe$ek, CR) a dal3ich obilnin.

Metodologie testovani odriid byla pfedmétem posledniho tematického okruhu.
Simultanni testovani DUS (distinctness, uniformity, stability) bylo pfedmétem pfi-
spévki J. Jansena aF. A.van Eeuwijka (CPRO-DLO, Wageningen)aJ. Bory -
se a kol (RCCT, Stupia Wielka, Poznaii). Konstrukci skupin referenénich odrtd pro
testovani odliSnosti odriid se zabyval pifispévek L. C. P. Keizera a F. A. van
Eeuwijka (CPRO-DLO, Wageningen). J. R. Law (National Institute of Agricul-
tural Botany, Cambridge, UK) pojednal o metodach odhadi a interpretace genetické
diverzity odrud s vyuzitim AFLP dat.

Metodologie testovani odriidd mohla byt prakticky diskutovéana téZ v ramci navstévy
Vyzkumného stfediska pro testovani odriid STupia Wielka nedaleko Poznané. Toto
stfedisko odriidového zkuSebnictvi je zaméfeno na:

1. vyzkumnou préci pro uréeni hodnoty VUS u odriid (value for cultivation and use);
2. testovani a ur€ovani hodnoty DUS (distinctness, uniformity, stability);
3. udrZovani Registru odrid (tento registr umoZiuje péstovani a prodej osiv odrid

v Polsku);

4. udrZovani Registru Slechtitelskych prav odrid, ktery garantuje Slechtitelska prava;
5. poskytovani poradenské sluZby pro péstovani povolenych odrud.

Stedisko tvofi sit’ pokusnych stanic, které obhospodatuji celkem 6 000 ha orné
pidy a pfiblizné 20 000 m? sklenikové plochy a japani. Uzka je spoluprace se
semenafskymi organizacemi a s institucemi zajiStujicimi v Polsku poradenstvi.
Utastnici exkurze byli podrobné sezndmeni s modernimi statistickymi postupy zakla-
dani pokust a jejich hodnoceni. Je zavedeno rozélefiovani bloku s vice nez 16 ¢leny
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do alfa podblokil, coZ umoZiiuje lépe eliminovat vlivy prostiedi. Pfi organizaci
pokust je také piihlizeno ke shodnosti v délce rostliny ¢i ranosti. K detailnéjSimu
testovani vhodnosti odrid pro rizné sméry hospodafského vyuZiti vSak polské odri-
dové zkuSebnictvi zatim nepfistoupilo.

Souéasti zasedani sekce bylo také zasedani vyboru (V. Sip v zastoupeni za ¢lena
vyboru J. Pe§ka). Bylo rozhodnuto, Ze piisti pofadatelskou zemi bude Francie.
Zasedani by se mélo uskute¢nit v roce 2000 v PafiZi. Bylo konstatovano, Ze pfelom
tisicileti je pfileZitosti k revizi dosaZenych vysledku tykajicich se uplatnéni biomet-
rickogenetickych metod v procesu Slechténi rostlin a k zahledéni se do budoucna.

Byly navrZeny tyto okruhy problémi:

1. Kvantitativni genetika a genetické zaklady heteroze, s akcentem na vyuZitelnost
modemich molekuldrnich metod markerovani kvantitativnich znaku.

2. Metody Slechténi a tvorba novych odrid. '

3. Uplatnéni statistickych metod pii hodnoceni genetickych zdroju.

4. Uplatnéni matematickych metod pfi studiu vztahu hostitel/patogen a Slechténi na
horizontalni rezistenci k chorobam a skiidciim.

Byl pfijat navrh souc¢asného piedsedy J. Hilla pfedat pfedsednictvi sekce mladsi-
mu nastupci v prub&hu piistiho zasedani v Pafizi.

Zasedani bylo po odbomné i spolecenské strance vybomé pfipraveno a umozZnilo
ziskat nejnovéjsi poznatky z oblasti biometrické genetiky, jakoZ i prohloubit a rozsifit
spolupraci s pfednimi pracovisti genetickoslechtitelského vyzkumu v Polsku a v ev-
ropskych zemich, které se zasedani ucastnily. Hlavni pfinos tohoto zasedani lze
spatfovat v tom, Ze bylo vyrazné zaméfeno na metody hodnoceni vysledkil postupii
vyuZivajicich markerovani a molekularni metody.

Ing. Vaclav Sip, CSe.
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NOVE ODRUDY - NEW VARIETIES

Je¢men jarni Olbram

Povolen: Ceska republika 1996

Slechtitelska prava: MORSTAR a. s., Kroméfi, Ceska republika
Slechtitel a udriovatel: MORSTAR a. s., Slechtitelska stanice BraniSovice
Rodokmen: HVS 1703 x BR 2174

Metoda slechténi: KiiZeni bylo provedeno v roce 1986. Prvni klasové vybéry na-
sledovaly v generaci F,. U klasovych potomstev v generaci F3 se hodnotila ranost,
odnoZivost, vyska rostliny a odolnost k chorobam. V generaci F4 zapocalo testova-
ni sladovnické kvality mikrosladovaci metodou, sklenikové testy na odolnost
k padli travnimu (Erysiphe graminis) a hnédé skvrnitosti (Pyrenophora teres). Kla-
sové vybéry v této generaci byly zakladem rodokmenové metody $lechténi. Dalsi
zkouseni pokracovalo v polnich podminkach. Do statnich zkousek byla odrida za-
fazena v letech 1993-1995. Po jejich ukonceni byla povolena pod nazvem Olbram.
Odolnost k chorobam: Odolnost k padli travnimu (Erysiphe graminis) je rasové
nespecificka, dana recesivnim genem mlo. Rezistence proti rzi je¢né (Puccinia hor-
dei) je podminéna genem Rph 12, ale v polnich podminkach vykazuje vy3§i rezis-
tenci, zfejmé podminénou pfitomnosti vy3si trovné nespecifické odolnosti.
Rezistence k listovym skvmitostem (Pyrenophora teres a Rhynchosporium secalis)
je stfedni.

Sladovnicka jakost: Odrida ma vynikajici sladovnickou jakost ve viech paramet-
rech. M4 vysoky obsah celkového extraktu, velmi vysokou enzymatickou (proteo-
lytickou, amylolytickou a cytolytickou) aktivitu, velmi pfiznivy stupefi prokvaseni
a nizky obsah beta glukanii ve sladiné. Podle stavajiciho bonitaéniho systému kva-
lity sladovnického je¢mene (VUPS Bmo) ma odriida hodnoceni 8,77 (9) a fadi se
mezi vybérové odridy.

Vynos zrna: Nadprimérnych vynosi dosahuje v kukufi¢né vyrobni oblasti, pri-
mérnych v fepaiské a lepsi bramborafské vyrobni oblasti.

Ostatni vlastnosti: Olbram je polorana odriida s nizkym stéblem, dobrou odnozi-
vosti a stfedni odolnosti k poléhani. Zrno je stfedné velké, s dobrou vytéZnosti
pfedniho zma, které je slamové Zluté barvy s jemné zvrasnénou pluchou. PoZa-
davky na agrotechniku je zapotfebi smérovat k cilenému péstovani superkvalitniho
sladovnického je¢mene.
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Spring barley Olbram

Registered: Czech Republic 1996

Breeders rights: MORSTAR a.s., Kroméfiz, Czech Republic

Breeder and maintainer: MORSTAR a.s., BraniSovice Plant Breeding Station
Pedigree: HVS 1703 x BR 2174

Breeding method: Year of crossing 1986. First spike selections took place in F;
generation. Earliness, tillering rate, plant height and resistance to diseases were
evaluated in F3 generation. Tests of malting quality by a micro-malting method,
greenhouse tests for resistance to powdery mildew (Erysiphe graminis) and net
blotch (Pyrenophora teres) started in F4 generation. Spike selections in this gener-
ation were the basis of pedigree breeding. Further tests were conducted in field
conditions. This variety was included in official trials in 1993-1995. After their
termination, it was registered under the name Olbram.

Resistance to diseases: Resistance to powdery mildew (Erysiphe graminis) is race
nonspecific, constituted by recessive gene mlo. Resistance to brown rust (Puccinia
hordei) 1s conditioned by gene Rph 12, but its resistance in field conditions is
higher, likely to be conditioned by the presence of the higher level of nonspecific
resistance. Resistance to leaf blotches (Pyrenophora teres and Rhynchosporium se-
calis) is intermediate.

Malting quality: Excellent malting quality in all traits. High content of total hot
water extract, very high enzymatic (proteolytic, amylolytic and cytolytic) acti-
vities, very satisfactory final attennuation and a low content of beta glucanes in
wort. The variety evaluation pursuant to the present evaluation system of malting
barley quality (Brewing and Malting Research Institute in Bmo) is 8.77 (9), it ranks
among first-grade varieties.

Grain yield: Above-average yields are achieved in a corn production region, aver-
age ones in a suger beet production region and better ones in a potato production
region.

Other characteristics: Olbram is a semi-early variety with low culm, good tiller-
ing rate and medium resistance to lodging. Grain is of average size, with a good
yield of grade grains, yellow in color, with finely wrinkled husk. Requirements for
cultural practices should be aimed at targeted growing of extra-quality malting bar-
ley.

Ing. Frantisek Ruzié¢ka, CSe.
MORSTAR a. s., Slechtitelska stanice, 671 77 Branisovice
tel.: 00 420 621 925 25, fax: 00 420 621 925 24
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PSenice ozima Saskia

Povolena: Ceska republika 1996

Slechtitelska prava: SELGEN a.s., Praha, Ceska republika

Slechtitel a udrZovatel: SELGEN a.s., Slechtitelské stanice STUPICE
Rodokmen: Hana x Viginta

Metoda slechténi — rodokmenova: KiiZeni bylo provedeno v roce 1982, vybéry rost-
lin byly zahdjeny v F,, reselekce rostlin pak pokracovaly v generacich F3 aZ Fs. V Fg
byly sklizeny dvoufadkové mikroparcely (plocha 0,8 m?), v generacich F7 a Fo byl
hodnocen vynos zrna postupné ve stani¢nich a mezistani¢nich zkouskéch na parcelach
10 m?. Selekce na odolnost k padli travnimu, rzim a brani¢natce byla provadéna od
generace F; pod umélymi infekcemi ve specialnich fytoskolkach i za pfirozené infekce
v polnich podminkach. V F7 aZ Fg byly tyto testy doplnény sklenikovymi testy na padli
travni ve stadiu kli¢nich rostlin. Podrobné&;jsi hodnoceni jakosti, mrazuvzdormosti
a odolnosti k poriistani zrna bylo provadéno od generace F7. UdrZovaci Slechténi bylo
zahajeno v generaci Fg. Nové Slechténi SG-S352 bylo pfihlaseno do statnich odrido-vy-
ch zkousek v roce 1992 a povoleno pod nazvem Saskia v roce 1996 (generace F;3).
Odolnost k chorobam: Je stfedné odolna k padli travnimu, rzim (pSeni¢né, plevové
1 travni) i k brani¢natce plevové. Je vyslechténa ze stejné kombinace kfiZeni jako odriida
Samanta, vi¢i které ma zlepSenou odolnost k vétsiné chorob o piil aZ cely stupeii.
Genetické zaloZeni odolnosti: Nebyl zjistén Zadny gen odolnosti proti padli trav-
nimu, odolnost ke rzi plevové je zaloZena pravdépodobné genem Y72, ke rzi pSenic-
né je podminéna genem Lr3, proti rzi travni je to gen zatim oznaceny jako +
(VURV Ruzyné — P. Barto§, R. HanuSova).

Jakost potravinarska A7. Ma dobry obsah lepku (Go kolem 25 %), obsah bilko-
vin 13 %, bobtnavost (Qo 13-14 ml), sedimentaéni hodnota 55 ml (SDS test), &islo
poklesu 320-350 s, objemova hmotnost velmi dobra nad 800 kg/hl, a mémy objem
petiva pti Rapid Mix testu je kolem 540 cm?/100 g. Dobrou pekafskou jakost potvrzuji
1 gluteninové podjednotky: 6 + 8 a 5+ 10. Odolnost k poriistani zma v klase je dobra.
Mrazuvzdornost je velmi dobra, podle hodnoceni ve VURV Praha-Ruzyné mé kri-
tickou teplotu LT 50 kolem —12 °C.

Vynos zrna: Na zakladé hodnoceni priméru pokusit UKZUZ v letech 1993-1996
patii ve skupiné odrud s dobrou potravinaiskou jakosti k vynosové nadprimémym
v kukufi¢né oblasti, kde méla vynos 101 % na vSechny kontroly v¢etné nepotra-vi-
nafskych a 103 % v porovnani s kontrolami s potravinafskou jakosti. V ostatnich
oblastech se pohybuji vynosy kolem pruméru kontrol.

Ostatni vlastnosti: Je stfedné ran4, se stfedni délkou stébla (90 cm) i stfedni odol-
nosti k poléhani. Od odridy Samanta se odliSuje kratsi délkou stébla (o 7 cm)
a zlepSenou odolnosti k poléhani. Klas je bily, jehlancovitého tvaru, fidky, osin-ka-
ty. Osinky jsou stfedné dlouhé nebo kratkeé a vyskytuji se v horni ¢vrtiné klasu.
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Winter wheat Saskia

Registered: Czech Republic 1996

Breeders rights: SELGEN a.s., Prague, Czech Republic

Breeder and maintainer: SELGEN a.s., Plant Breeding Station Stupice
Pedigree: Hana x Viginta

Breeding method - pedigree. Year of crossing 1982. Individual plant selections
started since F2. Reselections of plants were repeated on plant progenies plots sin-
ce F3 to Fs . In Fg plant progenies on two-row microplots (0.8 m? ) were harvested.
Grain yield was evaluated progressively on more locations with plot size 10 m?
from F7 to Fo. Screening for resistance to mildew, rusts (yellow, brown and stem)
and Septoria nodorum was practised from F1 under artificial infections in special
diseases nurseries and under natural infection in field trials. Screening for mildew
resistance on seedlings in greenhouse were done in F7—Fo. More detailed analyses
for quality, frost resistance and sprouting resistance were performed since F7. Ma-
intenance breeding started in Fg. Line labelled SG-S352 was tested in the official
trials since 1993 to 1996 and then registered as variety Saskia in 1996.

Disease resistance: Resistance to mildew, rusts and septoria is moderate. The level
of resistance is better in comparison with sister variety Samanta.

. Resistance genes: Mildew — no major gene, yellow rust probably ¥r2, resistance to
brown rust Lr3, stem rust — not yet defined gene + (VURV Praha — P. Bartos,
R. Hanu$ova).

Quality — A7: High protein content (13%), favourable gluten content (Go 25%),
with good swelling capacity (Qo 13—14cm? ),sedimentation value 55 ml (SDS test),
falling number 320-350s, test weight very high — over 800 kg/hl, loaf volume in
Rapid Mix test around 550 cm?® /100g. Good baking quality confirmed also.glute-
nin subunits: 6 + 8 and 2 + 12. Saskia has also good sprouting resistance.

Frost resistance is high, according to test in Research Institute for Crop Produc-
tion, Prague-Ruzyné the critical temperature (LT 50) is around —12 °C.

Grain yield: Yield is expressed in relation to the mean of official trials in the years
1993-1996. Saskia yields above average in warmer area, in the other regions yiel-
ded on the average.

Other characteristics: time of ear emergance and ripening is medium early, plant
length is medium (90 cm), lodging resistance is good.The spike is white, tapering
shape, with lax density and with short or middle scurs in the upper part of the ear.

Ing Alena Hanisova, Ing Milos Hanis, CSe.
SELGEN, a. s., Slechtitelska stanice Stupice, 250 84 Sibrina, Ceska republika
tel.: 00 420 2 677 106 46, 00 420 2 677 106 76, fax: 00 420 2 677 113 98
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Brambor Korneta

Povolena: Ceska republika 1996

Slechtitelska prava: SATIVA Keikov a. s., Havlickiv Brod, Ceska republika
Slechtitel a udrzovatel: SATIVA Ketkov a. s., Slechtitelska stanice Kefkov
Rodokmen: Adretta x KE 25/21

Metoda slechténi: Po nakfiZeni a vypéstovani semenné generace bylo potomstvo
vedeno dva roky v ramSovych generacich, ve kterych byly béhem vegetace i po
sklizni vyluovany typy vyrazné neodpovidajici Slechtitelskému zaméru. V nasled-
nych vegetativnich generacich (1.-5.) bylo potomstvo kaZdého jedince ziskaného
v pohlavni generaci sledovano individualné. Selekce a testace byla provadéna na
odolnost k chorobam (virovym, houbovym, bakterialnim), vykonnost a kvalitativni
ukazatele konzumni jakosti. V 6. aZ 9. vegetativni generaci byl kiiZenec zkousSen ve
Statnich registra¢nich zkouskach pod oznacenim KE-A42/52A a nasledné povolen
jako nova odriida. V tomto obdobi bylo rozpracovano udrZovaci Slechténi kiiZence
jednak tradiéni metodou klonového Slechténi spojenou s vyuZitim ELISA testu
u vychozich materiald, jednak bylo zapo€ato s ozdravovanim vychozich materialti
pomoci tkafiovych kultur a naslednym mnoZenim meristémovych rostlin v izola-
tech. Ziskana sadba se stala zakladem pro vyrobu zakladnich mnoZitelskych stup-
fid.

Odolnost k chorobam: Odriuda je odolna k rakoviné€ brambor rase D 1, nachylna
k hzid’étku bramborovému. Ma vy3$§i odolnost ke strupovitosti hliz a phsm brambo-
rové na hhzach V nati je nachylnéjsi k alternarii. Vykazuje vys$Si polni rezi-stenci
k virovym chorobam.

Jakost: Hlizy jsou ovalného tvaru s mélkymi ocky, Zlutou duZinou a Zlutou slup-
kou. Hlizy jsou vzhledné, tvarové i velikostné stfedné vyrovnané. Je vhodna pro
piimy konzum po celé skladovaci obdobi. Ma stfedni aZ vy$Ssi odolnost k mecha-
nickému poskozeni a dobfe se skladuje. Ma stfedni obsah Skrobu a dobrou konzum-
ni hodnotu, ktera odpovida zafazenim vamému typu B.

Vynos hliz: V prubéhu registraénich zkousek (1993-1995) dosahla primémého
vynosu (93-105 %), vyssi vynosy dava v hlubsich humo6znéjsich pidach.

Ostatni vlastnosti: Rana odmda brambor se stfedné rychlym pocateénim rustem.
Kvete bile, slabé.
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Korneta Potato

Registered: Czech Republic 1996

Breeders rights: SATIVA Keftkov a.s., Havlickiv Brod, Czech Republic
Breeder and maintainer: SATIVA Kefkov a.s., Kefkov Plant Breeding Station
Pedigree: Adretta x KE 25/21

Breeding method: After crossing, and when seed generation was produced, the
progeny was grown in first clonal generations for two years from which types not
appropriately meeting the breeding intention were eliminated in the growing sea-
son as well as after harvest. The progeny of each individual obtained in sexual
generation was studied individually in the following vegetative generations (1 to
5). Selection and testing were aimed at resistance to diseases (viral, fungal, bacte-
rial ones), at performance and qualitative traits of table quality. The hybrid was
tested in Official trials in the 6th to 9th generations under the name KE-A42/52A,
and then registered as a new variety. Maintenance breeding of the hybrid started in
that period: traditional method of clonal breeding along with ELISA technique we-
re used in original materials, and virus eradication in original materials started at
the same time using tissue cultures followed by meristem plant propagation in iso-
lates. This material was used for production of basic types of seed tuber stock.
Resistance to diseases: The variety is resistant to potato wart disease, race D 1, but
it is susceptible to potato root eelworm. It shows higher resistance to potato scab
and to late blight of potato. Its foliage is rather susceptible to alternaria. Its field
resistance to viral diseases is at a higher level.

Quality: Tubers of Kometa variety are oval in shape, with shallow-seated buds,
yellow pulp and yellow skin. Tubers are good-looking, their shape and size are
medium uniform. Kometa variety is suitable for direct consumption throughout the
whole storage period. Its resistance to mechanical injury is intermediate to high, its
storage is easy. Starch content is at an intermediate level, and its good table quality
corresponds to its classification to cooking type B.

Tuber yield: Its yield (93-105 %) in official tests (1993-1995) was at an average
level, but it is higher when grown in deeper soils with higher humus content.
Other characteristics: Early potato variety with medium fast initial growth. Few
white flowers.

Ing. Josef Konrad, CSc.

SATIVA Kerkov a. s., Slechtitelska stanice Kerkov
582 22 Pribyslav

tel.: 00 420 451 484 17, fax: 00 420 451 245 93
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