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Table 1. Embryogenic callus formation and plant regeneration from anther culture of 3 Brazilian barley cultivars, in 3 different cold 
-::, -., -
Ir.I -

pretreatments and 3 culture media. [I. N'= total number of anthers plated less eliminated ones due to contamination] 
.., Cd 
A C') 

g: [/J 

Cl.JL 
PRE. INDUCTION REG!;;NERATION 

TI 
1REAT. l'LATED RESPONDING ANIHERS STRUCTURE TRANSFERRED XI JOO STRUCTURES 

VAR 
MENT SPIKE ANTHER AT21 DAYS AT l�0DAYS X/100 SHOOTS PLANT.LETS GREEN/ 100 ANTHERS 
(days) MEDIA (N) (N''i (Nj <%i (%) ANTHERS �l ALBINO GREEN PLM'll.ETS PLANTS 

I-1 22 U96 26.5 807 53.9 126.0 1.507 2.45 1.46 0.13 0.167 0.084 

10 I-2 22 1,109 35.2 675 45.8 189.5 2,102 2.95 1.19 0 0 0 

I-3 22 1,247 44.4 581 76.8 189.3 2.360 7.33 0.25 0 0 0 

A I-1 22 1,169 22.2 491 37.7 62.8 734 4.50 4.09 0.27 0.171 0.171 
0 20 I-2 23 1.203 40.5 450 52.0 159.0 1.913 6.27 6.69 0.05 0.083 0 

5 I-3 23 1,197 51.4 666 68.0 210.9 2.524 6.22 3.92 0.36 0.251 0.167 

I-1 4 185 58.9 185 7.6 0 0 0 
30 I-2 4 173 30.6 0 0 144.5 250 0 0.40 0 0 0 

I-3 4 185 49.2 185 73.0 561.6 1.039 0 0.96 0 0 0 

I-1 19 1,060 13.6 519 60.7 82.6 875 6.40 3.09 1.14 0.943 0.189 

10 I-2 17 954 22.9 754 53.9 132.6 1.265 10.12 2.53 0.08 0.105 0.105 

I-3 17 976 33.2 425 67.8 107.7 1,047 8.89 2.58 0.19 0.205 0 

B I-1 15 813 10.6 338 41.7 47.1 383 2.35 8.09 0 0 
20 1-2 13 682 35.6 438 63.5 207.0 1.412 13.39 8.43 3.75 7.771 5.279 

2 I-3 14 739 44.1 333 74.8 209.2 1,546 10.54 5.11 2.01 4.195 2.571 

1-1 3 192 19.8 0 0 0 0 
30 1-2 5 294 33.7 61 49.2 165.7 487 0 0.62 0 0 0 

I-3 2 103 0 0 0 0 0 

1-1 19 916 6.3 787 32.9 38.4 352 3.98 16.61 0.85 0.328 0 
10 I-2 16 844 17.8 631 37.9 200.8 1.695 10.44 5.66 0.47 0.948 0.474 

M 
1-3 15 862 36.0 237 71.3 287.2 2,476 5.62 1.05 0.08 0.232 0.116 

N 1-1 15 820 10.4 550 38.7 35.4 290 7.24 24.83 0.35 0.122 0 
5 20 I-2 16 820 11.3 695 21.6 133.1 927 8.53 9.71 0.65 0.732 0.244 

9 1-3 15 765 28.5 491 36.5 213.6 1,634 11.63 4.53 1.47 3.137 2.092 

9 
I-1 1 28 0 28 0 0 0 

30 I-2 2 60 0 60 0 0 0 
I-3 2 67 0 67 0 0 0 











































































































































































































1. Forming of reproductive and generative plant spheres;
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2. Differentation of structure elements of vegetative and reproductive spheres
during geterotrophic nourishment period;

3. Forming micropopulation;

4. Forming the upper level of vegetative sphere;

5. Forming phytomers of the middle level;

6. Forming vegetative sphere during the geterotrophic nourishment.

Such analysis enables to classify initial and selection material according to ar
chetype and to form the base collections of plant's genetic resources. 

The second level consems solving selection problems on productivity and other 
complex characteristics within the frame of the chosen archetype. In this case 
genetic organization of the characteristic becomes an object of research. Epige
netic process in the chain of heredity characteristic's display is characterized 
by hierarchy corresponding to different levels of morfogenetic processes and 
structures. That's why the peculiarities of the system effects for each such level 
should be taken into account when solving selection problem. The authors 
(Litun, 1984; Proskumin and Litun,1991; Litun, 1991) proposed the procedure 
based on module of characteristics. Such procedure enables to explain the pe
culiarity of forming the characteristic in the terms of functional organization of 
a particular object and to define technological solutions of selectionists (Litun 
1991). 

Thus, in case of plants with their specific in development organization types 
and their static way of living, the knowledge of genetic control and genetic or
ganization of complex characteristics becomes for us a question of a great im
portance. Genetic organization of a complex characteristics is determined by 
interrelation and arragment of genetic processes on the level of the whole system 
and that's why the epigenetic heredity and variability reflect the specific state of 
self-organization, self-development and self- regulation processes - that is the 
general state of inner processes in the system. 

The study of epigenetic variability and heredity of complex characteristics is 
possible only from the standpoint of system researches.For this purpose the 
authors propose the strategies of two level system analisys: analisys of archetype 
and that of specificity of characteristic's organization and its state. 

References. Litun, P.P. (1984) Ecological-Genetic model and its significance for 
selection theory. Selection and Seed Growing, Kiev, 56: 40-45. 

Litun P.P. and Proskumin N.V. (1992) Genetic of Quantitative characteristics. 
Genetic crossings and genetic analisys. Textbook, Kiev, p. 97. 

Proskumin N.V. and Litun P.P. (1991) Genetic control of quantitative charac: 
teristics and adaptive reactions of barley. In Barley Genetics VI: 319-322. Proc. 
6th Int. Barley Gen. Symp., Helsingborg, 1991. 

Li tun P. ( 1991) Genetic control and problem of genetic protection of harvest . 
Harvest and adaptive potential of field's ecological system, Kiev, p. 24-32. 
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hoped to reduce the yield and quality losses due to drought and high temperature stresses 
contributing therefore for more stable malting barley production in Brazil. 

Table 1. Yield, heading time, protein content and sterility scores ofbrazilian barley 
genotypes in Guarapuava, Parana, of the NBYT-1995 

Cultivar/ 
Lines 
BR2(T) 
MN599 
MN656 
AF1343 
MN668 
MN681 
MN682 
MN686 
MN691 
MN693 
EMB43 
PFC 9201 
PFC 9202 
PFC 9205 
PFC 9210 
PFC 9215 
PFC 9216 
PFC 9219 

Yield 
kg/ha 
3934 
1665 
3099 
4071 
3278 
4295 
3193 
4083 
4113 
2298 
4049 
3937 
4312 
5095 
4864 
4263 
3680 
4497 

Average 3818 
*Emergence date=7/July/95

Heading* 

29-Aug
06-Sep
04-Sep
07-Sep
30-Aug
04-Sep
07-Sep
04-Sep
03-Sep
07-Sep
30-Aug
01-Sep
31-Aug
29-Aug
31-Aug
04-Sep
05-Sep
31-Aug

Protein 
% 

13.8 
19.2 
16.6 
14.7 
14.6 
15.0 
16.8 
14.6 
15.1 
17.1 
14.0 
13.8 
13.4 
12.9 
12.9 
14.2 
14.4 
14.0 
14.8 

Table 2. Correlation matrix of variables included in Table 1. 

Yield 
Protein 
Sterilit 

Yield Protein 

-0.839 """

** Significance level of coefficients at error probability of 1 percent.

Sterility 
% 

37.0 
74.2 
56.0 
34.6 
36.2 
22.5 
47.8 
30.1 
34.5 
61.3 
12.5 
25.4 
18.2 
10.5 
12.2 
25.2 
24.3 
19.8 
32.3 

Sterility 
-0.864 """

0.871 "'"' 
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parents used in this study. Table 2 shows the results of the diallel analysis for yield. GCA 

estimates were significant for yield performance for the four male parents. In thi case, Manley 

was identified as the best recombinant male parent for yield although G A values were similar 

for each of the fi ur male parents. More diverse germplasm would likely have shown a broader 

range of responses. Only one female parent � X344, had a ignificant GCA. This is of interest, as 

the 7 female parents are derived from basically the same population but do not necessarily 

J roduce the same yield response. Thus, it i imp rtant to u e more than one source of male-

st rile parent. The ease of producing FI hybrids via the male-sterile system makes diallel 

analysis possible, as well as practical, in a barley breeding program. Thus, many potential parents 

can be screened with relative ease to identify superior germplasm and the progeny of the best 
cross combination(s) have already been initiated for further selection and evaluation. 

Table 1. Parents used in partial diallel analysis and Fl progeny 

obtained. 

Cross Cross 

Parent Code T::iI;:1� Crg�s Code 

Manley Pl Male Parent EX340/Manley PSXPl 

Deuce P2 Male Parent EX340/Deuce P5XP2 

Lacombe P3 Male Parent EX356/Lacombe P6XP3 

Conquest P4 Male parent EX356/Conquest P6XP4 

EX340 PS Female parent EX345/Manley P7XP1 

EX356 P6 Female parent EX345/Deuce P7XP2 

EX345 P7 Female parent EX345/Lacombe P7XP3 

EX350 PB Female parent EX345/Conquest P7XP4 

EX396 P9 Female parent EX350/Manley P8XP1 

EX355 PlO Female parent EX350/Deuce P8XP2 

EX344 Pll Female parent EX396/Lacombe P9XP3 
EX396/Conquest P9XP4 
EX355/Lacombe Pl0XP3 
EX355/Conquest PlOXP4 
EX344/Manley PllXPl 
EXJ44LD�!J�e PllX!22 

-
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planting periods for both genotypes. This was probably due to the frost damages and 
drought effects. During the 1994 experiment, a sequence of five strong frosts occurred on 
the following dates: 26 June (-5.4 °C), 27 June (-2.0 °C), 9 July (-6.0 °C), 10 July (-3.4 
°C) and 4 August (-1.6 °C). A drought period was observed again during August in that 
year. Contrasting with the 1993 · s results, the grain yield of the first and second planting 
periods was significantly higher than the third and fourth planting periods for both 
genotypes. Finally, in the 1995' s growing season, no frost has occurred. However, a 
drought period was observed again during August 1995. There was no significant 
difference among the planting periods, indicating that a drought period, without frost may 
occur without lowering grain yield. With exception of the l 993 · s experiment, test weights 
average values were significantly superior in the first planting periods of the 1992' s, 
1994's and 1995's experiments. It was also observed during the four year experiment, that 
as the planting period was progressively delayed, plant heights were shorter and days to 
maturity were reduced for both genotypes. 

Conclusion. In conclusion, there has been great weather variability among years in the 
conditions of South Brazil. Therefore, it is difficult to indicate a particular planting period 
for a particular genotype. Although the response of planting period has varied over years, 
planting different genotypes in different planting periods is one of the most appropriate 
and cost free management strategies for achieving stable oat yields in Southern Brazil. 

References. 
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pollens to develop from gametogenesis to sporogenesis. In anther culture, it 

appears to be the increasing of response frequency. 

In tissue culture, different types and supplements of exogenous hormones are 

very important. A great deal of work has been done in this field and many 

experience have been known. Relatively, the research about endogenous 

hormones is less than that of exogenous hormones in plant tissue culture. If we 

study exogenous hormones in coordination with endogenous hormones, it will 

be probably easier to regulate plant tissue culture artificially at hormone level. 
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stability parametr in our experiments. The CV-s for winter barley 

cultivar mixtures (1,4 - 8,9%) were lower than those for their compo

nent cultivars grown in pure stands (4,1 - 11,7%).(Gacek et al.1996a). 

The use of cultivar and species mixtures is widely accepted in Poland 

as an inexpensive, simple and environmentally safe way for cereal 

disease control. 

Current large-scale development of mixtures in Poland needs to be 

supported from science and breeding. Attempts have been made to breed 

and select components specifically for use in cultivar and/or species 

mixtures. The main mixture pre-breeding objectives are: (i) breeding 

of cultivars/lines with different disease resistance genes, (ii) pro

duction of lines with good "mixing abilities", (iii) development of 

earlier and shorter lines of wheat and oats, (iv) breeding lines,that 

when grown together, are complementary for uncontrollable environmen

tal variables. 
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Table 1 shows that two rows has higher in G.raih yie]d,1000 K.W and 3 days earlier in· 
heading than six rows. 

Table 2. 

Row Type 

Low row 

six row 

Grain yfold, 1000 kernel weight, plant height days to heading and 
maturity for two rows and six rows barley genotypes (170 entries) jn_ 
Alm ogargi research station 1990-1991. 

Grajn yield 1000 K.w plant height days to days to 
heading ni aturity 

82 112 

84 113 

Sign. of diff. 

500 

320 

.01 

31.2 

24.8 

. (] 1 

32.6 

28 

.01 .01 .05. 

Table 2 shows that two rows was superior in terms of grain 
earlier in heading and maturity jn comparison with six rows. 

yield, and 1000/K W, and 

Fig T : 

fig 11 

Friquences dist.ribution of plant hjght shows that 48.4 ?6 of 2 RT genotypes 
were (tall to rnodereate tall), to 75 ?6 of 6 RT (1989-J990). In (1990 -
1991 ) 32.6 ?6 of 2 RT gehotypes were (tall to m odureate tall), to 12.2 ?6 
of 6 fl T. 

friquences of 1000 kernel weight shows that 92.4 ?6 of 2 RT genotypes 
were (high to modereal�e high) 34-50/g, to 62.9?6 of 6 RT (1989-1990 ). 
ln (1990-1991) 37.5?6 of 2 rn genotypes were (high to modereate high), 
lo 2'>?o of 6 RT . 

Fr_fr111ences of grajn yield shows that 67 ?6 of 2 R l genetypes were (high 
to modereate high) 600-1000 g, to 49.9?6 of 6 Rl (1989-1990). In (1990-
1991) 69. 9 % of 2 RT were (high to w odereate high ) , to 40.4 ?6 of 
6 fl T . 

So usinq 2 fl I 11.irley qenoLypcs i11 hremling program give a qood shance to em prove; 
Ile yield, HJOll kerne1 we_ight, earley heading, and plant heighL more than 6 RT in 

dry ere8s in Syric1. 
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April developed unusually longer latral awns as compared with those of the ordinal 

November sowing, and the trend of their awns elongation became more conspicuous 

with the advance in sowing date from February to April. Accordingly, the UC ratio, 

represented by the length of lateral awn against central awn, became higher. 

However, when sown in February and April, some "Bozu" cvs whose central awns 

were ordinarily short or medium long, exhibited marked elongation of both central 

awns as well as lateral awns, so that they appeared to be ordinary normal long 

awned six-rowed form. This may be considered as follows: An expressivity of the 

gene or genes for long-awn involved in the Bozu cvs tested here was inhibited by 

the v 
1 

r gene involved together in them when grown under ordinary sowing time of

mid-November. But when such Bozu cvs were sown in February or later time, the 

inhibitory effect of v 
1 

r gene on awn elongation was reduced with the rise of 

air-temperature. From these results, the marked elongation of lateral awns, and in 

some cases central awns as well, by the spring sowing led us to assume that the 

major causal agent might be the rise in temperature during the period of spike 

formation. The most sensitive spike formation stage to high temperature for awn 

elongation was verified by subjecting the Bozu barley plants to a rather high 

temperature from 15 ° to 25 ° C at the time of spikelet differentiation which 

corresponded to stages VII and VIII in Fig. 1. Furthermore, the effective length of 

time of high temperature treatment was ascertained to be rather short, mostly for 

five days, if the treatment was made arround the late stage of spikelet differentiation 

(Stage VIII, Fig.2). This fact clearly indicates how and when the gene for reduced 

lateral awn, such as v 
1 

r and others, are hindered to exert its action by 

environmental condition, in this case, a somewhat higher temperature. As to 

biochemical mechanism, it is not clear at present, however. 

References. Leonard, W.H. 1942. J. Amer. Soc. Agron. 34:211-221. Shakudo, K. 

1948. Jpn. J. Genet 23(5-6):85-90. Takahashi, R. 1949. Nogaku Kenkyu 38:77-80. 

Takahashi, R. & Hayashi, J. 1982. Nogaku Kenkyu 60:13-24. Hayashi, J. & Yasuda, 

S. 1989. Nogaku Kenkyu 61:253-267. Vavilov, N.1. 1926. Bull. Appl. Bot. Gen. &

Plant-Breed. 16(2):5-248. 
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Materials & Methods.

3 

In the first 6 months we collect and survey then evaluate the local species of non
symbiotic nitrogen fixing bacteria, from Assiut & Minia Provinces out of 50 strains for 
either Azotobacter or Azospirillum from cereal fields 5 efficient local strains were 
selected, for use as inocula, which isolated from rhizosphere zones of wheat and barley. 
According to the method of Dobereiner (1978) using N-free semi-solid malate medium. 
Grains of barley of inoculated treatments were soaked before planting in the suspension 
of Azotobacter and Azospirillum strains (containing about 107 cell m·1) for 30 min.
U ninoculated grains were used as control. Three replicates for each accession were used 
for each treatment in the greenhouse pots Exp. Samples of vegetative parts and roots 
were obtained after 50 days to determine plant height, number of leaves and dry weight 
per plant, as well as counts of both Azotobacter and Azospirillum in the rhizosphere of 
the tested accessions. Samples from rhizosphere soil of each treatment were taken after 
50 days after sowing for determination of nerobic non-symbiotic nitrogen fixing bacteria 
(Azotobacter and Azospirillum). The visible numbers of Azotobacter and Azospirillum 
were determined by dilution frequency method using Cochran's table (Cochran, 1950) 

· for estimating the MPN of these microorganisms. The numbers were calculated/gram
oven-dried soil. Semi solid malate medium (Dobereiner et al., 1976) and modified
Ashby's medium (Abdel-Malek and Ishac, 1968) were used for estimating numbers of
Azospirillum and Azotobacter, respectively. Nine selected accessions out of 379 barley,
which evaluated under greenhouse experiments and showed significant response to
inoculation with asymbiotic N2-fixers, were tested under field conditions to study the
effect of inoculation as well as N-fertilizer on growth and yield of the selected
accessions. Combinations of nitrogen fertilizer & inoculation were used in three
rep I ications as mentioned previously.

Results & Discussion. Purification of isolates of Azospirillum as well as Azotobacter 

were carried out according to lshac et al. (1986). Nitrogenase activitiesof either 
Azospirillum or Azotobacter isolates were determined in the Dept. of Botany, Fae. of 
Science, Assiut University, according to the methods of Schollhorn and Durris (1967). 
Table (1) show nitrogenase activity for purification isolates of both Azosprillum and 
Azotobacter. The season of 1990, 161 accessions of barley were tested under greenhouse 
conditions to study their response to inoculation. Data presented in Table (2) showed a 
slight increase in plant height fresh and dry weight of plants was observed as a result of 
grains inoculation. Out of the 161 germplasms which were tested, 11 were selected as 
the best. The results showed that Azospirilla counts exceeded those of Azotobacter. 

Azosprilla population in biofertilized treatments were in the range of 1.63-158.22 x 105

while the corresponding figures for Azotobacter were 0.91-116.61x104. The increase in 
bacteria counts mainly due to grains inoculation. 

N-ase activity was carried out for the selected accessions. The results showed
that high values were recorded for accessions 2625 followed by 2762 then 2628 at 60 
days, age. 

The data recorded were in line with those obtained by Hgazi et al. (1979). They 
reported that inoculation of maize plants with Azospirilla as well as Azotobacter resulted 
in traditional increase in their densities at early stages of growth and maximum. N-ase 
activities were observed during flowering and grain filling. 
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In winter season of 1991, 92 more accessions were tested for their response to 
inoculation. Out of the 92 accessions tested 15 lines were selected. Data of 
microbiological determination showed the same trend of plant growth with some 
exceptions. Out of the 92 accessions examined, 10 which gave high counts of N-fixer 
were selected. N-ase activity was carried out for these selected accessions from the 
results, line No. 497 gave high N-activity followed by No. 1065 then 31. The results 
showed that inoculation with asymbiotic N-fixers affected the growth and yield of barley 
plants. The effect differfed according to the genetic make up used as well as the 
treatment of fertilizer. 

In the control treatment (received 100 % N but uninoculated) produced tallest 
plants increased dry weight and grain yield for accessions, 31, 1944 and 2725, 
respectively. 

In the inoculated treatments, significant increase in plant height was recorded for 
all accessions except in the case of germplasms 497 and 2628, the increase was 
insignificant. The highest and significant increase was observed for line 31 followed by 
2628 then 1065, Table (4). 

In the light of the forementioned results, it could be concluded that grain 
inoculation with Azotobacter and Azospirillum increased the densities of the asymbiotic 
N-fixers (Azotobacter and Azospirillum). Similar results were obtained by other
investigators (Saleh et al., 1986).

The effect of inoculation with asymbiotic nitrogen fixers on plant growth and crop 
yield was emphasized by many invest'igators (Rovira, 1963 and Brown, 1974). They 
reported that inoculation of different crops with asymbiotic N-fixers significantly 
increased plant growth dry weight & grain yield. The beneificial effect of these 
organisms on plant development could be attributed not only to the N-fixation but also 
to the production of growth promoting substances (Harper and Lynch, 1979; Tien et al., 

1979 and Renders and Vlassak, 1982). 
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Barley seed vitality in relation to heat-susceptibility and -resistance. 
B. M0LLER and L. MUNCK, The Royal Veterinary and Agricultural University,
Department of Dairy and Food Science, Food Technology,
Rolighedsvej 30.3, DK-1958 Frederiksberg C, Denmark.

Introduction. 
Quantification of seed vigour in malting barley is based on determination of the germination 
cwve of a range ofheat-treated sub-samples with water content 12%, treated at 68°C in 0-
4½ hours. 
The calculation is based on the method of Aastrup et al. (1989). The loss of vigour is 
assumed to follow a normal distribution curve at constant storage conditions. By 
mathematical transformation, using a probit scale, the distribution can thus be described by 
a straight line. The point where the straight line hits the y-axis is then taken as a quantitative 
measure for the initial seed vigour. 
Following Aastrup et al. the vigour potential status at any time can be calculated using the 
models and equations, and knowing the storage conditions. 
If two barley samples have the same content of water and equal storage conditions, the 
germination curves should be the same. 
We will in the following investigate if this model is adequate in real life. 

Materials and Methods. 

Plant material. Field experiment I Barley samples with natural differences in vigour. 
A total of22 different samples of the varieties Alexis, Ariel, Blenheim, Etna and Meltan. Tue 
samples were received from "Skanska Lantmannen", Malmo. The barley samples were 
harvested in 1993, and grown on two locations in Denmark and on one location in Sweeden 
in 1994. 

Field experiment II The varieties Alexis, Carula, Etna and Lysimax were used. The samples 
were harvested in 1993 and grown on two locations in Denmark and one location in 
Sweeden in 1994. The 4 samples all contain 12 % water. Ageing (loss of vigour) is 
simulated by a heat-treatment of the barley lots in water-tight plastic bags in a water bath 
at 58° C in 0, 10, 30, 40 and 50 hours. 

Methods. Germination Index (GI) To determinate the germination index 4 x 100 kernels 
are germinated in 50 ml 0. 75 % H

2
0

2 
for three days. Percent germinated kernels (n) is 

calculated after 24, 48 and 72 hours. 
10 x (n24 ... ±Jhs + n12L 

GI = n24 + (n48 x 2) + (n72 x 3) 

n = percent germinated kernels after 24, 48 and 72 hours of germination. 

Vigour Potential (VP) The vigour potential (defined by Aastrup et al., 1989) is determinated 
by heat-treating 10 sub-samples of every barley lot (12% water) in a water bath at 68°C 
("storage temperature") in 0-4½ hours ("storage time"). After the heat-treatment 4 x 100 
kernels of every sub-sample are germinated in 90 mm petri dishes with two layers of 
filterpaper and 5 ml H

2
0 for 8 days. Tue germination results of the 10 sub-samples will end 

up with a "germination curve" for each barley sample. After transforming the germination 
data to probit the VP can be determinated as explained in the introduction. 
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Characterisation of the resistance of old winter barley (Hordeum vulgare 1J French 
cultivars to barley mosaic viruses. J. Le Gouis 1 and D. Hariri2, 

1 INRA, Amelioration des 
plantes, Domaine de Brunehaut, F-80200 Estrees-Mons, France, 2INRA, Pathologie 
vegetale, Route de Saint-Cyr, F-78026 Versailles, France. 

Introduction. Since its first description in the mid-seventies barley yellow mosaic disease 
became one of the most important diseases of winter barley in Western Europe. Barley mild 
mosaic virus (BaMMV) and two pathotypes of barley yellow mosaic virus (Ba YMV and 
BaYMV-2) first reported from Japan (Ikata and Kawai 1946) have up to now been found to 
be responsible for the disease (Huth 1989, Huth and Adams 1990). Due to their transmission 
by the soil-born fungus Polymyxa graminis Led (Toyama and Kusaba 1970) chemical 
control is either inefficient or unacceptable for ecological or economical reasons. Resistant 
cultivars have been registered but they likely carry the same gene (ym4) which does not 
confer any resistance against BaYMV-2. Surveys of germplasm have shown that new 
sources of resistance were available (Ordon and Friedt 1993) but due to their predominantly 
exotic origin and poor agronomic performance (Ordon and Friedt 199') these germplams are 
very difficult to use in a plant breeding programme. A preliminary study (Koenig et al 1991 ) 
showed that some old French cuJtivars were resistant against barley mosaic viruses. The aim 
of this work was to characterise their resistance and assess the possibility of using them in a 
plant breeding programme as they are better suited to France agricultural conditions than 
most exotic resistant germplasms. 

Materials and methods. About 70 old French vanettes which derived directly from 
landraces or have such material in their ancestry are kept at INRA of Clermont-Ferrand. 
Three of them, Mame, Comte de Serre and Superchampenois, all 6-row winter barley 
cultivars, which were reported to be resistant to Ba YMV (Koenig et al 199 .I) were so 
further studied. They were crossed with the susceptible 6-row cultivar Plaisant and the 
resistant 6-row cultivar Express which is supposed to carry the ym4 gene. For each cross, 
120 F2 plants were inoculated mechanically with BaMMV at the three leaf stage. The rate of 
infection was estimated by using 40 plants of the susceptible cultivar Plaisant for each cross. 
ELISA was carried out three weeks after inoculation to assess resistance or susceptibility. 
Agreement between observed and theoretical segregations was tested with a chi-square test 
after correction for the inoculation rate (Ordon and Friedt 1993). 

Results and discussion. Table I presents the results of the mechanical inoculation with 
BaMMV of F2 progenies coming from the crosses with old French varieties. Inoculation 
rate was generally high. For the three crosses involving the susceptible cultivar Plaisant, no 
good fit of observed segregations was found with the expected 1 resistant : 3 susceptible 
ratio corresponding to the presence of a single recessive gene. A good fit was then observed 
with the 7 resistant : 9 susceptible ratio indicating the presence of two recessive independent 
genes in the three old French varieties. 
For the three crosses with the resistant cultivar Express, all the F2 plants were resistant 
against BaM:MV. This result indicates that one of the two genes carried by the old French 
varieties is identical or closely linked to the ym4 gene. 
In different trials, Mame and Superchampenois have been showed to be resistant against all 
the viruses (BaMMV, BaYMV and BaYMV-2) present in Europe. Results were not so clear 
for Comte de Serre which was resistant or susceptible depending on the origin of the virus. 
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