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ABSTRACT

In order to transfer resistance genes in a vinifera variety
genome, hybridizations with irradiated pollen were car-
ried out between the following genotypes: Niagara
white, Concord and Buffalo, and vinifera variety Donaris
recently created. Three rates of gamma irradiation were
used: 10 Gy, 20 Gy and 25 Gy. The lethal rate of 50%
ranged in between 20 Gy and 25 Gy in case of the hy-
bridization between Donaris and Niagara and between 10
Gy and 20 Gy in case of the other two hybrid combina-
tions. This parameter was determined by taking into ac-
count the number of the ovules which differentiated
embryos and their ability of development into plants. In
all hybrid combinations, the phytohormones added in
the culture medium influenced on the ability of differen-
tiating embryos and their evolution into plants. In vitro
culture of the embryos caused a significant increase in
the number of embryos which differentiated, in all com-
binations and treatments used. Under in vivo conditions,
the embryo formation rate was poorer, but it increased
twice or thrice in case of in vitro culture of the embryos.
These results prove that the method of in ovulo embryo
culture is an efficient method for the interspecific hybrid
regeneration. Analysis and selection of plants with resis-
tance to Plasmopara viticola was made by applying the
test of the foliar disks (method Stoudt & Kassenmeyer,
1995). Among 470 plants which were analysed, 73
(15.5%) were selected as having increased resistance to
the attack of the pathogen.
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INTRODUCTION

Conventiona breeding for resistance to  dis-
eases is based on the combination through
hybridization of the resistance genes from one
parent, with the qudity of the other parent. Varie-
ties bdlonging to Vitis vinifera species are char-
acterised by a good qudity of the grapes and by
sansitivity to diseases. Therefore, their hybridiza:
tionwith resistant species represents the only con
ventiona method that can be used for obtaining
resistant grape varieties (Einset and Pratt, 1975;
Gdet and Morton, 1990). The resistant species
which have been successfully used in interspecific
hybridization with Vitis vinifera are the following:
Vitis aestivalis Michx (resstant to downy mil-
dew, powdery mildew, phylloxera and Pierce's

disease), Vitis berlandieri Planch. (resstant to
grey rot, downy mildew, powdery mildew, phyl-
loxera and Pierce s disease), Vitis candicans (re-
Sigant to grey rot, downy mildew, powdery mil-
dew, Pierce's disease and nematodes), Vitis la-
brusca L. (resistant to downy mildew and pow-
dery mildew), Vitis riparia Michx (resstant to
grey rot, downy mildew and powdery mildew and
phylloxera), Vitis rupestris Schede (resstant to
grey rot, downy mildew, powdery mildew, phyl-
loxera and Pierce' s disease) and Vitis rotundifo-
lia Michx (resstant to downy mildew, some
nematodes and Pierce’ s disease) (Gaet and Mor-
ton, 1990).

The conventional methods in breeding for re-
gdance by intralinter-pecific hybridization have
the following disadvantages.

- they require a long time as a consequence
of the very high degree of heterozygosity of the
grapevine and of the strong endogammic pressure
(Einst and Pratt, 1975, Allewedt and
Possingham, 1988);

- the very smdl number of hybrid individuds
obtained by hybridizetion;

- the low germination capacity of the seeds.

Simulation of the genelic recombination
process and of the transfer of the resistance genes
in vinifera variety genom, increase of the hybrid
plant number obtained and accderation of the
breeding process for the resigance may be
achieved by associding the traditiond hybridiza-
tion method with the in vitro rescue technique of
the immature embryos.

The rescue technique of the in vitro embryos
was successfully used for breeding seedless grape
varieties (Can et a., 1983; Spiege-Roy e 4.,
1985; Gray et d., 1987; 1990; Goldy and Am
born, 1987; Tsolova, 1990), but aso in order to
increase the number of interspecific hybrids Vitis
species x V. vinifera obtaned (Goldy e 4d.,
1988, 1989; Goldy and Amborn, 1987).
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This experiment amed a associating the
conventiond breeding method, the hybridization
using irradiated pollen and the technique of rescu
ing the immature embryaos in order to obtain inter-
specific hybridsthat present the quality of vinifera
varieties and the resstance of the species belong
ing to Vitis genre.

MATERIAL AND METHODS

In order to induce the transfer of resstance
genes in the genome of vinifera varieties hy-
bridization with irrediated pollen between Niagara
white, Concord and Buffalo genotypes and the
vinifera variety dorors, recently created.

Three gamma irradiation doses were used:
10 Gy, 20 Gy and 25 Gy. For each dosg, five
hybridizatiors were made. The control was repre-
sented by plants obtained by hybridizatiors with
not irradiated pollen.

The gendtic origin of the genotypes used in
the hybridization isthe following:

- Niagara white = Concord/Cassady (Vitis la-
brusca);

- Concord = Vitis labrusca (free pollination);

- Buffalo = Herbert/Watkins (Vitis labrusca/ 4*
Vitisvinifera).

The grapes were harvested at three intervals
of time postanthesis 50 days, 65 days and at full
ripening (100 days). The grape berries were ster-
ilised for 1 minute in ethylic acohal 70%, &fter-
wards they were rinsed for 15 minutein asolution
of Na hypochlorite containing  severd drops of
Tween 20. The ovules were asepticaly excised
after 3- 4 weeks of preservation in cold condi-
tions (4°C) and cultured in Petri dishes containing
20 ml medium.

The culture medium was represented by the
basical Murashige & Skoog (1962) added or not
by 1 mg/l indolyl acetic acid (IAA) and 0.5 mg/l
GA:. The medium was supplemented with 20 g/l
saccharose, solidified with Difco-Bacto agar 8 ¢/l
and adjusted at 5.6 pH before autodaving.

Three replications of 25 ovules were used in
the experiment.

The embryo cultures were maintained for 2
months in a growth chamber at 25°C + 2°C then
they were trandferred on a fresh medium.

The observations concerning embryo germi-
nation were made 6-7 weeks after inocuation.
The ovules which didn't germinate until 31 of
January were excised at their cdase according to
the method belonging to Vadez and Ulanovski
(1997) and mashed on a fresh medium. The cu-
tures were maintained for 30 days in the dark.
The vine shoots obtained were rooted on a Mura
shige & Skoog (1962) medium containing macro-
elements reduced to a hdf, supplemented with
Kingtine— 0.21 mg/l and IAA —1.18 mg/l.

The data obtained were andysed by using
ANOVA test.

RESULTS AND DISCUSSION

Observations madein vitro

In dl hybrid combinations, embryo preleva-
tion a 50 chys after hybridization determined a
vey low percentage of germination, no matter
what dose was used for irradiating the pollen.

The percentage of germination varied within
0-5.3% in case of Donarig/Niagara lybridization
and within 0-4.0% in case of the other hybrid
combinations.

The ovules which didn’'t germinate remained
green, but the microscopic anayses evidenced the
absence of the embryos in most excised immature
seeds, and in some cases, the presence of the
globular or heart-shaped embryos. These results
suggest that 50 days after pollination, the embryos
arein atoo early sage of development.

The prelevation of the grape berries 65 days
after pollinetion determined a significant growth of
the germinated embryos, the germination rate be-
ing correlated with the irradiation dose (Table 1).

The lethd dose 50% ranged within 20 Gy
and 25 Gy in case of the hybridization between
Donaris and Niagara and between 10 Gy and 20
Gy in case of the other two hybrid combinations.
This parameter was determined by congdering the
number of ovules which differentiated embryos
and their capacity of becoming plants.The phyto-
hormones added to the culture medium influenced
the embryo differentiation capacity and their fur-
ther development in al hybrid combinations,

The development rate of the plants was
smaller on a nedium lacking hormones, and was
corrdlated with the irradiation dose. It regstered
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vaues ranging within the limits of 8 - 10% in case
of the non-irradiated control, within 9.3 - 14.6%
for adose of 10 Gy, within 12 - 22.6% for adose
of 20 Gy, and 6.6 - 12% for adose of 25 Gy.
Pant development rate significantly increased
on a medium added with growth hormones, being

aso correlated with the irradiation dose. It regis-
tered values ranging in between 16 - 36% in case
of the control which was't irradiated, within 42.6
- 56% for a dose of 10 Gy, 38.6 - 62.6% for 20
Gy and 14.6 - 24% for 25 Gy (Table 2).

Table 1.Invitro germination embryos according to the irradiation dose and the period of inoculation

) Donarig/Niagara Donaris/Concord Donaris/Buffalo
Period of > P
inoculation | 0Gy | 10Gy [ 20Gy | 25Gy | 0Gy | 10Gy | 20Gy Gy OGy | 10Gy | 20Gy Gy
50 day 0 4 2.66 5.33 0 4 0 0 13 4 1.3 0
65 day 18.6 42.6 62.6 24 16 48 38.6 14.6 36.0 56 41.3 24
Table 2. Plant differentiation throughin vitro culture of embryos
Number of Differentiated plants
D Culture inoculated iNi i q i<Bufial
ose medium ovules DonarigNiagara Donaris/Concor Donarig/Buffalo
No. No. % No. % No. %
0Gy a 75 14 18.6 12 16.0 27 36.0
b 75 6 8.0 8 10.6 8 10.6
a 75 32 42.6 36 48.0 42 56.0
10 Gy
b 75 11 14.6 12 16.0 7 9.3
20 Gy a 75 47 62.6 29 38.6 31 41.3
b 75 17 22.6 9 12.0 9 12.0
25 Gy a 75 18 24.0 11 14.6 18 24.0
b 75 9 12.0 5 6.6 5 6.6

a) medium without hormones

b) medium added with hormones

The highest number of hybrid plants (Don
arigNiagara and DonarisConcord) were ob-
tained dter calus formation around the vine e
plants, but the regenerated plants did not originate
from that calus. The irradiation dose significantly
influenced upon embryo germination capacity, the

highest number of plants keing obtained in case of
the dose of 20 Gy for the combination ~ Don-
arig/Niagara (52%) and of 10 Gy for Dot
aris'Concord (28%) and Donaris/Buffalo (18.6%)
(Table 3).

Table 3. Germination of in ovul o embryos after callus formation

Culture Number of Donarig/Niagara Donaris/Concord Donarig/Buffalo
Dose megium inoculated ovules germination germination germination

No. No. % No. % No. %
0 Gy a 75 6 8.0 8 10.6 9 12.0
b 75 5 6.6 6 8.0 3 4.0
10 Gy a 75 18 24.0 21 28.0 14 18.6
b 75 7 9.3 8 10.6 1 13
20 Gy a 75 39 52.0 20 26.6 12 16.0
b 75 14 18.6 6 8.0 4 5.3
a 75 12 16.0 6 8.0 6 8.0
Gy b 75 6 8.0 3 40 1 13

a) medium without hormones
b) medium added with hormones
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In the hybrid combination DonarigBuffao,
the highest number of plants developed through
the direct germination of the ovules (Table 4). Di-
rect germination occurred 67 weeks after  in

Polyembryonic ovules were obtained in a
amdl percentage (0 - 6.6%). The number of
plants differentiated from a sngle ovule ranged

oculation, when the rootlets gopeared and some
very large ootyledons differentiated, often presert-
ing morphologic modifications (shape of a cup,
absence of hypocotyle, thickness).

between 2-11 in case of DorarigNiagara, 3-8in
case of Donaris/Concord and 2-7 for Don
arigBuffdo (Table 5).

Table 4. Direct germination of embryosin ovulo

Culture Number of Donarig/Niagara Donaris/Concord germi- Donaris/Buffdo
Dose ) inoculated germination nation germination)
medium
ovules No. % No. % No. %
0y a 75 8 10.6 4 5.3 18 24.0
b 75 1.3 2 2.6 5 6.6
10 Gy a 75 14 18.6 15 20.0 28 37.3
b 75 4 5.3 4 5.3 6 8.0
a 75 8 10.6 9 12.0 19 25.3
206Gy b 75 3 4.0 3 40 5 6.6
25 Gy a 75 6 8.0 5 6.6 12 16.0
b 75 3 4.0 2 2.6 4 5.3
a) medium without hormones
b) medium added with hormones
Table 5. Differentiation of the polyembryonic ovules
Number of Donaris/Niagara Donaris/Concord Donaris/Buffalo
Dose Cult.ure inoculated polyembryonic ovules polyembryonic ovules polyembryonic ovules
medium ovules No. % No. % No. %
0Gy a 75 5 6.6 1 13 2 2.6
b 75 4 5.3 0 0 0 0
10 Gy a 75 4 5.3 5 6.6 4 5.3
b 75 1 1.3 4 5.3 0 0
20 Gy a 75 0 0 2 2.6 0 0
b 75 2 1.5 0 0 1 1.3
25 Gy a 75 2 2.6 0 0 0 0
b 75 0 0 0 0 0 0

a) medium without hormones
b) medium added with hormones

I'n vivo observations

Seed germination was rather poor in al hy-
brid combinations, with vaues between 12.5% (0
Gy) — 2095% (25 Gy) in cae of Don

— 16.31% (25 Gy) in case of DonarigBuffao. In
al cases the smdlest percertage of germination
was registered for the control (0 Gy) and when
the dose of 25 Gy was applied. A simulaion of

arigNiagara, 19.28% (0 Gy) — 23.8% (25 Gy) germination was  roticed in case of the dose of
in case of DonarisConcord and  15.16 % (0 Gy) 10 Gy (Table 6).
Table6. Results concerning the germination of in vivo embryos
Donaris/Niagara | Donaris/Concord | Donaris/Buffalo
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Dose  Numberof |  Germinatedseeds | Number of Germinated seeds Number of | Germinated seeds
seeds seeds seeds
obtained No. N obtained No. “ obtained No. %

0 Gy 176 22 125 140 27 19.28 178 27 15.16
10 Gy 400 102 25.5 300 110 36.6 650 215 330
20 Gy 253 79 31.2 182 47 25.8 250 71 28.4
25 Gy 525 110 20.95 378 90 23.8 190 31 16.31

The beginning and the development of the
vegetation periods were delayed, being correlated
with the irradiation dose.

The germination of the seeds occurred 3-8
days later in comparison with the control which
was not irradiated, and it was delayed with 14-47

days in case of DonarigNiagara, 14-32 daysin
case of Donaris/Concord and 13-51 daysin case
of DonarigBuffdo  (Table 7).

Table 7. Dynamics of seed germination

Germination period (days) and Germination (%)
pose | 1 | 4 | o | 11| 18 | 23 [27 3 37 | a | 49 [ 59| 69
Donarig/Niagara
0Gy | 1818 | 136 90 | 2727 9.0 22.70)
10 Gy 352 | 137 | 1960 | 117 980| 390 [ 294 196 [ 090
20Gy | 379 | 1139 | 2025 | 17.70 | 30.37 631 379 | 253 126 | 126 | 126
25 Gy 1545 | 2450 | 190 15450 818 | 270 360 | 270 | 360 | 27 | 18
Donaris/ Concord
0Gy | 296 | 111 | 148 | 185 7.40 37
10 Gy 1636 | 145 | 2450 | 190 | 545 | 727 545 | 270 | 2.7 | 18
20 Gy 4.2 106 | 638 | 2127 | 2978 638 | 850 | 638 425 | 212
25 Gy 11 | 1110 | 188 | 32.0 0 333 | 220 220 | 110 | 11 | 11
Donaris/ Buffalo
0Gy | 111 | 1850 | 3330 | 296 74
10 Gy 651 | 837 | 2186 | 120 | 274 651 | 372 | 279 465 | 232 | 279 | 046 | 046
20 Gy 12.60 | 239 | 408 253 | 225 | 280
25 Gy 6.45 | 12.90 6.45| 225 322 | 322 | 967 322 | 322
The dose of 10 Gy had a simulating dfect Table 8.Effect of the irradiation dose upon plants
on plant emergence, except for the hybrid combi- emergence
retion Donaris/Concord which showed a large Genatype Emerged plants (%) / Dose
number of plants which emerged when the dose 0Gy | 10Gy | 20Gy | 25Gy
goplied was 20 Gy. When compared to the con Donaris/Niagara 59 | 63.75 62 54.5
trol, the differences were sgnificant both for the Donais/Concord | 703 | 627 82.9 68.8
dose of 10 Gy, and for that of 20 Gy. The appli- Donaris/Buffao 66.6 | 80.9 61.9 54.8

cation of a dose of 25 Gy had as a consequence
the emergence of a smdler number of plantsin dl
hy brid combinations, the differences in compari-
on with the control being Sgnificantly negative
(Table 8).

The plant emergence began 4-10 days later
in comparison with the control and was ddayed
with other 9-16 days, depending on the genotype
and dose (Table 9).

Table 9. Dynamics of the emergence

Dose

Emergence period (day) and Emerged plants (%)
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| 5May 9May | 15May | 17May | 21May | 24May | 31May | S5dune | 10June

Donarig/Niagara
0 Gy 30.7 23 15.3 38.46 7.7 23
10 Gy 33.8 15.4 12.3 9.23 15.4 7.69 6.15
20 Gy 34.6 4.08 22.5 8.16 10.2 10.2
25 Gy 3.33 20 26.6 13.3 10 15 11.6
Donaris/ Concord
0 Gy 36.8 26.3 1578 21 5.26
10 Gy 14.5 20.3 145 17.4 8.7 174 7.25
20 Gy 10.25 46.1 10.25 7.7 10.25 7.7 5.12 2.56
25 Gy 11.3 9.7 14.5 32.2 11.3 12.9 6.45 1.6
Donaris/ Buffao
0 Gy 1.7 16.3 11.1 22.2 16.6 5.5
10 Gy 15.8 39 27.9 7.9 6.5 4.65 3.7 3.25 0.5
20 Gy 31.8 20.5 11.36 13.6 11.3 2.27 9.09
25 Gy 11.8 11.36 9 11.8 0 5.8

Table 10. Phenotypical modifications induced by the treatment at the level of cotyledons

Modifications induced at the level of cotyledons (%) Mutants
Dose 3-7cotyledons  Shape of a.cup Morphologic mutants modifications of %)
symmetric | asymmetric chlorophyllian neture
Donarig/Niagara
0 Gy 7.69 7.69 15.38
10 Gy 12.3 15 4.6 3 15 21.5
20 Gy 10.2 2 8.16 2 2 22.4
25 Gy 8.3 1.6 1.6 3.3 3.3 18.3
Donaris/Concord
0Gy 5.26 5.26
10 Gy 1.4 1.4 1.4 434
20 Gy 2.5 10.25 7.7 20.5
25 Gy 3.2 6.4 6.4 16.1
Donaris/Buffao
0 Gy
10 Gy 5.1 0.46 2.3 1.86 0.9 10.69
20 Gy 6.8 2.3 45 13.6
25 Gy 1.76 5.8 11.7 1.76 35.29
Table 11. Phenotypical modifications induced by the treatment at the level of the adult plant
Morphol ogic mutants (%) Total number of
Dose At thelevel of theleaves: At the level of the shoot: mutants
symmetric | asymmetric | chlorophyllian deficiencies | shortening of the internode length (%)
Donarig/Niagara
0 Gy
10 Gy 3 0.7 3.70
20 Gy 2 6.1 8.16
25 Gy 8.3 5 13.20
Donaris/Concord
0 Gy 5.26 2.89 8.15
10 Gy 1.60 1.60
20 Gy 11.10 7.7 25 21.90
25 Gy 6.4 6.4 1.6 14.40
Donarig/Buffalo
0 Gy
10 Gy 2.3 4.5 6.80
20 Gy 1.6 1.76 3.36
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256Gy | |

Morphologica modifications were noticed in
a reduced percentage at the leve of the cotyle-
dons (cotyledons having the shape of a cup, the
multiplication of the cotyledon  number between
3 and 7, chlorophyllian  mutants (Table 10) and
a the level of the adult plant (symmetric and
asymmetric modifications at the level o the leaves,
modification of the internode length, chiophyllian
mutants) (Table 11).

Comparison concerning the in vivo and
in vitro embryo development

In vitro culture of the embryos had as a con
sequence a sgnificant increase of the tybrid em
bryo number which differentiated in al combina
tions and trestments applied. The development
rate of the in vivo cultured arbryos was lower
and increased 2 3 times through in vitro culture
of the embryos. These results show that the
method of in ovulo cultured embryos is an effi-
cient method for regenerating the interspecific
hybrids.

The andlysis and sdection of the plants do>-
tained, regarding ther leve of resstance to Plas-
mopara viticola were made by applying the test
of foliar disks (Stoudt and Kassenmeyer method,
1995). Among 470 plants which were anaysed,
73 (15.5%) were lected as having an increased
resistance to the attack of the pathogen.

Most of the genotypes under breeding were
obtained when gpplying an irradiation dose of 25
Gy, indl hybrid combinations.

CONCLUSIONS

The 50% lethd dose which was determined
by consdering the number of the ovules which
differentiated embryos and their capacity of de
veloping and becoming plants ranged between
20-25 Gy in case of the hybridization between
Donaris and Niagara and between 10-25 Gy in
case of the other two hybrid combinations.

The highest number of hybrid plants (Don
arigNiagara and DonarigConcord) were ob-
taned after cdlus devdopment around the ex-

plants, but the regenerated plants did not originate
from that cdlus.

Polyembryonic ovules were obtained in a
smal percentage (0-6.6%). The number of th
plants which differentiated from a single ovule
ranged between 211 in case of Donaris/Niagara,
3-8 in case of DonarigConcord and 27 in case
of Donarig/Buffdo.

Seed germination was rather low in dl hybrid
combinations. In al cases, the samdlest percentage
of germination was showed in the control (0 Gy)
and when an irradiation dose of 25 Gy was -
plied. A dimulation of the germination process
was noticed when using adose of 10 Gy.

The beginning and further development of the
vegetation periods were delayed, being correlated
with the irradiation dose.

In vitro culture of the embryos led to a Sg-
nificant increase in the number of differentiated
hybrid enmbryos in dl combinations and trest-
ments. The development rate of the embryos ut
der in vivo conditions was lower and increased to
2-3timesthrough in vitro cuture of the embryos.

These results show that the method of in
ovulo culture of embryos represent an efficient
method for regenerating the interspecific hy-
brids.
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