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Evaluation of foliar resistance to Uncinula necator in Chinese wild Vitis species

by
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Summary: Resistance to grape powdery mildew (Uncinula necator BUrr.) of 13 known Viti species and 5 unclassified
grapes native to China was evaluated. 88 clones were tested with natural infection and u subset of 34 were artificially inocuiated
during the years of 1991-1992, 68 clones showed resistance to U. necator. In general, we found clones of V bryonitfolia, V. davidii,
and V, piasezkii resistant to U, necator. However, intraspecific variations were observed. Results from this study indicate that
Chinese native wild grapes may provide valuable germplasm resources for powdery mildew resistance.
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Introduction

Powdery mildew disease of grapevines is of world-

wide importance. The pathogen, Uncinula necator Burr.,
is believed to have originated in North America and spread
to Europe before 1850 (PEarsoN 1990}, Powdery mildew
was first observed in China in the 1950’s (WaNG 1993).
Grape production in China has dramatically increased in
the past ten years and the cultivated area now occupies at
Ieast 87,000 ha (Fu 1988). There have been reports of lo-
cal powdery mildew {Waxc and He 1993) disease outbreaks
and the potential for damage in northern and northwestern
China, the major grape production areas, is high.

Like many other crops, utilization of host resistance
through breeding could be the most effective and economi-
cal strategy to control grape powdery mildew, However, a
suitable grape germplasm is needed as the foundation for
such a breeding program (LENNE and WooD 1991; SPRAGUE
1980). China is one of the major centers of origin of Vitis
species. Among the nearly 70 known species in Vitis, more
than 27 have their origins in China (Ht and Wang 1988;
HE et al. 1991). Native grapes can be found in every sec-
tion of China (Wanc 1993}, The rich resource of Chinese
wild Vitis germplastn for grape breeding programs has been
largely overlooked until recently (STAUDT 1989, ZHANG et al.,
1989). In addition to the potential source of disease resist-
ance, Chinese native wild grapes do not have the foxy
flavor, which limits the use of some American native grapes
in breeding programs (ALLEWELDT and Possinanam 1988).

The research, reported herein, details the results of an
evaluation of Chinese wild Vitis species for resistance to
powdery mildew, with the hope that this poorly docu-
mented germplasm will benefit future viticultural research,

Materials and methods

A total of 13 described species and 5 unclassified ones
encompassing 88 clones of Chinese Viris were evaluated

from 1991 to 1992 (Tab. 1 and 2), These clones were col-
lected in mountain and piedmont areas from 12 provinces
and autonomous regions {Fig.1) and maintained at the wild
grape germplasm nursery of Northwestern Agricultural
University, Yangling, Shaanxi, P, R. China by grafting onto
V. vinifera cv. Muscat Hamburg. Most of these clones were

_taken as cuttings from the individual wild plants on site.

Investigation and screening were based on sugar content,
petential yield, berry size, flower type, disease-resistance
etc, from 1981 to 1985, The clones were evaluated for
powdery mildew resistance in the fieldona 1.5 mx 2.5 m
spacing in a vineyard of Northwestern Agricultural Uni-
versity, Yangling, Shaanxi, the People’s Republic of China.
Each clone had three plants. V. riparia and V. vinifera cv.
Carignane were used as resistant and susceptible controls,
respectively, All the grapevines were subjected to the same
cultural practices. No pesticides were used during the pe-
ried of disease evaluation.

Fig. 1: A simplified map of the Pecple’s Republic of China. The
shaded areas indicate the sources of Chinese Vitds spp. used in
this study.
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Table 1

Names and sources of 90 Vitis clones*
Species ~ Clones Sources
V. adstricta Hance Yanshan-2 Hebei
V. adstricta Hance Taishan-1 Shandong
V. adstéricia Hance Taishan-2 Shandong
V. amurensis Rupr. Shanputao Heilongjiang
V. amurensis Rupr. 74-1-88 1) Jilin
V. amurensis Rupr. 74-1-326 Y Jilin -
V. amurensis Rupr. Shuangging 2} Jilin
V. amurensis Rupr. Taishan-11 Shandong
V. bryoniifolia Bunge Anlin-16 Anhui
V. bryoniifolia Bunge Aniin-18-1 Anhui
V. bryonitfolia Bunge Anlin-18-2  Anhut
V. bryoniifoliac Bunge Anlin-28 Anhui
V. bryoniifolia Bunge Anlin-29 Anhui
V. brvoniifolia Bunge Anlin-25 Anhui
V. davidii Foex Xuefeng Hunan
V. davidii Foex Tiangxi-4 Tiangxi
V. davidii Foex Tangwei ¥)  Tiangxi
V. davidii Foex Lue-4 Shaanxi
V. davidii Foex Ning-5 Shaanxi
V. davidii Focx Ning-6 Shaanxi
V. davidii Foex Ning-7 Shaanxi
V. davidii Foex Jinan-1 Shandong
V. duvidii Foex Tinan-2 Shandong
V. davidii var. evanocarpa Sarg.  Nan-6 Shaanxi
V. davidii var. evanocarpa Sarg.  Zhen-3 Shaanxi
V. flexuosa Thunb. Yang-2 Shaanxi
V. flexuosa var. parvifolia Gagn. Shang-2 Shaanxi
V. hancockii Hance Jiangxi-5 Jiangxi
V. piasezkii Maxim Ninggu-1 Ningxia
V. piasezkii Maxim Bai-22-1 Shaanxi
V. piasezkii Maxim Liu-6 Shaanxi
V. piasezkii Maxim Lin-7 Shaanxi
V. piasezkii Maxim Liu-8 Shaanxi
V. piasezkii Maxim Liu-9 Shaanxi
V. piasezkii Maxim Mei-4 Shaanxi
V. piasezkii Maxim Mei-6 Shaanxi
V. piasezkii Maxim Nan-2 Shaanxi
V. pseudorericulata W.T. Wang  Guangxi-1 Guangxi
V. pseudoreticulata W.T. Wang  Guangxi-2 Guangxi
V. pseudoreticulata W.T. Wang  Jliangxi-3 Jiangxi
V. pseudoreticuluta W.T. Wang  Bai-13-1 Shaanxi
V. pseudoreticulata W.T. Wang  Bai-35-1 Shaanxi
V pseudoreticulata W.T. Wang  Bai-36-1 Shaanxi
V. pseudoreticulate W.T. Wang  Shang-1 Shaanxi
V. pseudoreticulata W.T. Wang  Xun-1 Shaanxi
V. quinguangularis Rehd. Yongfu Guangxi
V. gquinguangularis Rehd. 83-4-93 %) Shaanxi
V. guinguangularis Rehd. 83-4-96 %) Shaanxi
V. quinguangularis Rehd. Dan-1 Shaanxi
V. quinguangularis Rehd. Dan-2 Shaanxi

Table 1, continued

Species

Clones Sources
V. quinguangularis Rehd. Dan-4 Shaanxi
V. quinquangularis Rehd. Dan-11 Shaanxi
V. quinguangularis Rehd. Mei-1 -Shaanxi
V. guinguangularis Rehd. Mei-2 Shaanxi
V. quinguangularis Rehd. Shang-24 Shaanxi
V. guinguangularis Rehd. Xun-3 Shaanxi
V. quinquangularis Rehd. Wei-2 Shaanxi
V. quinguangularis Rehd. Wei-3 Shaanxi
V. quinguangwlaris Rehd. Wei-4 Shaanxi
V. quinquangularis Rehd. Taishan-12  Shandong
V. riparia Michaux Unknown Shaanxi
V. romanetii Roman. Ping-2 Guangxi
V. romanetii Roman. Ping-7 Guangxi
V. romanetii Roman. Jangxi-1 Jiangxi
V. romanetii Roman. Jiangxi-2 Fangxi
V. romanerii Roman. Bai-22-2 Shaanxi
V. romanetii Roman. Liu-1 Shaanxi
W romanetii Roman. Liu-11 Shaanxi
V romanetii Roman. Liu-2 Shaanxi
V. romanetii Roman. Liu-13 Shaanxi
V. romanetii Roman. Shang-23 Shaanxi
V. sinocinerea W.T. Wang Lan-2 Shaanxi
V. sp. (Maihuang grape) Bai-36-2 Shaanxi
V. sp. (Maihuang grape) Bai-41 Shaanxi
V. sp. (Mathuang grape) Bai-42 Shaanxi
V. sp. (Malhoang grape) Bai-44 Shaanxi
V. sp. {Maihuang grape) Xun-8 Shaanxi
V. sp. {Maihuangfuye grape) Bai-40 Shaanxi
V. sp. (Maihuangfuye grape) Bai-117 Shaanxi
V sp. (Ml grape) Xun-4 Shaanxi
V. sp. {Qinling grape) Dan-6 Shaanxi
V. sp. (Qinling grape) Lan-6 Shaanxi
V. sp. {Qinling grape} Lan-174 Shaanxi
V. sp. (Qinling grape) Ning-10 Shaanxi
V. sp. (Qinling grape} Ping-5 Shaanxi
V. sp. (Xiaofuye grape) Lui-10 Shaanxi
V. sp. (Xiaofuye grape) Ning-3 Shaanxi
V. vinifera L. Carignane Shaanxi
V. wilsonge Veitch Yang-1 Shaanxi

Yanshan-1 Hebei

V. venshanensis

*1) The clones were derived from the intraspecific hybridiza-
tion of V. amurensis; *} The flower type of the clones from the
cuttings as described below is hermaphrodite under natural con-
ditions; ¥y The clones were selected by seedlings derived from
the seeds of ¥ ginguanguiuris. The clones from Shaanxi prov-
ince were taken as cuitings from individual wild plants on site
through investigation from 1981 to 1985. The clones from cther
provinces were obtained by exchange with other research insti-

tutions in China.
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Evaluation of natural infection was performed during
July and August when powdery mildew symptoms were
fully developed. 300 leaves were surveyed for each clone.
Each leaf was graded as: 0, 1, 2, 3, 4, 5, 6 and 7, based on
the estimated percentage of lesions over the whole leaf
area: 0, 0.1-5.0, 5.1-15.0, 15.1-30.0, 30.1-45.0, 45.1-65.0,
63.1-85.0 and > 83.0, respectively. Results of grading were
then converted to the severity index: SI = {[Sum of (Grade
value x number of leaves in that grade)]/(Total leaf number
x Highest grade value}} x 100, The resistance level of each
clone was rated based on its SI: ER, Extremely Resistant,
SI = 0; HR, Highly Resistant, SI= 0.1 - 5.0; R, Resistant,
SI = 5.1 - 25.0; S, Susceptible, S1 = 25.1 - 50; and HS,
Highly susceptible, SI = 50,1 - 100,

To verify the results obtained from natural inocula-
tion, 34 clones (Tab. 1 and 2) were selected and inoculated
artificially. Conidia of U. necator were collected from
symptomatic leaves by washing with 0.78 % glucose in a
sterilized water solution, imitating the osmotic pressure of
powdery mildew conidia (Faxg 1979). 50 leaves from
10 young shoots were sprayed for each clone with the con-
centration of 2 x 10° conidia per ml of 0.78 % glucose
solution to the point where tiny liquid drops just appeared
but no runoff occurred. Inoculated leaves were immedi-
ately covered with thin paper bags. After 21 d they were
evaluated in the manner described above.

Results and discussion

Tab. 2 lists the results of the powdery mildew disease
evaluation from both natural and artificial infections. In
the natural infection experiment, 11 clones were ER,
13 clones were HR, 42 clones were R, 15 clones were S,
and 5 clones were HS, showing that Chinese Vitis species
have a high degree of variation in their resistance to
U. necator. Clones with SI between 5.1 to 25 were consid-
ered to be resistant (R) because V. riparia had its SI fall
into this range and ¥ riparia was considered as R. Vitis
vinifera, on the other hand, was highly susceptible (SI =
67.36). Overall 77.2 % of the clones (68 out of the 88)
were resistant to U, necaror.

In general, the artificial inoculation agreed with the
results from natural infection (Tab. 2). In Shaanxi prov-
ince, P. R. China, the lowest temperature is about -15 °C
(January) and the highest temperature is about 35 °C (July).
The rainy season occurs from July to September with an
average yearly rainfall of about 380 mm. Under natural con-
ditions, powdery mildew usually appears in May and peaks
in July and August: For this reason, artificial infection ex-
periments were performed in June, so that enough conidia
were available as inocula. It was found that covering the
sprayed young shoots for a period as long as 21 days was
necessary for successful inoculation. The heavy rainfall
‘this area receives may wash away U. necator conidia and
influence the results of the natural infections.

Out of the 13 species of Chinese Viris, 8 of them were
tested with 5 or more clones. Based on the ratio of resist-

ant clones to total tested clones, V. bryoniifelia (6/6), .

V. davidii (10/11), and V. piasezkii (9/9) were judged to be

V. sinocinerea ]

broadly resistant species. However, intraspecific variations
are obvious overall. For example, Sls of V. quinquangularis
(15 clones) ranged from ER to HS (Tab. 2). Fig. 2 presents
a histogram showing the variation in resistance within spe-
cies of the 90 Vitis clones tested in this study.
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Fig. 2: A histegram directly showing the resistance variations of

the 90 Viris clones to Uncinule necator in natural infection ex-

periments at Yangling, Shaanxi, P. R. China. The solid squares

represent the means of severity index from 1991 and 1992,

ER, extremely resistant; HR, highly resistant; R, resistant;
S, susceptible; HS, highly susceptible,

The intraspecific variation found in this experiment
has been found in other resistance evaluations (DoSTER and
SCHNATHORST 1985; Gapoury and PEarson 1991). Early re-
ports (BouraLs 1961} on Chinese Vitis usually focused on
the interspecific variation, likely because of the small
number of available accessions of Chingse Vitis. There-
fore, parents for breeding should be selected from specific
clones identified in this study, or clonal variability within
species should be considered before crosses are made,

We also observed that the resistance to U, necator of
the studied species is not related to their geographical ori-
gins. For example, three clones of V. pseudoreticulata, col-
lected from Guangxi province (southern China) had Sls
from 4.22 to 45.26, whereas the Sls of four clones from
northern China (Shaanxi province) ranged from 2.19 to
27.01 (Tab. 2). Thus, resistance is not unique to either south-
ern or northern accessions.

Gapoury and Pearson (1991) explained that resistance
or susceptibility variations of some grape cultivars might
be due to the presence of pathogenicity specialization in
U. necator. No study on pathogenicity specialization of
U, necator has been done in China, therefore our results
can only be interpreted in the context of exposing plants to
isolates of uncharacterized pathogenicity and virulence,

This work is the most extensive and comprehensive
evaluation of Chinese Vitis for resistance to powdery mil-
dew disease. 13 out of the 27 known Vitis species from 12
provinces were tested (Tab. 1, Fig. 1). Five Chinese native
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Table 2

Severity index and resistance ratings of 90 Vitix clones resistant to Uncinula necator from experiments in 1991 and 1992

Natural Infection - Artificial Inoculation

No. 1991 1992 Mean+Deviation Rating 1991 1992 MeantDeviation Rating
V. adstrictu

1 46,55 43,93 4524 + 1,31 S - -

2 18.32 16.34 17.33 £ 0.99 R 16.92 9.52 13.22 £ 3.70 R

3 44.31 82,78 63.55 +19.24 HS - - - -
V. amurensis

4 25.57 22.71 2414 £ 1.43 R - - - -
5 16.98 14,28 1563 £ 1.35 R 0 0 0 ER
6 4.45 1.47 296 £ 149 HR - - - -
7 42.65 30.91 3678 + 587 S 52.58 4354 4806 = 452 5
8 0 ] 0 ER ] 0 0 ER
V bryoniifolia
9 1.64 1.641 1.64 £ 0.00 HR - - - -
10 2.46 2.04 225 = 021 HR 0 0 0 ER
11 10.71 8.06 9.39 £ 1.33 R - - - -
12 19.13 13.86 16.5C0 = 2.64 R 6.36 9.90 8.13 + 1.77 R
13 4.73 4.29 451 + 022 HR - - - -
14 7.54 5.12 633 + 121 R - - - -
V. davidii
15 4.11 1.63 287 + 1.24 HR - - - -
16 48 83 41.69 4526 + 3,57 S - - - -
i7 3.60 1.76 268 + 092 HR - - - -
18 8.41 5.33 6.87 £ 154 R - - - -
19  16.87 15,16 = 16.02 + 0.86 R - - - -
20 24.46 6.88 1567 £ 8.79 R - - -
21 2376 17.12 2044 = 3.32 R - - - -
22 9.40 7.30 835 £ 1.05 R - - - -
V. quinquangularis Rehd.Dan-4Shaanxi
23 8.60 4.74 6.67 + 1.93 R - - - -
24 23.15 12.41 17.78 + 537 R 0 0 0 ER
25 1496 14.16 14.56 + 0.40 R 4.19 4,33 4.26 + 0.07 HR
V. flexuosa :
26 20.06 15.04 17.55 + 251 R - - - -
27 12.65 6.49 057 + 308 R - - - -
V. hancockii :
28 6.57 3.78 518 £ 140 R - - - -
V. piasezkii
29 0 343 1.72 £ 1.72 HR - - - -
30 24.44 19,14 2179 + 265 R 10,39 19.54 1497 £ 4.57 R.
31 .88 278 1.83 £+ 095 HR - - _ - -
32 12.65 10.21 11.43 + 1.22 R - - - -
33 18.12 5.40 11.76 £ 6.36 R - - - -
34 0.54 0.19 037 £ 018 HR - - - -
35 13.24 5.52 938 £ 386 - - - -
36 24.78 14,86 19.82 £ 4946 - - - -
37 23.81 20161 2221 £ 1.60 - - -

R
R
R
V. pseudoreticulata
1.93 HR - - - -
S
S
R

38 6.14 2.29 4215 &

3% 39.29 45.87 42,58 £ 329 - - - -
40 49.16 41.36 45.26 £ 3.90 - - - -
41 24.75 18.79 2177 + 298 - - - -

V. pseudoreticulata

42 7.67 6.35 7.11 = 0.56 R 0 -0 0 ER
43 3.30 1.07 219 = 1.12 HR 0 0 0 ER
44 2714 26.88 27.01 £ 0C.13 S 4901 3877 4389 £ 35.12 5
45 29,12 7.86 8.49 £10.63 R - - - ’ -



Table 2, continued

Powdery mildew resistance of Chinese Viris species

Natural Infection

Artificial Inoculation

No. 19391 1992 MeantDeviation Rating 1991 1992 MeantDeviation Rating
V. quinguangularis

46 6178 5132 56.55 + 5.23 HS - - -

47 8.36 5.04 60,70 £ 1.66 R - - - -

48 10.33 547 790 £ 243 R - - - -

49 0 0 0 ER 0 0 0 ER

50 8.55 531 693 £ 1.62 R 0 0 0 ER

51 0 0 0 ER 0 0 0 ER

52 4.66 2,62 364 £ 1.02 HR 0 0 0 ER

53 0 0 0 ER - - - -

54 0 0 0 ER - - - -

55 0 0 0 ER 0 0 o ER

56 3016 20.96 2556 £ 4.60 8 - - - -

57 5518 48.32 5175 £ 343 HS - - - -

3R 59.11 53.6% 5640 £ 2.71 HS 2958 2422 2690 £ 2.68 S

39 7716 64.88 71.02 £ 6.14 HS - - - -

60 0 0 0 . ER G 0 0 ER
V. riparia

61 8.19 4.41 6.30 £ 1.89 R 0 0 0 ER
V. romanetii

62 13.36 S.44 11.40 = 1.96 R - - - -

63 4558 36.56 41.07 + 4.51 S 37.99 2841 33.20 £ 479 5

64 14.34 10.20 1227 £ 2.07 R 3.06 2,94 3.00 £ 0.06 HR

65 7.40 2.67 5.04 £ 2.37 R - - - -

66 2572 23.86 2479 = 0.93 R - - - -

67 47.05 15.77 3141 £15.64 S 58.92 8.16 3354 £2538 5

68  12.05 11.43 11.74 £ 0.31 R 16.50 0.74 13.12 £ 3.38 R

69 4.88 4.14 4351 £ 0.37 HR - - - -

70 15.08 15,18 15.13 = 0.05 ‘R 9.11 6.36 774 £ 1.38 R

71 0 0 0 ER - - -
V. sinocinerea

72 17.12 15.38 1625 £ 0.87 R - - -
V sp. (Maihnang grape)

73 o 0 0 ER 0 0 0 ER

74 .0 0 0 ER 0 0 0 ER

75 2498 26.69 2584 £ 086 S 4474  39.88 4231 £ 243 S

76  31.15 26.31 2873 £ 242 S - - - -

77 2.04 0.58 131 = 073 HR 6.25 4.47 536 = 0.89 R
V. sp. (Maihuangfuye grape}

78 28.39 25.13 2670 = 1.63 5 44.92 3794 4143 + 349 5

79 14.44 8.82 11.63 £ 28] R 2.80 1.14 197 £ 0.83 HR
V. sp. (Mi grape)

80 2541 22.61 24.01 £ 1.40 R 0 0 0 ER
V. sp. (Qinling grape}

81 0 0 0 ER - - - -

82 4511 28.15 36.63 + B8.48 S - - -

83  29.59 20.83 2521 + 4.38 S - - - -

g4 2.33 1.43 1.88 £ 045 HR - - - -

83 10.28 3.86 707 £ 321 R 2007 17.13 18.60 £ 1.47 R
V. sp. (Xiaofuye grape) -

8 4315 39.54 41.35 £ 1.8l 5 40.16 3776 3896 £ 1.20 - S
V. sp. (Xiaofuye grape)

87 11.85 9.43 10.64 £ 1.21 R - - -
V. vinifera

88 74834 59.88 67.36 £ 748 HS 4876 43.62 46.19 £ 2.57 S
V. wilsonae

89 19.70 15.34 17.52 £ 2.18 R - - - -
V. yenshanensis

90  30.10 3.06 16.58 £13.52 R 11.42 6.12 B77 £ 2.65 R

163
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species (Maihuang, Qinling, Mai-huangfuye, Xiaofuye, and
Mi), which are awaiting taxonomic description, were also
evaluated.

The introduction of American native grapes has greatly
facilitated disease-resistance breeding programs in viticul-
ture (ALLEWELDT and Possincuam 1988). The breeding po-
tential of Chinese Vitis, accounting for more than 40 % of
the known species, has, in contrast, been neglected for a
long time. Chinese Vitis do not possess undesirable foxy
flavors, as does V. labrusca, and are much more compatible
in crossing with V. vinifera than the multi-disease-resistant
Muscadinia rotundifolia. The authors (HE and Wax~g) had
made successful crosses between 13 clones from five spe-
cies of Chinese Vitis (V. davidii, V. piazeskii,
V. pseudoreticulata, V. quinquangularis, and V. romanetii)
and V. vinifera (data not shown) and are preparing to as-
sess their progeny for fruiting characteristics in addition
to powdery mildew resistance. We, therefore, conclude that
Chinese native Vitis species are a valuable resource for
future grape disease resistance breeding programs,

Acknowledgements

This study was supported by the National Natural Science
Foundation of the People’s Republic of China, Special thanks
also go to Dr. M. A. WaLkegr, Department of Viticulture and
Enology, University of California, Davis, California, U.S.A. for
his helpful suggestions and éritical review of this manuscript.

Y. Wang, Y. Ly, P He, J. Cuex, O. Lamikanra and J. Lu

Literature cited

ArLTEwELDT, G PossinGian, I, V., 1988: Progress in grapevine breeding.
Theoret. Appl. Genet. 75, 669-673.

Bougsls, Dy; 1961; Etude des causes de la résistance des Vitacees 4 oidium
de la vigne - Uncinula necator (Scrw.) BURR. - et de leur mode de
transmission hérédilaire. Ann. Amélior. Plantes 11, 401-500.

Doster, M. A.; ScuNataorst, W, C.; 1985: Comparative susceptibility of
various grapevine cultivars 1o the powdery mildew fungus Uncinula
necator. Amer. J. Enol, Viticult. 36, 101-104.

Fang, Z.; 1979 Methods in Plant Pathology. Agricultural Press, Beijing,
P. K. China. [Chinese]

Fu, W.; 1988: Grape Cultivation. Agriculture Press, Beijing, P. R. China,
[Chinese) )

Gapoury, D, M,; Pearson, R. C.: 1991: Heterothallism and pathogenic spe-
cialization in Uncinula necator. Phytopathology 81, 1287-1293.

He, P.; Wang, Y.; 1988: Studies on the-identification of resistance to grape
anthracnose and grape white rot of wild Vitis species originated from
China. Intern. Symp. Horticult. Germplasm, Cultivated and Wild, 185-
194, Intern. Acad. Publ,, Beijing, P. R. China.

- -1 - Wang, Gy ReN, Z; He, C.; 1991: The studies on the disease-resist-
ance of wild Chinese Vitis species. Se1 Agricult. Sinica 24, 50-56.
[Chinese]

Lenke, J M. Woop, D.; 1991: Plant discases and the nse of wild germplasm.
Ann. Rev. Phytopathol. 29, 35-63,

Pearson, R, C.; 1989: Powdery mildew. In: Prarsor, R. C. and Gourey, A,
C. (Eds.): Compendium of Grape Diseases, 9-11. APS Press, St. Paul,
Minnesota,

SrracUE, G. F.; 1980: Germplasm resources of plants: Their preservation
and use. Ann, Rev, Phytopathol. 18, 147-165.

STAUDT, G.; 1980: Vitis armata, a new source of germplasm in grape breed-
ing. Proc. 4th Intern. Symp, on Grape Breeding, June 15-18, 1980,
Davis, CA, USA, 62-64.

Wane, Y., 1993: Genetic Studies on Resistance to Powdery Mildew,
Uncinlu necator (Scnw.) Burr., of Wild Chinese Vitis species. Ph.D.
Dissertation. Northwestern Agricult. Univ., Yangling, Shaanxi, B R.
China. [Chinese]

- -; He, P.; 1993: Genetic studies of resistance to powdery mildew in the F1
generation of interspecific hybridization of Vitis. Intern. Symp. on
Horticultural Crep Improvement and Utilization, Beijing, China.

Znang, F; Lou, F; Gu, D.; 1989: Study on germplasm resources of wild
Chinese species of Vitis. Proc. 5th Intern. Symp. on Grape Breeding,
Sept. 12-16, 1989, 81. Martin/Pfalz, F. R. Germany. Vitis, Special Is-
sue, 50-37,

Received March 10, 1995



	34-3-159_Seite_1
	34-3-159_Seite_2
	34-3-159_Seite_3
	34-3-159_Seite_4
	34-3-159_Seite_5
	34-3-159_Seite_6

