
Table 2. Efficacy of a single postplant applica- 
tion of metalaxyl on the control of cavity spot 

Percentage of carrots 
with cavity spots 

Trial 1 Trial 2 

Metalaxyl (2 Ibs a.i./acre) 
None 33.8 a 29.6 a 

49 days after planting - 10.8 b 

59 days after planting - 13.1 b 
LSD. P = 0.05 6.9 9.0 

43 days after planting 3.8 b - 

53 days after planting 7.8 b - 

two trials, metalaxyl almost completely 
eliminated the disease. In two of the three 
trials, the control achieved with a seasonal 
total of 1 or 2 lb ai of metalaxyl per acre in 
split applications was significantly greater 
than was achieved with the single preplant 
application of 1 or 2 lb. However, there was 
no sigruficant difference between the efficacy 
of the split applications and the efficacy of a 
single preplant application of metalaxyl at 4 
lb ai/acre. There was a significant negative 
correlation between the rate of metalaxyl 
applied preplant and the percentage of car- 
rots with cavity spot lesions. There were no 
sigruhcant differences in disease control with 
the different metalaxylformulations (5G and 
2E). Carrot yields were not influenced by 
metalaxyl applications or cavity spot inci- 
dence. 

Single applications of metalaxyl at 2 lb 
ai/acre applied 40+ or 50+ days after plant- 
ing also significantly reduced the incidence 
of cavity spot (table 2). We have other data 
indicating that single applications of 
metalaxyl at 1 Ib ai/acre applied at diff- 
erent times during the season failed to reduce 
the incidence of cavity spot. 

Conclusions 
Pathogenicity tests and field trials with 
metalaxyl, which is active only on Pythium 
and related fungi, demonstrated the cavity 
spot on carrots in California is caused by 
Pythium species. BothP. violae andP. ultirnum 
caused cavity spot lesions in controlled 
conditions, but P. violae was the more vim- 
lent fungus on carrots. 

Metalaxyl is not currently registered in 
California for use on carrots, but it shows 
promise as an effective tool for reducing 
losses to cavity spot. In our study, soil 
drenches of metalaxyl applied 40 to 60 days 
after planting or multiple, dilute applications 
throughoutthe season weremore efficacious 
than single preplant applications at compa- 
rable rates. 
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Phylloxera on rise ... 
Deadly insect pest poses 
increased risk to north coast 
vineyards 
Jeffrey Granett o John A. De Benedictis o James A. Wolpert 
Edward Weber o Austin C. Goheen 

Resistant rootstocks protect grape 
vines from phylloxera; however, a 
new form of this insect, Biotype B, 
threatens the survival of 70% of 
Napa and Sonoma County vine- 
yards, those which are planted on 
the rootstock AxR#1. Research 
demonstrates that different acces- 
sions of AxR#l are equally suscep- 
tible to damage by this insect, a 
form of plant lice. The insect has 
spread from two sites in 1983 to 
more than 70 sites in those two 
counties; spread to other grape- 
growing counties is likely. 

Grape phylloxera is a widespreaL pest of 
grapevines. Native to easternNorth America, 
it was introduced into Europe in the 1860s 
where it devastated vineyards. In response, 
European researchers developed resistant 
rootstocks. Many rootstocks available today 
are a result of breeding and selections made 
in Europe during the last quarter of the 19th 
century. One of these, Ganzin 1, known in 
California as AxR#l, was initially successful. 
However, in both Europe and South Africa, 
resistance disappeared after a number of 
years. The loss of resistance was attributed 
to a more virulent race of phylloxera. 

Phylloxera became an important problem 
in California with the introduction of the 
European grape, Vitis vinifera. Trials to de- 
termine which rootstocks were suited to 
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various California conditions were estab- 
lished by Husmann in 1905 and by Jacobs 
after 1929, the repeal of Prohibition. Jacobs’ 
trials were continued by Lider in the 1950s, 
and in 1958, Lider concluded that the root- 
stock AxR#l, a hybrid of V.vinifera and V. 
rupestris, was sufficiently resistant to phyl- 
loxera in California and was suited to a 
variety of growing conditions in the state, 
particularly those in the coastal valleys. As a 
result, AxR#1 usage increased markedly, 
and by the late 1970s, this rootstock pre- 
dominated new plantings in northern Cali- 
fornia. 

Severe damage to AiR#l by phylloxera 
was first identified in Califomia in 1983 at 
two sites in Napa and Sonoma Counties. 
Since then, the biotype has spread to more 
than 70 sites in those two counties. Labora- 
tory and field testsestablished that a different 
strain of phylloxera was responsible for the 
damage.The new strain was named biotype 
B to distinguish it from the then more com- 
mon strain, biotype A, which does not 
damage AxR#l. These tests determined that 
a number of the currently available root 
stocks were resistant or immune to the new 
biotype (see California Agriculture, January- 
February, 1987). 

The current study was undertaken to 
determine if there was any difference in the 
resistance of two AxR#l accessions distrib- 
uted by the University of California’s 
Foundation Plant Material Service. The two 
accessions, AxR#l-OlA and AxR#l-05, ex- 
hibited structural differences in leaves and 
shoots, so it seemed possible that resistance 

to biotype B might also vary. If so, the solu- 
tion to the problem would be to restrict 
planting to the more resistant AxR#1 clone. 

In addition, we surveyed known phyl- 
loxera sites to determine how widely type B 
had spread from the two original sites. 
Knowledge of proximity is needed by 
vineyardists for their planning and man- 
agement decisions. We also sampled 
noncultivated native grapes and hybrids for 
phylloxera. 

Methods and Results 
Resistance of AxR#1 accessions. The 

two accessions tested were AxR#l-OlA and 
AxR#l-O5frorntwonurseriesinYoloCounty. 
Cabernet Sauvignon roots were used as 
controls because they are highly susceptible 

to A and B biotypes of phylloxera. We ob- 
tained phylloxera from four laboratory 
colonies: the two colonies that are our stan- 
dards of biotypes A and B, one which pre- 
viously tested as biotype A, and another 
biotype B colony. 

We placed phylloxera eggs on root pieces 
and determined percentage surviving, de- 
velopment time for eggs to become adults, 
and number of eggs laid per day for the first 
10 days of adult life. In seven replications, 
we placed 40-100 eggs on each of three root 
types, 10 eggs per root piece. We used only 
data onphylloxera which established on the 
main portion of the roots. 

Values on the two AxR#1 accessions were 
compared for each colony using t-tests at 
95% confidence (table 1). There were no 
sigruficant differences between the two ac- 
cessions in 11 out of the 12 statistical com- 
parisons. The exception, a greater percentage 
of colony I1 individuals surviving to matu- 
rity on AxR#l-05 than on AxR#l-OlA, likely 
was due to random variation. 

Both accessions are susceptible to biotype 
B, but maintain resistance to biotype A (see 
table 1). Overall, the lack of significant dif- 
ferences between AxR#1 accessionsindicates 
that the failure to resist phylloxera cannot be 
attributed tothechoiceofonecertifiedAxR#l 
accession over the other. 

The bioassays also confirmed biotype 
differences with regard to developmental 
times and fecundity. Here again, colony 11 
was anoma1ous;it responded as an A colony 
previously and subsequently, but in this 
experiment responded inexplicably as a B 
colony. 

Survey. Sitesfor collectionof phylloxera 
were chosen based on knowledge of infes- 
tations from 15 counties (table 2). Samples 
from Napa and Sonoma County vineyards 
were primarily from AxR#l; most samples 
from vineyards in other counties were from 
own-rooted Vitis vinifera vines. Phylloxera 
were also collected fromnon-cultivated Vitis 
californica and vines that appeared morpho- 
logically to be V. californica x V.  vinifera hy- 
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brids, and, in the desert region, from V. 
girdiana in Walker Canyon near Inyokern 
and Scotty’s Castle in Death Valley. All col- 
lections were from roots except for samples 
from V. girdiana, which came from leaves. 
We successfully established about 70% of all 
collections on root pieces as separate labo- 
ratory colonies which later underwent 
laboratory bioassays to determine biotypes. 

None of the collections of phylloxera from 
leaf galls from V .  givdiana colonized Cabernet 
Sauvignon or V .  girdiana ro 
tory, and we did not find ro 
on wild V. girdiana in the field at the times of 
leaf collections in October 1989 and April 
1990. Roots of the same plants from which 
infestedleaveswere takencouldbecolonized 
by biotype A and B phylloxera in the labo- 
ratory. We do not know if the apparent 
differences between the leaf-feeding phyl- 
loxera and the root-feedingbiotypes indicate 
that the former are of a different biotype or 
species, or if root feeding is possible at other 
times in the year. 

Results of biotype determinations are 
shown in table 2. Biotype B phylloxera is 
widespread in Napa and Sonoma Counties. 
Although it is unknown elsewhere at present, 
we believe it will continue to spread by 
natural means (wind) and human interven- 
tion (on rooting, machinery, boxes, etc.). 

Biotype B has not been found on roots of 
mature,own-rooted V. vinifera or V. californica 
except once, in Napa County on V .  vinifera. 
The reason for this is not yet known. 

At sites where biotype B is found, growth 
and production by AxR#l-rooted vines are 
severely depressed and many vines are be- 
ing removed. The increase in biotype B sites 
and severity of the vine depression suggest 
thatlong-termsurvivalofAxR#l isnotlikely, 
especially if contiguous with viticultural 
areas where the biotype B phylloxera has 
been found. 

Discussion 
Based on the early results of this study, 

the University of California recommended 
discontinuing the use of AxR#1 in December 
1989. Because we expect the spread of biotype 
B to continue, the recommendation applies 
statewide. 

Replanting of biotype B-infested vine- 
yards with rootstocks that are resistant to 
this strain is already beginning. Anumber of 
rootstocks are known to be resistant to bio- 
typeB, however, because of other viticultural 
characteristics, no single rootstock is likely 
to dominate new plantings as did AxR#l. 
Necessary high-priority research for the fu- 
ture will include rootstock breeding and 
trials. 

Left: Phylloxera damage spreads radially cre- 
ating an irregular patch of decline with the 
most severely stressed vines (just beyond the 
foreground) at its center. 

The significance of phylloxera on wild 
grapes is not known. They may harbor only 
certain biotypes, and populations on V. 
californica may be a reservoir from which 
phylloxera spread to vineyards. Phylloxera 
from V. girdiana differ from other popula- 
tions in California but may be more similar 
to phylloxera populations we observed on 
leaves of native V. arizonica collected near 
Tuscon, Arizona and Caliente, Nevada. All 
may be native and of a different biotype or 
species. 
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