
limitations. High cost was cited most often 
(63.6%). Short storage life ranked second 
(50.0%). Poor quality was considered to be a 
limiting factor by 36.4% of respondents. 

The unavailability of some herbs was 
ranked by 31.8% of respondents as limiting 
their use of fresh herbs. Chervil was listed by 
5.9% of all respondents as the least available 
herb. Basil, epazote and lavender all tied for 
second place as the herbs that restauranteurs 
have the most trouble finding. Other herbs 
that were difficult to find included opal 
basil, mint sorrell, tarragon, and thyme. 
Lavender, one of the hardest-to-find herbs, 
was not listed among the 16 herbs most 
commonly used by southern California's 
restauranteurs. 

The hardest herbs to find are not neces- 
sarily the ones most sought by 
restauranteurs. Chervil, used by 4.9% of re- 
spondents (table 1), was reported hard-to- 
obtain by 5.9% of respondents. This might 
indicate that all or part of the 4.9% still had 
trouble locating sufficient quantities of 
chervil, or that an additional 5.9% of re- 
spondents would use chervil if it were 
available to them. In either case, the per- 
centage of chefs using chervil would prob- 
ably not exceed 10.0%. 

Conclusions 
Southern California's top restaurants rou- 
tinely incorporate fresh herbs into their 
menus, and fresh herb usage will probably 
continue to grow. Restauranteurs wouldlike 
to get fresh herbs directly from local grow- 
ers. These results should encourage farmers 
wanting to make direct sales to local res- 
taurants. 

No one is working in an organized way 
to keep restauranteurs informed on the us- 
age and availability of new and established 
varieties of fresh herbs. An organized mar- 
keting effort by growers and purveyors 
might help increase the quantity of fresh 
herbsused by restaurants, and subsequently 
by consumers. 

High cost was the factor most often cited 
as limiting the increased sales of herbs. 
However, most restauranteurs indicated 
their willingness to pay more for fresh herbs, 
provided there was a corresponding im- 
provement in quality, quantity, and varietal 
selection. 

While most surveyed restaurantsusebasil 
extensively, growers should tailor their va- 
rietal production to suit specific cuisines or 
chefs. Agrowermayprofitmore,forinstance, 
by selling directly to Mediterranean restau- 
rants, and may be requested togrow agreater 
variety of fresh herbs by French restaurants. 

~ 

Stephen H. B r m  is Cooperative Extension 
Farm Advisor, Los Angeles County. Thanks to 
Carol Adams, Statistician, at UC Riverside. 
Partial funding for tkis survey was provided by 
the California Restaurant Association, Los 
Angeles. 

Controlling Russian wheat 
aphid in California 
Vernon M. Stern 0 Steve B. Orloff 

The Russian wheat aphid is 
spreading rapidly through Califor- 
nia. The pest injects a powerful, 
growth-inhibiting toxin into grain 
plants. Without insecticide treat- 
ment, crop losses can be severe. 
The Russian wheat aphid (RWA), Diuraphis 
noxia (Mordvilko), was first discovered in 
the United States near Lubbock, Texas, in 
1986. It has now spread to all states from 
Texas to North Dakota and westward to the 
Pacific Ocean. It can also be found in central 
and western Canada. RWA was found in 
1988 in Imperial County, California, and has 
now spread to most grain production areas 
of the state. No important biological control 
agents are currently being used to suppress 
RWA. 

Russian wheat aphid is a serious pest of 
wheat,barley,triticale,andrye. Mostreports 
from the Midwest and from our own field 
trials indicate that oats is a poor host for 
RWA. Several species of native and intro- 
ducedgrasses (Bermuda grass,ripgut brome, 
rescue grass, and foxtail barley) will support 
RWA populations. Besides cultivated cereal 
grains, several species of range grasses may 
be attacked. 

Small grains constitute a substantial 5 acreage in California. In 1989, wheat and 
2 barley totaled 1.5 million acres with a value 
y" 
5 of $2.55 million. Oats and barley grown for * hay constitute additional acreage and dollar 

value. Economiclosses to RwA 
canbe categorized as reduced yields, loss of 
kernel weight and quality, livestock grazing 

Russian wheat aphids feeding on a leaf (top) 
inject a toxin injected into the plant, causing 
leaves to streak and curl (above). 
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This barley hay field at Lucerne Valley, California, was treated with 8 oz (active ingredient) dimethoate per acre to control Russian 
wheat aphid. The plots at right were not treated. 

losses, and increased costs for purchase and 
application of insecticides. 

We cannot project cost increases and fu- 
ture grain crop losses for California. How- 
ever, reports of crop losses and insecticide 
control costs from states where RWA has 
been present through two or three growing 
seasons indicate a devastating impact. In 
1987, the estimated RWA-induced crop 
losses in 10 Great Plains states totaled $53.8 
million. InTexasalone, the totalloss for 1988 
was nearly $100 million, with a $140 million 
loss projected for 1989. To make matters 
worse, crop losses from RWA increase un- 
der drought conditions that stress the plants. 
Such conditions could markedly affect dry- 
land grain growers in California. 

Control of RWA in some areas of the 
Midwest requires two or three insecticide 
applications per season. We believe this 
frequency of treatment is due in part to a lack 
of information on the economic threshold 
levels and the proper timing of treatment. In 
a marginally profitable crop (compared to 
tree, vine, and vegetable crops), such ex- 
pensescannot be tolerated. Thelossof wheat 
or barley as a viable crop would also affect 
crop rotation programs used in California’s 
field crop production. 

RWA is now established over a large 
portionof California. Itwilleventually spread 
to all grain production areas of the state. 
Most infestations during 1989 were relatively 
light and did not cause damage until the 
grain was in the latter half of the growth 

season, so 1989 crop losses and treatment 
costs were minimal. The 1989-1990 winter 
growing seasonwas much different. Indeed, 
infestations were found intheMojaveDesert 
on seedling barley in mid-December. With- 
out insecticide applications, these infesta- 
tions could have caused severe crop losses. 

Current research 
University of California scientists are 
working to obtain biological and ecological 
data on RWA with which to develop pest 
management strategies. Current research 
includes establishment of a statewide net- 
work of suction traps to evaluate flight be- 
havior and seasonal activity and to serve as 
a detection tool; biological control, including 
an evaluation of native predators and para- 
sites and a search for new parasites to in- 
troduce; biology, ecology of RWA, and 
analysis of alternate hosts during the hot dry 
season; and development of easy methods 
of field sampling with which to establish an 
economic threshold for insecticide treatment. 
Webelievewecandeveloparatioofinfested 
to non-infested plants that can be used in 
conjunction with plant growth to determine 
an economic treatment level. 

In 1982, agricultural researchers in South 
Ahica found that the mechanism for plant 
injury from their new grain pest (RWA) was 
a powerful toxin injected by the pest into the 
host plant. Among the toxin’s effects is the 
destruction of chlorophyll, which severely 
inhibits the plant‘s ability to produce car- 

bohydrates. Chlorophyllloss gives the leaves 
and stems a whitish, bleached appearance. 
Leaves may curl so tightly they resemble 
soda straws, and infested plants are severely 
stunted. 

Heavily infested plants often appear 
flattened,with the young tillers lying almost 
parallel with the ground. If attacked when 
young, plants may be killed. Although un- 
confirmed, RWA may be a vector for several 
important virus diseases of small grains, 
including barley yellow dwarf virus. 

The two actions of RWA - feeding and 
toxin injection - cause a significant reduc- 
tion in both root and tiller biomass. Tiller 
development and leaf initiation are delayed, 
and significant differences occur in growth 
rate within one weekafter aphid infestation. 
Infected plants are easily pulled from the 
soil. 

Field trials 
In the spring of 1989, we began to evaluate 
the effectiveness and timing of insecticides 
for RWA control. Aphid populations in 
nearly all grainfields included Russianwheat 
aphid (Diuraphis noxia), the greenbug 
(Schizaphis graminurn), and the oat bird- 
cherry aphid (Rhopalosiphum padi). Of these 
three, RWA is most destructive, the green- 
bug next, and the oat bird-cherry aphid least 
destructive. 

Trial I. On April 19, we applied di- 
methoate (Cygon) to barley hay at a per-acre 
rate of 8 oz active ingredient (ai) in25 gallons 
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of water (table 1). There were four treated 
replicates and four untreated replicates. All 
replicates were 20 feet wide and 54 feet long. 
There were on average 42 grain tillers per 
square foot in the plot area, and the barley 
showed signs of severe tiller damage. 

Aphid sampleswere taken with a suction 
sampler equipped with a l-square-foot 
nozzle cone. Initial aphid control for each of 
the three species was about 96%, as compared 
to the untreated plots. 

By May 10,21 days after treatment, aphid 
populations had decreased markedly in the 
untreated plots. By this time, the grain had 
started to turn yellow and begun to dry. 
Using a Carter Forage Plot Harvester, we 
harvested the chopped barley in a 2.8- by 54- 
foot strip in the center of each replicate and 
measured its net weight. We immediately 
put a subsample of the chopped barley from 
each replicate into a plastic bag. Each of 
these subsamples was later spread over a 

sheet of paper and dried to brittleness. The 
dry weights were recorded and adjusted to 
the 14% moisture content of field-baled bar- 
ley hay, and calculated to pounds per acre 
for all treatments. 

Grain hay growers in irrigated areas ex- 
pect yields of 3 tons or more per acre. Our 
barley hay field had been severely damaged 
by RWA before treatment. In our measure- 
ments, the treated area yielded 1.47 tons per 
acre, and the untreated area yielded 0.85 ton 
per acre. Even thoughdimethoategave about 
96% control of the three aphid species, the 
degree of injury to plants before treatment 
was sufficient to inhibit recovery. 

Trial II. We applied four insecticides in 
separate treatments May 16 to a barley hay 
crop near Lancaster, California. Most con- 
troUedRWA well (table2). RWApopulations 
in the untreated check peaked at 332 aphids 
per square foot on May 19. When we mea- 
suredbarleyhayyieldsonMay30,wefound 

no significant difference between any of the 
treatments. Had we applied the treatments 
further in advance of crop maturity, we 
probably would have seen greater differ- 
ences. 

We took additional samples to measure 
grain yields on June 8. For these samples, we 
found sigruficant differencesin yield between 
treatments. Grain yields tended to decrease 
in relation to the degree of RWA control for 
the insecticide and dosage used. The data 
suggest that when a cereal is being grown 
for grain, the aphids must be controlled 
earlier and for a longer time than when the 
crop is being grown for hay. 

Trial 111. For the third trial, we applied 
0.25 pound dimethoate per acre on April 19. 
This barley hay field began with far fewer 
RWAs than did the fields in trials I and 11. 
The untreated plots reached a peak of 144 
RWAs per square foot on May 17 (table 3). 

Crop yields taken on May 26 showed 3.1 
tons of barley hay per acre for the treated 
plots. The untreated plots gave 2.3 tons per 
acre. There were 1,403 pounds of barley 
grain per acre in the treated plots and 1,049 
pounds of grain in the check plots. 

Trial IV. ResearchersintheMidwesthave 
citedoatsasapoorhostforRWA.0urfourth 
trial was set in an oat hay field 20 feet from 
a barley field where, essentially, all of the 
plantswereinfestedwithRWA. Dimethoate 
was applied April 19 at a rate of 0.25 pounds 
ai per acre (table 4). RWA populations re- 
mained low in the oat hay field through 
April and May. We measured yields on June 
3, and found no sigruficant difference in 
yields of treated and untreated plots. The 
barley field 20 feet away showed clear signs 
of abundant honeydew and black sooty mold 
on all grain plants. Our results confirm that 
RWA does little or no damage to oats. 

Conclusions 
Russian wheat aphid is a devastating pest of 
cerealgrains. Ourfieldtriakshowthatsevere 
crop losses can occur if a high population of 
RWA is present, and no chemical treatment 
is applied. Preliminary data on irrigated 
wheat or barley indicate treatment to such 
fields should be applied when 20 to 25% of 
the tillers show typical RWA symptoms and 
70% of the tillers have not reached the first- 
node stage. As yet, no dependable biological 
control agent is available to suppress this 
new invader. 

Vernon M.  Stern is Professor of Entomology, 
Department of Entomology, UC Riverside; and 
Steve B. Orlofiis High Desert Farm Advisorfor 
Cooperative Extension, sem'ng Los Angeles and 
San Bemardino counties. The authors express 
appreciation to Gene Nebekw, Tapia Brothers, 
and Dan Pettigrew who provided grain fields 
used in this research. This research was supported 
by funds from the California Crop Improvement 
Association and the Mini-Grant Series of the UC 
Cooperative Extension Service. 
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