Management strategies outlined . . .

Research reveals pattern
of cucurbit virus spread
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Green peach aphid (Myzus persicae [Sulzer]),
a common species in the Imperial Valley which
vectors both WMV2 and ZYMV.

fore, we have devised management strate-
gies of diseases in the Imperial Valley
caused by WMV2 and ZYMYV based on (1)
the transmission characteristics of each vi-
rus and their relationships to aphid vec-

rus (ZYMV). Our extensive surveys in
spring-grown melons throughout the Im-
perial Valley over the past 5 years have
identified WMV2 and ZYMYV as the most
common viruses that lead to the majority
ered over the past several years of crop loss. tors, (2) the response of cucurbit plants to
has given researchers new direc- We have attempted several virus dis- infection and (3) the host ranges of the two

tions for managing this production ~ €2s¢ control measures in melons in the Im-  viruses.

perial Valley. Insecticide and oil applica- . .
problem. tions have not proved effective for reduc- Transmission characteristics
Both viruses are members of the poty-

ing disease incidence. We suspect this

failure is due to the large number of virus group and are transmitted from
winged aphids that land on the plants, plant to plant by aphid vectors. Although
the inability to maintain complete cover- it is possible to transmit these viruses me-
age between applications and the rapidity =~ chanically by rubbing the leaves of a
These diseases, which are characterized by =~ with which virus transmission occurs. healthy plant with sap from an infected
foliar mosaic symptoms, were studied ini- ~ Row covers and/or reflective plastic plant, the majority of transmission in the
tially in the mid-1940s and have been mulches reduce the rate of virus spread by  field is by aphid vectors. Our research,
identified as cucumber mosaic virus preventing aphid access (covers) or repel-  coupled with other studies, has shown
(CMV), papaya ringspot virus-type W ling winged aphids from landing on the that at least 35 aphid species transmit
(PRSV), watermelon mosaic virus 2 plants (mulches), but presently these tech- ~ WMV2 and at least 9 species transmit
(WMV2), and zucchini yellow mosaic vi- niques are prohibitively expensive. There- ~ ZYMYV (table 1).

Diseases caused by aphid-vec-

tored viruses result in severe eco-
nomic loss to Southern California
melon growers. information gath-

Spring cucurbits in the southern desert
valleys of California and Arizona have
been plagued by diseases caused by

aphid-vectored viruses for many years.

TABLE 1. Aphid species known to vector WMV2 and ZYMV

Scientific name Common name Scientific name Common name

Vectors of WMV2 Vectors of WMV2
*Acyrthosiphon kondoi Shinji Blue alfalfa aphid Macrosiphoniella sanborni (Gillette) Chrysanthemum aphid
*Acyrthosiphon pisumn (Harris) Pea aphid Myzus cerasi (F.) Cherry blackfly
*Aphis craccivora Koch Cowpea aphid *Myzus persicae (Sulzer) Green peach aphid
*Aphis fabae Scopoli Bean aphid Phorodon humuli (Schrank) Hop aphid

*Aphis gossypii Glover
Aphis glycines Matsumura
Aphis illinoisensis Shimer
Aphis middletonii (Thomas)
*Aphis nerii Fonscolombe
Aphis nasturtii Kaltenbach
Aphis sambuci L.

Melon/cotton aphid
Soybean aphid
Grapevine aphid
Erigeron root aphid
QOleander aphid
Buckthorn aphid
Elder aphid

Phorodon humuli japonensis Takahashi
Rhodobium porosum (Sanderson)

* Rhopalosiphum padi (L.)
Semiaphis dauci (F.)

Toxoptera citricidus (Kirkaldy)
Uroleucon formosanus (Takahashi)
Uroleucon (Uromelan) gobonis (Matsumura)

Asian hop aphid
Bird-cherry oat aphid

Tropical citrus aphid

Spirea aphid
Mottled arum aphid

Aphis spiraecola (citricola) Patch
Aulacorthum circumflexum (Buckton)
Aulacorthum magnoliae (Essig & Kuwana)
Aulacorthum nipponicum (Essig & Kuwana)
Aulacorthum solani (Kaltenbach)
Brachycaudus cardui (L.)

*Brachycaudus helichrysi (Kaltenbach)
Cavarfella aegopodii (Scopoli)
Cryptomyzus ribis (L.)

Dysaphis crataegi (Kaltenbach)
*Hyalopterus pruni (Geoffroy)
*Macrosiphum euphorbiae (Thomas)

Vectors of ZYMV

Spirea aphid
Cowpea aphid
Melon/cotton aphid

Aphis spireacola Van der Goot
*Aphis craccivora Koch

*Aphis gossypii Glover

Aphis middletonii (Thomas) Erigeron root aphid
*Acyrthosiphon kondoi Shinji Blue alfalfa aphid
*Acyrthosiphon pisum (Harris) Pea aphid
*Lipaphis erysimi (Kaltenbach) Turnip aphid
*Macrosiphum euphorbiae (Thomas) Potato aphid
*Myzus persicae (Sulzer) Green peach aphid
Uroleucon sp.

Glasshouse potato aphid
Thistle aphid
Leaf-curling plum aphid
Willow-carrot aphid
Redcurrant blister aphid
Hawthorn-carrot aphid
Mealy plum aphid

Potato aphid

*Species common in the Imperial Valley.
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Both viruses are transmitted in a non-
persistent fashion, which has the follow-
ing implications. First, only a short feeding
time is necessary for an aphid to acquire
virus from an infected plant. (We have
conducted transmissions in the field with
acquisition times of less than 15 seconds.)
Second, there is no time period required
between acquisition and transmission; an
aphid can transmit virus immediately to a
healthy plant. Third, the aphid can infecta
healthy plant with a short inoculation
probe, once again in as little as 15 seconds.
These brief acquisition and inoculation
times limit the usefulness of aphicides to
reduce the spread of WMV2 and ZYMYV,
because it generally requires longer than
15 seconds for aphids to obtain a lethal
dose of the aphicide. Finally, aphids retain
these viruses for a short time; we have de-
termined that aphids which have acquired
ZYMV lose the ability to transmit in less
than 4 hours at 70°F, although longer re-
tention times have been determined at
cooler temperatures.

Plant response

Both viruses cause mosaic symptoms
on the cantaloupe foliage (see photograph,
p. 40) and generally result in more yield
loss when plants are inoculated early in
the grawth cycle, Qur studies indicate that
if a plant is infected with ZYMYV before
setting fruit, the plant will not produce
any fruit. If infection occurs during early
fruit set, the plant may abort the existing
fruit or the fruit may become deformed
and unmarketable (see photograph, p. 40).
WMV2, on the other hand, does not cause
this severe fruit reaction. Plants infected
with WMV2 show mosaic on the foliage,
but will continue to produce fruit unless
infection occurs in the seedling stage.
Plants infected after fruit are set will con-
tinue to fill fruit and produce normal
melons.

Host ranges

Another substantial difference between
ZYMV and WMV?2 is in the host ranges of
the viruses (table 2). From these lists, it is
apparent that WMV2 has the potential to
be in numerous wild and cultivated plants
through the winter months in the Imperial
Valley, whereas the sources for ZYMV are
limited. In the Imperial Valley, the only
common plants known to harbor ZYMV
are in the Cucurbitaceae. The other known
ZYMV hosts, which consist of henbit,
fenugreek, crowfoot and the ornamental,
bluewings, are uncommon, if present at
all, in the valley. Since cucurbits are sus-
ceptible to frost, we suspect that the abun-
dance of potential ZYMV host is nominal
after a cold winter in which the valley ex-
periences freezes.
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Fig. 1. Model of steps involved for aphid acquisition of a non-persistently transmitted virus and

transmission to healthy plants.

Development of epidemics

For any plant to become infected, a de-
fined pattern of events must take place se-
quentially (fig. 1). First, an aphid of a spe-
cies that is capable of transmitting virus
must be present; not all aphid species will
vector all viruses. A winged form must re-
ceive stimuli causing it to leave the plant
on which is was born, which may or may
not be the plant from which it acquires vi-
rus. Examples of stimuli that might cause
aphid migration include declining host
conditions (caused by drought, freezing or
natural plant senescence), crowding or es-
cape from predators.

If the aphid is not viruliferous (carrying
the virus), it must fly to and land on an in-
fected plant. The aphid must probe the vi-
rus source plant, and if its stylets contact a
cell with transmittable virus, it will be-
come viruliferous. At this time, another set
of stimuli is required to cause the aphid to
leave the virus source plant. If the aphid
colonizes the plant, the epidemiological
cycle will be interrupted until the aphid,
or its offspring, receives stimuli to leave
the source plant.

We suspect that most frequently the vi-
rus source plant is not an acceptable colo-
nizing host for the aphid; therefore the
aphid spends only enough time on the
source plant to sample the plant, during
which it acquires virus. After leaving the
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source plant, the aphid must find a
healthy cucurbit plant, alight on this plant
and probe. As noted, an aphid which has
acquired virus is able to infect a healthy
plant for only a short time (a period of
hours) under normal cucurbit growing
temperatures.

Knowing this series of defined events
and knowing that each has to happen in
the proper order, one would think that the
probability of a plant becoming infected is
low. However, estimated melon yield loss
to ZYMYV and WMV2 in the 1990 Imperial
Valley spring crop was in excess of $22
million. We believe that epidemics of this
proportion occur only when the number
of available virus source plants or the den-
sity of winged aphids is high. With this as
our working model, we began research in
1985 to identify weak points in the epide-
miological cycle that could be exploited in
an integrated virus management program.

Research

In the spring of 1985, we observed that
mosaic diseases caused widespread yield
loss. Many fields were disced before har-
vest, which suggested that ZYMV was
common in the Imperial Valley. Records
from the winter of 1984-85 showed that
there were only 2 days in which tempera-
tures were below 30°F; cucurbit hosts of
ZYMV were probably abundant in the val-



TABLE 2. Plants known to serve as hosts for WMV2 and ZYMV. (Plants found in the Imperial Valley are designated by an asterisk ['].)

Scientific name

Common name

Scientific name

Common name

Hosts of WMV2

Members of the family Cucurbitaceae:
*Cltrullus lanatus (Thunb.) Matsum. &Nakal
Citrullus lanatus
Var. citroides (L.H. Bailey) Mansf.
Cucumis africanus L.
Cucumis anguria L.
Cucumis dipsaceus C.G. Ehrenb. ex Spach.
Cucumis ficifolius A. Rich.
Cucumis heptadactyius Naud.
*Cucumis melo L.
Cucumis metuliferus E.H. Mey ex Schrad.
Cucumis myriocarpus Naud.
“Cucumis sativus L.
Cucumis zeyheri Sond.
Cucurbita andreana Naud.
Cucurbita ficifolia Bouche
Cucurbita gracilior L.H. Bailey
Cucurbita lundelliana L.H. Bailey
Cucurbita marlinezii L.H. Balley
*Cucurbita maxima Duch. ex Lam.
*Cucurbita moschata (Duch. ex Lam.)
Duch. ex Poir
Cucurbita okeechobeensis (Small) L.H. Bailey
*Cucurbita pepo L.
Cucurbita sororia L.H. Bailey
Cylanathera brachystachya (Ser.) Cong.
Echinopepon wrightii Cong.
Lagenaria siceraria (Mol.) Standl.
Sicyos angulatus L.
Trichosanthes anguina L.

Chenopodiaceae:

*Chenopodium afbum L.

Chenopodium amaranticolor Coste & Reynier
Chenopodium quinoa Willd,

Spinacia oleracea

Compositae:
Dimorphotheca pluvialis (L.) Moench
*Senecio vulgaris L.

Cruciferae:
“Capsella bursa-pastoris (L.) Medic.

Euphorbiaceae:
Euphorbia marginata Pursh
Hydrophyllaceae:

Phacelia congesta Hook
*Phacelia minor (Harv.) Thell. ex F. Zimm
*Phacelia tanacetifolia Benth.

Labiatae:
Lamium amplexicaule L.

Leguminosae:

Cyamopsis tetragonolobus (L.) Taub.
*Lathyrus odoratus L.

Lupinus albus L.

Macroptilium lathyroides (L.) Urb.
*Melilotus indicas (L.) All
*Phaseolus vulgaris L.

*Pisum sativum L.

Trifelium incarnatum L.,

Trifolium sp.

Trigonella calliceras

Trigonella corniculata

Trigonella cretica

Trigonelia foenum-grascum L.
Vicia narbonensis L.

Vicia sativa L.

Malvaceae:
*Gossypium hirsutum L,
Lavatera trimestris L.
Malva moschata L.

Watermelon
Citron

West India gherkin
Hedgehog gourd

Muskmelon

African horned cucumber
Bitter apple

Cucumber

Malabar gourd

Winter squash
Winter squash

Sgquash

Wild cucumber
Calabash gourd
Star cucumber
Snake gourd

Lambsguarter

Quinoa
Spinach

Cape marigold
Common groundsel

Shepherd’s purse

Snow-on-the-mountain

Biuecurls
Wild canterbury-bell
Fiddleneck

Henbit

Guar

Sweet pea
Lupine

Phasey bean
Sour clover
Bean

Pea

Crimson clover
Huban clover

Fenugreek
Marbonne
Spring vetch

Cotton
Tree mallow
Musk flower

Hosts of WMV2

"Malva parviflora L.
Malva verticillata L.

Plantaginaceae:
Plantage psylffum L.

Ranunculaceae:
Adonis aestivalis L.

Resedaceas:
*Resega alba L.

Reseda juteola L.
Reseda odorata L.

Scrophulariaceas:

Alonsoa linearis Rulz & Pav.

Collinsia heterophylia Buist ex R.C. Grah.
Torenia fournieri Linden ex E. Fourn.

Solanaceze:

Ammi majus L.

Anthriscus cerefolium (L.) Hoffrm.
Nicotiana benthamiana

Nicotiana clevelandii Gray Umbelliferae:

Valerianaceae:
Valerianella locusta (L..) Betcke
Valerianella olitoria (L.) Betcke

Hosts of ZYMV
Cucurbitaceas:

" Citrullus lanatus (Thunb.) Maisum & Nakai
Cucumis anguria L.

Cucumis dipsaceus C.G. Ehrenb. ex Spach.

Cucumis ficifolius A, Rich.

Cucumis heptadacty/us Naud.

"Cucumis melo L.

Cucumis metuliferus E.H. Mey ex Schrad,

Cucumis myriocarpus Naud.

*Cucumis sativus L.

Cucumis zeyheri Sond.

Cucurbita andreana Naud.

Cucurbita ficifolia Bouche

Cucurbita foetidissima H.B.K.

Cucurbita gracilior L H. Bailey

Cucurbita lundsifiana L.H. Bailey

Cucurbita martinezii L.H. Bailey

*Cucurbita maxima Duch. ex Lam.

*Cucurbita moschata (Duch. ex Lam.)
Duch. ex Poir

Cucurbita okeechobeerisis (Small)
L.H. Bailey

*Cucurbita paimata S. Wats.

“Cucurbita pepo L.

Cueurbita sororia L.H. Bailey

Echinopepon wrightii Cong.

Luffa acutangula {L.) Roxb.

*Luffa asgyptiaca Mill

Momordica charantia L.

Trichosanthes anguina L.

Labiatae:
Lamium amplexicaule L.

Leguminosae:
Trigenella foenum-graceum L.

Ranunculaceae:
Ranunculus sardous Crantz

Scrophulariaceae:
Torenia fournieri Linden ex E. Fourn.

Cheeseweed, Mallow
Curled maliow

Flax-seed plantain

Pheasant’s-eye flower

White cut-leaved mignon-
eite

Dyer’s rocket

Common mignonetie

Mask flower
Chinese houses
Bluewings

Bishop's weed
Chervil

Lamb’s lettuce
Corn salad

Watermelon
West India gherkin
Hedgehog gourd

Muskmelon

African homed cucumber
Bitter apple

Cucumber

Malabar gourd
Buffalo gourd

Winter squash
Winter squash
Coyote gourd
Squash

Wild cucumber
Chinese okra
Sponge gourd

Bitter melon
Snake gourd

Henbit

Fenugreek

Crowtfoot

Bluewings
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1989 WMV?2 field site #1 1989 ZYMV field site #1
Alfalfa Disced Disced Resid | Disced wheat Alfalfa | Alfalfa
Weeds
2 2 6
Disced 2 7
Melons |7 5 Alfalfa Water-
Carrots melon
40 76 5 g2 88
Melons Carrots Carrots Alfalfa - Water-
melon
Alfalfa
2A 2C
1989 WMV2 field site #2 1989 ZYMV field site #2
Tomatoes Melons Melons Cucurbits _ Alfalfa
100 14 92 95
Sudan Wheat
98 49 Tomato | 2¢ 36 | Wheat
Onions Tomato
81 75 5 7
Onions Alfalfa Disced Melons Wheat |
Asparagus
2B 2D

Fig. 2. Fields surveyed in the Imperial Valley in 1989 which showed early infection with WMV2

and ZYMV.,

1990 ZYMV Field site #1 1990 ZYMV Field site #2
1.0 mile . 0.7 miles
Disced Disced Alfalfa | Alfalfa | Alfalfa |
- o
23 Desert 82 _ Squash| | Mixed
3 (3 |§e (288 5 | ¢ 253
o |g 8 | £a [6Eg| & ) - 1 Bitter
s (2|8 85 “?é’i s | g §§n er | | Melons
S -
22 melons -
§ Alfalfa Alfalfa| Alfalfa| Wheat
]
2
3A 3B

Fig 3. Fields surveyed in the Imperial Valley in 1990 which showed early infection with ZYMV.
Locations of ZYMV sources are indicated by the dark areas

ley when melon plants were emerging in
commercial fields.

In 1986, disease severity varied
throughout the valley so we obtained field
locations (identified by irrigation canal
and gate) from the Imperial County Agri-
cultural Commissioner’s Office and visited
each melon field. Conducting a single sur-
vey of the 273 melon fields near harvest,
we visually rated each as having high,
moderate or low disease incidence. This
survey showed that most of the severely
infected fields were in the southern half of

the valley, an indication that virus may
have come from plants growing in the
Mexicali Valley of Mexico.

Cooperating with the Department of
Geography at UCR, we digitized the irri-
gation system of the Imperial Valley
(nearly 5,500 individual field locations)
into a computer data file, so that melon
field lists from the agricultural commis-
sioner could be mapped readily. The Geo-
graphic Information System (GIS) map-
ping software package, “ARC-INFO,”
allowed us not only to accurately map all
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fields in the valley, but to spatially analyze
information about each field that was
gathered on surveys. In this way we de-
scribed the spatial and temporal spread of
disease throughout the 350,000-acre agri-
cultural area in 1988 and 1989.

At each field we randomly selected 100
plants each from the northwestern and
southeastern corners, visually assessing
the percentage of plants infected with mo-
saic-causing viruses. In each field, we col-
lected samples from plants with mosaic
symptoms to analyze for ZYMV, WMV2,
CMYV and PRSV, using an enzyme-linked
immunosorbent assay (ELISA). Two sur-
veys were conducted each year, one when
fields were near the perfect flower growth
stage and one just before harvest. After
surveying 227 fields in 1988 and 215 fields
in 1989, we found that 87% and 75% of the
fields, respectively, had WMV2, ZYMV or
a combination of these two viruses. CMV
and PRSV rarely were found.

During our early survey in 1989, we
found four fields that had disease gradi-
ents from one side of the field to the other
(fig. 2). Based on samples analyzed by
ELISA, we determined that two of the
fields were infected predominantly with
WMV2 (fig. 2 a,b) and two were infected
primarily with ZYMV (fig. 2 ¢,d). We con-
ducted more extensive sampling in these
fields to resolve the spatial pattern of virus
spread.

In the first WMV2 field (fig. 2a) we de-
termined that the gradient of virus was
from the southeastern corner to the north-
western corner. To the southeast of the
melon field, large numbers of green peach
aphids were infesting a field of carrots.
The disease pattern suggested that (1)
WMV2 was introduced into the field
from one of the many WMV2 host
sources and (2) the high density of
aphids from the carrots moving across
the melon field resulted in the WMV?2
gradient that we observed.

In the second WMV?2 field (fig. 2b), in-
cidence was heaviest on the western side
of the field, while the eastern side was less
infected. Again we surveyed the sur-
rounding vegetation and found that toma-
toes and sudangrass, both potential aphid
sources, were to the west of the field. The
tomato field had an infestation of potato
aphids, another known vector of WMV2,
In both WMV2 situations, we felt that it
might have been possible to reduce the
rate of virus spread had the melon pro-
ducer been able to reduce aphid densities
in the surrounding fields.

The two fields with ZYMV showed a
different pattern of disease incidence,
which we determined was consistent with
spread from a local point source. In the
first ZYMV field (fig. 2¢), there was a gra-



dient of virus from south to north. Further
searches revealed a garden planting of
squash that was infected with ZYMYV (the
squash was located near the dark area in
fig. 2¢). The second ZYMYV field (fig. 2d)
had a disease gradient from north to
south, and once again the dark region rep-
resented a residential area. Although we
were prevented from surveying the resi-
dential area, we suspect that protected cu-
curbit plants were on the premises.

The information gathered from these
four fields, coupled with our observations
from 1986-1989, allowed us to formulate
the following hypothesis concerning
spring virus epidemics in the Imperial
Valley. First, we think that most epidemics
originate locally; long-range immigration
of viruliferous aphids is not frequent. Sec-
ond, after cold winters the only surviving
source plants for ZYMYV are in areas that
protect them from cold weather. These are
in home garden plantings of squash or
sponge gourd or commercial plantings of
melons or squash grown under plastic or
in greenhouses. The number of surviving
WMV2 hosts, on the other hand, is not as
likely to be affected by low temperatures.
Thus, for the less pathogenic WMV2, se-
vere epidemics will be caused by the pres-
ence of nearby aphid source plants very
early in the melon-growing season.

Testing the hypothesis

The spring 1990 season provided us an
opportunity to examine our hypothesis.
The winter conditions were the coldest in
recent history (9 days below 30°F), and we
predicted a light ZYMV year. We sus-
pected that the valley would be devoid of
all ZYMV source plants, and the overwin-
tering survival of ZYMV would be negli-
gible. However, in early April, we ob-
served two fields that were devastated by
virus disease; both fields were disced
without harvesting a single fruit. From
one of the fields (fig. 3a), we collected 100
plant samples and determined, by ELISA,
that all but 1 of the samples had ZYMV.
Surveying the surrounding area, we found
a planting of an unknown squash varie
that had been planted in the fall of 1989
and grown in a house covered with plas-
tic, preventing the plants from freezing
(dark area in fig. 3a).

At the time of our visit to the plastic
house, the plants were nearly dead, yet
leaf samples were positive for ZYMV.
There was also evidence (curled leaves,
residues of honeydew and sootymold, and
a remnant aphid population) of high
melon aphid pressure on the squash. We
were informed that as conditions in the
house became warm, the grower removed
roof sections of plastic to provide ventila-
tion. This could have served as an escape

ZYMV-infected yellow squash.

for aphids leaving the squash plants. The
rapidity with which the nearby melon
field became infected (0 to 100% in 10
days) suggested that a heavy flight of viru-
liferous aphids landed in the field over a
short time period.

From the other field (fig. 3b), we col-
lected 15 plant samples, finding 11 with
ZYMV. Surveying this area, we found a
volunteer planting of sponge gourd, a
known ZYMYV host (table 2), growing in
an area protected from frost at a nearby
residence. Once again at the time of the
survey, we collected leaves from the
sponge gourd, which tested positive for
ZYMV. A compounding factor in this area
was the presence of a radish field that was
replete with green peach aphids. Further
research indicated that virus from the
ZYMYV infections in these two fields
spread to neighboring fields resulting in
the low average yields of 1990 (estimated
at 200 cartons per acre compared to nor-
mal production of 500 to 550 cartons per
acre).

Management strategies

The primary focus of our proposed in-
tegrated virus management program is to
limit ZYMYV source plants by conducting a
thorough survey of areas surrounding
melon fields before melon emergence.
Hirst, particular attention should be paid to
residential areas that may have gardens
protected from the cold or commercial cu-
curbit plantings grown under plastic.
Once the locations of these plants are iden-
tified, ZYMYV infection needs to be deter-
mined. Once the plants are infected with
ZYMV, they should be removed because
there is little chance they will produce a
substantial yield.

Second, growers should be keenly
aware of surrounding crops and weeds
that may serve as aphid sources. Nearby
weeds should be removed, and neighbor-
ing crops should be observed for aphid
densities. Although many winter-spring
crops harbor vector aphid species, we
found particularly severe infestations in
weedy cole and lettuce crops abandoned
after harvest in the early spring. Cucurbit
fields near these abandoned fields prob-
ably will have severe ZYMV and/or
WMV2 disease problems.

Producers commonly inquire about the
use of aphicides to prevent or slow the
spread of ZYMV and WMV2 in their
fields. This tactic has not been shown to
produce a profitable return because of the
rapidity with which transmission occurs.
Even if a lethal dose of pesticide were ac-
quired by an aphid during feeding, the vi-
rus already would be in the plant because
it can be deposited in as little as 15 sec-
onds. However, aphicide applications to
surrounding crops that are serving as
aphid sources may be helpful.

We suggest that the grower develop an
awareness of the sources of virus inocu-
lum around his field and the vector pres-
sure that is responsible for carrying virus
into his field. Once these are determined,
the producer then can concentrate on re-
ducing both parameters so that the prob-
ability for growing healthy cucurbits is
increased.

T. M. Perring, C. A. Farrar and M. |. Blua are
Associate Professor, Staff Research Associate,
and Graduate Research Assistant, respectively,
in the Department of Entomology at UC Riv-
erside; K. Mayberry is the Vegetable Farm Ad-
visor, Cooperative Extension, Imperial County.
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At left and above, normal cantaloupe and wa-
termelon are compared with diseased fruit.
Small and deformed fruit are ZYMV-infected.
Below left, healthy cantaloupe; at right, mosaic
symptom on cantaloupe foliage characteristic
of infection with ZYMV or WMV2,
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