PN - AG S - T3 A/

Technical Information Bulletin 2 T

Transmission
of Potato Viruses
by Aphids

K.V. Raman

. Myzus persicae {50x)

iy

(‘(45_’5)‘ INTERNATIONAL POTATG CENTER (CIP) Lima — Peru
i) 1985




L) INTERNATIONAL POTATO CENTER (CIP) Lima, Peru

Technical Information Bulletin — Evaluation

CIP's Technical Information Bulletins (TIB) contain relevant information for potato
production and research, Although written for intermediate professional levels, most
of the information is easily adaptable to the farmers’ fevel. It may be utilized in:

a individualized study,
b potato production,
¢ experimentation,

d training,

¢

production of farm-level information.

Your answers to the following questions ate important for continual revision of the
TIBs to adequately meet your necds.

T Title of TIB it e e e e .
2 Whereobtained ............. . .. . . .. ... ... Date ..... e
3 Y oUr POSItION e e e
4 Your function: [ administration [ research O teaching
O study [ extension 1 potato production
Oother (specify) ..o
5  Presentation: too academic oo simple O adequate
6 Ismoreinformation required? Whatkind? .. ...................v....

7 How did you utilize the information (mark from a to e above)?

8 Which other TIBs doyou have? ...,
9  Which have been the most useful foryou? .. ...... .. .. ... .....
10 Do you find the price of US $ 1 per TIB expensive .. ..... adequate?

11 Which new topics would you suggest? . . . ... .. vv e ... e

.......................................................

Thank you! Please turn over‘



IMPORTANT: Upon reccipt of your answers on the other side of this sheet we
will keep you informed about the latest Technical Information Bulletins.

Fold along the indicated lines so that this explanation goes inside. Close and stamp.

International Potato Center (CIP)

P.O. Box 5969

Lima — Peru Cable: CIPAPA—Lima
Telex: 25672 PE

—— first fold

Air Mail Stamp

Par Avion

Aéreo

International Potato Center (CIP)

Training and Communications Department
P.O. Box 5969

Lima — Peru

—— second fold —

Sender (print or type):
NAME e ittt ettt e
INSLIEUTION e e vt a e s e tas s asaosoaososassssueonsess
Street / P.LO.BOX v vitiii i
of 1 1Y 2 IR
(07017 111722 I

close



Technical Information Bulletin 2

Transmission
of Potato Virises
by Aphids

K.V. Raman

International Potato Center Tel, : 366920

P. O. Box 5969 Cable: CIPAPA-Lima
Lima, Peru Telex: 25672 PE




CiP authorizes non- Technical Information Bulletin 2
commercial reproduc-

tion of this bulletin

Transmission
of Potato Viruses
by Aphids

Objectives. Study of this bulletin should enable you to:

explain how viruses are transmitted,

describe aphid biology,

analyze principles of aphid identification,
identify the aphid Myzus persicae,

describe methods to study aphid populations,
analyze methods to control virus spread.

Study materials

® Virus infected potato plants infested with aphids.
® Paper boards for aphid/plant counts.
® Yellow water traps.

Exercises

Identify virus infected plants in the field.

Detect aphids by the aphid/plant counting and aphid/leaf counting methods.
Install yellow water traps in the field.

Examine yeilow water traps set up previously.

Analyze the location of a seed potato field under the specific conditions of
your region or country.
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Why is control of virus spread the most effective way to reduce virus
diseases in seed potato production?

How are viruses disseminated?

Which aphids are the most important virus vectors?
Characterize non-persistent virus transmission.
Characterize persistent virus transmission.

Describe ways of aphid reproduction.

Describe migration patterns of aphids.

Which environmental conditions limit aphid populations?

Why should aphid identification, population study, and control concentrate
on Myzus persicae?

Which are the most important characteristics for aphid identification?
What is the size of adult Myzus persicae?

What is the usefulness of the aphid/plant counting method?

What is the usefulness of the aphid/leaf counting method?

What is the usefulniess of yellow water traps?

Why should the water traps be yellow?

What are aphid population data useful for?

Where should seed potato fields ideally be located?

Why is planting time important in controlling virus spread?

Why is harvest time important in controlling virus spread?

How effective are insecticides in controlling non-persistent virus transmis-
sion?

How effective are insecticides in controlling persistent virus transmission?
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More than twenty viruses are known to infect potatoes with several causing
severe reductions in yield. Various mechanisms for virus dissemination exist, but
the most damaging potato viruses are transmitted by insect vectars, primarily
aphids. Control of virus spread is the most effective way to reduce virus diseases
in seed potato production, because eliminating viruses from infected plants is
not feasible.




1 TRANSMISSION OF VIRUSES

Viruses are disseminated in several ways: by infected seed tubers, through con-
tact with infected plants or contaminated tools, and by insect, nematode, ana
fungus vectors. Among insects, the most important vectors are the following
aphid species:

Myzus persicae — green peach aphid,
Macrosiphum euphorbiae — potato aphid,
Aulacorthum sofani — glasshouse aphid.

These aphids cause more damage by transmitting viruses than by feeding on the
plants. The most important aphid vector is Myzus persicae.
Aphids transmit potato viruses in two ways:

® non-persistent transmission,
® persistent transmission,

epidermal
tissues

In non-persistent virus transmission {left), aphids acquire viruses during brief
periods of probing on epidermal tissues. In persistent transmission (right}, an
aphid must feed on the phloem.




Non-persistent transmission. Aphids may acquire viruses during brief pe-
riods of probing or feeding on the epidermal tissues of infected plants. It may
take only a few seconds for the mouth parts to become contaminated, and then
the aphids can transmit viruses immediately to other plants. Aphids remain in-
fective (viruliferous) for a short period, usually far not more than two hours and
viruses can only be carried over short distances. Except for potato leafroll virus,
all aphid-borne potato viruses are non-persistently transmitted. These include
potatovirusesY, A, M (PVY,PVA, PVM}, and some strains of PVS. Of this group,
PVY is the most important virus.

Persistent transmission. Viruses which are persistently transmitted are lo-
cated in the phloem tissue of plants. To acquire them, an aphid must feed on
the phloem, not just probe on the leaf surface. This may take 20 to 30 minutes.
The virus enters the body of the aphid and, during an additional latency or in-
cubation period lasting several hours, usually aphids remain non-viruliferous,
Then the virus persists throughout the aphid’s life and can be carried over long
distances. The best known persistently-transmitied potato virus is potato leaf-
roll virus (PLRV), which is also the most important potato virus.




2 APHID BIOLOGY

Aphids survive the winter or unfavorable seasons in the egg stage. In spring, the
eggs hatch and the nymphs develop into first generation adults, During the fol-
lowing generations, females produce without fertilization {parthenogenetically)
live {viviparous} offspring. Toward autumn, or seasons which do not favor aphid
reproduction, males and sexually egg-producing (oviparous) females may appear
again. In tropical zones, aphids may reproduce parthenogenetically throughout
the year.

Aphids can reach pest proportions rapidly. One aphid can bear 30 nymphs, and
during a favorable season, eight successive generations may follow. Thus, one
aphid can theorctically give rise to 308 —that are more than 6 x 1011 - aphids.
Fortunately, nature limits aphid populations by such means as unfavorable
climatic conditions, parasites, predators, and nutrient deficiencies in the host
plant.

Many aphid species live on only one plant host. They are said to be autoecious.
Others migrate between primary overwintering hosts, which are usually woody
plants, and secondary hosts, which are usually herbaceous plants. These aphids
are heteroecious. Myzus persicae, for example, may overwinter on peach trees
(Prunus persicae); therefore the name “‘green peach aphid.” During subsequent
reproductive cycles, it invades many secondary hosts, including potatoes.

After overwintering, winged (alate) aphids appear that may migrate from pri-
mary to se~ondary hosts. During the following generations, winged as well as
wingless {apterous) forms may be produced simultaneously.

Aphids usually do not fly when temperatures are below 13 °C. High tempera-
tures and low rainfall are ideal for their multiplication. As the temperature rises
to 30 °C, their activity increases. Low wind-speed of less than | km/h favors
aphid movement, Warm air currents can lift aphids several hundred meters into
the air, and they have been found at distances of more than 1000 km from the
nearest possible origin,

Since aphids are sucking insects that feed on plant sap, after landing they probe
to determine if the plant is suitable as food, If the plant is suitable, it may take
an aphid several minutes or sometimes hecurs to enter with its mouth parts, the
stylets, into the plant tissue to the phloem.




Infestation of a plant depends on its phvsiolagical state. Drought increases the
concentration of solutes in the plant sap which are beneficial for aphid feeding.
Deficiencies of nitrogen and potassium influence the plant metabolism and
osmotic conditions of plant cells, predisnosing plants to increased infestation.
Leaf composition changes during plant development, Myzus persicae prefers lower
leaves, which are more mature. Other aphids, such as Macrosiphum euphorbiae,
prefer young leaves and are found on the upper portions of the plant. Plants
showing a yellow appearance due to diseases or deficiencies may be more attrac-
tive to winged aphids than healthy-looking plants.
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Myzus persicae may overwinter on peach trees. During subsequent reproductive
cycles, it invades many secondary hosts. including potatoes. In trupical zones,
aphids may reproduce parthenogenetically throughout the year.




3 APHID IDENTIFICATION

Aphid species differ in their capacity to transmit viruses, In temperate zones,
the only significant correlation between the dissemination of potato viruses and
aphids appears with Myzus persicae. Therefore, aphid identification, population
studies, and centro! should concentrate on this species.  However, because of
tack of data from tropical countries, other prevalent species should be observed
as well, especially in arcas which are new to potato production.

Aphids are soft-hodied insects, measuring a few mitlimeters in length. They pos-
sess up to 50 identifiable characteristics. In practice only a few characteristics
are important, especially those of bedy, head, wings, cornicles, and cauda.
These can be obsetved under 6x to 10x magnification with a good hand lens or
stereoscopic microscope.

Body. The body of an aphid consists of three parts: head, thorax, and abdo-
men.  These parts have distinctive size, shape, and color in different aphid
spucies.

Head The shape of the head is determined by antennal tubercles, which imay
be well-pronounced or absent. These carty the antennae, which in most aphid
species are long and thin, with five to six segments. The 'atio of antennal length
to body length is frequently used for identification,

Wings. Wings are attached to the thorax and consist of a pair of large forewings
and a pair of smaller hindwings. Wing shapes {primarily that of forewings) and
vein patterns (venation} help in aphid identification,

Cornicles, Cornicles (siphunculi) are tube-like structures that project upward
in pairs from the fifth or sixth segment of the abdomen. Their shape, length,
and color vary greatly between species,

Cauda. The fast abdominal segment is modified to form a tail or cauda, whose
shape, length, color, and number of hairs help to distinguish the species.

10
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In practice only a few characteristics are important for aphid identification,
especially those of body, head, wings, cornicles, and cauda.

1



4 MYZUS PERSICAE

Myzus persicae is the most widely distributed potato aphid, and the most im-
portant vector of potato viruses. it usually feeds on the lower parts of the po-
tato plant.

Body. Adults are 1.5 to 2.5 mm long. Wingless forms are usually light green to
almost translucent in color, but they may also be deep pink or peach. The body
outline is egg-shaped; the posterior part is rounded.

Winged forms aie distinguished by a dark brown to black head and thorax. The
abdomen may be green, pink or dull red, and is marked with a characteristic
dark patch. The body cutline is similar to wingless forms but is modified by the
presence of wing pads.

Head. The head is noticeably indented. On both wingless and winged aphids,
antennal tubercles are prominent and inward-pointing. Antennae are almost as
long as the body.

Wings. Wing characteristics are commonly not used for identifying M. persicac.
Cornicles. Cornicles are light-colored and slightly swollen toward the ends.

Cauda. The cauda is light-colored and approximately half as long as the cornicles.

12



Myzus porsicae is the most widely distributed potato aphid, and the most im-
portant vector of potato viruses. (Photograph reproduced with permission of
Her Britannic Majesty’s Stationery Office; plate British Crown copyright.)
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5 STUDY OF APHID POPULATIONS

Aphids are one of the most efficient insect vectors transmitting viruses, Thus,
knowledge of aphid population dynamics is important for deciding where, when,
and how to grow and protect seed potato crops. Three common methods to
study aphid populations are:

e aphid/plant counts,
e aphid/leaf counts, and
® yellow water traps.

Aphid/plant counts. Aphid/plant counting, or the "‘beating method,” is a
quick and efficient technigue to use early in the growing season when plants are
young and aphid populations tco low to be detected by other methods.

Procedure: The first winged adults arriving at a field usually establish anhid col-
onies on plants of the windward border rows. Begin the counting by randomly
selecting plants along these rows. Although the number of plants to be counted
depends on the size of the field, most potato workers sample 50 plants. The
fraquency of counting —daily fo weekly — depends on climatic conditions.
Sampling should be more frequent during warm weather.

To collect aphids, place a light colored board or paper under one side of the
plant. Gently shake the plant over the hoard. Counts are fairly reliable, although
some winged aphids may fly away when the plant is disturbed.

Aphid/leaf counts. Virus transmission is more closely related to progress of
aphid infestation from plant to plant, than to the total number of aphids on a
particular plant. Progress of aphid infestation can be observed by the aphid/leaf
counting method. Alsu natural enemies and parasitization of aphids can be
observed.

Procedure: At least once a week, select 50 plants randomly throughout the
crop. Examine three fully expanded leaves from each plant — one each on the
top, middle and lower parts. Record the number of winged and wingless aphids,
as well as predators, parasites, and parasitized aphids.

Some winged aphids may fly away when the plant is disturbed. Nevertheless,
aphid/leaf counting is more precise than aphid/plant counting. although it is
more laborious.
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Yellow water traps. Migration of aphids into and within a potato crop is
mainly due to the flight of winged aduits. This flight can be studied by trapping
aphids in a yellow water trap, which is inexpensive and simple to construct.

Traps of various materials, sizes, and shapes can be used. The most frequently
used traps are rectangular trays, 50 cm long, 30 cm wide, and 8 cm high, with
the sides sloping outwards. Traps of the same type and size should be used in a
field or region to facilitate comparison of aphid counts.

If the crops are grown under rainy conditions o irrigated by sprinklers, traps
need an overflow hole. A screen or piece of muslin placed over the hole allows
excess water to drain without losing the aphids. One bottom corner of the tray
should have an outlet tube of about 2 cm diameter and 4 ¢m fength, closed from
the inside with a stopper,

Many aphid species are attracted by yellow color. Therefore, the bottom and
lower 2 cm of the inner sides should he painted yetlow; the remaining sides and
the exterior are painted dark gray. Entomologists recommend using British
Standard prime yellow {B.S. 0-011), commonly called canary yellow. Although
this yellow color does not attract all aphids equally, it is effective in attracting
Myzus persicae.

Procedure: Two traps per field are sufficient. Place them 5 m apart from each
other, and on platforms approximately 60 ¢cm above the ground. Eliminate any
plant touching the platform to prevent aphids from crawling into the traps.

Fill the traps with fresh, clear water 2 ¢cm above the yellow part. To break sur-
face tension and to prevent aphids from escaping, add a few drops of liquid
household detergent.

Examine traps preferably each morning. When aphid populations are low, few
adults may be caught. [dentify them with a hand lens and remove them from
the water, Change the water only if it is dirty,

When many aphids are present, empty the trap through the outlet tube into a
bucket. Collect the aphids by attaching a small muslin bag to the outlet. The
water may be reused as long as it is clean. For identification, take the aphids to
the laboratory in a vial containing 50 percent alcohol.
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Aphid flight can be studied by trapping aphids in inexpensive and simple yellow
water traps.
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Use of aphid population data. Because of the specific advantages of each of
the three methods, entomologists recommend using more than one method
during the season.

Aphid/plant counts may help to detect the start of apiid infestations,
Aphid/leaf counts reveal aphid movement and population build-up within a crop.
Data may be graphed over time, thus showing the progress of aphid infestation.

(A simple method is described by Hollings, 1955).

Yellow water traps help to rnonitor flight of winged aphids, which is more di-
rectly related to virus transmission than movement of wingless aphids.

Counting data

r
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Data of aphid population studies may be graphed over time, thus showing the
progress of aphid infestation, (Comparison of two years).




Data of aphid population studies may help in forecasting the degree of virus
infection. However, additional variables must be considered, such as:

varietal susceptibility,

date of planting,

aphid control measures,
crop management practices,
weather conditions.

in general, data of aphid population studies are useful for

selecting the vest seed production areas,

selecting ihe best growing seasons,

scheduling aphicide application,

scheduling dates for destroying the foliage and harvesting.

Experiments may be designed to determine the correlation between aphid pop-
ulation data and virus spread. In this way critical limits of vector populations
may be determined. Critical limits indicate when aphid populations become
large enough to cause an economically significant degree of virus infection.

In acceptable seed areas, only a few winged M. persicae are trapped.  As the
number of winged aphids increases, virus spread increases. This correlation is
closer with PLRV than with PVY. The spread of PVY seems more erratic, and
determining critical limits is more difficult.  Since PLRV is usually a more
serious problem in the tropics, the correlation of the data of population studies
to PLRV incidence is generally the most practical indicator of the measures to

be taken.
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6 CONTROL OF VIRUS SPREAD

Direct control of virus spread is not feasible. Indirect control, however, helps to
reduce virus transmission. This includes consideration of the growing area, agri-
cultural practices, and chemical control.

Growing area. Because virus spread is related to aphid populations, seed pro-
duction areas should be selected on the basis of aphid population studies. Aphid
populations are generally low in areas with low temperature, abundant rainfall,
and high wind velocity.

Within a potato yrowing area, to reduce dissemination of viruses through viru-
liferous aphids, seed potato fields should be located upwind from commercial
potato fields and alternative host crops. Seed production areas ideally should be
completely separated from commercial potato production.

commercial potatoes
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To raduce dissemination of viruses through viruliferous aphids, seed potato fields
should be located upwind from commercial potato fields. Seed production areas
ideally should be completely separated from commercial potato production,
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Planting time. The time of aphid migration may be more important than the
total number of aphids trapped. Aphid flights often reach definite peaks at
certain times of a year. Virus spread early in the scason is more serious than
later s young plants are generally more susceptible. Additionally, plants that
are infected early become more efficient sources for further virus spread than
plants infected later in the season.

Infection sources. Eliminate primary hosts. Avoid areas close to commercial
potata production, glasshouses, and home gardens. Within a seed field, eliminate
infected potato plants as early as possible. Eliminate yellow flowering weeds
and any other host plants within and around the field.

Crop management. Resistance of plants to aphid infestation can be increased
by balanced fertilization and good water management.

Harvesting time. After a viruliferous aphid has fed on the foliage, a virus needs
some time to reach the tubers. Highest grade seed potatoes should be harvested
no later than 8 to 10 days after population study has revealed a critical aphid
build-up. This is sufficient time to avoid that virus infections reach the tubers.

Tuber storage. Tuber sprouts are readily colonized by aphids. Prevent virus
transmission by storage under aphid-proof conditions and use of aphicides.

Chemical control. How efficiently virus transmission is controlled with aphi-
cides depends on the type of virus transmission involved,

In non-persistent transmission of viruses, aphids transmit viruses (e.g. PVY)
faster than cormmon aphicides can react to kill the vector. Withina field, aphi-
cides may slightly reduce non-persistent virus transmission, but they cannot
prevent it; neither can they control infections from outside the field by migrating
aphids.
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In persistent transmission of viruses {e.y. PLRV), the incubation period is long
enough to allow aphicides to contiol vectors. Aphicides can greatly reduce
PLRV spread within a field, but they cannot control infections from outside by
migrating aphids.

The most suitable aphicides are organophosphate systemic spray formulations,
or carbamate granular insecticides applied to the soil.

Mineral oil sprays are effective in reducing non-persistently transmitted viruses,
but fail to prevent PLRV spread. Consult local experts.
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