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THE WOOLLY APPLE APHID
IN TENNESSEE*

By S. MarcovircH
INTRODUCTION

The woolly apple aphid (Eriosoina lanigernm Hausman) is a well-
known pest wherever apples are grown. The elm, quince, pear, haw-
thorn, and mountain ash are also subject to attack, Thiz insect is
gometimes very abundant in southern nurseries, causing the roots te
become swollen and covered with nodules, which finally decay. TFifty
per cent of the trees in the nursery may often be seviously infested.
Such trees have to be discarded because of the weakened root system
and the chances of spreading the aphis to the newly set orchard.
Bearing trees in the orchard may also be infested, although the injury
is not so apparvent. This investigation was originally started for the
purpose of finding out more about the woolly aphid in the nursery,
where the problem is most serious.

CHARACTER OF THE INJURY

Beneath the white cottony patches
are reddish-brown sucking lice. Aerial
colonies may be found in the axils of the
twigs, on branches, or on scars, and even
on the fruit itself. In the absence of
parasites, and under favorable conditions,
the insects may almost cover the whole
tree, giving it a whitish appearance. No
doubt a toxin is injected into the tissues,
for where the aphids feed, swellings or
protuberances are produced. According
to Staniland (1924), the galls are pro-
duced by abnormal production of cambial
cells. In Oregon the woolly aphid has
been found to be associated with the
spread of perennial canker (Childs, 1929),

This insect also lives on the roots of
the apple, but the root form, although
identical with the aerial form, looks move
reddish because the woolly secretions are
not so dense. With us in the United Fis. 1—A cluster of woolly

. . . aphis on apple
States the root form is much more serious,
especially on nursery stock. Most frequently it is located on the
crown, just beneath the surface of the ground. The continuous feed-
ing causes the roots to become badly knotted and swollen. Such roots

i

*The author desires Lo acknowledge the valunble assistance of Mr. M. V. Anthony
in these experiments.



Fig., 2—The waork
of woolly aphis on
apple root

finally decay and often vesult in poor growth. In
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Virginia, Alwood (1904) found the woolly aphid a
most serious pest in the nursery. When only
slightly infested, young trees may outgrow the
injury and make novmal growth (Schoene and
Reppert, 1919),

In Euvope, where the insect is supposed to
have heen imported, and is known as the “Ameri-
can blight,” the aerial form is often the most
injurious, and very little is said about the voot
form. This condition seems also to prevail in
South America, New Zealand, and Australia,

LIFE-HISTORY

ON THE APPLE
The woolly aphid is capable of spending the
entire year on the apple. In a mild season it may
he found eavly in the spring, but after a cold winter
it does not become conspicuous until June, when
the spring migrants from the elm have established
colonies, Reproduction takes place agamically,
with from 2 to 28 young produced by each female
per day. These become full-grown in from 8 to 20
days. Thus, a single female may produce 117
young within 29 days. As soon as aerial colonies
are well established, the young crawl down or fall
to the ground, where they enter through cracks

and produee colonies on the roots. As many as 18 generations may
be produced in Tennessee in a single summer.  Generally only the
wingless aphidg arve observable. At the approach of autumn, a winged
dark-coloved form appears among the wingless forms. This is known

Fig, 1—Female of the woolly

as the fall migrant. It leaves the apple,
to be carried by the wind to the American
elm, where the beakless, sexual forms
arc produced. In REurope a migrant is
said to be oceasionally produced that
gives rise to young with a proboscis,
which feed on apple,

Comparvatively few of these mi-
grants are produced. Their presence
seems to coincide with the shortening of
the day as the fall months are ap-
proached (Marcovitch, 1924), In 1925, the
first fall migrants were observed on Sep-
tember 14, Others were observed as late
as November out of doors. In the labora-
tory, where young apple trees were given

aphis, full-grown, as it oceurs on only G hours’ exposure each day, these

the apple

Fnlarged aboul 12 times. migrants were produced i large numbers,
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That the elm is the primary host of the woolly aphis was first

observed by Miss Patch

of

view

Fig. 4—Ventral

first-stage nymph of the Fig. 5—Dorsal view of the
woolly aphis, showing ihe first-stage nymph of the
presence of a long heak woolly aphis

females ave
inch in length. The males are somewhat smaller
and not as plump-looking., Soon after mating, one
large egg becomes visible, which seems to occupy
the entire body (Fig. 7). The egg is laid in the
crevices of the bark. The winter is thus passed in
the egg stage on the elm. The young that will
hateh out the following spring are known as stem
mothers.

HATCHING OF THE EGGS
In 1924, stem mothers in the first and second
instar were found as early as January 31. Doubt-
less the eggs hatched the latter part of January.

(1913). If elm trees {Uhums americana) are

near, and the
aphids happen to
alight on them,
these migrants
will give birth in
a few days to
young aphids,
half of which are
true males and
the other half
true females,
The {rue sexes
are wingless and
beakless and do
not feed, The

small, oval in shape, reddish in color, and only about 1/20

Fig. 6-—Male of the
woolly aphis
Enlarged about 20
times,

This  month
was 3° F. be-
low normal
in tempera-
ture, so that
the early
hatching of
the eggs can
hardly be at-
tributed en-

tirely +to
temperature.
The increas-
ing length of
I'ig. T7—PFertilized (cemale of
the woolly aphis, showing egy . . day’ on the
within, Note the nbsence of a Fig.  8—Fertilized female, other hand,
heak showing the process hy which b
Enlarged about 20 times. the egr is extruded may De an
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important factor, as has been shown in the case of the
formation of the sexes in plant lice.

In 1923, stem mothers in the second and third
instar were observed as early as March 2, located at
the base of the terminal buds, which were noticeably
enlarged. Normally the buds do not begin to swell
until April, but that year by March they had grown
considerably and were very congpicuous. The stem
mothers remain at the base of the bud with their setae
deeply inserted until the first leaves appear. Full-
grown stem mothers were observed March 29, and
were giving birth to the second generation. As soon as
the buds burst, the first leaves hecome curled and
thickened to form =z rosette. In this stage the stem
mother may be found on the inside of a twisted leaf,
Normally a rosette results from the stimulation
caused by a single stem wmother, but occasionally
several stem mothers may be found onh one rosette.
Baker (1915) records as many as 299 young produced
by a single stem mother,

Examination of buds in April revealed large
numbers of molted skins of the stem mothers that
had disappeaved. It is likely that many perish and
that not all are successful in forming rosettes. Fig. Y9—Rosettes

Full-grown forms of the second generation were of _the woolly
present out of doors on April 16, while pupae of the uphis onclm
third generation were observed as early as April 24. The third
generation acquire wings and leave the elm to make their abode on
the apple. In Tennessee, winged forms hecome numerous the first
week in May, and may be found as late as June 10,

Fig. 10—A stem mother situated at the buse of a terminal bud, showing the
early stages of rosette formation in March

It is probable that some of the spring migrants form colonies on
other elms, for in July large colonies of a woolly aphis were ohserved
on the terminal leaves of small elms. These were identified by Miss
Pateh as Eriosoma lanigeruin. An attempt was made to transfer the
winged forms on apple, but they failed to establish colonies.

On April 27 winged individuals from rosettes kept in the labora-
tory were placed on apple seedlings. Young were deposited by some



Fig, 11—A single prosette on olm cansed by (he woolly aphis (E, Janigerum), con-
taining migrants that ly to the apple in May

of the females at onee, and in o few days Hourishing whitish colonies
were noticeable. The individuals developed entively on the apple, and
on May 9 were full-grown.

HIBERNATION

In Tennessee the woolly aphid passes the winter in the wingless
agamic form on the apple.  [n a mild =eason, such as that of 1923,
acrial and rool forms were present throughout the winter, In Decem-
her, 1930, a =udden cold snap developed, the temperature dropping
to 8 I, The twipgs with woolly aphis were completely covered with
ice, and when broueht into the laboratory the lice became active,
A greader survival was noticed antong the younger and smaller
nymph=. In the northern states the woolly aphid passes the winter
on the apple in the livst instar only,

WOOLLY ELM APHID

[rfosonte vierican, also n woolly aphid, inhabits the elm, It may
be distinguished from Lriosonie lanioerin in that it is grayish in eolor,
it produces a Jeal curl but not a rosetle, and its eggs hateh later,
The first leaf voll wis observed April 23, 1933, with the stem mother
nearly full-grown,  April 30, zeveral were found to be full-grown and
depesiting voung., It iz o eurioos fact that the stem mothers are
unable to live on o normal, uncurled leaf.

The first winged forms became mature on May 15, and when
placed on apple would not deposit young, This species migrates to
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Fig. 12—Elm Jeaf curl caused by the woolly elm aphid (E. americana),
containing migranis that fly to the juncherry

the juneberry (Patch, 1916). When winged forms were placed on
juneberry leaves, they crawled to the underside and deposited young.
Within a few minutes, one female gave birth to 18 young in a vow,
As soon as the voung became dry they crawled to the roots of the
potted seedling,

October fall migrants of Eriosoma americana were observed in
abundance settling on the American elm,

EFFECT OF TEMPERATURE ON GROWTH
AND DEVELOPMENT
Often during the swmmer months no aphids could be found of
either the aerial or the root form, even though heavy infestations
were observed in the early summer or spring months., Since this
disappearance seemed to occur especially during hot, drouthy sum-
mers, a study of the temperature requirements was undertaken,

METHODS USED IN REARING

Seedling apple trees one or two years old werve placed in jars
of water. Transfers were made to these seedlings, which were then
placed in the cabinets at various tempervatures. At 30° C. only one
or two generations could be veaved before the trees died. A simple
method of making the transfers was to start with a bearing female.
After the first young were produced, the adult female was removed.

STUDIES AT CONSTANT TEMPERATURES

The optimum condition for growth and development seems to
be near 20° C. (table 1). At this temperature the maximum number
of young, 119, were produced by each female, over a reproductive
period of 18.56 days. Reproduction began at 14.5 days. At 25° the
average number of young produced wasg 93.5.

At 30° C. only 6.6 young were produced over a period of 9.2 days.
Obviously this tempevature is mot very favorable for development.

Difficulty was experienced in rearing them, and large numbers
pevished,
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MORTALITY AT 1007 . AND VARIABLE HUMIDITIES

AL a constant temperaturve of 1000 T, and 80 per cenl relative
humidity, voung aphids lived only 4% hours and half-grown ones
lived 7T hours. AL 50 per cent relative humidity the young survived
for only 40 minutes, while older ones lived 75 minutes. A relative
humidity of 100 per cent wasx also unfavorable. for the aphids
survived but 2': houvs,

SOIL TEMPERATURES

Practically every summer high temperatuves prevail, ranging
Trom 90 to 9% T In a series of observations July 80, 1931, a
maximum of 113 was recorded in the gravelly loam soil of the
nursery at a depth of 2 inches, while at 6 inches the temperature
was 102 . The alr temperature 24 inches above the soil was 102°,

The data from the temperature cabinets indieate that tempera-
tures of 85  to 100 F. are highly unfavorable for development.
Since these temperatures ocenr frequently each summer, it is easy
to understand why we have the almost complete disappearance of
the woolly aphid during the summer months. A few individuals,
however, survive these unfavorable conditions, for as soon ag cooler
weather prevails, accompanied by rain, the woolly aphid becomes
evident,  Two-year-old trees are always move heavily infested than
the smalt one-year-old trees, perhaps due to the heavier shade pro-
daced by the larger {rees,

Tave l—Record of H/)HM/IH/I!( ul[mu/y al u)//\/um‘ /('mp(nu‘lm’\

\‘-m.n:u : i ; |
No. of e first I Mean ‘A\'m‘ugéu\\'emgu

Tempoerature adualts yonng Ruciproeali reproduc-.  total number
used woery : iien | number ‘nl'young
produced i _period !of young per day
- : . |
; |

15 WT o d4d0 T 2 11T ]

17 145 680 | I85 oo | 6.

20 8.8 1140 (R i 93.5 ‘ 0.2

lﬂ 1.7 .80 9.2 G.6 0.7
TanvLe 2 —-S/:(m dng 100 [u rocent mortality in honrs, produced by a

fewperatire of 100 1-'. aud unm/)/v nlaln v humiditios

‘ Agre of ;N«L ol

10 per eent Nn of '\0 per wnt!No “of 1100 wzr “cent
iL »Ilif_l__.s'm uphids R. . R H.

aphids R. 11 \.mhlds

1 ar 2 days., ..o ™ oy an A3/ | 18 2-1/2
; I

Half- 1o ) I

fullggrown oo bdaa 1 1- (WA I 7 371 2.1/2

NATURAL ENEMIES

The woolly aphis has several natural enemies that help to keep
it in cheek, especially above ground, The minute chaleid A phelinus
wali, when present, is often capable of wiping out all of the aerial
forms,  This parasite has heen imported with beneficial results into
Aunstralia, South America, and sever al Turopean countries. Two

Syrphidac, Nyrploes anericanns Wied, and Pipisa rodicin, were also
reared.  Unfortunately, the work of these useful insects is partially
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Fig., 13—A cluster of woolly aphis, showing paragitism by Aphelinus mali

nullified by the action of other parasites, such as Pachynewron syrphi
Ash., which was rveared from [f. radicum. A capsid bug, Deracocoris
aphidiphagus Knight, predacious on the woolly aphis, was also
abserved, The two ladybivds Scyuomus ceryicanlis and Coccinella 9-notate
are also listed as predators of the woolly aphis (Marlatt, 1897).

REMEDIAL MEASURES
RELATION TO THE ELM

The first conspicuous infestation of the woolly aphid occurs in
June soon after the migration from the elm. It is hard to conceive
how the nursery can become infested if no elm migrants are present,
unless the nurseryman uses infested scions or roots. One year we
actually found woolly aphids on roots shipped in from Kansas, If
precautions arve taken to firee the rcots and scions from aphis, the
only source of infestation is the progeny vesulting from the elm
migrants,

In Tennessee a large number of apple nurseries are located at
Winchester. In 1925 small elm trees were found grown as nursery
stock beside a block of one-year-old apple trees. Three large rosettes
were present on these elins in April and contained thousands of aphids
and migrants ready to fly to the apple. Interplantings of this nature
offer ideal conditons for the multiplication of the pest.

A swrvey also vevealed a large elm tree covered with rosettes in
a creek bottom on the farm of Mr, Vanzant. This elm was less than
a quarter of a mile from an apple nursery. It is needless to say that
one badly infested elm may supply enough migrants to infest an entire
locality where apple trees are grown.

Tlm trees infested with vosettes containing the woolly aphids
should be removed, especially if near an apple nursery. It goes with-
out saying that the American elm and the apple should not be grown
together in the nursery. Where one does not wish to vemiove a
valnable elm that shows the presence of woolly aphids, the rosettes
may be removed before the migrants leave, Generally the migrants
appear the last week in April. Tt would therefore be best to remove
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the rosettes about the middle of Apvil, In some years, when March
iz warm, the rosettes grow rapidly and become very conspicuous he-
fore the leaves come out. In a cool spring, however, the leaves put
out soon after the vosettes form, making it difficult to locate the
rosettes.

Underhill (1925), in Virginia, found that delaying the setting
out of nursery stock vntil the migrants had all left the elm reduced
the infestation in the nursery to practical proportions. When the
grafts were set out June 5, less than one per cent were infested,
However, the trees did not make a normal prowth, due to the short
season, and averaged 2 inches less in height,

HOST RESISTANCE

The Northern Spy is said to be resistant to the attacks of the
woolly aphis. The attempt to utilize this fact is fraught with many
difficulties.  Stock grown from seeds of the Northern Spy ave not
uniform in possessing the resistant qualities, according to results
obtained by om Horvticultural Depavtment.

TMinke (1930) showed that scions of the Northern Spy had no
influence on susceptible stock so far as woolly aphis resistance is
coneerned,

Staniland (1924) found that resistant varieties, such as French
Pavadise, were assoclated with 80 per cent of Sclevenchyma in the
civcumference ol the stem.

Tanre 3—lusecticide lests Jor the conirol of the root-form woolly
aphid of two-year-old trees, 1929

- . - Degree of
Materinl used Strength npl:)‘;il«_:\(l],:nn :1‘1)51210’;\(‘:?(‘)11 Soil tyne in}‘\?stﬂtiun
ov. 1
Nicotine 1-4000 Qct, 7 3 pints per
IPencetrol 1-200 sq. Tt Clay loam Slight
Nicotine 1-2000 " " ” " "
Tenetrol 1-200
Paradichlorohenzene Oct. 17 10 o " " None
" T v oz » " o
Carbon disulphide cmulsion Nov, 1 Ly opint Sandy loam "
" v " 1-50 " 1 pint " " "
v v " 1-100 " A pint v " "
" h o 1-100 " 1 pint " * ”
" " v 1-100 " 11y pints " v
- " " 1-200 Oet. 9 1, pint Clay loam Slight
. " " 1-200 v 1 pint " " ”
" v B 1-200 " 14y pints " ” ”
" b v 1-200 Nov, 1 114 pints Sandy loam  None
" " " 1-200 " 2% pints 7 v "
" " ' 1-200 Oct. T 3 pints Clay loam Slight
" " " 1-100 Oct. 8 3 pints ” "o »
" " v 1-400 Nov, 1 3 pints  iSandy loam None
INSECTICIDES

Like other aphids, the aerial form of the woolly aphid readily
suceumbed to nicotine, 1-1000, and soap, 3 pounds to 100 gallons of
water. The root form rvepresents a much more difficult problem,
and nicotine at the rate of 1-2000 with penetrol, when 3 pints per
square foot was used, did not seem to be thoroughly effective.
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Paradichlorchenzene seemed to destroy the aphids when as little
as % ounce per tree was used. Because of the thin bark on apple,
however, paradichlorobenzene is apt to cause injury to the tree under
certain temperature conditions. In California, Essig (1926) found that
paradichlorobenzene did not injure nursery trees, As little as 1/16
ounce of paranitrechlorobenzene killed the aphids but was injurious
to the tree,

Cory (1923) and Schoene (1922) used 5 and 8 per cent solutions
of pine-tar oils successfully. Our tests with these materials gawve
variable results. Other remedies recommended in the past, such as
tobacco stems and kerosene emulsion, have been found worthless,

Carbon disulphide, % ounce to 4 gallons of water, applied at
the rate of ¥ gallon per square foot, will control the 1root form of
the woolly aphis (Leach, 1918)., More recently a carbon disulphide
emulsion has been used very successfully for the larvae of the Japa-
nese beetle. In our work we used an emulsion supplied by
I. P. Thomas Company, of Philadelphia, at a cost of about 20 cents
a pound. The emulsion is a mixture of carbon disulphide, castor oil,
potassium hydroxide, alcohol, and water, and is said to be stable,

Apgainst the woolly aphid this carbon disulphide emulsion seemed
to give the best control. When it was applied at the vate of % pint,
diluted 1-60, or 1% pints, 1-200, the aphids disappeared in the sandy
soils. Heavier soils or dry soils require more material for good
results.

Because of the cost and the large ameount of water required,
carbon disulphide emulsion would not be practical in the nursery.
Material to treat one acre of a nursery would cost $130.00. For the
newly set orchard, it may be of value whenever a heavy infestation
warrants treatment.

Caution.—Carbon disulphide is inflammable and must be used
with caution.

FUMIGATION
In 1922 live aphids were found on apple seedlings shipped in
from Kansas. It was also observed that the woolly aphids can live
and multiply when in storage if they are present on the trees at
digging time.
The easiest way to remove the lice prior to shipment is to fumi-
gate with hydrocyanic acid gas, using 1 ounce of sodium cyanide to

100 cubic feet of space. This treatment will also destroy the San
Jose scale,

INFLUENCE OF SOIL TYPE ON INFESTATION

In 1922, apple grafts were grown in the greenhouse for observa-
tion of the woolly aphis. Although aevial forms were plentiful, no
reot forms could be found. The absence of lice on the roots was
puzzling, In order to account for this condition, if possible, a study
of the moisture and character of the soil was made,

Experiments with different degrees of soil moisture revealed no
decided difference in the degree of infestation. In another set of
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experiments, in the greenhouse, the grafts were grown in sandy soil,
sandy loam, clay loam, and clay soil. Eight per cent of the trees in
the sandy soil showed root aphis, while in the clay soil 92 per cent
wore infested.

In order that the charvacter of the soil undev outdoor conditions
might be studied, trenches in every other row were dug in the nursery,
some being filled with a sandy loam and others with a clay soil. The
residual soil varies from silty to gravelly loam. Some of the trees
were also mulehed with a 3-inch layer of sand.

Tanrt d—Iuflucnce of character of the soil on the abrundance of the
roof form of the woolly aphis

. No. of L'er cent i Depree of
o Beib e L trees infested ' infestation
[0 T P » 41 06.7 Heavy
Silt Joam. ..o e 115 NI Yo "
Clay and gravelly loam.. ... 144 3.0 ! Moderate
Clay loam mulched with sand | 03 14.5 Slight
Sandy loam . 40 in

Fig. 14{—Two-vear-obl apple teee, heavily infested with ihe woolly aphis,
dug trom a clay soil
Migrntion of the aeriad forms to the roots s facititated by the eraelks
in the clay s=oil in ey weather,

As shown in table 4, the highest infestation, 96.7 per cent, was
present in the clay soil. The residual silt loam, which also cracks
badly in dry weather, chowed 895 per cent infestation; a residual
gravelly loam 43 por cent. The Tatter soil when mulehed with 3 inches
of sandy loum showed only LA per cont infestation. In the trench
Mled with a sandy loam, unly one tree, or & per cent, was infested,
and that butl =lightly.
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Ax is woll knowa, clay soils erack badly, and it therefore appears
that the aphids enter the soil through the eracks and become estab-
lished on Lhe rools, Tt was observed in the laboratory that a clay
or silt soil will, in the process of drying, erack over an eighth of an
inch away from the roots. This, in turn, gives the aphids more room
{6 move ahout than would be possible in a sandy soil.

Fig. 15—Tree grown in sandy soil, showing freedom from infestation

In 1913, Woodworth called attention to the desirability of pre-
venling the migrating of the lice from the roots, and recommended
that u lew shovelfuls of soil be removed around the tree and replaced
with sand.

Mordvilko (1927), working in Russia, observed that the phylloxera
cannot live on the roots of vines in sandy soils. In the few cases
where the vine aphis was found on the roots, Mordvilko observed
that heavy winds, by agitating the aerial portion of the tree, caused
cavities near the trunk, by means of which the aphis entered the soil
He also explains the presence of the Iiriosoma lanigernm on the roots
as due to wind pressure and the formation of eracks.

In California, Nougaret and Lapham (1928) likewise observed
that phylloxera infestation is most frequent on soils of heavy texture,
which bake and craclk when dvy. They point out that heavy soils, by
cracking, afford more crevices and interstices for free movement of
the insect. On the other hand, the Madera, Oakley, and Fresno sandy
loams ave free from phylloxera infestation and practically immune.

The same phenomenon for the woolly aphis is mentioned by New-
comer (1933).  He points out that the aphis is unimportant in the
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sandy aveas of the Northwest, whereas deformities in the vrools are
found on trees growing in heavy soils.

SUMMARY

1. The woolly apple aphid (Eriosoma lanigerum), a native Ameri-
can insect, is an important pest of the apple in Tennessee, especially
on nursery stoclk.

2. Where the woolly aphid is present, the roots become knotted
and finally decay. Trees with badly knotted voot systems are mnot
salable,

3. Both aerial and root forms may be found on apple throughout
the year. In September, a fall migrant is produced that deposits the
{rue sexes on the American elm,

4. The winter is passed in the egg stage on the elm. Stem
mothers hateh out in early spring, or sometimes as early as January,
and produce a rosette on the terminal buds. Three generations are
produced within the vosette, the last becoming winged and taking up
its abode on the apple. The resulting progeny form the clusters of
the well-known woolly aphid of the apple.

5. Liriosoma anicricana produces a leat curl on the American elm,
with the juneberry (Amelanchier) as its summer host,

6. A constant temperature of about 68° F. seems to be near the
optimum forv growth and development, At a constant temperature of
100°, and 40 per cent relative humidity, the young survived only 40
minutes. Since soil temperatures often reach 100° or over, the
mortality produced in the summer is high. During hot, drouthy sum-
mers the root forms seem to disappear almost entirely.

7. Several natural enemies keep the woolly aphis in check, but
not in complete control,

8. Since elm trees are the principal source of infestation, they
should be destroyed when present near nurseries. If this cannot be
done, the rosettes should be removed before April 20.

9. Among the different insecticides used, paradichlorobenzene,
paranitrochlorobenzene, nicotine, pine-tar creosote, and carbon disul-
phide emulsion, the last seems to be the most promising, and practical
only in the newly set orchard.

10. Root infestation seems to take place by the migration of the
aerial forms through cracks in the soil. Trees grown in sandy soils,
which do not crack, are comparatively free from root trouble. Mulch-
ing with 3 inches of sand also effectively reduced the number of
woolly aphids on the roots and should be a practical measure for the
newly set orchard.
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