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The Wooly-Aphis of the Apple 
or the 

Apple-Root Plant-Louse. 

SchizoneU1'a lanigera, (HAUSM.) 

By J. M. STEDMAN, Entomologist. 

SUMMARY OF RESULTS. 

THE EXPERIMENTS OONDUCTED BY THIS STATION DURING THE PAST YEAR 

ON THE WOOLY-APHIS OF THE APPLE HAVE GIVEN RESULTS WHICH ARE 

BRIEFLY SUMMARIZED AS FOLLOWS: 

1. THE LIMB OR AERIAL FORM OF THIS INSECT OAN BE READILY KILLED 

BY ONE OR TWO THOROUGH SPRAYINGS WITH STRONG KEROSENE EMULSION. 

II. ApPLE SEEDLINGS, BUDS, AND GRAFTS SHOULD BE PLANTED IN A 

SMALL TRENOH FILLED WITH FINELY POWDERED TOBACCO OR TOBACCO DUST 

AND LIGHTLY COVERED WITH EARTH. THIS WILL KEEP THE WOOLY-APHIS 

AWAY •. 

III. ApPLE NURSERY STOCK SHOULD HAVE A LIBERAL SUPPLY OF 

TOBACCO DUST APPLIED TO THE ROOTS EVERY SPRING IN ORDER TO KILL THE 

WOOLY-APHIS AND PREVENT IT FROM ESTABLISHING ITSELF THERE. IT 

SHOULD BE APPLIED BY REMOVING SOME OF THE EARTH FROM AROUND THE 

ROOTS, FILLING THE EXCAVATION WITH TOBACCO DUST, AND LIGHTLY COVER

ING IT WITH EARTH. 

IV. NEWLY OLEARED TIMBER LAND SHOULD BE CULTIVATED IN OORN 

OR OTHER CROP FOR TWO YEARS BEFORE THE APPLE TREES ARE SET OUT, IN 

ORDER TO KILL THE WOOLY-APHIS THAT MAY BE ON THE ROOTS OF THE WILD 

ORAB AND ALLIED TREES. 

V. ApPLE NURSERY STOCK SHOULD HAVE THE ROOTS CLEANED AND 

DIPPED FOR A MINUTE IN STRONG KEROSENE EMULSION IN ORDER TO KILL 

THE WOOLY-APHIS THAT MAY BE THERE. 

VI. IN PLANTING APPLE TREES TOBAOCO DUST SHOULD BE FREELY USED 

AMONG AND OVER ALT, THE ROOTS, AND OLOSE AROUND THE TRUNK, IN ORDER 

TO KILL AND PREVENT THE WOOLY-APHIS FROM ESTABLISHING ITSELF THERE. 

VII. EVERY SPRING, AS SOON AS SETTLED WARM WEATHER APPEARS, 

EAOH TREE SHOUJ,D HAVE A LIBERAL ~UPPLY OF TOBAOCO DUST APPLIED TO 
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ITS ROOTS BY REMOVING THE EARTH FROM AROUND THE TRUNK Fq~ A DIS

TANCEOF TWO FEET AND ~'0l\R INCH'ES IN' DEPTH, EVENLY FILLING THIS 

WITH THE TOBACCO DUST AND COVERING IT WITH EARTH. 

VIII. THE ROOT FORM Ob' THE WOOLY-APHIS MAY BE CHEAPLY AND 

EASILY KILLED AND KEPT AWAY FROM AN APPLE 'TREE B,Y THE LIBERAL USE 

OF TOBACCO DUST. ABOUT FIVE OR SIX POUNDS OF THIS SUBSTANCE SHOULD 

BE APPLIED AS ABOVE DIRECTED TO THE ROOTS OF EVERY INFESTED TREE, 

AND ONE HALF THIS AMOUNT SHOULD BE APPLIED IN A SIMILAR MANNER 

EACH SUCOEEDING SPRING. COSTING APPROXIMATELY TWO CENTS PER TREE 

PER YEAR. 

IX. THIS INSECT MAY ALSO BE KILLED BY INJEOTING ONE FLUID OUNOE 

OF CARBON BISULPHIDE TWO FEET AWAY FROM THE TRUNK ON TWO SIDES OF 

THE TREE, BUT THE USE OF THIS SUBSTANCE IS NOT ADVISED EXCEPT IN 

EXTREME CASES, SINCE A LITTLE CARELESSNESS MAY INJURE THE TREE, AND 

IT IS AI,WAYS NEOESSARY TO IMMEDIATELY Tl;l.EAT THE TREES WITH 

TOBACCO DUST IN ORDER TO KEEP THE INSEOT AWAY. 

GENERAL REMARKS. 

The apple-root plant-louse" or wooly-aphis, as it is called 
throughout Missouri, causes little trouble in the apple grow
ing sections of the northern half of this state, but in the south
ern half of Missouri it is believed that it does more injury 
to the apple orchards and apple nursery stock than any other 
insect now infesting that region. Judge 'vV. R. Wilkinson, a 
prominent orchardist and a member of the State Board of 
Agriculture and of the State Horticultural Society, states in the 
January, 1897, number of "The Southwest" of Springfield, 
Missouri, the following: "I consider the wooly-aphis the 
most destructive insect that the apple grower of South Missouri 
has to contend with, and is killing and destroying more trees 
in this section than all other causes combined." 

Since the southern half of Missouri is largely devoted to 
fruit interests and is now known throughout the United States 
as "the home of the large red apple" it at once becomes 
apparent that if one can control this pest, it will result in the 
saving of many thousand dollars each year to this state which 
now ranks third in the Union in its horticultural interests, of 
which the apple crop is its most prominent feature. 
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Il creto fo r e in thi s st;tte th erc SCl'ms to hav c hcC'n lillie 

attelltioll g i\ cn to m e thod s of co mhating t.hi s in sect , ;t11Cl few 
pcople ha\'c attc mpted to rid th e ir orchards of thi s p es t or to 

contro l and prc\'c nt its spread , It a ppcars to be, h owc\'c r , 

cO lllp:lr ;ltivc ly c:lsy to ho ld it ill chcck and to he quite rc;tdi ly 

FlO. 1.--7'/1(' .-, I}pl ('- I((Jot " ~{J(}11/- . ')JiliN, "';d, IZ(H ,"II I'ft 1((" Iflf'I'" ( 1/" UHUI .) 1#1 fl(J1I Ifl/'" 
lii.l' I(·(· 1I ,l''' III('( (' I'.''I, A, H'/urI(·tl (I(lUIII/(' I'('Iliff/"; B, C, apt'-I'UIIN 

OJ' "'i"(J((~HH Of/fl lII/" leu/n/t·N. ( Or/fI'llft/. ) 

exterminated in a given arca, as has bcen proven by the experi
ments h rein describcd. ( Sec und er Remedies.) 

As thc main object of thi s bullctin is economic rather than 
scicntifi c, there is no occasion f r d i sC: l1 s~ il1g th questioll as to 
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the -probable natural home of the apple-root wooly-aphis. It 
is now distributed over the greater portion of the United States 
and . Europe, and although it is known in Europe as the 
"American blight" and is supposed by many entomologists to 
have been introduced into that country on nursery stock from 
the United States, nevertheless, I believe with others that the 
weight of evidence favors the opinion that it is a native of 
Europe and was introduced into this country. But, however 
that may be, the insect is at home on both continents now and 
also in parts of Australia. 

This insect appears to have been first scientifically 
described by Hausmann in Germany in I80r, although Serville 
and Amyot say it was noticed in Europe in 1787. It did not 
attract attention in this country until some years later. 

In the northern and eastern portions of the United States 
and especially in Europe the form that infests the branches of 
the apple trees is the one that usually does the most injury, 
while in Missouri the form infesting the roots is the only one 
that does any injury whatever, the other being only occasion
ally seen, and when found, occurs only in small, unimportant, 
and isolated colonies. 

INJURY, HABITS, AND LIFE HISTORY. 

The wooly-aphis of the apple, Schizoneura lanigera, 
(Hausm.), is found in nature in two so-caned forms. One 
infests the limbs and twigs, while the other lives under the 
ground upon the roots. Entomologists designate the aerial 
form "wooly-louse of the apple," and the subterranean form 
"apple-root plant-louse." Some entomologists have de
scribed these two forms as distinct species, but at present all 
appear to be agreed that these two forms are the same species, 
differing only in habits. The laboratory experiments con
ducted at tbis station with this insect go to show that the root 
inhabiting form will, under certain conditions, establish colo
nies upon the branches or limbs and there thrive in a perfectly 
natural manner, and vice versa. 

6 
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The presence of the aerial form of the wooly-aphis is 
readily detected by the bluish-white cottony or downy looking 
substance that is excreted by and covers the greater part of 
each wingless individual aphis j and since these insects live in 
clusters or colonies, the patches of white matter are very con
spicuous, and can scarcely escape the notice of even the most 
casual observer. It has been my experience to find in nature 
this aeriaI form in Missouri only in rare cases, and then only 
in those places where some injury had caused an abrasion of 
the bark, or some limb or twig had been cut or broken off, or 
where they had been crowded from the ground up to the base 
of the trunk or on the suckers that had been allowed to grow 
around the tree. They are freq.uently artificially induced to 
attack the trunk by mulching, or by using wrappers around the 
base of the tree as a protection against borers and rabbits. But 
whatever may be the cause of their presence above the ground, 
the result is the same, namely : to cause an abnormal growth 
of the infested portion resulting in the formation of a rough 
and pitted surf,ace, and at times cause the death of the limb at 
the point infested. However, this injury is so slight in this 
state that it is insignificant in comparison with that found in 
the northern and eastern states, and especially in Europe, 
where apple trees are frequently killed outright by this aerial 
form. 

The presence of the root inhabiting form is readily 
detected by removing the earth from the roots near the trunk 
of the infested tree. The appearance of a bluish-white cot
tony or mildew looking substance, or of knotty and distorted 
roots will indicate its presence. It is this root or subterranean 
form that causes so much damage to the apple orchards in the 
southern half of Missouri, and to apple nursery stock through
out the state. The infested apple tree appears sickly; it does 
not grow as it should j its leaves are less numerous and they 
have more of a pale green or yellowish color than is natural j 
and finally the tree dies outright or is blown over with the first 
slight wind. Such are the outward indications that a tree is 
badly infested with this pest. Sometimes the tree blows over 
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off close to the trunk. Of course this is due to the fact that 
the roots have decayed; and I am fully convinced_from actual 
observation that ninety-five per cent of the cases of so-called 
"root rot" in apple trees in this state is in reality the result of 
the attack of the wooly-aphis. In nursery stock, the damage 
comes directly from the inability to sell badly infested trees, 
and not from the death of the trees themselves. 

The wooly-aphis sucking the juices from the roots of the 
apple tree causes an abnormal growth of the attacked portion · 
of the roots resulting in the formation of gall-like swellings or 
excrescences. These swellings are usually irregular and knotty 
in appearance and sometimes attain considerable size, while 
that portion of the roots between the excrescences is frequently 
undeveloped. Figure 2, which is a photograph of two such 
roots, will give one a good idea of the appearance of the attacked 
portion. The wooly-aphis and the dirt were removed in order 
to show the exact condition of the roots themselves. 

The wooly-aphis will be found in large numbers and in 
clusters over the surface of the swellings, and especially be
tween them in the numerous crevices that the larger excresellces 
contain. The roots thus attacked, distorted and swollen soon 
begin to decompose; saprophytic fungi and bacteria enter the 
dead and decaying portions and help to hasten the work, and 
soon that portion of the root perishes. Sometimes the root 
seems to be killed outright by the vast number of aphis sucking 
the sap and causing the abnormal growth, so that the attacked 
portion perishes before decomposition has fairly set in . But 
in either case the aphids perish or leave the dead root and seek 
living roots upon which they can feed, and hence when one 
examines a root that has been dead for only a short time even, 
the 'aphis may 110t be found there, and this has lead many to 
attribute the death of the root to other causes, especially to 
"root rot." As the wooly-aphis attacks in immense. 11umbers 
the main roots at or near the trunk, and as these roots are 
usually eventually killed and then rapidly decay, the tree loses 
its support and falls with the first wind. 
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It is remarkable how long an apple tree will manage to 
live after its main roots have been killed by the wooly-aphis. 
It puts forth numerous small rootlets that nourish the tree 
enough to keep it alive with about half the usual number of 
leaves, but these rootlets are not sufficient to hold the tree 
upright. 

No variety of apple tree in Missouri appears to be exempt 
from the attack of the wooly-aphis, nor does the age of the tree 
arpear to make any difference. It attacks and injures alike, 
seedlings, nursery stock, young and old bearing trees, but vel'y 
old trees appear to withstand this pest much better than young 
ones. 

This insect is well known to all fruit growers in Missouri, 
and it needs no scientific description. A very brief statement 
of its life history may, however, be useful. The adult insects 
:are found in two forms as can be seen by carefully ex;amining a 
.colony late in the summer. One form has wings and does not 
.excrete the downy matter (see Fig. I, A), while the other and 
more numerous form has no wings and excretes from the pores 
of its abdomen the bluish-white downy or cottony matter that 
covers the insect and renders it so conspicuous (see Fig. I, C). 
If this downy substance be t0uched, it will be easily removed 
from the insect which will immediately excrete more. Figure 
1, A, represents a winged form which is an agamic female; 
B I a wingless or apterous form with the downy matter re
moved; and C, one with a small amount attached. Both B 
and Care apterous, agamic females. All three of these fig
ures represent the insects magnified sixteen diameters, while 
the hair lines under the winged and between the wingless forms 
represent the natural size of each respectively. 

The solitary eggs of this wooly-aphis may be found during 
the winter in the crevices of the bark at or near the base of the 
tree, where they are usually seen completely enveloped in the 
dead skin of the mother who lays a single egg. In the spring 
these eggs hatch into wingless, agamic females like the ones 
figured at Band C in Fig. I. These females then bring forth 
living young rapidly and without males-parthenogenetically. 

10 
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These young are also always wingless, agamic females. Their 
offspring do likewise. This is continued during the summer, 
each generation being apterous agamic females only. Toward 
the latter part of summer winged, agamic females are devel
oped (Fig. I A). In the station laboratory breeding cages 
these winged forms first appeared on the twenty-sixth of 
August. Some of the winged forms leave the infested tree 
and fly to other trees, where they establish another colony by 
bringing forth living young. Late in the fall, toward the ap
proach of cold weather, some of the agamic females bring 
forth living, wingless, and mouthless true males and females. 
These pair and the females each develop a single fertilized 
egg and perish. 

Each aphis, whether winged or wingless, i" independent, 
and derives its nourishment by piercing the bark with its long 
beak or mouthparts and sucking the sap below. 

In the northern part of Missouri most or the wooly-aphis 
perish during the severe cold of winter, and the eggs are fre
quently the only means of continuing the ~pecies the following 
summer. In the southern half of the state, however, the 
aphids, themselves, are usually able to hibernate in large num
bers, and hence it is that we find this pest so much more nu
merous in that section. One may easily verify this statement 
by examining the lower roots, near the base of the infested 
tree, during the winter. I have seen hundreds of them alive 
and active in such places every month in the year; but they 
appear to feed very little, if at all, during the winter, begin
ning to feed at the first approach of warm weather in the 
spring. Each hibernating aphis commen:es to bring forth 
living apterous, agamic females just as soon as warm weather 
is establisbed; and as hundreds of them may hibernate on the 
roots of a single tree, it is readily understood why this insect 
is so numerous in South Missouri. 

In order to study in the laboratory the root form of this 
wooly-aphis, several root-cages were made which would admit 
of an examination of the insects at any time without disturbing 
them. An idea of the general appearance of the root-cage can 
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be gotten by referring to figure 3, which represents a photo
graph of one of these cages in actual use. The dark col
ored steel screen has been removed and the colonies of the 
wooly-aphis can be seen upon the roots. When not under actual 
observation the screen is kept in place, in order to shut out 
the light from the roots so that they will grow along the sides 
of the glass. The two glass plates are just far enough apart 
to allow the main roots of the young tree to grow by sending 
their rootlets sidewise, and the earth is kept removed from the 
infested portion of the roots. Should the earth obstruct the 
view of the infested portion of the roots, or should the glass 
become soiled, it may be removed and cleaned and the dirt 
removed from the roots by laying the cage on its side. With a 
little experience one will have no difficulty in managing these 
cages so as to keep both plants and insects in a natural condi
tion and have them always under easy observation. By refer
ring to figure 4, one can readily understand the construction of 
the root-cage. The solid, immovable portion is a, b, z'. The 
m.ovable glass plates are marked f, while g is the space to be 
filled with earth. The wooden movable supports c, hold the 
glass in place and are grooved to carry the steel screen e, which 
is to be bent over the top of the glass and be inserted just be
low the surface of the earth so as to completely exclude the 
light. The beveled pegs d, hold all tightly together. Con
siderable · difficulty was ~xperienced when the plants were 
watered from above. The earth settled; the water soon began 
to run down in channels, and would frequently flood the colo
nies and cause the earth to cave in tightly about them; in other 
places cavities would be formed; and in all cases the soil 
particles would so adhere to the glass as to obstruct the view. 
To obviate this difficulty, zinc water-tight pans h, were made 
and the movable parts of the cage placed in them. The pans 
were kept supplied with water which was taken up by the soil. 
This not only completely obviated all the disadvantages of the 
old method of watering, but it supplied the plants better and 
more uniformly and required ress attention. 



Fig. 4.-Dia.yram, showing construction of root-cage. (Oriyinal.) 



On the fourteenth of March, seedling and one-year-old apple 
trees were planted in the root-cages. The plants were first 
thoroughly cleansed of all insect life as eggs, etc., and the earth 
used was specially prepared and free from insects or their eggs. 
On the sixteenth of March, wingless, agamic female wooly
aphis, just obtained from the roots of an infested apple tree, 
were placed on the roots of the young trees in four of these 
cages. These root-cages were kept isolated in one room of 
the green-house, two of them in large breeding cages made of 
glass and very fine brass wire gauze, so that no insects could 
escape or others possibly enter. The apple tree~ soon put 
forth leaves and grew well. The aphids multiplied rapidly 
and not only formed colonies where introduced on the roots , 
but they soon spread in small numbers over the greater portion 
of the roots, established colonies near the trunk, and crawled 
up the trunk and on to the branches where they multiplied 
rapidly and established flourishing colonies. These colonies 
can be seen on the branches as well as on the roots of the young 
trees photographed in figure 3. The aphids exist in reality in 
small numbers on all parts of the young apple trees, but do 
not appear in the photograph except where they exist in colo
nies. Some weeks after this photograph was taken the entire 
trees, stems, roots, and even the petioles and midribs of the 
leaves were white with the wooly-aphis. The insects appeared 
to thrive as well in the open air as in the soil , and in these 
cases both the root and limb forms were derived from the same 
parent. 

But in order to determine whether or not the limb form 
would spread to and infest the roots, some wooly-aphis from 
the limb of an infested tree in Jackson county were obtained 
and introduced June 28, on the limbs of the young apple trees 
in the other two root cages. The trees ~ontained no insects 
except those placed on the limbs. The loot-cages were isolated 
in large breeding cages in the green-house. In the course of 
a week the aphids had established flourishing colonies on the 
branches, and at the expiration of a month they had spread 
down the trunk in scattered and isolated places, and in one case 
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had attacked the roots near the trunk. In two weeks more the 
roots of all the trees had several well established colonies upon 
them. 

From these observations and facts it is believed that what 
little of the aerial or limb form of the apple tree wooly-aphis 
we have in this state is now derived from the root form. Of 
course it will be understood that I do not imply by this state
ment that the original form of this aphis was root inhabiting, 
for I am decidedly of the contrary opinion. 

NATURAL ENEMIES. 

There are several species of insects that are either parasitic 
or prey upon the apple tree wooly-aphis and tend to hold them 
in check. It is doubtf'ul, however, if they are of much value as 
a rule in checking the root inhabiting form in thif; state, since 
they have not as yet been observed in nature in sufficient 
quantities to cause any apparent diminution in the number of 
aphis. It requires considerable searching to . find them at all, 
although most of the forms are frequently seen. 

A minute Chalcis-fly (A ph elin us mali, Hald.) is parasitic 
on the wooly-aphis and could, if it ever appeared in sufficient 
numbers, greatly diminish the number of aphids, but no case 
has been observed where this has actually happened. This 
insect is so very small that it will escape the notice of the ordi
nary observer. 

The Root-louse Syrphus-fly (Pipiza 1-adicum, W. & R.) 
is frequently found in the larva stage busily engaged in feeding 
on the root form of the wooly-aphis. The adult fly might be 
mif>taken by the orchardist for the common house fly, but the 
larvae may be recognized among a colony of aphids by the 
dirty, yellow-colored, spindle-shaped body, from one-fourth to 
one-hal£ an inch in length, abruptly tapering at the tail end and 
gradually tapering at the head end, and by the transverse ridges 
encircling the whole. 

The larvae of a small Lady-bird beetle (Scymnus cer
vical£s) have been found feeding 011 the aphids near the sur
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face of .the ground, but as these larvae also excrete wooly mat
ter which covers their backs, it is difficult to distinguish them 
from the aphids themselves. 

The larvae of the Lace-winged flies (Chrysopa) are often 
found greedily devouring the aphids, but they, like the larvae 
of the lady-bird beetle, seem to prefer to work in the open air, 
and are not sufficiently numerous under ground to hold the 
aphis in check. 

Some spiders spin webs. over the aerial colonies and devour 
the aphids at leisure, and it is probable that our freedom fro m 
this form of the wooly aphis is due largely to the spiders anci 
parasitic and predaceous insects. 

REMEDIES. 

The experiments with remedies to kill and control the 
wooly-aphis of the apple tree were conducted in the laboratory 
and in the field . It is not necessary to discuss the laboratory 
methods, since the field experiments are final and were conduct
ed in order to check and prove the value of those carried on in 
the laboratory. 

The aerial form of the wooly-aphis can be easily killed by 
one or two thorough sprayin;s with strong kerosene emulsion. 
If the aphis are on the trunk only, as frequently happens when 
the wooden wrappers are used as a protection against the 
attack of borers, they can be killed by washing the trunk with 
the emulsion by means of a whitewash brush. 

Kerosene emulsion is made as follows: Dissolve one-half 
pound of hard soap in one gallon of boiling water. Rain or 
soft water should be used for this purpose, otherwise" break" 
the water by adding washing soda. Remove the water from 
the fire and add two gallons of kerosene. Churn this mixture 
for ten minutes by means of a force pump----'"pump a solid stream 
of the mixture back into itself. The liquid will assume a milky 
appearance, increase about one-third in bulk, and become 
thick and creamy. Be sure to churn for ten minutes, otherwise 
the mixture may appear to be perfectly emulsified, when it is 
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not, and the kerosene will separate and rise and the material 
and labor will be lost. This emulsion should keep indefinitely 
in this concentrated form. When it is to be used, add nineteen 
gallons of water to the above, mix thoroughly, and apply as 
stated. 

It is the root inhabiting form that is difficult to manage, 
but it is believed that we can now control this pest cheaply and 
easily. Undoubtedly the root form can be killed by saturating 
the ground with kerosene emulsion, but this is extremely trou
blesome, difficult, expensive, and in most localities impossible 
to accomplish on account of extensive orchards and the scarcity 
of water; then again it is practically impossible to reach all the 
aphids under the large roots around the base of the tree where 
they are protected. Pure kerosene should never be used for 
this purpose. 

Some commercial fertilizers tend more or less to kill these 
aphids and keep them away. Salt and potash mixtures are 
useful in this respect, and where. commercial fertilizers are 
used one will find nitrate of soda, kainit or muriate of 
potash of great value. It requires about ten pounds of kal11it 
or five pounds of muriate of potash to a six-year-old tree, and 
this should be evenly distributed around the tree as far as the 
main roots extend. Judge W. R. Wilkinson, of Altenburg, 
Missouri , has used concentrated lye with good results so far as 
the trees themselves are concerned, and if 110t too expensive, 
this may prove of value. Wood ashes are also good. 

From what has been determined by actual experiments in 
the laboratory and in orchards and nurseries, it is certain that 
carbon bisulphide and especially finely powdered tobacco or 
tobacco dust, as it is called, are the two gr~at remedies to be 
used against the root inhabiting form of the wooly-aphis. 
Unground tobacco stems or coarse tobacco will not answer; it 
must be finely powdered. 

In the case of apple seedlings and common apple nursery 
stock I should not advise the use of carbon bisulphide. Unless 
extremely cautious, there is too much danger of killing the trees. 
In these cases the young trees can be kept free from the wooly-
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aphis by the liberal use of finely powdered tobacco. Small 
trenches should be dug and filled with a .liberal supply of the 
tobacco dust covered with a little earth, and the seedlings 
grown in these. In planting nursery apple grafts, buds, or 
small trees, furrows should also be dug and filled with a lib
eral supply of the tobacco dust covered over with a small 
quantity of earth, and the plants set in these. Then every 
spring, just as settled warm weather appears, the young trees 
should be treated again by making a furrow along each side of 
the rows close to the tree-say two inches-filling this with the 
tobacco dust and covering it over. Two boys, one to make 
the furrow, which can be done with a hoe nearly as fast as one 
can walk, and to cover it after the second boy has filled it with 
tobacco dust, will apply this material to sl::veral acres of nur
sery stock per day. 

The tobacco dust will leach down with every rain and 
more or less saturate the earth about the apple tree with nico
tine, which will not only kill every aphis that may be there, 
but will prevent others from entering, and at the same time act 
as a strong fertilizer to the tree. Tobacco dust is worth what 
it now costs-one cent per pound-as a fertilizer, and is worth 
much more as an insecticide against the wooly-aphis. The 
Station is indebted to the Olden Nursery Company through the 
kindness of Mr. S. R. Hammond, who not only placed a badly 
infested field of nursery stock at our disposal, but who also 
greatly assIsted us in the experiments. 

Since the wooly-aphis damages nursery stock and causes a 
financial loss principally from the fact that the young trees that 
are badly infested have distorted, swollen, and knotty roots, 
and are not merchantable, it is far better to prevent the aphis 
from ever attacking the trees than it is to kill them after they 
have caused this characteristic condition of the roots, for the 
real damage is then done and can not be cur.ed. If the trees 
that are being sold or put in cold storage are infested in the 
least-and this can be detected not only by the character of the 
roots, bnt also by the presence of the bluish-white downy or 
cottony matter-the roots should at once be cleaned by shak-
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ing and then thoroughly dipped for a minute in strong kerosene 
emulsion. This will kill the aphids; and it should be prac
ticed not only by every nurseryman, but .also by every person 
setting out apple orchards, even though the trees may have 
been so treated by the nurseryman. 

Through the kindness of Judge W. R. Wilkinson, of 
Altenburg, Missouri, the Station was not only enabled to make 
experiments with carbon bisulphide and tobacco dust in his 
apple orchard consisting of ten-year-old bearing trees, but we 
received valuable assistance in the experiments from his per
sonal attention, and from the help he placed at our disposal. 

On the twenty-ninth of June, thirty-five trees in his orchard 
that were suffering the most from the wooly-aphis, and some 
of which no doubt would have died soon, were selected for the 
following experiments: Twenty of these trees were treated 
with carbon bisulphide. This was injected into the ground 
close to the trunk of the tree by means of the injector to be de
scribed later. The quantity injected varied from one to three 
fluid ounces per tree, and was injected in one place on some, 
and in two and in three places on others. The result was that 
within a month every tree was either wholly or partially dead. 
Wherever the liquid carbon bisulphide came in contact with 
the tre~, it killed that portion of it. Hence extreme caution 
should be exercised in using this substance. Profit:ng by this 
experience, other and more extended experiments were imme
diately undertaken at the Olden Fmit Farm, with the same 
substance, but this time with success. The,e experiments are 
described later. 

The remaining fifteen trees in Judge Wilkinson's orchard 
were treated with tobacco dust in the following way: The 
earth was removed with a hoe from around the trunk of the 
tree for a distance of two feet and to a depth of four to six 
inches. In this excavation was evenly distributed from two 
and one-half to five pounds of tobacco dust, care being taken 
to place it close to the trunk also. The tobacco was then cov
ered over with the earth to prevent the wind and rain from dis
placing it. In removing the earth from around these trees it 
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was plainly seen that Ihey were very badly infested with the 
wooly-aphis. On the fifteenth of August these same trees 
received another equal supply of tobacco dust. On the thirtieth 
of October I visited the trees in company with Judge Wilkin
son and most carefully inspected them. Out of the fifteen trees 
thus treated only two w~re found that had any signs of living 
wooly-aphis on the roots, and these two trees had Lut one small 
colony each at the surface of the ground on some small roots 
where the tobacco had evidently not been applied close to the 
trunk. These two trees had been treated with two and one
half and three pounds of tobacco dust respectively. As far 
down as we could well dig, the aphis had all been killed. 
N one of the trees treated with the tobacco dust died or were 
injured. This orchard is on the side of a steep hill. Thus 

'it will be seen that in this case very badly infested ten-year
old apple trees were freed in one season from the wooly-aphis 
by means of the tobacco dust alone. 

Through the kindness of Col. J. C. Evans and Dr. Paul 
Evans we were enabled to COnd\lct experiments on the wooly
aphis in the extensive apple orchards of the Olden Fruit Farm. 
These gentlemen also kindly placed at our disposal a reliable 
assistant, and aided the experiments in every possible manner. 

For the tobacco experiment fifteen young bearing apple 
trees that were suffering more than the others from the wool,)'
aphis, were selected. Each tree had the earth removed from 
around the trunk for a distance of two feet and about four 
inches deep. Tobacco dust was then evenly distributed in 
each of these excavations and covered with the earth. The 
amount of tpbacco dust used was three, four, and five pounds, 
each to five trees respectively. These trees were thus treated 
on the twenty-second of June; and an equal amount was placed 
around them again on the fifteenth of August. In company 
with Col. J. C. Evans and two other gentlemen, I visited and 
carefully inspected these trees on the twenty-fourth of October. 
The earth was removed from the main roots around and under 
the base of the trees as far down as was practicable and neces
sary in order to ascertain the results of the experiment. In no 
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case could a single wooly-aphis be found, not even under the 
trunk and ill the sheltered places, whereas they had appeared 
in immense numbers when removing the earth to first apply 
the tobacco dust. 

When first applying the tobacco dust to some of these 
trees, they looked so sickly and were 'sq badly infested that the 
gentlemen assisting me said it would be a miracle if they did 
not soon die in spite of anything that could be done. Some 
of them appeared to be more dead than alive, but they all lived 
and recovered. Not a treated tree was lost. 

Thus it will be seen that the results of this experiment 
fully confirm the results obtained in Judge Wilkinson's 
orchard. 

Having killed the trees treated with carbon bisulphide in 
Judge Wilkinson's orchard, and profiting by that experience, 
the following experiments were undertaken in a young bearing 
apple orchard on the Olden Fruit Farm: 

On the twenty-fifth of August, thirty very badly infested 
apple trees were selected, and carbon bisulphide injected into 
the earth at the roots of each of the trees by means of the in
jector, and in the following manner: Five trees each received 
one fluid ounce of the liquid injected one foot away from the 
trunk on three sides, and five other trees each received the 
same treatment, except that the liquid was injected two feet 
away from the trunk. Each of these ten trees, therefore, re
ceived three fluid ounces of the carbon bisulphide. Five more 
trees each received one fluid ounce of the liqu id injected one 
foot away from the trunk on two sides, and five other trees 
each received the same treatment, except the injection was 
made two feet away from the trunk. Each of these ten trees, 
therefore, received two fluid ounces of carbon bisulphide. 
Still another group of five trees received one fluid ounce each 
injected one foot away from the trunk on only one side, and 
another five trees each received the same treatment, except the 
injection was made two feet away from the trunk. Each of 
these tell trees, therefore, received one fluid ounce of the car
bon bisulphide. 
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On the twenty-fourth of October these trees treated with 
the carbon bisulpbide were also inspected and examined by 
Col. J. C. Evans, two other gentlemen, and myself. We 
could find no aphids on the roots of any of these trees, except 
those that were injected on one side of the trunk only; on 'all 
such, we found living aphids on the untreated side. There was 
no apparent difference in the results betweea those treated with 
two or with three injections, nor between those injected one or 
two feet away from the trunk. In no case could any injury to 
the trees be observed. This being the case, I should advise 
one to always make the application two feet away from the 
trunk and on but two sides. 

The injector used was very convenient, and enabled us to 
place a known quantity of the carbon bisulphide in the earth 
near the roots without wastirig the liquid and with considerable 
rapidity. The McGowen injector was merely modified to 
adapt it to orchard work. One may obtain an idea of this 
injector and of the method of using it by referring to the pho
tograph shown in figure 5. A plan showing the construction 
of this machine is represented in figure 6. The cylinder b holds 
about one gallon of the carbon bisulphide and is filled throllg.h 
the opening a, which is then corked. When the handle c is up 
the valve e admits a certain quantity of the liquid into the 
chamber f ~.nd when the handle is pushed down this chamber 
is closed above, and as the chamber h is larger than f. the 
lower valve now allows the liquid to enter the chamber h from 
which it escapes down the tube j. A slight motion of the han
dle is sufficient to operate the valves. \Vhen the handl~ ' is 
down the opening at the end of the tube j is closed by the t od 
passing through the machine, thus preventing the dirt fro m 
entering while the tube is inserted ih the earth by pressingtpe 
foot on the footrest i. When at the proper depth the handle 
is raised and lowered , and a measured quantity of the liqui~.is 
thereby allowed to enter the ground. The rod between the 
valves may be wound with cloth so as to allow a smaller quan
tity of liquid to be injected. In the experiment one fhlid ounce 
was used which proved to be very satisfactory. 

24 



From the above expe· 
riments it is evident that 
there is great danger of 
injuring the treeS in using 
carbon bislllphide unless 
one is careful to make 
the injection at least one 
and preferably two feet 
away from the trunk. 
However, by the use of 
an injector that will inject 
one fluid ounce, and by 
injecting two feet from 
the trunk on two sides of 
the tree, one can readily 
kill the wooly-aphis and 
not injure the tree . The 
injection should always 
be made when the earth 
is dry. If it be at all wet, 
the fumes of the carbon 
bislllphide will not pene
trate the earth to any 
extent, but will be lost. 
Carbon bisulphide evap
orates very rapidly and 
the fumes are- heavier 
than the air, and in a dry 
soil they will penetrate 
and kill all the clphis for 
a considerable distance 
from the point of injec
tion. In inserting the 
injector it will occasion
ally strike a large root 
just below the surface of 
the ground; in such cases, 

FIGURE 6 . D i a(, .. "",. s1towin(! eMI

.. t .. uction of the modified M cGow (·1/ 
InJectol" (O'''i(l i n{(1.) 
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remove it and make the injection to the right or left so as not 
to allow the liquid to touch a main root. The depth to inject 
varies from six inches to one foot according to the size of the 
tree and the condition of the soil. . 

Carbon bisulphide can be purchased in bulk for ten cents 
per pound, and, if used as above directed, it will cost one and 
one-fourth cents for the material to treat one tree. It must be 
understood, however, that the carbon bisulphide only kills those 
aphids that are there at the time the injection is made j its work, 
is done in a short time, and the fumes soon disappear, and 
there is then no reason why other colonies should not establish 
themselves on these same roots. To prevent this, one should 
apply, as abov:e directed, about two pounds of tobacco dust to 
each tree either just before or within a few days after the injec
tion of the carbon bisulphide. 

The use of the carbon bisulphide is not advised except in 
bearing orchards .or in extreme cases such as where the trees 
are very badly infested and it is very desirable to kill the aphis 
at once. The use of tebacco dust is always necessary in order 
to prevent the aphids from again establishing themselves, and 
since this is the case, it is no more trouble to apply a larger 
quantity of tobacco dust and kill the aphis all with one opera
tion. The tobacco dust werks slower than the carbon bisul
phide, but it not .only kills the aphids, but it also remains about 
the tree, and prevents other celonies from forming. It costs 
frem three te five cents per tree to kill the aphis by means .of 
tobacco dust, but it will cost only about one-half that amount 
each succeeding year to keep them away. If we take inte 
account the cost of the material and the trouble of making 
the injection .of carben bisulphide and the cost of the tobacco 
and trouble of applying in order to keep the aphis away, we 

'shall find that the cost and trouble of applying .only the tebacce 
dust in the beginning is abeut the same. Hence I would 
advise the use of finely powdered tebacco or tobacce dust 
as a means .of killing the roet inhabiting ferm .of the weoly
aphis en apple trees, and w.ould urge its use every spring as a 
preventive. Always apply the tebacco dust, as above directed, 
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by removing the earth from around the trunk of the tree for a 
distance of two feet and from four to six inches in depth, and 
evenly distribute the tobacco in this excavation, taking care to 
place it close to the trunk also, and then cover it with the earth. 

Judging from the experiments above described, it is b.e
lieved that the liberal use of tobacco dust, applied as stated, 
will cheaply and effectually kill and hold ill check the wooly
aphis and prevent serious injury from this pest. The experi
ments with tobacco dust as a means of controlling this insect 
will be continued for several years by using a definite quantity 
each spring about the roots of the same trees in order to ascer
tain its full value. 

In planting an apple orchard in !1ewly cleared timber land, 
it is advisable to cultivate the land in some other crop such as 
corn for two years before the apple trees are set out. This 
will kill the wooly-aphis that may be on the roots of the wild 
crab and allied trees, which would otherwise infest in great 
numbers and seriously injure the young apple trees. 

In all cases it is advisable to thoroughly drench the roots of 
apple stock in strong kerosone emulsion by placing them in the 
mixture for a minute in order to kill what aphis may be there. 
This should be done by the nurseryman when the trees are first 
dug, or by the orchardist just before planting them. While 
planting, each young apple tl'ee should have a liberal supply of 
tobacco dust placed about and over the roots and close up to 
the body, and a little earth covered over this tobacco. Then 
every spring, just as soon as settled warm weather appears, 
each tree should receive a quantity of tobacco dust applied in 
the manner previously stated. The amount should be about 
one pound the first spring, and should be increased each spring 
until the tree receives about three pounds when six years old, 
after which the amount need not be increased unless found to 
be necessary. If the above directions be followed, I do not 
think the wooly-aphis will damage an apple orchard. 

The experiments above described seem to me to prove that 
the wooly-aphis infesting the roots of apple trees is as cheaply 
and as easily controlled as most other injurious insects. 
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Tobacco dust can be obtained from the Hill-Settle Tobacco 
Co., of St. Louis,Mo., or from the A. B. Mayer Manufactur
ing Co., of St. Louis, Mo. Carbon bisulphide can be obtained 
from the manufacturer, Mr. E. R. Taylor, Cleveland, Ohio, 
for ten cents per pound, in fifty pound cans. 

The Station is indebted to the Kansas City, Fort Scott & 
Memphis Railroad Company for numerous courtesies and 
material assistance in conducting these experiments. 
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