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LETTER OF TRANSMITTAL 

U. S. PKI'AKTMENT OF AUKICULTüRE, 

DIVISION OF ENTOMOLOGY, 

Washingtf/n, J). C., Ajpril 17, 190.). 
SIR: I have the honor to transmit herewith for publication an 

account of the more important scale insect and mite enemies of citru- 
trees, prepared by Mr. C. L. Marlatt, entomologist in charge ol 
experimental tield work. This bulletin is a somewhat condense 
revision of the article under the same title published in the Yearbool 
of this Department for 1900. The classes of insects mentioned arr 
fae most important enemies of the citrus fruits, and this Office is in 
receipt almost daily of inquiries concerning them. To meet the neeil 
for more widespread dissemination of information on the subject, tin- 
paper is recommended for publication in the Farmers' Bulletin senes. 
The information conveyed will be of special service in Caliform:'- 
throughout the Gulf region, including Florida, and in our new sub- 
tropical possessions. 

Respectfully, L. O. HOWARD, 

JEmtomologid- 
Hon. JAMES WILSON, 

Secretary of Açrieultvn. 
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SCALE INSECTS AND MITES ON CITRUS TREES.' 

INTRODUCTION. 

The scale insects, or bark-lice, are the most important insect enemies 
of citrus, as they are also of most other subtropical plants. Thev are, 
as a rule, small and inconspicuous singly, but they multiply so rapidh' 
that very soon an entire plant becomes infested—trunk, limbs, leaves, 
and fruit. The attacked tree is rarely killed outright, but its growth 
may be almost completely checked and its fruit rendered valueless. 

Next in importance to th« scale insects are the mite enemies of the 
orange and lemon, as represented by the mite which causes the rusting 
of the orange in Florida and the silvering of the lemon in California, 
and also the leaf mite, known from its coloring as the six-spotted mite 
of the orange. These mites occur with the scale insects, are subject 
to similar remedies, and may properly be considered in the same 
connection. 

Of very great importance to the Florida grower of citrus fruits is 
the so-called white, tly, the latter not being a scale insect in the ordi- 
nary acceptation, but in the essential features of life history and habits 
coming in the same category, and hence properly considered with the 
true scale insects. 

There are many insect enemies of citrus plants other than the scale 
insects and mites, but, for this country, at least, these others, in the 
main, have no great economic importance, or are only very occasionally 
abundant enough to be especially destructive. 

Occurring al>out the orange and other citrus trees will also be seen 
many other insects which play a beneficial rôle, preying upon or para- 
sitizing the scale insects living on these trees. It is very important to 
"lake the acquaint'ince of these beneficial species, more particularly to 
avoid, whenever possible, killing them in the warfare waged against 
the injurious ones. 

" No one can discuss the insect enemies of citrus plants without acknowledging 
indebtedness to the very comprehensive and valuable work, now long out of print, 
PreiKHvd by the late H.' G. Ilubbard and published by this Department in 1885, 
under the title "Insects affecting the orange." The practical side of Mr. Hubbard's 
W«rk is especially to be remembered, and particularly that he devised kerosene-soap 
e&ndaoa, which, with allied washes, has for many years been the leading means of 
controlliiiK scale insects. 
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IlTFLUEIiCE OF CULTIVATION, PEUNING, AND CLIMATE. 

With the orange and lemon as with other plants, negligent cultiva- 
tion and improper care, or any unfavorable conditions of climate 
which weaken the vitalit}' and vigor of the tree, encourage the pres- 
ence and multiplication of the insect enemies. On the other hand, 
vigor of growth is repellent to insect attack; and it will be almost 
invariably found that the unhealthy tree is the one first severely 
infested with scale insects or mites. This does not mean that vigor- 
ous healthy trees will not be attacked, but such trees are less apt to 
be completely invaded. As a means of protection against scale insects, 
a proper system of cultivation and pruning is therefore highly 
important. 

The value of pruning as a means of preventing scale-insect injury 
can not be too strongly urged. Scale insects thrive best where they 
are protected from direct sunlight and free movement of the air, hence 
trees of dense growth, unpruned, are almost certain to have their cen- 
ters, at least, scaly. A well-pruned tree, in which free access is given 
to light and air, is much less apt to be badly attacked than a thick- 
headed tree, the interior of which is entirely shaded, thus furnishing 
the conditions most favorable for the well-being of scale insects. 

The abundance or scarcity of scale-insect pests is very much influ- 
enced by climatic conditions. A moderate amount of moisture and 
warmth are the favoring conditions. On the other hand, a very dry 
climate accompanied during the summer season by excessive heat, will 
frequently destroy most scale pests, as will also a high degree of 
humidity with high temperature such as characterizes many areas 
within the Tropics, the latter condition developing fungous diseases 
which often keep most scale species well nigh exterminated. The 
favoring intermediate climate is illustrated by the citrus districts of 
Florida, Jamaica, and the West Indies, where scale enemies are more 
troublesome than they are in the drier climate of California. On the 
Paciiic coast, also, the moister ocean districts are worse infested than 
the drier regions farther inland with greater elevation. Under the 
latter conditions the black scale, for example, has been almost entirely 
exterminated by a temperature holding for several days above a 
hundred degrees, and similar resolta have }>een noted with other 
species. 

PEEIODICITY IN SCALE INSECTS. 

With most insects injurious to cultivated plants a periodicity i^ 
noted in their occurrence in injurious numbers. In the case of sab- 
tropical species, like the scale insects affecting citrus plants, this 
periodicity is not so marked as it is with insects in temperate latitudes. 
That there may he more or less well-defined periods of destructive 
abundance separated by periods of comparative scarcity is illustrated 
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bv the noted epidemic of scale infection referred to by Hubbard as 
prevailing throughout the entire orange, lemon, and olive districts 
along the shores of the Mediterranean from Italy to Spain during the 
first decade of the present century, which later subsided very largely 
of itself, efficient remedies at that date being practicalfv unknown. 

In this country, scale infestation varies considerably from year to 
year. The fluted scale, in California, increased enormously during the 
first ten or fifteen years and threatened the very existence of the citrus 
orchards. Thanks, however, to the Australian hutybird, and, doubtless 
also to many native predaceous and parasitic insects, it is no longer 
feared in California. The long scale in Florida, also, was much more 
injurious in the first years of its activity than it has been since. In 
1896 the black scale was very abundant and destructive in the orange 
districts about liiverside. Cal. Partly owing to adverse climatic con- 
ditions and partly to natural enemies, this insect has almost disappeared 
from this district, which is now one of tlie least affected b} scale insects. 

These facts are cited to give the citrus grower whatever encourage- 
ment they may offer, but not with the idea of belittling the need of 
remédiai operations. 

ITATTJEE OF THE INJUEY OCCASIOITED BY SCALE INSECTS. 

The damage occasioned by scale insects is of several kinds. The 
first and principal injury is the extraction of the juices of the plant, 
the scale insect in its relation to its food plant being a mere pumping 
machine, which is continually absorbing the sap from its host. While 
the amount extracted by a single insect is very small, when multiplied 
by millions it gi"eatly weakens the plant. With some species the 
excess is thrown off in the form of so-called "honeydew," which accu- 
mulates in drops and spreads out over the bark or leaf as a sticky 
liquid. This liquid attracts ants, which very often gives rise to the 
erroneous belief that the ants are depredating on the plant. 

Another form of injury results from the honeydewexcretion, which 
not only prevents normal respiration, but develops a black fungus 
covering the leaves, twigs, and fruit, and still further stifling the 
plant and reducing the marketable value of its products. 

Associated with the damage due to the absorption of the juices of 
the plant by the scale insect is a diseased condition, particularly to be 
noted in the limbs, caused by the irritation excited by the beaks or by 
the injection of some poisonous liquid. 

The extreme injury by scale insects arises from the further fact that 
they are active the year round in climates where citrus trees can 1« 
grown. Their most rapid breeding \Kv\oa is from May to August, 
but continues through October and November. In the winter or 
rainy season they are more dormant and breeding is at a much 
lessened rate. 
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THE NATURAL EITEMIES OF THE CITRUS SCALE INSECTS. 

The natural predaceous enemies of scale insects of greatest impor- 
tance are various species of ladybirds, as illusti-ated by the Australian 
ladybirds (figs. 21 and 29) imported to control the fluted and black 
scales, and a great many native species, which are very effective agents 
in the control of these and other scale pests. The work of ladybirds 
is especially important against the young of the armored scale and 
against the softer and freely moving scale insects which secrete no 
protective covering. Whenever, therefore, ladybirds of any species 
are found to be abundant on scale-covered trees, they may be safely 
recognized as friends and working in the interest of the grower. If 
they are very abundant, it may even be unwise to fumigate or spray. 
The black scale has been completely controlled on certain ranches in 
California by its imported ladybird enemy, and this control has been 
brought about by the entire cessation of all insecticide operations. 
Most of our lad}T birds, however, will probably stand a spraying with- 
out being killed, and, as a rule, it is hardly worth while to take the 
risk of loss while waiting for them to do their work. The experience, 
however, on the Cooper ranch and in other localities in California 
has certainly demonstrated the advantage of giving natural enemies 
a fair chance. 

The other important class of enemies of scale insects are the hymen- 
opterous parasites. The recognition of these is not so easy, but if 
scales are found pierced with minute round holes, it is a safe indication 
that they have been parasitized, and that the parasites have escaped 
and are multiplying in the younger scale insects on the trees, and here 
again if the parasitism is found to be general, it may be inadvisable to 
spray or fumigate. 

The other natural enemies of scale insects are not so important as 
those mentioned; still they are of service, and should be recognized. 
These include the larvae of the lace-winged flies ( Chrympa spp.), which 
feed on the young of both the armored and the unarmored scales. 
There are also a few dipterous, or fly, parasites of scale insects, and the 
larva1 of several species of Lepidoptera are carnivorous and feed on the 
larger species of scale insects, such as the Lecaniums and wax scales. 

A most desirable outcome would be to secure a complete and pi-ac- 
tical control of scale insects b}' their natural enemies; but, so far, this 
has been fully accomplished in the case of the fluted scale only. Very 
encouraging results have been secured, however, with other parasites, 
and the introduction of these is being actively prosecuted. Neverthe- 
less, spraying and fumigation must be relied upon for some time to 
come, or at least until the natural enemies have been more fully studied 
and better means of successfully colonizing them devised. Climatic 
conditions also affect the activity of these enemies to such an extent 
that the same results may not be counted on in different localities. 
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In considering- the agency of control afforded by the natural enemies 
the fact must not be lost sight of that these are dependent on the scale 
insects for their existence, and that, therefore, a fairly complete exter- 
mination of the host insects means a like extermination of its enemies. 
There is, therefore, a natural alternation or periodicity in the abundance 
of the scale insect and its parasites. A more even balance may be main- 
tained to a certain extent by artificial introduction of the parasitic 
insect the moment the scale has begun to be abundant, in this manner 
assisting the early multiplication of the natural enemy. This is now the 
practice with the fluted scale in California, South Africa, and Portugal. 
To succeed in such efforts, it is necessary to have an efficient parasite 
or predaceous insect, and also regular breeding places where these may 
be secured when wanted. These conditions may be naturally supplied 
when a whole district, such as California, is under constant observation 
and the localities where the parasite and scale are occurring together 
are known, so that from such points the ladybirds or other enemies 
ma}- be collected and shipped to the districts needing them. 

THE DIRECT MEANS OF CONTEOLLING CITRUS  SCALE  INSECTS. 

Scale insect enemies of citras trees are directly controlled in two 
ways: (1) By spraying the infested plants with some liquid insecticide, 
(2) by subjecting them to the fumes of hydrocyanic-acid gas, com- 
monly designated as "gassing." Each of these methods of control has 
its place. 

THE GAS TREATMENT. 

The gassing method (figs. 1-6) is undoubtedly the most effective 
means known of destroying scale insects.    It has been in general use 

FIG. 1—Method of hoisting tent over orange tree. 

in California for fifteen years, and to a less extent elsewhere on citrus 
trees, and the methods are now thoroughly perfected and highly satis- 
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factory. Gassing should undoubtedly bo employed wherever the 
expense of the treatment, which is the one objection to it, is not an 
object as measured by the value of the crop protected.    For most 
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Fu;. 2.—Tent carrivd cnrw tree by the falling of pulleys. 

species of scale insects, one good gassing is worth as much as two 
or three sprayings, and, when done at the right season and properly, 
it very frequently will almost, if not quite, exterminate the scale 
insects from the treated trees, giving them comparative immunity 

Fici. 3.—Tent in position for fiimifî»tion. 

often for two or more years. The use of hydrocyanic-acid gas is. 
therefore, strongly urged wherever the conditions warrant it. Gassing 
is especially desirable for trees that have a dense habit of growth, 
such as the orange, which develops a large, thick head, the spraying 
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of which thoroughly and completely i.s almost impossible, especially 
after the trees have attained any size. Furthermore, with gas there is 
no danger of spotting the fruit as may happen with improper spraying. 

Fio. 4.—Removing tent hy hnrsc power. 

The more straggling growth of the lemon makes gassing less necessary, 
notably where the open system of pruning is adopted. 

Successful as gassing is, it is not effective in the samt; degree against 
ail the scale insect enemies of citrus plants.    It is especially Valuable 

Fu;. 5.—Series of tents for continuous operations. 

against the black scale and the red scale of California, but with such 
of the armored sésiles as are oviparous, or deposit beneath the old 
scales eggs which undergo a certain amount of incubation before hatch- 
ing, gassing is not always effective.    Under such circumstances the 
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eggs may not be killed, rendering it necessary to make an additional 
treatment after a sufficient period has elapsed to allow all the eggs to 
hatch and the young to escape. 

The black scale is especially adapted to control by gassing on account 
of its being, in the main, single-brooded. Applied late in October 
or early in November after all the young scales have hatched, badly 
infested orchards have been completely cleaned by a single treatment. 
Gassing in midsummer for this insect will be ineffective, because a 
large percentage of the old females at this period cover and protect 
unhatched eggs. 

Gassing consists in inclosing a tree at night with a tent and filling 
the latter with the poisonous fumes generated by treating refined 
potassium cyanide (98 per cent strength) with commercial sulphuric 

FIG. 6.—Tents, tackle, and chemicals loaded for transportation. 

acid (66 per cent) and water. The treatment should continue from 
thirty to forty minutes, the longer time being preferable. The work 
is done at night to avoid the scalding which follows day applications, 
at least in bright sunlight. 

The proportions of the chemicals as now employed in California are 
considerably in excess of the amounts recommended a few years since. 
The gas treatment was first chiefly used against the black scale, and at 
a season of the year when these scales were all in a young stage and 
easily killed. The effort is now made not only to kill the black scale, 
but also the red scale, and to do more effective work with \yoth tliun 
formerly. The proportion of chemicals commonly employed in Los 
Angeles, Orange, and some other counties in southern California are 
indicated in the following table, published by the horticultural com- 
missioners of Riverside County, Cal. : 
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AmmtnU of chemicdl.i urd'marily umd in gassing. 

Height of 
tree. 

Diameter 
through 
foliage. 

Water. 
Cyanide 
C. P. (98 
per cent). 

Sulphuric 
acid (66 

per cent). 

Fed. Feet. Ounces. Ounces. Ihinns, 

6 4 2 1 1 
8 6 3 U u 

10 8 5 2i M 
12 14 11 5 5i 
16 16 17 8 9 
20 16-20 22 10 12 

20-24 18-22 30 14 16 
24-30 20-28 34 16 18 
30-36 25-30 52 24 28 

The amounts here recommended are thoroughly effective for the 
black scale at the proper season, and generally effective also for the 
California red scale and other armored scales. Where the treatment 
is designed to be absolutely one of extermination, and the expense is 
not considered, from one-third to one-half more of cyanide and acid is 
employed, as indicated in the table following, furnished by Mr. Felix 
G. Havens, of Riverside, Cal. 

The greater expense entailed by this larger quantity of chemicals is 
offset by the more effective results and the longer intervals between 
treatments: 

Sxeeuivt omounl* tued for e3termmalien.a 

Height 
of tree. 

Diameter 
through foli- 

age. 
Water. 

Sulphuric 
acid (66 per 

cent.) 
Cyanide O.P. 
(98 per cent). 

Time to 
leave 

tent on 
tree. 

Feel. Feet. Ounces. Ounce«. Otracc». Minutes. 

6 3 to 4 3 U }to 1 20 

8 5 to  6 6 2i 2 30 

10 7 to 10 15 5to 6 1   to 5 35 

12 9 to 12 20 to  30 "to  9 Sito  7Í 40 

14 12 to 14 30 to  35 9 to 12 8   to 10 10 

16 12 to IS 35 to  40 12 to 14 10 to 12 to 

18 14 to 16 45 to  55 15 to IS 12 to 15 «to SO 

20 16 to 18 60 to  70 26 to 22 16 to 20 45 to 50 

.22 16 to 18 70 to   75 2210 25 20 SO 

24 18 to 20 75 to  80 at to so 22 to 26 .50 

27 20 to 24 88 to 100 30 to 36 28 to 32 60 

30 20 to 9 100 to no 36 to 44 32 to 38 60 

o A fumigation of the orangery of the Department of Agriculture demonstrated that half an ounce 
of cyanide to the hundred cubic feet kills the eggs, even of the black, purple, and other scales. The 
results arc scarcely comparable to the proportions recommended in the tables on this page, for the 
reason that in these tables the amount of cyanide is greatly lessened with larger trees, and further- 
more, that the orangery probably retained the gas more effectually than would be the ease with cloth 
tents. Nevertheless, It is interesting to know tli.it a comparatively inconsiderable strength of 
cyanide, when applied under the best conditions, will prove thoroughly effective against the eggs as 
well as the insects. 
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For small trees ordinary earthenware vessels may be used to generate 
the gas. For large trees requiring heavy doses tall wooden pails have 
proved more practicable, two generators being employed for the very 
largest trees. It is important that the water be put in the vessel first, 
and then the acid, and lastly the cyanide. If the water and cyanide 
are put in the vessel first and the acid poured in afterwards there is 
danger of an explosion, which will scatter the acid and burn the tents 
and the operator. In the spring, when the trees are tender with new 
growth, and in early fall, when the oranges are nearly grown and the 
skins are liable to be easity marred, and also with joung trees, it is 
advisable to add one-third more water than ordinarily used, or use the 
cyanide in larger lumps. This causes the gas to generate more slowly 
and with less heat, and if the tent« are left over the trees a third 
longer the effectiveness of the treatment will not be lessened. 

The extremely dangerous nature of the gas must be constantly borne 
in mind and the greatest caution should be taken to avoid inhaling it. 
The person handling the chemicals should alwa3rs have an attendant 
with a lantern, to hold up the tent and enable the cyanide to be quickly 
dropped into the generator and to facilitate the prompt exit of the 
operator. 

As with spraying, the gassing is often done (and this is very desira- 
ble also) by individuals or companies who make a regular business of 
it, charging a fixed rate per tree, depending on size—from 10 cents to 
a dollar or more. Much of this work is also done under the direct 
supervision of the county horticultural commissioners, which gives a 
greater assurance of efficiency. 

Practicallj', the only tent now used is the so-called ''sheet tent,"' 
which is drawn up over the tree by means of pulleys (figs. 1-3). For 
very large trees, averaging 30 feet in height, it is sometimes necessary 
to employ two sheets to effect a complete covering. 

Some of the tents employed are of great size, the one illustrated in 
the figures, from photographs secured by Mr. Havens, having a diam- 
eter of 76 feet. As described by Mr. Havens, it is constructed of a 
central piece 50 feet square, of 10-ounce army duck. Four triangular 
sidepieces, or flaps, of 8-ounce duck, 10 feet wide in the middle, arc 
strongly sewed to each side of the central sheet, forming an octagonal 
sheet TO feet in diameter. About the whole sheet is then sewed a strip 
of 6-ounce duck, 1 yard wide. The tent is handled by means of ropes 
and pullejs. A 1^-inch manila rope is sewed about near the edge of 
the central piece in an octagonal pattern. Rings are attached to this 
rope at each of the eight corners thus formed, and also on opposite 
sides of the outer edge. To these rings the pulley ropes are fastened 
and the tent is elevated over the tree and handled as indicated in the 
plates. 

The treatment is made altogether at night, although it would be 
m 
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possible to treat trees also on a very dark or eloucty day. In Cali- 
fornia, however, at the time the gas treatment is made, such davs are 
infrequent. About 50 trees of the largest size, 30 feet high or there- 
abouts, can be treated in a night with an equipment of twelve or fifteen 
tents (fig. 5). By the time the last tent is in place, the fumigation in the 
first is completed, and it can he taken down and moved fonvard, and 
so on with the others; thus the men at work handling the tents are kept 
continuouslv employed. Working in the same way with smaller trees, 
the number which can be treated in a single night is very considerable, 
it being possible to gas from 300 to 500 trees, averaging 10 feet in 
height, in eleven or twelve hours, employing 35 to 40 ring tents. 

SPBAYS FOB CITRUS TUEES. 

It may often happen that gassing is impracticable or that the 
expense of the treatment is not warranted. This last may be the case 
where the rancher has not sufficient capital to keep up the heavy 

PIG. 7.—Gasoline-power spraying outfit with four lines of hose in operation. 

outlay necessitated by the treatment of young stock which yields no 
revenue. Gassing is also difficult and less desirable where, as for the 
lemon in southern California, the low, open-center pruning is adoptted, 
the trees under this system of pruning often having an expanse of 20 
feet, with a height of scarcely more than 6 feet. This open system 
of pruning and more straggling form of growth, on the other hand, 
makes the lemon easier to treat with liquid sprays, and under such 
conditions spraying will probably prove more practicable and profit- 
able than gassing. Nevertheless, where lemon trees are of a form and 
size to admit of it, and the crop warrants the expense, gassing is always 
to be recommended. 

The expense of spraying is not heavy, compared with that of gassing. 
In most of the citrus districts of California where spraying is practiced 
to any extent there are individuals who make a business of treating 
orchards at a charge of a cent a gallon for the liquid applied, or about 
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double that price when they furnish as well as apply the insecticide. 
This work is now commonly done with a power apparatus (tig. 7)," and 
usually in a fairly satisfactory manner. The difficulty in depending 
on the public sprayer is that it is very often not available when much 
needed. For a large ranch the possession of a power spraying outfit 
will probably prove economical in the long run, and anyone contem- 
plating securing one is referred to the general article on such machines, 
by Dr. L. O. Howard, in the Yearbook of this Department for 1890. 

For the small rancher, having from 10 to 30 acres of orchard, it is 
not necessary to go to the expense of a steam or a gasoline spraying 
apparatus. There are a great many excellent force pumps on the 
market which may be easily equipped with suitable hose and nozzles, 
and which will do the work of spraying very satisfactorily. A hand 
force pump with suitable connections, which may be equipped for 

FIG. 8.—Hand-power spraying uutfit with two lines of hose in operation. 

work at a cost of from $25 to $30, will meet all requirements. The 
pump for such an outfit should be capable of easily producing a pres- 
sure of 100 pounds, which will supply four cyclone nozzles attached 
to two lines of hose. With such an apparatus (fig. 8), the writer was 
able to spray easily 50 gallons an hour, or 500 gallons a day, working 
with three men, and this covers also the time lost in mixing the insec- 
ticide and refilling. The cost of applying the same amount of liquid 
by a contract sprayer would probably be a little less, but under per- 
sonal supervision, the work will undoubtedly be better done and with 
less waste of material, and, of more importance still, at the time when 
most needed and when the greatest advantage will result. 

Trees under seven years old will probably require from half a gallon 
to a gallon of spray per tree. For an orchard of 10 acres, or about 
860 trees, the cost of spraying would be about $8 for the spray and 

" From photograph furnished by F. Kahies. 
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as much more for the labor. In other words, spraying with the 
insecticides comiuonly employed, such as " distillate,'' kerosene emul- 
sion, and resin wash, may be safely estimated to cost about 2 cents a 
gallon for the amount of liquid used, or not exceeding 2 cents per 
individual tree under seven years of age. On the other hand, gassing 
trees seven years old will cost from 12 to 15 cents per tree, or the 
equivalent of from five to seven sprayings. The advantage, therefore, 
of spraying, for the small owner, and for trees especially suited by 
form of growth or pruning to such treatment, is evident. 

The oily washes are by far the best for use on citrus trees against 
scale insects. The attempt has been made in various places to substi- 
tute lye washes for the old standard kerosene washes, but the effect 
has, as a rule, been disastrous. Lye strong enough to kill scale insects 
applied to a tree, as demonstrated by Hubbard fifteen years ago, is 
very destructive to the tender growth of the tree, and the damage from 
the wash is often greater than that occasioned by the insects themselves. 
In California, the kerosene and rosin washes formerl}' used have now 
given place, to a considerable extent, to a modification of kerosene 
emulsion known as " distillate." As now employed, the washes in the 
order of their popularity are: (1) Distillate; (2) resin wash; (3) kero- 
sene emulsion. The probability is that distillate will ultimately sup- 
plant the other two on account of its equal, if not greater, efficiency 
and smaller cost. 

Distillate.—This wash was originated by Mr. F. Kahles, and has 
found very general use in the Santa Barbara region, and also in the 
lemon districts adjacent to San Diego, as well as in other citrus dis- 
tricts in California. It is substantially an emulsion of crude kerosene, 
made in the same way as kerosene emulsion, except that a greater 
amount of soap and only half as much oil are used. Its cheapness 
results from the latter fact. In spite of this lessening of oil it seems 
to be, if anything, stronger than kerosene emulsion. 

It is termed distillate spray, because the oil used is a crude distillate 
of the heavy California petroleum, or the crude oil minus the lighter 
oils. 

The emulsion or "cream," as it is generally known, is prepared as 
follows: Five gallons, "28° gravity," untreated distillate: o gallons 
water, boiling; H pounds whale-oil soap. The soap is dissolved in 
the hot water, the distillate added, and the whole thoroughly emulsi- 
fied by means of a power pump until a rather heavy, yellowish, creamy 
emulsion is produced. For use on lemon trees it is diluted with 12 
parts of water, and with 15 parts of water for the orange. The 
"distillate cream" is prepared and sold by oil companies and private 
hulividuals at from 10 to 12 cents a gallon, making the dilute mixture, 
as applied to the trees, cost in the neighborhood of a cent a gallon. 
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Kerosene emulsion, made by the same companies, costs from 12 to 15 
cents a gallon. In using these oil emulsions it is advisable to first 
break the water by the addition of a little lye, one-fourth pound being 
ample for 50 gallons of water. 

Kerosene emulsion.—This wash, made according to the old formula 
(kerosene, 2 gallons; whale-oil soap, one-half pound; water, 1 gallon), 
is prepared in the same waj' as the distillate and used at the same 
strength. It does no harm to use double the quantity of soap indi- 
cated, securing in this manner a rather more stable emulsion. This 
emulsion, while perhaps somewhat less efficient than the distillate 
emulsion, is always available where the latter may not he in reach. 
It may be prepared on a small scale with an ordinary hand pump, but 
is best prepared in large quantities with a gasoline or steam-power 
pump to mix and emulsify it after the soap has .been dissolved in the 
water by boiling. 

The resin wash.—This wash is especially valuable against the Cali 
fornia red scale. It may also be used against any other scale insect. 
including the black scale and the various armored scales affecting citrus 
trees. The wash is made as follows: Resin, 20 pounds; caustic soda 
(78 per cent), 5 pounds; fish oil, 2i pints; water to make 100 gallons. 
Ordinary commercial resin is used and the caustic soda is that put up 
for soap establishments in 200-pound drums. Smaller quantities may 
be obtained at soap factories, or the granulated caustic soda may be 
used, Si pounds of the latter being the equivalent of 5 pounds of the 
former. Place these substances with the oil in a kettle with water to 
cover them to a depth of 3 or 4 inches. Boil about two hours, mak- 
ing occasional additions of water, or until the compound resembles 
very strong black coffee. Dilute to three times the final bulk with hot 
water, or with cold water added slowly over the fire, making a stock 
mixture to be diluted to the full extent as used. When sprayed the 
mixture should be perfectly fluid, and should any sediment appear 
the stock mixture should be reheated; in fact, the wash is preferably 
applied hot. This wash is more difficult to prepare than the emulsions 
referred to above, and is therefore much less employed. 

CITRUS SCALE INSECTS: CLASSIFICATION AND CHAEACTEEISTICS 

For the purpose of this paper a very simple classification of citrus 
scale insects may be adopted, namely: (1) The armored scales, or those 
forming a protective covering scale and losing their limbs and the 
power of changing their situation as soon as thej' settle down to feed 
as newly hatched larvse; (2) those species which secrete no covering 
shell or scale and retain their limbs and the power of moving about 
during most of their lives. 

The species belonging to both groups are commonly «ailed scale 
insects, although the term might seem properly to apply only to the 
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first group; nevertheless, the old insects in the second group, when 
they become hardened, and, in fact, the younger stages also, greatly 
resemble scales; hence, the name may properly apply to them as well. 

These insects all belong to the family Coccida? of the order Hemip- 
tera, or true bugs, being allied to plant-lice and other suctorial insects 
of this order. In the larval stage the scale insects, except in point 
of size, closely resemble the larvie of the higher forms of Hemiptera, 
and are active and can run about on plants or may be carried from one 
plant to another by the wind, or by birds or other insects to which 
they may attach themselves. 

In the case of the armored scales, as soon as the young have under- 
gone their first molt they appear as mere sacks provided with long 
sucking beaks, but without legs or eyes, and are very much degraded 
structurally from the larval condition. The unarmored scales, while 
retaining their limbs throughout life, are not apt to move very much 
after they have once settled and begun to feed, except in the case of 
one or two species. The power of locomotion, however, is retained, 
and in the case of the fluted scale and mealy bug is often actively 
brought into play: the Lecaniums and wax scales are apt to migrate 
late in their lives from the leaves to the twigs. The female insects of 
both groups remain on the plants and never advance to a winged stage. 
The males of both groups, however, while paralleling the development 
of the females in the early stages, in the later stages transform to pope, 
and eventually emerge as minute, two-winged gnats. The life of the 
winged male is very short, and its sole function is to fertilize the eggs 
of the female. It is a very delicate creature, having no mouth parts, 
but in place of them a second pair of prominent eyes. 

GROUP 1.—THE ARMORED SCALES. 

The majority of the important scale-insect enemies of the orange 
belong to the group known as armored scales because the insects begin 
to excrete as soon as they thrust their beaks into the tissues of the 
plant a waxy covering which protects the growing insect and forms a 
definite scale-like shield entirely independent of the insect itself. This 
group includes the long scale, purple scale, the red scale of California 
and the red scale of Florida (an entirely distinct insect), the oleander 
scale, the chaff scale, and other less important species. 

In general habits these armored scales are very similar. The eggs, 
which are developed in enonnous numbers, may be extruded under the 
covering scale of the mother insect and undergo a longer or shorter 
period of incubation before hatching, or the young may be partly or 
fully developed within the body of the mother and emerge as active 
insecte, or more properly shake off the egg envelope at the moment of 
^irth, so that certain species appear to yield living young.    The young 
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of these different species of armored-scale insects very closely resemble 
each other, and can not be distinguished without careful microscop- 
ical study. While very minute, the young are yet visible to the naked 
eye, and during the breeding season may be seen, b3' sharp inspection, 
running about on the leaves, twigs, and fruit. In color they are 
usually light lemon-yellow. They have six well-developed legs, also 
antennae and eyes, and are highly organized in comparison with the 
degraded condition soon to be assumed. After finding a suitable sit- 
uation, often within a few minutes from the time of their emergence, 
though sometimes not for an hour or two, they settle down, thrust 
their long slender hair-like beaks into the plant, and immediateh' 
begin growth, the first evidence of which is the secretion of waxy 
filaments from the upper surface of the body, which mat down and 
form the beginning of the scale covering (fig. 12). This waxy secre- 
tion continues during the life of the insect, the covering scale being 
enlarged as the insect increases in size. The females undergo two 
molts, and the skins thrown off in these molts form a definite part of 
the scale, being cemented to it closely with the wax. The female 
insect, after the second molt, soon reaches full size, and when fertil- 
ized by the male begins to develop her numerous progeny. 

The preliminary stages of the male scale insect exactly correspond 
with those of the female. After the first molt, however, the male 
assumes a slightly different appearance, being more elongate than the 
female at this stage. With the second molt the male diverges entirely 
from the female; the old skin is thrust out from beneath the covering 
scale, and does not become a part of it, as with the female, so that in 
the case of the male insect the first-shed skin only is associated with the 
scale, which never becomes more than one-half the size of that of the 
female. With this second molt the male insect transforms to a pre- 
liminary pupal stage, in which the antenna?, legs, and wings arc par- 
tially developed. A third molt occurs with the male insect, resulting 
in the final pupal stage, which exhibits more fully formed legs and 
wings than the preceding stage and also the so-called terminal style. 
A fourth and last molt of the male produces the perfect insect, which 
escapes from beneath the covering scale and can fly about (fig. 11, e). 

The periods between the moltings vary with different species and 
with weather conditions. Most of the species, however, reach full 
growth in from four to six weeks in summer; development is slower 
in winter. 

The female insect, having once thrust her beak into the tissues of 
the plant as a larva and begun the secretion of a covering scale, never 
moves from her position; and, in fact, if she be removed by force is 
never again able to penetrate the bark with her sucking beak, and soon 
perishes. The opportunity for the local spread of these insects i>. 
therefore, limited absoluteU' to the larval stage, as in this respect they 
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differ from the Lecaniuuis and mealy bugs, which have the power to 
move about until nearly the end of their growing period. 

The number of eggs from a single female varies somewhat with the 
species, but may be from 100 to 500, the number being less in unfavor- 
able seasons. The progeny from a single female in a 3'ear, if they 
should all survive, would represent almost inconceivable numbers, 
running into the billions. It is not to be wondered at, therefore, that 
plants Iwcome thoroughly infested with these insects in a very short 
time, especially in climates where the breeding is but little checked by 
the winter season. 

The waxy covering makes it necessary to use rather strong washes 
to penetrate the scale. The difficult}' increases whea the old scale 
protects a mass of eggs, as is usually the case with the species of 
Mytilaspis, represented by the long and purple scales; and it is not 
always possible with the best washes 
to kill all the eggs of these species, 
hence the necessity of spraying re- 
peatedly to destroy the young as 
they emerge. Remedial operations 
should be instituted as far as possi- 
ble when the greatest percentage of 
the scales are in a young or partly 
mature condition. 

The Long Scale. 

The long scale {Mytil<i»pis gloveri 
Packard—fig. 9) is supposed to have 
originated in China, but in common 
with most of the other species dis- 
cussed has now a world-wide distri- 
bution, being represented in practi- 
cally every important citrus region. 
It made its appearance in Florida about 1838, and soon became a very 
serious pest in that State and elsewhere in the Gulf region. At its first 
appearance it was vastly more destructive than later on. parasitic and 
natural enemies having in later years kept it decidedly in check. At 
present it is every where distributed throughout Florida and Louisiana 
in the orange and lemon groves, and also on wild orange. Strangely 
enough, it was a long while getting into California. About 1889 or 
1890, however, in company with the purple scale and rust mite, it was 
carried into California on a lot of stock from Florida, but it has not 
developed as a very serious pest in the Pacific coast region. 

This insect is characterized by its very elongate form; in other 
respects it closely resembles Mytkaspis citñcola, and also the common 
oyster-shell scale of the apple and other deciduous fruits.    In color it 
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is a rather rich reddish, often obscured by extraneous matter taken 
from the surface of the leaves or bark. It apparently requires a great 
deal of moisture to thrive well, and hence is apt to be abundant on 
oranges or other plants grown in conservatories, and this also accounts, 
doubtless, for its greater multiplication and injury in Florida than on 
the Pacilic coast. 

Breeding continues practically throughout the year. According to 
Hubbard, there are three periods in Florida when the young are espe- 
cially abundant, marking in a rough way the appearance of the main 
broods, namely, in March and April, in June and July, and in Septem- 
ber and October; the fourth, irregular brood, occurring in January 
or February. 

The treatment for this scale is the use of the oily washes and fumi- 
gating with hydrocyanic-acid gas. It is much more easily controlled 
than the purple scale. 

The Purple Scale. 

The original home of the purple scale {Myiilaspia dtricola Packard) 
(figs. 10 to 12) is unknown, but it now occurs practically wherever 

FIG. 10.—Purple scale {MyHkupU rttnrofa]. shmving different staeres of female: a, newly hatehed 
larva; 6, same with first waxy secretion; e to/, different stages of growth: ,//, mature scale: A, same 
inverted, showing eggs: i and J. half-grown and full-grown female insects removed from wale—all 
much enlarged (original). 

the orange or lemon is grown. It was probably introduced into this 
country at an early date. It is frequently associated with the long 
scale, and is one of the most troublesome scale insects affecting the 
orange and lemon, because it is very difficult to get an application on 
the trees strong enough to kill all of its eggs with one treatment. 
For many years the purple scale was limited in this country to Florida 
and the Gulf region, but some years since it was carried on Florida 
stock into southern California, where, fortunately, it has not yet 
become widely distributed. In general color it is a brownish purple, 
and in shape duplicates the oyster-shell scale of the apple.    The life 

172 



23 

history and habits are the same as those of the long scale. The purple 
scale is not limited to citrus fruits, but occurs also on many other 
plants. 

Fi«. 11.—Purple scale [MytOatpit ctbicota). show- 
ing differi'iit ■tag« of male: u. fully developed 
niiilr siule; h, same Inverted, showing male 
pupa within; r, propupa : </, final pupal stage: 
e, mature winged insect; /, foot of same minh 
enlarged—all greatly enlarged (original). 

Flo. 12,—Purple scale IMytíbufü eBHeola), illus- 
Initing the formation of the scale covering- a, 
newly hutched young, with enlarged antenna.'at 
left and legal right; ij. side view of formingscale; 
f.same from above—all greatly enhuged i.origi- 
nal). 

Neither the gas treatment nor any of the washes is a certain remedy 
for this scale, except in the immature stages. Occasionally a very 
strong treatment will kill the eggs, but it is usually necessary to 
repeat the application 
once or twice at inter- 
vals of two or three 
weeks to effect anything 
like extermination. 

The Bed Scale of Florida. 

Tins is another scale 
insect {Jjgpidiotll» ßms 
Ashmead) of world-wide 
distribution. As an or- 
ange scale it is not a 
very serious pest on trees 
grown out of doors, but 
on trees grown  in con- 
ServatOnee Or Under glass    no. 13—Florida red mle   MMMus flcus) : a, leaves covered 
it   is verv ftnt  to   thicklv        «itl» the male and  female scales-natural size; b, newly 1 y api 10 inicku      ^^ .^ ^ onlarKementa of antenn;B and icg; c. i, 
I'llest     the     leaves    and       ,/different stages in the development of the female insect, 

fruit.    It has a very wide     dra»n to the same "",e; "• aduIt male seaI<^siinilarly 

, ,      ,     , -,       enlarged (original). 
range of food plants and 
is one of the commonest of scale insects. This and the following 
•species differ from the Mytilaspis scales in being nearly circular in 
general outline, with the molted skins in the center of the scale instead 
of at the small end (fig. 13). The color of this scale ¡s a rich reddish 
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brown, almost black. The central portion, however, is much lighter, 
giving the appearance of a dark ring with a light center. The num- 
ber of generations can not be accurately given, breeding going on 
throughout the year, but undoubtedly in greenhouses and tropical 
regions six or seven generations are not unusual, and in subtropical 
regions five generations may be safely counted. It seems never to have 
attracted any attention as an enemy in the orange and lemon groves of 
California, the dry climate evidently not suiting it. The moist climate 
of Florida and the Gulf region seems more favorable to it. 

The Bed Scale of California. 

This species (Asj/idiotus aurantii Maskell) (fig. 14) is entirely distinct 
from the red scale of Florida. Its name comes not from the covering 
scale, as with the Florida species, but from the fact that the body of 
the mature female turns a reddish brown and shows through the thin 

 „..      ^      transparent waxy scale. 
This insect, although for 
years very common and de- 
structive in the groves of 
southern California, and 
enjoying also a cosmopoli- 
tan distribution, has, curi- 
ously enough, never ap- 
peared in a destructive way 
elsewhere in this countrv. 
Its origin is a matter of 
some uncertaint}'. It is now 
widely distributed, and has 
undoubtedly been a scale 

pest in oriental countries for centuries. It is not limited to citrus 
plants, but may occur on almost any plant growing in tropical or 
subtropical regions. It is the most destructive and injurious of all 
the scale insects afiecting the orange in California, being especially 
troublesome in the districts about Los Angeles. So far no effective 
parasites or predaceous insects have been found to combat it. It is 
controlled by the oily washes, and also by the gas treatment. The 
young are born free, or, in other words, the insect is semi-oviparous, 
and therefore any wash which will kill the old scale will destroy the 
young also. 

This insect has, in California, a rather well-marked variety, known 
as the yellow scale {Aspidiotus citrinus Coq.). This variety does not 
differ in any structural feature from the red scale, but the mature 
insect remains yellowish in color. This variety is attacked by quite a 
number of parasitic flies, which keep it more or less in check, so that 
it is not, as a rule, so abundant as the red variety. 
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Fio. 15.—Oleander scale (Axpidiotti* hedene), 
illustrating a group of the female and male 
scales as they occur on a leaf—enlarged about 
7 diameters (original). 

The Oleander Scale. 

This ¡specie» {AgpuKotus JwderseYiil.) is not distinctively an orange 
pest. It occurs on a great variety of plants and has a world-wide 
distribution. It occasionalh' occurs on the lemon and orange, especially 
in California, not apparently being so likely to attack this plant in 
Florida. It is a very delicate scale, 
with a very thin waxy covering, 
and yields readily to treatment. It 
frequently occurs on the oleander, 
and is commonly known as the 
oleander scale (tig. 15). The male 
scales are white and very greatly 
exceed the females in abundance 
(much more so than indicated in the 
accompanying illustration). The 
female scales are light butf in color 
with a faint purple tinge, rather 
than white, are two or three times 
the size of the male scales, and rather larger also than the scales of 
the species already described. The fruit of the lemon and orange is 
often invaded by the females of this species. 

The Chaff Scale. 

With this scale insect {Paliatoria pergandei Comstock) the molted 
skins are at one end of the scale, as in the case of Mytilaspis, and the 
  scale is oval or nearly circular, as in 

the case of Aspidiotus. It is very apt 
to be clustered thickly, often overlap- 
ping on leaves or twigs and fruit, 
giving the surface a rough appearance, 
us though covered with loose chaff (fig. 
16). In color the female scale is light 
straw-vi'llow, the female insect show- 
ing through, usually with a greenish 
tinge. The number of generations 
and life history correspond very 
closely with the species already de- 
scribed. As a rule, the chaff scale by 
preference remains on the trunk and 
branches, covering these portions of 

the plant densely before going on the leaves and fruit. This fact 
renders it somewhat less noticeable than the other species, and its 
presence may, for a time, be overlooked. 

The chaff 'scale has been destructive, so far, only in Florida and the 
Gulf region, having apparently been introduced from the Bermuda 
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no. 16.—Chaff scale {ParlaturUi pergandei), 
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male scales as they occur on a leaf—en- 
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Fio. 17.—Orange Chionaspis ( Chionaspi* cilri), il- 
lustrating a groupof thefemalt'andmak'stalr^ 
as they occur on a leaf—enlarged about 7 diam- 
eters (original). 

Islands or some of the West Indies. It is closely allied to certain 
scale insects occurring in the Old World, and probably came to this 
country from Europe or Asia. It yields to the same treatments which 
are advised for the other armored scales. 

The Orange Chionaspis. 

This species {C'Monaspvi citri Comstock) occurs in the orang-e 
groves of the Eastern United States, and is also especially trouble- 
some in Louisiana.   Professor Morgan reports that its presence on the 

trees causes a bursting of the bark 
and very ugly wounds, followed 
in very many cases by the rotting 
of the trunks of the older trees. 
The orange Chionaspis (tig. 17) is 
found also in several of the West 
Indian islands, Mexico, and in 
most foreign countries where cit- 
rus fruits are grown. The male 
scales are striking objects on ac- 
count of their white color, and the 
females are readily distinguished 
from the other armored scales of 
similar general shape by the dis- 

tinctl}- ridged appearance of the wax}' portion. The orange Chionaspis 
is readily controlled by the same treatments advised for the other 
armored scales. 

GKOUP 2.—THE TTNASMOKED SCALES. 

The species to be considered in this group include three Lecaniums, 
the mealy bug, two wax scales, and the fluted scale. Strictly speaking, 
the Lecaniums are the only ones which secrete no covering. The mealy 
bug secretes a waxy or mealy powder, which covers its body, and a 
similar secretion in less amount is made by the fluted scale. Both of 
the latter species secrete very abundant quantities of wax for the pro- 
tection of their eggs. The wax scales cover themselves with copious 
waxy secretion, which, however, attaches firmly to the body, and can 
not lie considered as a separate covering in the sense of the scale of 
the armored species. The development of the different species in this 
group is very similar, in that they all retain the power of locomotion 
until nearly the end of their lives, and do not suffer the loss of limbs 
and the marked retrograde development airead}' described in the case 
of the armored scales. They excrete liberally the honeydew, which 
is followed by the smut fungus. In this group are included some of 
the worst scale pests of the orange and lemon, notably the black scale. 
the fluted scale, and the mealy bug.    Not being so firmly attached nor 
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so protected by a covering shell or scale, they are as a rule more easily 
destroyed by fumigation or sprays, and they fall a more ready prey to 
attacks of predaceous and parasitic insects. All of the species are egg- 
laying. The Lecaniums and wax scales deposit their eggs in cavities 
under their bodies, formed by the contraction of the female insects, so 
that ultimately the mothers become mere shells over vast numbers of 
eggs and hatching young. The mealy bugs and fluted scale excrete a 
quantity of cottony fibers, which are stocked with eggs. After a cer- 
tain amount of incubation, the 3'oung hatch and escape from beneath 
the old parent scales or burrow out of their cottony nests. In trans- 
formations and general life history, except in the points noted, these 
scale insects closely duplicate the habits of the armored scales. 

The Black Scale. 

This scale insect {Lecanium ólex Bernard—figs. 18,19, and 20) is nota- 
bly an olive pest, but it also attacks citrus fruits, and is quite as destruc- 
tive to the latter as to the olive. It is an insect of world-wide distri- 
bution, having been an important 
enemy of the olive and citrus fruits 
in the Old World as far back as we 
have any records. It also affects 
a great variety of other fruits and 
plants. It occurs more or less in 
greenhouses, and has undoubtedly 
been transported to various parts 
Of the WOrld Upon greenhouse Fio.lS.-Blact scale (uranium ofea-): Group of 
Plants as Well as upon the various !HaU'"' »HowinK utoiml position ami appear- 
1 . T       i      TT   -      i        anee—enlarged-I (ÜHIIU-ICIN loriu'inal). 
subtropical fruits.    In the I nited 
States it is especially destructive only on the Pacific coast, and while 
it occurs generally in Florida it has never there assumed any great 
importance as an enemy of the orange or lemon. It not only saps the 
vitalitv of the plants by the extraction of their juices, but also abun- 
dantly secretes honeydew, which results in a badly attacked plant 
Incoming thoroughly coated and blackened with the sooty fungus. 

The adult insect is dark brown, nearly black, in color. Its 
characteristic features are the one longitudinal and the two transverse 
ridges. Very often the portion of the longitudinal ridge between the 
two transverse ridges is more prominent than elsewhere, giving a 

•resemblance in these ridges to a capital letter H. The general surface 
of the bodv of this c-cale insect is shagreened or roughened, which will 
distinguish it readily, under a hand lens, from the allied species, even 
before the ridges have become prominent. Very fortunately for the 
citrus grower, the development of this insect is slow, and it has but 
one brood annually. The young, however, appear over a very wide 
interval of time, and this gives the appearance of more than one brood. 
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On reaching full growth, early in the summer, the female insect 
deposits her eggs beneath hor already muth-hardened parchment-like 

skin, the lower surface of 
the body gradually contract- 
ing until there is nothing left 
but the shell, covering a mass 
of hundreds of eggs. The 
eggs will hatch in a compar- 
atively short time, but, as the 
females come to maturity at 
different dates, the young 
from this species are con- 
stantly appearing and spread- 
ing over the infested plants 
between June and the end of 
October. The growth, how- 
ever, is ver}- slow, and even 
those earliest hatched do not 
reach maturity until late in 
autumn, the latest maturing 
in Jose and July of the fol- 
lowing year. 

While retaining the power 
of movement practically 
throughout its development, 
this scale insect is very little 
apt to change its position 

after it is once settled, or, at least, after it is half grown. There 
is a general migration from leaf to twig, but the scale often develops 

FIG. 19.—Black scale (Lecanium oter): «, greatly en- 
larged drawing of newly hatched larva, viewed from 
beneath, with enlargements of anal extremity viewed 
from above—6, showing anal segment extruded, and 
r, same retracted (original). 

Flo. 20.—Black scale (Lecanium olae), male series: a. fully developed male wale; '■. \>n\M. c, winged 
adult—natural size indicated by hair lines (original). 

on the leaf if the latter remains vigorous and supplies it sufficient 
nourishment. 
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In view of the extraordinary abundance of the black scale it is sur- 
prising that until very recently the male insect had not been discovered, 
in spite of the most careful search for it. What we know of this stage 
is due to Dr. B. W. Griffith, of Los Angeles, Cal., who has found the 
male scales on oleander, orange, lemon, pepper, and ivy leaves between 
the months of November and April, in Los Angeles County. The 
accompanying illustrations of this sex (tig. 20) are based on material 
furnished by Dr. Griffith. 

The natural enemies of the black scale promise to be very efficient 
in its general control and warrant special notice. They include both 
the parasitic flies and various species of ladybirds. 

FIG. 21.—Imixirtfl My- 
biixl cnpniy of black scale 
\HhiziMm rmtmli*): a, 
mature beetle; A, larra— 
both greatly enlanfert 
(author's illustration). 

Fit'. 22.—Importe«! ihiilriilid [wra-site of black scale 
(SsaMMa qoan),dotal and lateral views—greatly 
enlarged (after Howard). 

The ladybird enemy of special importance is the Bhiz<Mm ventralk, 
imported b}' Mr. Koebele. This ladybird (tig. 21) has been colonized 
in various parts of California, and in districts where the climatic con- 
ditions proved favorable its work has been most satisfactory, notably 
on the ranch of Hon. Ellwood Cooper, at Santa Barbara. Hundreds 
of thousands of these beetles have been distributed in southern Cali- 
fornia and have accomplished in some localities a very great deal of 
good in keeping the black scale in check. Away from the moist coast 
regions, however, it Is less effective, and experience has shown that this 
ladybird can not be completely relied upon to control the black scale. 
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A parasite which promises to l)e most effective in controlling the 
black scale is the very odd-shaped little chalcidid fly (fijr. 22) known as 
Scutellista cyanea Motsch., first found attacking Lecanium coffest in 
Cejdon. It was later reported by Dr. Berlese as attacking a wax scale 
(Cerapkmtes rmvl) in Italy. Subsequent to its discovery in Italy, viiri- 
ous efforts were made by Dr. Howard, with the assistance of Dr. Ber- 
lese, to introduce it into Florida and the Gulf districts, particularly 
as a means of controlling the wax scales. In the meanwhile it was 
found with the black scale in Cape Colony by Mr. Lounsbury, who, at 
Dr. Howard's suggestion and with his assistance and the cooperation 
of different persons in California, notably Mr. Craw and Mr. Ehrhorn, 
succeeded, in 1900, in getting the parasite into California, where it 
has been installed under conditions which promise a successful intro- 
duction of the species. During the last three years it has been con- 

stantly distributed in California 
and reports of its work are most 
favorable. In South Africa, as 
reported by Mr. Lounsbury, the 
black scale very rarely is abun- 
dant enough to be considered at all 
injurious, and this is apparently 
due to its parasitism by this little 
insect. If the latter can lie in- 
duced to play the same rôle in 
California the saving will be 
second only to that accomplished 

f-^ ^Bk ■ '^^f by the Vedalia. 
\W     ^f The remedial measures for the 

black scale are spraying with the 
oily emulsions and the gas treat- 
ment. 

The Soft Scale. 

This scale insect {Lirnn'nnn 
henperidum L.—tig. 23). also 
known as the turtle-back scale 
or brown scale, is closely related 
to the black scale, but is a much 
softer and more delicate insect. 
It changes in color with age 

from a transparent yellow in the young to deepening shades of 
brown in the adult. The adult scale has a length of 3 or I milli- 
meters, is turtle-shaped, and very much swollen, the body of the 
mother in the last stages Incoming a mere cap filled with young. In 
the early stages the insect is thin and flat and semitrans|)arent, so 
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FIS.2S.—Softanle i iscnninm firtpfridum): Orange 
twig showing ihar.ictcriitic massing of the 
scales—natural size (after Comstockl. 
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that it is scarcely noticeable on the surface of the leaf or twig. It is 
very commonly found on various greenhouse plants, and has been 
carried to all parts of the world on such material. In climates suitable 
for the growth of the orange and lemon it occasionally gains a foot- 
hold on outdoor plants. It has a gregarious habit, and commonly 
lives in colonies,frequently covering the joung limbs and the midribs 
of the leaves. These colonies are usually not of long duration, being 
soon attacked and exterminated by parasitic and piedaceous enemies, 
the soft texture of the insect not furnishing much, if any, protection. 
The transformation and habits arc very similar to those of the black 
scale. It, however, is much more rapid in growth, and, where the 
climate is favorable, goes through a continuous series of generations, 
or broods, throughout the season. It readily yields to oily washes or 
to the gas treatment. 

The Hemispherical Scale. 

This scale {Lecaniwn hemisphaericum Targ.—fig. 24) is also distinc- 
tively a greenhouse pest, and it can 
hardly be considered as especially 
injurious to citrus trees in orchards. 
It occurs all over the world, and occa- 
sionally will multiply to a slight extent 
on orchard trees. The individuals are 
alKMit the same size as those of the last 
two species. In color it ranges from 
light brown in the young to dark brown. K„; „.„Hemtoph^k«! Mto | Um*m 
changing to reddish  in the old scale.      »ímí^p*«9*««):<i,cii«nM!teitattefioBp 
mi i   li i        •       i.        •      1       •      i     • "' miiill sorJos on ulivc—nntiinil ^y, : 
The adult scale is hemispherical in h,„,„.,,f,,,,,,,,,.,,,,..-.„„.¡.LmMy,-,,- 
shape perfectly smooth and shiny, and Uiged: í,«e»ieliBeahomle«t*owtat 
this, with its color, readily distinguishcs 
it from the other two species. The remedies are thoso used against 
the black -cale. 

The Florida Wax Scale. 

This very curious and striking scale insect [Ceroplastes floridmsu 
Comstock) secretes a white waxy covering, arranged in a very regular 
geometrical pattern (tig. 26). It was long known from Florida, where 
it is undoubtedly native, its principal food plant Iwing the gall lierry. 
It has now been carried, however, to other parts of the world, notably 
some of the adjacent West Indian islands, and also to the Old World. 
It was imported into California on stock from Florida in 1889, and 
possiblv earlier, but has never gained any foothold on the Pacific 
coast. This insect often occurs on citrus plants, though rarely in 
sufficient numbers to be of very great importance. The white color 
and striking appearance of these scales cause them often to be noted, 
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Fie, 'ií.—Florida wax scale «Templas 
te»/!oridCTi<fi»):Groupof scales, ilhis 
trating different stage» of grmvt h— 
enlarged about 4 diameters (origi 
nal). 

and very natural fears of damage are excited, but as a rule the natural 
enemies and other causes result in very few of the young reaching the 
adult stage. This, as shown by Mr. Hubbard, not only follows the 
action of parasites, but also is due to the fact that the scale lice as they 

become old and gravid can not maintain 
their hold on the smooth surface of the 
lemon or orange leaf and fall to the ground 
and perish. The citrus plants, therefore, 
are not especially adapted to this insect 
and very rarely suffer long or seriously 
from it. 

The Florida wax scale is three-brooded, 
development not being very rapid and 
extending over three or four months. The 
waxy secretions give an appearance to the 

young insect of an oval stellate object, the waxy prominences 
coalescing and disappearing with age. 

The Barnacle Scale. 

This insect {Cemplmten cirrijfedifomUa Comstock—fig. ¿fi), which is 
closely allied to the last, has been found in two or 
three localities in Florida, notably at Jacksonville and 
in Volusia Count}', on orange and quince, and also on a 
species of Eupatorium. It is frequently associated on 
citrus plants with the Florida wax scale. It lias since 
been found on the same and other food plants on some 
of the West Indian islands and in Louisiana and Cali- 
fornia. The barnacle scale is much larger than the 
Florida wax scale, having an average length of 5 milli- 
meters and a width of 4 millimeters. The waxy cover- 
ing is a dirt}' white, mottled with several shades of 
grayish or light brown, and the division of the waxy 
excretion into plates is distinct, even to a late age. The 
development of the insect and secretion of the waxy 
scale covering is very similar to that of the last SJH

1
- 

cies described. The barnacle scale is of very little eco- 
nomic importance, and is mentioned merely localise its 
presence might arouse suspicions of probable injury. 

fm, -.lî.—Barnacle 
scale ((.Vrnplnstfe 
r/m/w///orm i>) : 
Group of scales 
on twig, illiistrat- 
ing different 
stages of growth 
—enlarged about 
2 diameters 
(original). 

The Fluted Scale. 

Of all the scale insects attacking citrus plants, this species {leerya 
purcham Maskell—tigs. ¿7 and 28) is perhaps the most notable, not so 
much from the damage now occasioned by it as from the problems of 
control which it hits brought to the front and the international charac- 
ter of the work which it has occasioned. 
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Tht> facts indicate that Australia is undoubtedly its uriginal home, 
from whence it wa.s introduced on Australian plants into New Zealand. 
Cape Town, South Africa, and California at about the same time. 
The evidence points to its introduction into California about the year 
18fi8 on Acacia latifolin. It is a very hardy insect, will live for some 
time without food, and thrives on a great number of food plants. In 
California it spread rather rapidly, and by 1S,S6 had become the most 
destructive of orange scale pests. The damage occasioned by it was 
of such a serious character as to threaten the entire citrus industry of 
the Pacific coast. The nature and habits of this insect made it almost 
impervious to any insecticide washes, and the orange growers of Cali- 
fornia were rapidly 
losing heart. 

In 1889, however, 
through the agency 
of Mr. Albert Koe- 
bele, an assistant of 
this office, the natu- 
ral ladybird enemy 
of the fluted scale 
was discovered in 
Australia and im- 
ported into Califor- 
nia.    This ladybird, 
iVW///.v( Wíldliíl) <;li- 

iHimlix (fig. 2Í*), mul- 
tiplied prodigiously, 
and in a very short 
timr practically ex- 
terminated the fluted 
scale, saved the State 
of California annual 
damage amounting 
to hundreds of thousands of dollars, and removed this scale insect from 
the roll of dreaded injurious species. 

The beneficial results derived from this ladybird have not been ion- 
fined to California. Through the agency of this Department and in 
cooperation with the California State authorities, this ladybird has 
been sent to South Africa. Egypt, Portugal, and Italy, and in each of 
these countries its introduction has been followed by similar beneficial 
results in the control of the fluted scale. 

While the fluted scale, at the time or soon after its injurions record in 
California, gained access to several foreign countries, very fortunately 
Florida and the Gulf districts remained long free from it. 

SeSM—No. 172—08—3 
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Flo. 27.—Khited wall' f im-i/n ¡,urrhii*i). female serie«, illiMmtiiiK Ihr 
developinent of the fomah- itisort from jroung larra to mïult KT-HVHI 

Bttt^e: a, newly hatched larva: '». necond stage; r, thin! staL'>': -i. 
fuil-Krown female; i an*l /. saint- after lecretíon ol «-iru sac—forU- 
inal and after Rilcy). 
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The first and presumably only introduction of this insect into Florida 
was an intentional one, though not malicious, and illustrates the risk 
l'un in importations of beneficial insects undertaken by persons unfa- 
miliar with the subject. A nurseryman of Hillsboro County, Fla., 
hoping to duplicate against the common Florida scale insects the won- 
derful work of the imported Australian ladybird against the fluted 
scale in California and, ignorant of the fact that the ladybird in ques- 
tion did not feed on any of the armored scales which he especially 
wished to have controlled b}' it, got one of the county horticultural 
commissioners of California to ship him a lot of these ladybirds, 
together with some of the fluted scale as food. The whole lot was 
liberated on his premises and resulted, naturally enough, in stocking 
some of his trees very thoroughly with the fluted scale. The infesta- 

tion coming to his attention, he 
sent, in June, 1894, specimens to 
the Division of Entomology and 
they were promptly determined as 
the dreaded California scale pest. 
Fortunately, the nurseryman in 
question realized the enormity of 
his offense and took, at Dr. How- 
ard's earnest suggestion, immedi- 
ate and active measures to exter- 
minate the fluted scale on his 
premises, ultimately taking out 
and burning the trees. 

dl  ** \      f \g^^P e^Gff It was hoped that extermination 
FIG. 28.—Fluted wale (/rm/a ¡mrrhasf). mule   had been effected, but four 3ears 

series: ii. mule insect with girater enlargements . /icnc\   JL       a   I.   J I 
ofbaseof «ingandfootatftandr.d.se.omi later   (18i>8)   fhe    fluted    Scale   Was 
stage of  lana; e, pupa; /, coc<x)n—enlarged again received from the same  dlS- 
about 7 diameter» (re-engraved from Riley). ,    .   j        T        • < -i -i i 

tnct. In view or its quite general 
spread, as reported, in the immediate region, it seemed improbable 
that it could be easily exterminated, and the introduction of the 
Australian ladybird was urgently advised. During the spring and 
summer of 1899 the ladybird in question was successfulh* colonized in 
Florida by Mr. Gossard, with the assistance of Mr. Craw. 

The fluted scale in Florida evidently does not multiply as rapidly as 
it does in California. Furthermore, as shown by Mr. Gossard, it is 
attacked by a fungous disease which appears suddenly in July and 
results in the death of from 25 to 70 per cent of the partly grown 
scales. We may hope that with the aid of this disease, and by means 
of the prompt introduction of its natural enemy, the fluted scale will 
never play the rôle in Florida which it otíginally did in California. 

The habits and transformations of the fluted scale (figs. 27 and 28) 
closely parallel those of the species of Lecanium already described. 
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The general appearance of the insect, however, i.s strikingly dissimilar, 
owing to the waxy excretions from the ventral plate of the adult 
female insect. These are ribbed, or fluted, from whence the insect 
takes its name, and become the receptacle of a vast number of eggs, a 
single female l)eing the possible parent of more than a thousand young. 
The waxj' material constituting the egg sac issues from countless pores 
on the under side of the body, especially along the iK)sterior and 
lateral edges. As this secretion accumulates the body is lifted, so 
that ultimately the insect appears to be standing almost on its head, 
or nearly at right angles to the bark. The eggs are laid in the waxy 
secretion as it is formed, the waxy fluted mass often becoming from 
two to two and one-half times as long as the insect itself. The young 
are of reddish «olor, very active, and spread by their own efforts 
and by the agency of the winds, 
birds, and other insects. The 
female insect is, for the most 
part, a reddish orange, more 
or less spotted with white or 
lemon. 

The early stages of the male 
are similar to the correspond- 
ing stages of the female. Be- 
fore appearing as an adult, the 
male insect secretes itself in 
some crack in the bark, or in 
the ground, and exudes a waxy 
covering, which forms a sort of 
cocoon, in which the transfor- 
mation are undergone, first into 
the pupa, and then into the adult 
insect. The winged male (fig. 
28) is rather large for a coccid, and has a reddish body with smoky 
wings. 

The rate of growth of the fluted scale is comparatively slow, and it 
does not normally have more than three generations annually. This 
insect is quite active, the female traveling and moving about very 
freely nearly up to the time when she finally settles for egg-laying. 
The male is active up to the time when it settles down to make its 
cocoon. 

The fluted scale exudes a great quantity of boneydew, and trees 
badly attacked by it are covered with the sooty fungus, characteristic 
of the black scale and the white fly. 

The remedy for this scale insect is always and emphatically to secure 
at once its natural and efficient enemy, the Nlovius cardinali*. Where 
this insect can not readily be secured, the scale may be kept in «heck by 

IK 

a. 
FIG. 29.—yorintCHrilintO't*. Anstralian Iii'Miinl oiu'- 

Tiiyof the flulr'l Kftle: 'r, Imlybirrl liirvif fwllny 
on adult female and eggmc; ''. pni»«; <•. adult l.uly- 
hinl: '/.orangí'twií,showingfwah'and faMlyUldf— 
natunil ATV (authnr's illustration). 
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frequent sprayings with the kerosene or resin washes. Fumigation is 
comparatively ineffective against it, because the eggs are not destroyed 
by this treatment. Spraying is. for the same reason, effective only 
when it is repeated sufficiently often to destroy the young as they 
hatch. 

Th.e Mealy Bug. 

The mealy hug (Dactylopiu» dtri Kisso) (tig. 30) of the orange and 
other citrus plants is especially destructive in Florida and the West 
Indies.     It is not of much importance in California. 

It occurs very commonly in greenhouses, 
and has heen carried to every quarter of the 
globe. The insect is mealy white in color, 
the female attaining a length of nearly a 
quarter of an inch when fully adult. The 
edge of the body is surrounded by a large 
number of short waxy filaments. This insect 
is active in all stages and the eggs are laid in 
and protected hy a cottony or waxy secretion, 
the female insect as this is developed heing 
gradually forced from the bark, as in the case 
of the fluted scale. The adult winged male is 
light olive brown. 

This species   is  somewhat  gregarious and 
occurs in masses in the angles of the branches 
and leaf petioles and ahout the stem of the 

The remedies are the emulsions and oily washes, repeated as 
often as necessary to reach the young as they hatch. 

IMPORTANT CITRUS PESTS OTHER THAN SCALE INSECTS. 

THE   WHITE   FLY. 

The white fly {Aleyrodes citri Riley and Howard) of Florida and the 
Gulf region (tigs. 31 and 32) is not a scale insect, but belongs to a 
closely allied family. In general appearance and habits, however, at 
least in its economic features, it exactly duplicates the true scale insects. 
For many years this very interesting insect has been known to infest 
the orange trees of Florida and Louisiana and also to be a common 
jM'st on the orange in greenhouses. It has been found also on a mmi- 
ber of plants other than orange, such as viburnum, cape jasmine, and 
the aquatic oak of the South. These other food plants are of signiti- 
cance only in indicating that it may be harbored in situations near 
orchards in which efforts have heen made to exterminate it. The first 
careful description of thi> insect and general account of its habita was 
given by Riley and Howard in 1893, and from their article the data 
following are largely derived. 

m 

Via. 30.—Mealy lili« i IHlrlijInpinf 
riln'r. Mass i'f insortsat fork of 
leaf, showing different stages 
and eoitony excrétion rover- 
ini: eKKs—onlanieil 1 diUDeten 
(original). 

fruit. 
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Fio.31.—White fíy (Aleymdt»atrC): (i.oraiiKrli-uf. show- 
ink' infestation on under surfin-.—natural size; l>. rw. 
c,siimc,with young insoctcmcntini;: ''. hirvnl inaeet; 
c, f(Kitof siinic; /, larval antenne; ;/. Male-like papa; 
k,pupaaboat todtacloaeadultlnaect; f, inaeeteacapinic 
from pu]>al shell: ^'.kx of newly emerged insert, i;ni 
yet itraightened and hardened—all figorei except n 
greatlyadaiKed(reengraTedfromBileyandHoward). 

The white fly is limited, economically, to the citrus plantings of 
Florida and the Gulf region. It is widely distributed in greenhouses, 
as already noted, and has undouhtedly been carried to California on 
many occasions, but has never gained a foothold out-of-doors. The dry 
hot season of southern Cali- 
fornia probably accounts for 
this, and may prevent its ever 
becoming troublesome in that 
region. Its origin is unknown. 
It first came into prominence 
about 1885, but probably had 
been present in greater or less 
numbers for a much longer 
period, and perhaps is native 
to Florida. 

While closely resembling a 
scale insect in its early stages, 
the white fly in the adult stage 
emerges, in l)oth sexes, as a 
minute white gnat, havingfour 

chalky wings of a fine gland- 
ular texture, from which fact 
it is frequently called the ■•mealy wing." This active adult condition 
ghres the white fly a distinct advantage over scale insects in mean- of 

spread. 
The damage occasioned by it is greatly increased by the secretion, in 

the   larval   and   pupal    staffs. 
of  a   honevdew similar to that 
secreted  by  the  true  seal«' in- 
sects.     This    is   in    enormous 
amount,   and   the   sooty   mold 
which develops in it frequently 
covers   the   entire    upper   sur- 
face of the leaves and produces 
very serious effects on the vital- 
ity of the plant: the fruit does 
not ripen properly, is deficient 
in quality and  size,  and   keeps 
poorly,   involving   in   addition 
the expense of washing before 
it can be marketed. 

The life round of the insect, briefly, is as follows: The winter is 
passed in the mature larval stage as a thin, elliptical, scale-like object 
on the under sides of the leaves.    Early in the spring the transforma- 

ra 

Fni. iJ.—While fly {MtfndaeUri): «. winded male 
insect, with enlarged view of terminal segments 
at h; r, dorsal viewof winged female, with en la rpe- 
BMaxto of oviporiUHr, bead, antenna, wing margin, 
and leg at if. r.f. ;i. h. i iredneed from Riley and 
Howard). 
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tion to the pupal stage occurs, this stage differing but slightly from 
the larval in appearance. The adults begin to appear by the middle 
of March and continue to emerge through April. The eggs deposited 
by this brood require about throe weeks for development, hatching 
into larvie from the middle of April to the 1st of May. The adults 
of the second brood begin to emerge by the middle of June and con- 
tinue to appear until the middle of July. Between the middle of July 
and the middle of September a third brood is developed, the larva? of 
which, hatching about the last of October, carry the insect through 
the winter. The number of eggs laid by a single female is in the 
neighborhood of twenty-five, and they are placed, by preference, upon 
new leaves, but all of the plant is taken when the multiplication of the 
insect makes it necessary. The young larra is active, resembling 
closely the larva of a true scale insect. The life of the adult ranges 
from ten to twenty days. 

The most satisfactory remedies for this insect, as demonstrated by 
Messrs. Swingle and Webber, are the kerosene and resin washes. The 
treatments may best be made during the winter, between December 
and March, and again, if necessary, in May, and also in August or 
earh' in September. Two or three applications ma}- ()e made in the 
winter. The application in August is made if the sooty mold is found 
to be spreading to the fruit. Since the insect lives on the under sides 
of the leaves almost exclusively, it is of prime importance that the 
under surface l)e thoroughly wetted with the spray, and it is necessary 
that the tree be opened up by pruning. Fumigation with hydrocyanic- 
acid gas is also a ready means of destroying this insect. It is undoubt- 
edly kept more or less in check by parasitic and predaceous enemies, 
and is subject to attack by several fungous diseases, which may be of 
occasional value in preventing its undue multiplication. 

THE BUST MITE OF THE ORANGE AND THE SII/VEK MITE OF 
THE LEMON. 

This mite {Phyfoptu* oUivorm Ashmead—fig. 83) is an enemy of 
l)oth the orange and lemon, affecting these fruits in a somewhat dif- 
ferent way. For many years this mite was known only in Florida, 
and its injuries were notable only in the case of the orange. It is 
probably native to the Florida peninsula, possibly having originally 
some food plant other than the orange. 

The lemon and orange groves of California were for a long time 
entirely free from the attacks of this mke, but abobt 1889 some car- 
loads of citrus trees were taken into California from Florida and 
planted, without careful inspection, in (he Kivera and San Diego Bay 
districts. This shipment of trees brought with it. unfortunately, two 
or three of the Florida scale insects, and also this rust mite, which has 
gained a foothold in the important lemon districts about San Diego, 
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and is now one of the worst pest« the lemon grower has to deal with. 
For a Dumber of years the effect of its attacks in California was 
ascribed to a fungous disease, and it was not until the writer visited the 
lemon districts about San Diego Bay in 1896, and identified the injury 
as due to the Florida rust mite, that its true nature was known. Our 
knowledge of its life history and habits and the remedies for it are 
chiefly due to the work of Mr. Ilubbard in Florida. 

This mite develops on both the leaves and fruit, although its presence 
on the former is often overlooked. On the foliage the presence of the 
mite causes the leaves to lose their gloss and become somewhat curled, 
as though by drought. The leaves are never killed, however, the 
attack resulting merely in the considerable checking of the vigor of 
the plant. 

The presence of this mite affects the fruit of the lemon slightly dif- 
ferently from that of the orange. 
The ripening fruit of the orange, 
after having been attacked by the 
mite, becomes more or less rusted 
or brownish, and the rind is hard- 
ened and toughened. While the 
orange loses its brilliant fresh 
color and gloss, the toughening 
and hardening of the rind enables 
the fruit to stand long shipment, 
and protects it very materially 
from decay. The quality of the 
juice is rather improved by the 
mite than otherwise, the mite- 
attacked oranges Ijeingmore juicy 
and sweeter flavored. As a re- 
sult of this, a demand grew up in the Northern markets for the rusty 
fruit, and good prices were obtained for it. 

In the case of the lemon, however, an injury to the rind is an impor- 
tant consideration, a perfect rind being a requisite of the fruit, on 
account of the numerous uses to which the rind is put and the valuable 
products obtained from it. The effect on the lemon is also somewhat 
different from that on the orange. The rind of both fruits, when 
attacked by this mite in the green stage, becomes somewhat pallid or 
"silvered," due to the extraction of the oils and the drying up and 
hardening of the outer layer of the skin. This whitening is much more 
marked with the lemon than with the orange, and. since the lemon is 
often picked while green, the Bobtiequent rusting is not nearly so nota- 
ble; hence, in California this mite is known chiefly as the silver mite. 
If the lemon is allowed to fully ripen on the tree, however, it also 
becomes bronzed or rusted, but rather lighter in shade than the orange. 
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A« in the case of the orange, the rind of the lemon i.s hardened and 
toughened, but the juicy contents are not affected materially; further- 
more, a silvered lemon will keep very much longer than a perfect 
lemon, and will bear long shipment without risk of much loss. Until 
very recently the rusted lemon in southern California found no market 
whatever, and was a total loss to the grower. The scantiness of the 
crop in 1900 resulted, however, in some shipments of rusty fruit being 
made under the name of "russet lemons," about half the normal price 
being obtained. Should the manufacture of citric acid assume very 
much importance in southern California, the mite-injured lemons could 
be used for this purpose. Nevertheless, considering the ease with 
which the mite may be controlled, there is no excuse for allowing it to 
maintain itself in injurious numbers in a lemon grove, since, irrespec- 
tive of the appearance and value of the fruit, its work on the foliage 
materially lessens the healthfulness and vigor of the plant. 

The rust mite avoids exposure to sunlight, and hence the lower half 
of the fruit is nearly always first invaded, and only gradually does the 
mite work its way around to the upper surface, very frequently a small 
portion exposed to the direct rays of the sun remaining unattacked. 
This gives the appearance, most prominently shown in the case of the 
orange, of a discolored band extending about the fruit. The multipli- 
cation of this mite goes on at all seasons of the year in the orange and 
lemon districts, being merely less prolific and active in winter than in 
summer. It has been supposed in Florida that dry weather is inimical 
to it, but the fact that it thrives in southern California would seem to 
throw doubt on this belief. 

The rust mite itself is very minute (fig. 33), practically invisible to the 
naked eye. It is honey-yellow in color, and about three times as long 
as broad. It is provided with four minute legs at its head extremity, 
by means of which it drags its wonnlike body slowly from one spot to 
another. The eggs are circular and are deposited singly or in little 
clusters on the surface of the leaf or fruit. They are about half the 
diameter of the mother and nearly transparent in color, having, how- 
ever, a slight yellowish tinge. They hatch in four or five days in hot 
weather, but in cold weather the egg stage may last for one or two 
weeks. The newly hatched mite is very similar to the adult. Alnnit 
a week after hatching, it undergoes a transformation, or molt, requir- 
ing a period of about forty-eight hours, after which it escapes from 
the old skin, which remains adhering to the leaf or fruit for some little 
time. This moult brings the mite to its adult stage, in which it is 
somewhat darker in color than the young and opaque. No sexual 
differences have been discovered, and the number of eggs deposited 
oy a single mite is not known. The entire development of the mite 
is short, probably not much exceeding, in warm weather, two weeks. 

The food of the mite seems to be the essential oil which is abundant 
172 



41 

in all the succulent parts of citrus plants, and which is obtained by the 
mites by piercing the oil cells with their beaks. 

These mites, while excessively minute, are capable of very active 
locomotion, moving from one part of the leaf to another, as the con- 
ditions of light and food necessitate. 

An estimate, made from actual count, indicates that the mites and 
egSs on a single leaf in midwinter may reach the enormous number 
of 75,000. This indicates for trees, in the active breeding season of 
summer, billions of mites. The mite is very readily distributed by 
means of insects and birds. 

The rust mite is readily destroyed by various insecticides. The 
eggs, however, are much more difficult to kill, and practically no wash 
can be relied upon to reach and destroy all the eggs of this mite. 
Experience in California indicates that gassing is also ineffective 
against the eggs. The sovereign remedy for the rust mite is sulphur. 
It may be applied as a powder on trees, and, moistened by rain or 
dew, will adhere to the leaves for quite a long period, not being 
readily washed off even by a hard rain. When spraying is done for 
scale insects, the flowers of sulphur can be mixed and applied with 
the spray, accomplishing both purposes at once. A better method, 
perhaps, is to first dissolve the sulphur with lye, as follows: 

Mix 20 pounds of flowers of sulphur into a paste with cold water, 
then add 10 pounds of pulverized caustic soda (98 per cent). The dis- 
solving lye will boil and liquefy the sulphur. Water must be added 
from time to time to prevent burning, until a concentrated solution of 
20 gallons is obtained. Two gallons of this is sufficient for 50 gallons 
of spray, giving a strength of 2 pounds of sulphur and 1 of lye to 50 
gallons of water. An even stronger application can be made without 
danger to the foliage. This mixture can also be used in combination 
with other insecticides. 

There are several species of mites which attack citrus plants, the 
most troublesome one of which, especially in Florida, is the one named 
above. Almost any insecticide will kill the adult mite, such as kero- 
sene emulsion, resin wash, or even a simple soap wash, but unless the 
eggs are killed the trees will be reinvaded about as thickly as ever in 
the course of a week or ten days. The advantage of the sulphur treat- 
ment arises from the fact that the sulphur adheres to the leaves and 
the young mites are killed as soon as they come in contact with it 

THE SIX-SPOTTED MTTE. 

This leaf mite or spider {Tetranychus sexmaculaim Riley—fig. 34), is 
closely allied to the common red spider of greenhouses.    It first made 
its appearance as an important orange pest in Florida in 1886.   Fo\- 
lowing the severe freeze of the winter of 1885-86, the weakened trees 
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seemed to be especially favorable for the multiplication of this mite; 
it increased suddenly in enormous numbers during the dry weather of 
the earhr summer and was responsible for Aery considerable damage 
to the foliage of the orange. 

The original food plant of this mite is unknown. It was first noted 
on wild orange, from which it spread to other citrus trees. It is prob- 
ably a native of Florida. 

Like its allies, this insect is greatlj" influenced by climatic conditions, 
and needs for its excessive multiplication diy hot weather. Therefore, 
in rainy seasons it is not especially troublesome, and it usually disap- 
pears as soon as rainy weather sets in.    In Florida its period of greatest 

destructiveness falls between February 
and the middle of May. This mite 
was carried to California a decade or 
more ago with Florida stock, doubtless 
at the same time that several other Flor- 
ida citrus insects were transported to 
the Pacific coast. In California, how- 
ever, the principal mite injury seems to 
be due to an allied species, also brought 
from Florida, T. mytilasjyidis." 

The attacks of the six-spotted mite 
are confined largely to the under sides 
of the leaves, which are covered with a 
fine web. beneath which the mite feeds. 
The first indication of its presence is 
usually a yellowing in streaks and spots 
of the upper surface of the leaves. The 
under surface becomes soiled by the 
accumulated excrements in the form of 
minute black spots and by the web of 
the mite. On badly attacked trees the 
foliage curls and shrivels and the trees 

may lose half or more of their leaves-, and similarly also a large per- 
centage of the half-formed fruit. Being an accompaniment of drought 
in Florida, part of the damage may undoubtedly be ascribed to the 
effect of the dry weather. 

The remedies are the same as for the rust of silver mite. The bisul- 
phide of lime is also an effective wash. It can be made very cheaply 
by boiling together in a small quantity of water equal parts of lime 
and sulphur. Five pounds of lime and 5 pounds of sulphur, dissolved 
by boiling, should be diluted to make 100 gallons of spray. Gassing 
is ineffective. 

FIG. 34.—Six-spotted mite of the orange 
{Tetraniichns Kxmacuiatus): a, dorsal 
view of adult mite—vastly enlarged; b, 
greater enlargement of foot: r,d, mouth 
parts (from "Insect Life"). 

«See Bui. 145, Cal. Agr. Expt. Sta., for detailed account of this specie». 
172 



43 

FARMERS' BULLETINS. 

The following is a list of the Farmers' Bulletins available for distribution, showing 
the number, title, and size in pages of each. Copies will be sent to any address on 
application to any Senator, Representative, or Delegate in Congress, or to the Secre- 
tary of Agriculture, Washington, D. C. The missing numbers have been discon- 
tinued, being superseded by later bulletins. 

103. Experiment Station Work—XI.   Pp. 32. 

34. 
30. 
36. 
37. 
38. 
39. 
40. 

16. Leguaiinous Plants.   Pp. 24. 
21. Barnyard Manure.   Pp. 32. 
22. The Feeding of Farm Animals.   Pp. 32. 
24. Hog Cholera and Swine Plague.   Pp. 16. 
25. Peanuts: Culture and Uses.   Pp. 24. 
27. Flax for Seed and Fiber.   Pp. 16. 
28. Weeds: And How to Kill Them.   Pp. 32. 
29. Souring and Other Changes in Milk.   Pp.23. 
30. Grape Diseases on the Paoitie Coast.   Pp. 15. 
31. Alfalfa, or Lucem.   Pp. 24. 
32. Silos and Silage.   Pp. 32. 

Peach Growing for-Market.   Pp. 24. 
Meats: Composition and Cooking.   Pp.29. 
Potato Culture.   Pp. 24. 
Cotton Seed and Its Products.   Pp. 16. 
Kafir Corn: Culture and Uses.   Pp. 12. 
Spraving for Fruit Diseases.   Pp. 12. 
Onion Culture.   Pp. 31. 
Farm Drainage.   Pp. 24. 

42. Facts About Milk.   Pp. 29. 
■13. Sewage Disposal on the Farm.   Pp. 20. 
4). Commercial Fertilizers.   Pp. 24. 
45  Insects Injurious to Stored Grain.   Pp. 24. 
46. Irrigation in Humid Climates.   Pp. 27. 
47. Insects Affecting the Cotton Plant.   Pp. 32. 
48. The Manuring of Cotton.   Pp. 16. 
49. Sheep Feeding.   Pp. 24. 
80. Sorghum as a Forage Crop.   Pp. 20. 
51. Standard Varieties of Chickens.   Pp. 4S. 
52. The Sugar Beet.   Pp. 48. 
53. How to Grow Mushrooms.   Pp. 20. 
51. Some Common Birds.   Pp. 40. 
55. The Dairy Herd.   Pp. 24. 
56. Experiment Station Work—I. Pp. 31. 
•'7. Butter Making on the Farm. Pp. 16. 
68. The Sov Bean as a Forage Crop.   Pp. 24. 
59. Bee Keeping.   Pp. 32. 
60. Methods of Curing Tobacco.   Pp. 16. 
61. Asparagus Culture.   Pp. 40. 
62. Marketing Farm Produce.   Pp. 28. 
i>3. Care of Milk on the Farm.   Pp. 40. 
64. Ducks and Geese.   Pp. 48. 
65. Experiment Station Work—II.   Pp. 32. 
66. Meadows and Pastures.   Pp. 28. 
68. The Black Rot of the Cabbage.   Pp. 22. 
69. Experiment Station Work—III.   Pp. 32. 
i0. Insect Enemies of the Grape.   Pp. 23. 
"1. Essentials in Beef Production.   Pp. 24, 
'2. Cattle Ranges of the Southwest.   Pp. 32. 
'S. Experiment Station Work—IV.   Pp. 32. 
'4. Milk as Food.   Pp. 39. 
'5. The Grain Smuts.   Pp. 20. 
¿6. Tomato Growing.   Pp. 30. 
77. The Liming of Soils.   Pp. 19. 
78. Experiment Station Work—V. 
«9. Experiment Station Work—VI. 
80. The Peach Twig-borer.   Pp. 16. 
81. Corn Culture in the South.   Ppr24. 
82. The Culture of Tobacco.   Pp. 24. 
83. Tobacco Soils.   Pp. 23. 
84. Experimentstation Work—VII. 
85. Fish as Food.   Pp. 30. 
86. Thirty Poisonous Plants.   Pp. 32. 

Experiment Station Work—VIII 
Alkali Lands.    Pp. 23. 
Cowpeas.    Pp. 16. 
Potato Diseases and Treatment. 
Experiment Station Work—IX. 
Sugar as Food.     Pp. 27. 
The Vegetable Garden.   Pp. 24. 
Good Roads for Farmers.   Pp. 47. 

». Raising Sheep for Mutton.   Pp. 48. 
«• Experiment Station Work—X.   Pp. 32. 
£,■ Suggestions to Southern Farmers.   Pp. 48 

-S- Insect Enemies of Shade Trees.   Pp. 30. 
100. Hog Raising in the South.   Pp. 40. 
}0I. Millets.   Pp. 28. 
102. Southera Forage Plants.   Pp. 48. 

Pp.32. 
Pp.28. 

Pp. 32. 

87, 
88. 
89. 
91. 
92. 
93. 
94. 
95. 

Pp.32. 

Pp.12. 
Pp.30. 

104. Notes on Frost.   Pp. 24. 
105. Experiment Station Work—XII.   Pp. 32. 
106. Breeds of Dairy Cattle.   Pp. 48. 
107. Experiment Station Work—XIII.   Pp. 32. 
108. Saltbushes.   Pp. 20. 
109. Farmers' Reading Courses.   Pp. 20. 
110. Rice Culture in the United States.   Pp. 28. 
111. Farmers' Interest in Good Seed.   Pp. 24. 
112. Bread and Bread Making.   Pp. 39. 
113. The Apple and How to Grow It.   Pp. 32. 
114. Expenment Station Work—XIV.   Pp. 28. 
115. Hop Culture in California.   Pp. 27. 
116. Irrigation in Fruit Growing.   Pp. 48. 
117. Sheep, Hogs, and Horses in the Northwest. 
118. Grape Growing in the South.   Pp. 32. 
119. Experiment Station Work-XV.   Pp. 31. 
120. Insects Affecting Tobacco.   Pp. 32. 
121. Beans, Peas, and other Legumes as Food. 
122. Experiment Station Work—XVI.   Pp. 32. 
123. Red Clover Seed.   Pp. 11. 
124. Experiment Station Work—XVII.   Pp. 32. 
125. Protection of Food Products from Injurious 

Temperatures.   Pp. 26. 
126. Suggestions for Farm Buildings.   Pp. 48. 
127. Important Insecticides.   Pp. 42. 
128. Eggs and Their Uses as Food.   Pp. 32. 
129. Sweet Potatoes.   Pp. 40. 
130. The Mexican Cotton-Boll Weevil.   Pp. 30. 
131. Household Tests for Detection of Oleomarga- 

rine and Renovated Butter.   Pp. 11. 
132. Insect Enemies of Growing Wheat.   Pp. 40. 
133. Experiment Station Work—XVIII.   Pp. 32. 
134. Tree Planting in  Rural  School Grounds. 

Pp.38. 
135. Sorghum Sirup Manufacture.   Pp. 40. 
136. Earth Roads.   Pp.24. 
137. The Angora Goat.   Pp. 48. 
138. Irrigation in Field and Garden.   Pp. 40. 
139. Emmer for the Semiarid Regions.   Pp. 16. 
140. Pineapple Growing.   Pp. 48. 
141. Poultry Raising on the Farm.   Pp. 16. 
142. The Nutritive and Economic Value of Food, 

Pp.48. 
143. The Conformation of Beef and Dairy Cattle. 

Pp.44. 
144. Experiment Station Work—XIX.     Pp. 32. 
145. Carbon Bisulphid as an Insecticide.   Pp. 28. 
146. Insecticides and Fungicides.   Pp. 16. 
147. Winter Forage Crops for the South.   Pp. 36. 
148. Celery Culture.   Pp. 32. 
149. Experiment Station Work—XX.   Pp. 32. 
150. Clearing New Laud.  Pp. 24. 
151. Dairving in the South.   Pp. 48. 
152. Scabies in Cattle.   Pp. 24. 
153. Orchard Enemies in the Pacific Northwest. 

PP-39- 154. The Fruit Garden:  Preparation and Care. 
Pp. 20. 

155. How Insects Affect  Health in Rural Dis- 
tricts.   Pp. 20. 

156. The Home Vineyard.   Pp. 24. 
157. The Propagation of Plants.   Pp. 24. 
158. How  to   Build  Small   Irrigation   Ditches. 

Pp.28. 
Scab in 159. Scab in Sheep.   (In press.) 

160. Game Laws for 1902.   Pp. 56. 
161. Suggestions for Fruit Growers.   Pp. 28. 
162. Experimentstation Work—XXI. 
163. Methods of Controlling the Boll-Weevil. 
1W. Rape as a Forage Crop. 
165. Culture of the Silkworm. 
166. Cheese Making on the Farm. 
167. Cassuvu. 
168. Pearl Millet 
169. Experiment Station Work—XXII. 
170. Principles of Horse Feeding. 
171. The Control of the Codling Moth. 

172 O 


