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UNITED STATES DEPARTMENT OF AGRI(IArU'RE,

BUREAU OF ENTOMOaOY,
W Ish ingtion ,). '., St pte mber 11, 1912.

Sin: I have the honor to transmit herewith, for publication as
Bulletin No. 90 of this 1)ureau . thlIree padres comp1risinlg a report on
an investigation of hydrocvanic-acid gas funigation of citrus orchards

in southern California. The preliminary report, on the subject was
published as Bulletin No. 7 of this bureau under the title " Fulli-
gation Investigations in California." The present final report is
<dividled into three parts, which were published sel)arately on May 10
and 1:3, 1911: I, entitled " Fumigation of Citrus Trees," by R. S.
Wogluin, a special field agent. of this bureau, containing th le main
rel)ort on the field investigations and (discussing the various details
of fumigation procedure; II, a paper by Mr. WOglumu, The' Value of
Sodium Cyanid for Fumigation Purposes" ; and, II I, one by Mr. C. C.
McDonnell, Chief of the Insecticide and Fungicide L laboratory,
Bureau of Chemistry, "Cheinstry of Fumigation wit « I Iv drocvanic-
acid ras..

Reswettfulll, L. (). I l0vAnI),
Ento)ologiOt and ('hif yofBureau.

ion. 1AMES WII.sox,
Secretar of Agriculture.
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PRE1 -k\C 1.

All investigation into the imethod ( of furhniting cit ruis trees withii

11vdrocvanic-acid gas wit, collllllellc'l(l by the BurI'eau of Entoiolo gv,
tilted States )epartilllet of Agricilture. firingg tle suimier of

1907, and for a period of three years has been carried oil in California

by the writer under the directiol Of Mr. ('. L. lalaht t. assistant chief
Of the ueatl. This work was undertaken in response to urgent

requests froln t he lort ltilit ti rul c011llfl0s10115 Of t he )rillcipal .1ctr mis-
fruit-)Iro(duinlig c ut(11111ies of southern( California and of many active
fruit growers. Prominent iII this ilovelilellt was Mr. J. W. Jeflrey,

former secretary Of tielLos Angeles (Ointv horticilt ii l l01111111s1011,

a11(I 1oW Statte cO11111ssionie of h1orticltit ire-a m1 e11ntre11 fai1111iar

with the llisett led conl(ditionl of fllitigat iOln )ract ice at that t lle aoul

with the need of placing it on a imore scientific ha is. At the comn-

11111 l l111('llt W tlie writer spent 1u11 I liree to foli 1110t1 111 it I llorolli

fiel(1 investigations to acquinnt hiiiself with the condit ions of citrus

culture throughout southern (dliforila, the distribution of the dif-
ferellt c'ils 1 pests Il1(l the (I iiage illsed l)v thei1, t1e eXistilllr

meth1o(s for their control, and the methlIods f funigat iol practi(e(d

ill the variolis citrus (iStricts.

During the early p )aurt of Novveml ber, I 19 7, active exp)erimen tal

fiel( I work was coinuineniced at ( )rauze .( al., llsi aulldi i t beloingl(rll

to tills )11Trell, tolsist illo of follr tents 111d the ot her paraphernalia
11000-ziry 1'4r 1)nact Will funlllyatloll. Fleld w\orkl (of this character

has been1 c011ti11e(I throlgIlOtll, it I)eilly tI1e Writers (lfOIt t4 (()011(111(t

the ilvestigatioi 4)11 as nearly at collilliercil basis as )ssible so that

ti1e c011(itiolls d11 result, W)oll(l be tlose iiorinhl to tle ornlinlry
car0 Of Cit ls o()ves. 1 )11r11 111 work 1 there have ai 11(1 llh1y

problems of a lal)oratorV lit uire, t1h solut toll of wNii'1l would have
been most interesting, but these problems for the most part have
been set aside except inl those cases I where they had a direct ecoillhic
bearing oil practical work ill the field.

The results of this illvestigzatiol have very little of the nature of
originlall discoveries, although there has been acquired a vast amount

of exact information never before thorouLghly understood. The
advance is largely the result of correcting. correlating, svst enlatmizmg,
an1d placing upon a more scientific as well as a more practical basis
methods which had been practiced in California or elsewhere for
1111lV V('arls.

V



HYDROCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

All information, as acquired, of direct bearing on the fumigation
practice has been given freely to the public as soon as its economic
value was established-, largely by means of addresses, demonstrations,
and printed reports.

In the present bulletin an attempt has been made to present a
succinct account of the completed results of this fumigation investi-
gation as well as a brief treatment of the salient features of fumi-
gation as practiced in California at the present time. It is of the
nature of a handbook on the most up-to-date equipment, methods,
and directions in orchard fumiigation. Full advantage has been
taken of the results of other investigators in fumigation; yet in such
cases due credit is given to the proper source. The information
given in Bulletin 79 of this bureau, which is a preliminary report on
this investigation, has been largely included in the present bulletin
in summarized form.

The writer desires to acknowledge his indebtedness to the many
people who have assisted him during this investigation and facilitated
the progress which has been made. To Mr. C. L. Marlatt, Assistant
Chief of the Bureau of Entomology, he is especially indebted for
valuable assistance and advice. Acknowledgment is also due to
Mr. Frederick Maskew, who most capably assisted him in the per-
formance of many of his experiments during the period from Decem-
ber, 1907, to August, 1909. Valuable assistance was rendered by
Mr. E. R. Sasscer during the months of August, September, and
October, 1909. Mr. W. W. Yothers was engaged in the work during
November, 1909. To the Hon. J. W. Jeffrey, State commissioner of
horticulture of California, credit is due not only for his activity in
paving the way for this invest igation, but also for the able support
given by hinm since field work was commenced. To Mr. William Wood,
of Whittier, Cal., the writer acknowledges his indebtedness for
assistance in introducing the improved system of fumigation in the
region adjacent to Whittier, as well as for practical advice with regard
to citrus insects and their control, a subject about which Mr. Wood
is especially well informed. This occasion is also taken to thank the
various horticultural officers of southern California, packing-house
managers, and the many citrus growers who have assisted and sup-
ported this investigation.

The cooperation of the Bureau of Chemistry of the United States

Department of Agriculture has been an important adjunct of this

investigation, and to Mr. J. K. Haywood, Chief of the Miscellaneous
divisionn of that. bureau, and his assistants the writer is indebted for

the carrying oit of all the chemical analyses and laboratory tests of
materials anid products necessary io the working out of the field

R. S. W.
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U. S. D. .L.. . E. But. 90. Part I.

HYI)110('YANIC-ACI) (AS IVMIT ATION IN CALIFORNIA.

FUMIGATION OF CITRUS TREES.

By\ It. s. ~ \U'.I.

Special Field Agenf. Bureau of Entomology.

HISTORICAL.'

To Mr. I). V. Coquillett, of t he Bureau of Entomology, United

States Department of Agriculture, I)elonlgs the credit of first deter-
miniing the great value of l-ro vaic-acid gas for destroying insect
pests on plants. 1)uring the fall of I S6. while a special agent of

what was then the 1)ivisioni of E ntOlology. ex)erim1enting uponl the

cottony-cushion scale (I'rrya purch ai Mask.) inl orange orchards in

California, he discovered this gas to be a most efllcient insecticide for
scale-insect pests of citrus trees, and his continued experimental
work placed its use on such a >ractical )asis that by 1 S90 it had comn-

menced to be eml)lo)yed quite extensively in a coniInercial way.

The use of this gas was restricted to California until the winter of

1892-3, during which time Prof. II. A. Morgan gave it a trial on
orange trees in southeiri Louisiana. The following year, 1893, found
it on trial against the San Jose scale in Virini a 1 against citrus
insect pests in Florida, in Montserrat, British West Indies, and ill
Cape Colony, South Africa. Its subse< uent developinient and use

has l)een rapid as well as extensive, so that to-day fumigation of citrus

tI'ees is carried on ini ('ali foriia, Florida, A ust ralia, Japan , and the

colonies of South Africa. At the time of this writing the practice is
being introduced into Spain and Porto RiCO.

The great success attending the hVdrocvanic-acid-gas treatment

against the scale pests of citrus trees soon brought about its intro-
duction into a broader field of activity. This gas was given its first
trial on deciduous trees by Mr. D. W. C(oquillett in 1894 at Char-

1 The Canadian Entomologist for 1S77, volume 9, pages 139-140, contains mention of an experiment by
James T. Bell in which an insect cabinet was freed from insect pests by dropping sulphuric acid on
potassium cyanide. This is the first record, so far found, of the rapid development of the gas by combin-
ing sulphuric acid with lump cyanid with the object of killing insects. The use of cyanid, however, as a
means of killing insects in collectors' bottles is very old. The gas liberated from moistened lump cyanid is
the same as that generated by the action of sulphuric acid or hydrochloric acid, on the authority of Dr.
J. K. Haywood, of the Bureau of Chemistry of this department. The action of the acid merely hastens
the generation of the gas. It does not seem desirable or appropriate, therefore, in a discussion of the
broad-scale economic use of this gas for the destruction of insects in orchards or in buildings, to consider
these much earlier and minor uses of the gas by collectors for killing insects, or similar limited uses.
C. L. M.

1
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HYDROCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

lottesville, Va. The same year it was first used in the treatment of
nursery stock, and its development along this line has been so great
and important that to-day in many States the fumigation of decidu-
ous stock before it is planted is required by law. The use of hydro-
cyanic-acid gas against insects affecting greenhouse plants has been
successfully carried on for a number of years. Among the other
important uses to which this gas has been successfully put are the
treatment of mills, various other buildings, and stored products
infested with insects. The ease with which this gas may be generated
as well as its destructive power, greater than that of any other known
insecticide, leads the writer to believe that as soon as the various
uses to which this gas may be put have been thoroughly investigated
and placed on a stable basis the future development of hydrocyanic-
acid-gas fumigation will be quite as important and extensive as has
been its past development.

RECENT RENEWAL OF INTEREST IN FUMIGATION IN
CALIFORNIA.

The hydrocyanic-acid-gas treatment of citrus trees continued to
become more widely used and to hold general favor with the fruit
growers of southern California until about 1901, when the distillate
spray was introduced. The treatment of trees with distillate was
much cheaper than with hydrocyanic-acid gas. This fact, together
with the fact that the distillate treatment was indorsed by many of
the more prominent horticultural authorities and fruit growers led to
its widespread use during the next few years. Simultaneously the
introduction from South Africa of Scutell ista cyanea Motschulsky, the.

parasite of the black scale (Saissetia oleo Bern.), and its subsequent
splendid showing led many people to abandon treating their orchards
in the hope that this beneficial insect would hold the black scale in
check.

By 1903-1905 it had become very evident that the distillate spray

had not only failed to keep the scales lnder control, but that its con-
tinued use in many cases produced an injurious effect upon the tree

itself. The Scutellista also had failed to control the black scale,
although even a conservative must admit that its work has been of

a most praisewortyi type. Spraying ra)i(Ily sank into disuse during
1905 and 1906, until at the present time it has almost entirely given
way to fiuigation. The experience of the prominent fruit growers

with the distillate spray has thoroughly satisfied them of the great
superiority of the hydrocvaniic-acid-gas treatment to that with a

spray foIr scale insects n 0 it cdruis trees.

Iin the winter of 1903-4, 1)1. (1. 1Iarold( Powell, then of the Bureau of
Plant Industry, unitedd States Departmlielt oIf A gricilture, com-

menced an investigation of the decay of oranges while in transit

2



FUMIGATION OF CITRUS TREES.

from California. Ilis efforts resulted in determining that the decav
was almost entirely the outcome of mechanical injury to the skin of

the fruit during its picking and handling in the packing house.
Oranges are washed primarily to remove the sooty-mold fungus that

grows in the so-called honeydew excreted by the black scale. Dr.

Powell demonstrated that the decay in washed fruit is much greater

thanl in unwashed fruit. This led the fruit growers to understand

that the necessity of washing fruit should be avoided by controlling

the scale in the orchard.

As a direct result of Dr. Powells investigations. and knowing from

past experience that the distillate "pny anl the Scutell ista parasite

Were inadequate to control tlie scale. fruit growers took a renewed

interest in fumigat ion. This led to a demand for an invest igat ion

of t his process . to b)e (ond(cte(l 1) the 1 Iited St at es Depart ment of Agri-
culture, anId the following year, 1907' the writer was detailed to this
field. The fumigat ion practice was then in a very chaotic condit ion
as the outgrowt h of years of use without any special effort to have
the process standardized. Indeed, it was a favorite pose of many

1)rofessional fumigators to Vei their operations il mSt(rV 111 order

to seclr e tie reputation of being authorities in a practice which they

made to appear complicated and(1 difficult of unlderstanldiing. ('onse-

(uently the growers, for tile m)ost part, althouglh arranging to) have

their orchiardls fum iigated, took no interest in a procedure which they
little understood.

In the face of this situation the first reports of this investigation
eiveni out in 1908 attracted thle iIInlediate attelt ion of the fruit
growers. After gaming a general understanding of the process of

orchard fumigat ion the growers in many localities have become much
interested and subsequently have adopted or have caused to be
adopted the more important recolmlmendations of this investigation.

This adol>tion of better methods has led to more satisfactorv work

generally. The grower has immediately seen the advantage of better
methods, with the result that where formerly many were with difli-
culty induced to have their trees fumigated, to-day the successful

orchardist needs no inducement whatever, but, on the contrary. re-
quires that his trees be treated whenever their condition appears to

demand it. This public interest in fumigation has made it one of

the very live topics in the horticultural field in southern California
to-dlay.

EXTENT TO WHICH FUMIGATION IS PRACTICED IN CALIFORNIA.

Commercial fumigation of citrus trees is confined to six counties
of southern California, viz, Ventura, Los Angeles, Orange, Riverside,
San Bernardino, and San Diego. In these counties about 85 different

1 Bul. 123, Bur. Plant Ind., U. S. Dept. Agr., 190s.

3



HYDROCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

parties, including contractors, associations, county horticultural
commissions, and private individuals, owned approximately 5,150
tents on June 1, 1910, the date on which the securing of these data
was completed.

In order to ascertain the extent to which fumigation is now prac-
ticed, as well as the tax which this procedure annually places on
citrus fruit growers, a careful canvass of the different parties operating
tents has been made. This canvass has resulted in showing that
approximately 36,000 acres were treated during the year from July,
1909, to July, 1910. Many fumigators gave the number of trees
which they treated; others the acreage alone. The average orchard
will approximate 90 trees to the acre, and in those cases in which
estimates were returned in acreage alone, this number has been
considered to comprise an acre. Wherever not known, the cost of
fumigating a tree has been placed at 30 cents, which price ap-

proximates very closely the cost of fumigating the average-sized
citrus tree in California. Calculated on this basis, the cost of fumiga-
tion of the citrus orchards of southern California during the season
1909-1910 approximated $1,000,000.

THE VARIOUS SYSTEMS OF FUMIGATION.

Each of the citrus-fruit-producing counties of southern California
has a board of horticultural commissioners consisting of three mem-
bers whose duties are to supervise the destruction of insect pests,
plant diseases, and noxious weeds within their respective counties.
In the three greatest citrus-fruit-producing counties-Los Angeles,
Riverside, and San Bernardino-numerous inspectors are also
employed to assist in carrying on this important work. As a matter
of convenience the counties are usually divided into three districts,
each of which is supervised by one of the commissioners. If inspectors
are employed, usually each is allotted a limited portion of one of
these districts, and is held responsible for the proper control of pests
therein. He advises when the trees shall be fumigated, and, after
arranging for the execution of the work, is supposed to see that it is
properly carried out. There are several different systems under
which the work may be done.

BY CONTRACT.

The larger part of fumigation is carried out under the contract
system. In(divi(luals or firms that possess complete equipment for
commercial fumigation andI practice fumigation as a business, enter
into an agreement with the grower, who desires to have his orchard
treated, to do the work for a certain sum. lhe rate is seldom uni-
form but varies with such factors as the character of the ground, the
acreage, and the size and arrangement of trees. Usually the cyanid

4



FUMIGATION OF CITRUS TREES. 5

and acid are furnished by the contractor at a certain price per pound,
although sometimes the grower himself supplies them. In the latter
case the sole consideration is the cost of covering per tree.

BY ASSOCIATIONS.

A citrus association is composed of a large number of growers from
the same district organized for the purpose of cooperation in the
handling of their fruit. Some of these associations own fumigating
outfits which are utilized in the treatment of orchards belonging to
its members. The manager of the association looks after the pur-
chasing of chemicals and sullpplies, and also selects competent men to

run the outfits. The inspector of the district usually directs the
movements of the outfit from one orchard to another. Under this
system the chemicals and labor are supplied at actual cost, plus a
slight allowance for the purchase as well as wear and tear of equip-
ment. In short, this system is supposed to be merely self-supporting.

BY COUNTIES.

Each of the county boards of horticulture owns a greater or

smaller number of fumigation tents. In San Bernardino County this
system has reached its great est development, for here the horticul-
tural commission owns fully 5() tents anld cnrries on more work

annually than all other systems combined. This fumigation is under
the personal direct ion of a count v hort icult ural officer. The cost to
the grower of treat ment b): these out fits i' uisuallk what it act u:allV
costs the county to perform the work. An important consilderation

in favor of the system of county owned tents is that it readily enables

the treat menit of trees on city lots and(I inl small orchards in out-of-tlhe-

way places which otherwise woild in all probability be neglected.

BY PRIVATE INDIVIDUALS.

Many cirus fruit growers who control a considerable acreage have
fumigation outfits for their own work. In a few cases two or three
growers in a locality combine in owning an outfit. The private
ownership of tents is rapidly gainIng in favor and well merits this
increased popularity, as it possesses decided advantages.

Excepting private ownership, it would be scarcely possible to say
which of these systems is superior. Each has its advantages. While
one system may prove superior in one locality it might prove less
successful in another. The reason for success or failure lies not in
the system itself but largely in the personal element directing and
conducting the procedure. A reckless, uneconomical, or unreliable
director of any one system will achieve inferior results and give less
satisfaction than a careful, economical, and perfectly reliable one
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under any of the others. This is mainly lue to the fact that directors
of the former class are likely to employ field men of inferior qualifi-
cations. Efficient fumigation at the present time means, for the
most part, that the men in the field performing the operations are
careful, conscientious, and reliable. Otherwise the work is likely to
be performed in a slipshod, hasty manner, along lines of least resist-
ance. Work of this character, combined with the element of guess-
work in deciding the dosages and proportions of chemicals to be
used, has been responsible for most of the unsuccessful results. If

perfectly reliable men are employed to carry on the actual work in
the field, using the most approved methods, success will be as marked
with one system as with another.

The recent horticultural ordinances of Los Angeles, San Bernardino,
and Riverside Counties requiring fumigators to be licensed are a step
in the direction of more efficient results. Such ordinances offer a
means of debarring outfits which perform unsatisfactory work.

EXTENT AND CHARACTER OF CITRUS ORCHARDS.

The production of citrus fruits in southern California is confined to
the narrow stretch of land south and west of the Sierra Madre Range,
extending from Santa Barbara on the north to the Mexican border.
Although citrus plantings are located here and there throughout this
territory, in reality only a small proportion of the land capable of
cultivation is devoted to this industry. The most prominent centers
of .production (see fig. 1) are in the foothills region and lower land of
the San Gabriel Valley; the corresponding regions of the San Ber-
nardino Valley, including the Redlands-Ilighland, Riverside, and
Corona districts, and the coast region of Orange and Los Angeles
Counties. Regions of smaller production are found in southern
Santa Barbara and Ventura Counties, in the San Fernando Valley,
and in western San Diego County.

The groves vary in size, the majority probably averaging between
5 and 15 acres. Some fruit growers have from 50 to 100 acres or
more, while a few fruit companies control from several hundred up
to about 3,000 acres. The trees for the most part are budded varie-
ties which average less than 20 feet in height. In some districts a
few groves of seedling trees 30 to 35 feet in height still exist. The
trees in most of the groves, especially those of more recent planting,
are regularly arranged, averaging from about 22 to 24 feet apart.
Some of the obler groves are less uniform, either because they were
not arranged after the "block" system, or, if so, additional alternate
rows of trees were initerset, which broke up the continuous open space

between two rows of regularly set trees, thus rendering it confusing
as well as difficult to work freely therein.

.6
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The land on which the orchards occur is for the most part flat or
only gently sloping, and in a state of frequent tillage-conditions
which obtain because of the necessity of irrigating during much of
the year. At Redlands, in San Bernardino County, a considerable
acreage of orales is found on terraced land. Fumigation of such
trees is slow and difficult, but, fortunately, they comprise a very small
percentage of the groves in that county requiring treatment.

INSECT ENEMIES OF CITRUS FRUITS.'

The large er nulmlber of pests most injurious to citrus fruits in south-

ern California belongs to) the Coccida, a group of insects popularly
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FIG. 1.-Map showing principal localities in southern California where citrus fruits are produced.

(Author's illustration.)

known as scale insects. Among the scale insects which are generally
so destructive as to require extended efforts for their (onltrOl are the
purl)le scale (Lepidosaphes beckii Newm.', the rel scale (Chrysom-
phalus aurantil Mask.), and the black scale (Saissetia olex Bern.).
The yellow scale (Chrysomphalus citrin us Coq.), considered a variety
of the red scale, is much less destructive generally, though sufficiently
troublesome in some localities to be considered a pest of primary
importance. The citrus mealy bug (Pseudococcus citri Risso) has
recently been-very injurious in certain sections. Other insect pests
attack citrus trees to a greater or less extent, but those just mentioned
are generally the most injurious, and the principal method of their
control is fumigation with hy-drocvanic-acid gas.

1 See Bul. 79, Bur. Ent., U. S. Dept. Agr., 1908, p. 10.

67330 0-Bull. 90-12-2
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THE PURPLE SCALE.

(Lepidosaphes beckii Newm.)

The purple scale appears to prefer the more moist regions in the
vicinity of the ocean, as its distribution is confined largely to this
part of the citrus belt. This insect confines its attacks to citrus trees,
infesting not only the leaves and branches but also the fruit. Much
injury results. The young purple scale insects hatch from eggs
deposited by the adult. The number of broods of this insect in
southern California has never been exactly determined. Prof. H. J.
Quayle, -of the University of California, is at present investigating the
life history of this, as well as the other injurious citrus scale pests. In a
climate like that of southern California, which is never severe at any
time of the year, there is much overlapping of broods, so that scales in
all'stages of development can be found at almost any time of the year.
The writer's own observations in the field have shown that there are
two very noticeable general broods, one appearing in the early spring
during March or April, the other in the fall, usually about October.
These broods are much earlier some years than others, depending on
the nature of the weather. The fall brood of the scale is the most
injurious, as shown by the fact that trees which at a distance may
appear entirely healthy one month may have the leaves of a large
area, or even an entire side, turn yellow and drop off the next month.
The orchardists speak of this as "firing." It is due to the attacks of
the enormous number of young insects which, on hatching, have
spread about and settled down on those branches immediately
adjoining the ones previously infested. Trees infested with the

purple scale seldom present a diseased appearance on all sides. The
habit of this insect is to frequent the inner and shadier portions of
the tree, so that sometimes severely infested trees may present no
visible appearance of this condition on the outside. In the majority
of cases where the infestation appears on the outside of the tree it
will be found that it is at or near the northwest corner, which is the
shadiest part during the day. The attacks are also confined largely to
the lower part rather than the top of the tree. In long and seriously
infested trees the insects may spread throughout.

TIE BLACK SCALE.

(Saissetia olex Bern.)

The black scale is found more or less throughout southern Cali-
fornia, yet matures more freely and causes more injury in the region
adjacent to the ocean than in the hot interior valleys. It occurs on
a wide range of hosts, including trees, shrubs, and herbaceous plants.
The coin niercia l i iportance of the black scale arises largely from

8
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its habit of secreting honeydew, which spreads over the leaves, fruit,
and branches, furnishing a growing medium for a black or sooty
mold fungus, resulting in a black coating throughout the tree. This
coating is removed from the fruit by washing. or in light attacks by
brushing. In the investigations by Dr. G. I farold Powell i of the
auses of decav of oranges while in transit from California, it was

shown that the decay was greater in washed than in unwashed fruit.
To avoid the washing of fruit it is necessary to destrov the scale
inl the orchards. The black scale appears generally to have lit tle
effect on the vitality" of the tree. Its attacks are con filled Imiainily

to the branches, yet it is commonly found on the leaves luring its
earlier stages of development, and sometimes it mat ures in this situa-

tion. 'Selloin d(s it mature on the fruit. The Youni oi&,f tlie black scale

insects hatch frn)It eggs deposited by the adult. lhev can be readily
destroyed )V filllio ill In the earl stages of develO)Illellt. Ap-

proacillln1g maturity they become tough andl leathery, a( Ill this

condition they are capable of resist ig very heavy h sages of gas.
The breeding of the black scale in southern California has never been
closely illVest liatel, so th 1e Oxact 11u111bler 4 broads is not klown.
When this has been done nilloubt edly it will be found to be very

variable with different hosts, or even onl the same host. The scales

oil "Sucker" shoots will mature much more rapidly than those oin

other >arts of the tree. There is one noticeable generall brood which
is usuall- la rgely hatched by the first part of Sep member. Inl the
wafiner and (lrier parts of the cills belt, remote froll tile coast, tIle

hatching of this broad is (lute distinct. so that inl most instances all
the insects Imla be folin I 111 the (artv st ag es of (leveloh11e1nt1 at the

Saiile i1111. I11 th l 111111e(1at1 vicinity of t le coast, all especially

o)11 Tecellit V bu1(de(d t rees, one frequent v fnlIs t 1e scale ill all st ;igeS

of deve pllent oi le Sa 1110 1re. I11 t e.,e latter instances fuiini-
gation will prove less satisfactory than in the former.

TH. I: IEl SCA.E.

( 'hrysom phalus auran ii iAlauk.)

The red scale, although its injuries are more severe in some local-
ities than in others, has the limits of its distribution very much the

sa inie as has the black scale. It, can be found within a few miles of
the ocean or as far inland as Redlands. This insect occurs on many

host plants besides citrus trees. It attacks the fruit, leaves, and

branches. In point of destructiveness it excels all other citrus scale
insects in this State, destroyin(r not only branches, but sometimes
entire trees by its attacks. The young are born alive. It has at
least three broods and is very >rolific.

1 Bul. 123, Bur. Plant Ind., U. S. Dept. Agr., 1908.

FEAllGATION OF CITHL'> CHEER



10 HYDROCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

THE YELLOW SCALE.

(Chrysomphalus citrinus Coq.)

Infestations of the yellow scale appear to be most marked in the
foothills region of the San Gabriel Valley and along the Sierra Madre
Range through-Upland and Cucamonga. It causes considerable dam-
age at Redlands, San Bernardino County, yet elsewhere is not
regarded as a very serious pest. This insect infests the leaves and
fruit, seldom occurring on the branches. The young are born alive,
as in the case of the red scale, to which it is closely related.

THE MEALY BUG.

(Pseudococcus citri Risso.)

The mealy bug occurs in various sections of the southern part of
California. The districts of greatest injury are in southern San Diego
County and at Santa Paula, in Ventura County. Little effort for its
control has been made except in these two places. This insect at-
tacks fruit, leaves, and branches, secreting a honeydew, which is fol-
lowed by a black fungus. as in the case of the black scale. Its injury
is much greater than that of the black scale because it discolors and
weakens the rind of the fruit at those places where it extracts the
juice. The cottony secretion in which the eggs are deposited is
difficult to remove. The severe washing which this fruit requires,
combined with its weakened rind in certain places, produces a heavy
decay in such fruits as are treated in this manner. The mealy bug
occurs on several hosts beside citrus trees. The young are hatched
from eggs del>osited by the adult.

APPARATUS.

TENTS.

Wien hydrocyanic-acid gas was first employed in treating orchards
the apl)arat us used in the process was of a very cumbersome nature.
The Imost popular apparatus consisted of tents more or less of a bell-
shaped nat tre manipulated by a high derrick mounted on a wagon.
I'1e wagoll was drawn between the rows and the tents lowered over
o r,4 1.aised fr)mU the trees ) means of ropes attached to the (lerricks.
The Ise of suchI apipa ratus was (illicilt, slow, and costly.

SHEET TENTS.

During 18)2 Mr. C. W. Finch, a fumigator at IRiverside, Cal.,
(Ievise(I a mu1ch simpler al(1 cheaper apl)aratls thai those theretofore

used, which cons1iste(l of flat sheet ti nts, octagonalii iin out line. (Fig. 7,
p. 29.) Ihis simli)Ifie(d tent was r1a)i(ly ado)ted,. an(1 now sheet

1 oIpor of Enarnioloist, I' . Dept. Agr., 1S7, p. 126.
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tents are exclusively (parts of two outfits excepted) used in southern
California. A tent of this character is easy to construct, easy to

repair, and its manipulation has been so perfected by years of use
that it is very easily handled in the field by intelligent workmen.

Sizes.-The standard sizes of sheet tents are 17, 24, 30, 36, 41, 43,
45, 48, 52, 55, and 64 feet, but larger ones ill) to 72 and1 84 feet have
been employed. The size of this style of tent is properly based on
the distance between parallel sides, not oin the distance between oppo-
site corners.

Materials used.-The materials now generally used for sheet tents

in southern California are G6-ounce or 7-ounce special drills and
s-ounce special army luck, though 10-ounce army (luck is sometimes

used in very large tents. These cloths are spoken of in ounces,
meaning such a weight per yard 30 inches wide. )rills are used as
freely as clucks. In some other countries where fuinigatiol is prac-
ticed, notably South Africa, even heavier than 10-oince cloth is

somet imes used. This is largely because of its strenrtb1 a1nd t witness
of texture. The tendency in California has been to sacrifice tight-
ness in favor of lightness, as the lighter tents are so much more easily
mlalliI>ulated inl the field. The main reason for this tendency is proh-
ably that the practice has been largely in the haInds of cointract fu mi-

.gators rather than in the hands of the growers themselves. Thie conl-

cerns furnishing the fumigation tents apparently have male no special

ellort to supply the very tightest goods available on the market, prob-

ably because the profits on these goods wiuld he sm aller than on
the cheaper and more porous clothes. several of these firins have
special goods which they reconineind for fumigation use. F'or the
most part these goods are about on a par as regarids the requirements
for funligation. ( )nlv one grade distinctly superior to the others has
been seen, it is used solely by private outfits, and is slight lv more
expensive than the other grades. The results secured depend di-
rectly on the tightness of the cloth; in fact, this consideration of

tightness of tenting is one of the most important factors in the entire
fumigation procedure. ()n it depends not only the ellicacv of the
treatment but also to some extent the cost of the operation. A

dosage recommenoded as securing certain results withI tents of a given
degree of tightness will not produce the same results with tents of
less closely woven material. Even though the initial cost is greater,
tightly woveni material is the most economical in the long run.

Sw tenting materwil.-Considerable attention has been given dur-
ing this investigation to the character of cloth used in fumigating
tents, and an attempt has been made to secure the most suitable
material possible. The leading manufacturers and dealers in cotton
ducks and drills in the United States were consulted and samples of
their tightest cloths secured. Many of the nearly two hundred sam-

11
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ples secured were very superior in tightness to the grades now gen-
erally supplied in California for the fumigation trade. Although this
collection contained samples of the very tightest ducks and drills
manufactured, it was decided to accept the offer of one of the largest
cotton-goods concerns to carry on special experiments in weaving for
the benefit of this investigation. As a result of these experiments
samples of 6-ounce, 7-ounce, and 8-ounce drills were furnished.
These are easily the most tightly woven drills the writer has ever
seen and some local cloth experts are of the same opinion. Each of
these samples was made very tight by forcing in more threads than
are found in the tightest drills on the market.

Erxperin euts with new tent material.-Tents were made of each of
these 7-ounce and S-ounce special drills and tested in the field. Part
of an orange orchard of trees from 10 to 15 feet tall which were
severely infested with the purple scale was fumigated during Sep-
tember, 1909. The point was to determine at what strength eradi-
cation would occur with these new tents. Both potassium cyanid
and so(di1ni canid were used. On examining the results with these
new tents it was found that schedule No. 1 (see p. 34) with potas-
siu eanid produced eradication, whereas with the ordinary fumiga-
tion tents a 11 schedule was required to secure the same results.
With the sodium cyanid it was found that the equivalency of between
a three-fourths schedule and a No. 1 schedule produced eradication,
whereas it requires the equivalent of a 11 schedule with ordinary
tents to reach the same degree of efficiency. These results with both

potassiln cyalnid and sodium cyanide show that this new tenting
material requires at least one-fourth less of these chemicals than the
regular tents now largely used. This would mean a saving of fully
25 per cent on t he amount of cyanid required in field work if the
t ighter tents are used.

lhat cloth to use.-Cvanid is the most expensive element in fumi-
gation work. A saving of 25 per cent on this article means a materi-
nIl- lessened cost for the process. This better and tighter special
tenting material may be somewhat more expensive than the present
inferior goods used, yet the amount of cyanid saved as well as the
superior results secured from its use will in the kong run many times

offset the additional initial cost. F lTe writer would advise either a

7-ounce or an (-ounce weight of these new goods for commercial

figation 1as superior to anuy" cloth he has ever seen. There appeals
to be lit tle (ifference in tightness betweell the t wo weights. By
reason of its greater weight the S-oince (frill might prove more (Iura-
ble, wIer('as oil the other hanid the 7-ounce weight is easier of nanip-

liation ill t le ield. 'is special grade of (frill advised by this inves-
tlgat ioll call be In-uchased at a-m of the (ealers in fumigation tents,
11 1 (OS Aigeles, (gal. AnyVon me making anii investment of lie a iotmunt

12
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necessary in the purchasing of a fumigation outfit usually is better
satisfied if he has exercised, or had the opportunity to exercise, his
own judgment in the selection of the cloth, even if experience has
proved one particular kind to be superior to all others. To satisfy
this demand of independent people it is suggested that anyone con-
templating the purchase of a fumigation outfit procure as many
sain>lles as possible of 6 1-ounce to S-ounce (rills and S-ounce ducks
and compare the tightness of these samples with that of samples of
the 7-ounce and S-Oiiice special drills rec(o mlmended by this investi-
gation. Thiis can be done by holding the various samples at diflel'elt
angles between the eye aid the sun, noting the comparative number

of light rays penetrating the different samples.
(on-struction.-In California the demand for funig nation tents is so

great that several C(lcerns make a special busilless of meet ing&~ it.
The manl contemplating the plr-chase of ail outfit, visits one or all of

these different dealers, a1d, haviig selected the cloth which meets
With his approval, places his order for the mnhnlber of tents of th1e
size desired. Tisi ai shipped to himii ready for use. A mflethod of
constructing tents will 1e explained, however, for the benefit of

people more distant from the sources of supply than are the people
of southern (lifornia. As previously explained, the tents are flat
sheets, octagonal in shape. The ducks and (11ill are usually 30
inches wi(le, alt houghi soviet hues t hey measure 29 or 21 inches.
The sidls of the st rlips are served toget her so that the strips all run

in a parallel direct inn. Before at t emupt ing to ( cit, t ie cloth1 for a

tenti it is well to constrt uct diagram having therein all exact rep-
resentation of the number of strips required as well as their length and
shape. Such a I lagramn is shown in figure 2 (p. 11), and was originally
presented by 1)r. A. W. Mor'rill,' who wN\as engage in fumigation
work against citrus pests in Florida from 1907 to 1909. Each side
of the tent or octagon, when cost rlcted, will be equal, approximately,
to two-fifths of the distance between the parallel sides. In explaining
the construction Dr. morrill states:

The strips when cut should be overlapped three-eighths or one-half inch and double
stitched, and all raw edges should be hemmed. In calculating the number and
length of strips the overlapping will reduce the width of the cloth from three-fourths
inch to 1 inch. As an illustration of the method of (calculating the length of the
strips used in making an octagonal tent of 8-ounce (luck, 50 feet may be taken as the
desired size. This is equal to 600 inches and the width of the cloth, if 29.5 inches,
will be reduced to 28.5 if overlapped one-half inch at the seams. By dividing 28.5
inches into 600 inches the nearest multiple is found to be 598.5 inches, or 49 feet
10. inches. which is sufficiently close to the desired width for practical purposes.
The number of strips in a tent 598.5 inches wide is 21. The middle section B [fig. 2]
is approximately two-fifths the entire width, or 239.5 inches. Deducting this from
598.5 inches, the entire width, the remainder, 359, equals the sum of the widths of
sections A and C. These sections being equal, the width of each is 179.5 inches.

1 Bul. 76, Bur. Ent., U. S. Dept. Agr., p. 16, 1908.
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The number of strips in each section can now be readily calculated. The 21 strips
should be numbered on the diagram from left to right. , Section A requires six strips
and 8.5 inches of the seventh. Similarly, section C requires six strips beginning at
the right (twenty-first to sixteenth, inclusive) and 8.5 inches of the fifteenth. Sec-
tion B requires the remaining 20 inches of strip No. 7, 20 inches of strip No. 15, and
seven entire widths, thus making the total of 21 strips required.

The cutting of the cloth can be done without waste if the details of construction
are well planned. In the above tent seven strips 50 feet long (49 feet 102 -inches)
should first be cut out for section B. Strips Nos. 7 and
side corners cut at an angle of 45 degrees, as indicated
for sections A and C is cut shorter by its own width outsi
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FIG. 2.-Plan for construction of octagonal sheet tent 50 feet acro
showing lines used in constructing octagon: A, C, side sections;
central section of full-length strips; E, E, so-called "ends" of te
S, S, so-called "sides" of tent; R, R, reinforcements; 1-21, stri
of duck 29 inches wide overlapped 2 an inch at the seams. (Fro
Morrill.)

15 are next cut and the out-
in the diagram. Each strip
de at each end than the strip

preceding it. Thus the
required lengths of the
side strips are found by
matching the inner edge
of the new one to the
outer edge of the one be-
fore it. It is desirable to
have the central section,
B, made up entirely of
full-length strips so that
the stress will not be

S across seams. The stress
is so slight, compara-
tively, in the side sec-
tions A and C that this is
not an important point.

Such is the con-
struction of a 50-foot
tent. The method of
constructing a tent
of any other size is
similar. Tents up to
45-foot size are con-

it; structed throughout
Ps
in of either of the drills

or of 8-ounce duck.
Larger size tents should have the full length strips of 8-ounce duck,
while the shorter side strips, or "skirts," as they are sometimes
called, are made of a light drill. The main strain and wear falls on
the middle, heavier and stouter, long strips; hence the use of the
lighter material for the "skirts" decreases the weight of the tent
without affecting its (1 urability. The duck used in such tents should

be of the very tightest grade available, while the 6F-ounce or 7-ounce

special (1ill previously recommended is most suitable for the "skirts."
A mo un t of cloth required for diferent-sized tents.-It is very essential

ill constructing tents to kow the amount of cloth required for the
size wwicl it is illtended to make. The writer has calculated this for

the regular sizes and gives below the results. Calculations are based

.
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on cloth 30 inches wide, and represent the number of linear yards
of such cloth required-not square yards. Allowance of an inch to
each strip has been made for overlapping edges. These figures are
based on the assumption that the cloth is cut without waste.

Cloth Cloth
Size of tent. required. Size of tent. required.(30 inches (:W) inches

wide.) wide.)

Sards. Yards.
24 feet.................................... 70 4S feet................................... 2i
30 feet.................................... 105 S2feet................................... 315
36 feet................................... 15.5 55 feet.................................. . 345
41 feet........ .......................... 195 (4 feet................................... 470
43 feet.................................... 215 72 feet................................... 590
45 feet................................... 233

Size to purchase .- Most of the tents in southern California are
of either the :36, 41, 43, or 45 foot sizes. Few tents of less than 36-
foot size are constructed. Outfits or parts of outfits having tents of
48, 50, 52, and various other sizes as high as S4-foot are known. The

HIumber, however, 1 Co ll)fratively small. The size of tent require l

depeIlds on the size of trees in the orchard or orchards to be fumni-
gated. The tents should 1be large enough to cover the tallest trees.
An easy method of accomiplishing this, as suggested by Morrill, is by
throwing a tape attached to a reel over the top of the tallest tree and
measuring from ground to ground. Although the weight of the tent
reduces the height of the tree to some extent, nevertheless it is policy
to add from 2 to 4 feet to the distance measured by the tape so as to
be assured of having the edges of the tent rest well on the ground.
If al outfit is to be procured for use in a young orchard, the tents

purchased should be large enough to allow for 5 or 6 years extra
growth. The average age of a fumigation out fit is from .3 to 5 years,
depending, of course, onr the amount aid character of usage which it

has undergoIne. A well-cared-for outfit used only by a private
grower in .overing his own orchard should last through 5 or 6 seasons

of work.

Ring attachments and reenforcem ents.-Small iron rings are some-
times attached to tents as catch places for the poles or derrick hooks
used in throwing them over trees. These ring attachments are most
convenient on tents above 45 feet in diameter, but unnecessary on

smaller sizes. An easy and satisfactory method of attaching rings
to the cloth, as proved by many years of experience in California and
elsewhere, is shown in figure 3. It consists in gathering the cloth
of the tent about some object or material, binding the same in place
by a stout cord, which also passes through the ring. A tightly rolled
wad of some clothsuch as burlap is commonly used. Another method
well worth mentioning is by means of a piece of manila rope from
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3 to 4 feet long sewed to the tent in the form of a right angle, as shown
in figure 7, page 29. As fumigation tents should be pulled onto or off
the trees in the direction in which the strips of cloth run, the rings
should be so placed as to make this method of manipulation

possible. This is accomplished by having two rings at either end of
the tent and apart by about the width of the average-size tree treated.
They should be placed from 3 to 5 feet back from the edge, the dis-
tance depending on the size of the tent. A small link of chain
called a "jingler" is usually attached to the ring, the sole purpose
of which is to direct the operator to its location. By merely giving
the sheet a shake this simple device enables the tent pullers to

easily locate the rings on the darkest nights.
Such a great strain is localized at the place
where the rings are attached that it is well
to have this part reenforced by stitching
on an extra thickness of cloth. The same
material of which the tent is constructed
is very suitable. The strip used should be 3
or 4 feet long.

BELL TENTS.

FIG. 3.-Method of attaching
hooks to tent when covernig
trees with aid of derricks: a,
Tent gathered around ball of
burlap or other suitable ob-
ject; b, stout cord for attach-
ing ring; c, catch ring; d, hook
on pulley block; e, lap link
or "jingler." (From Morrill.)

being not only easier
more easily kept in re

Originally the bell, or hoop, tent was the
kind in use in California, and even now it en-
joys a limited use in some countries. This
tent is dome shaped, having the mouth held
open by a circle of 4-inch gas pipe. It is
suited only for covering small trees. Plate I
illustrates the character of this tent and the
method of its manipulation. Experiments in
California have resulted in the disuse of bell
tents in favor of sheet tents, the latter style

of construction and manipulation, but also
pair..

GAS-PROOFING.

Tie treatment of covers with various substances to increase their
tightness has been in practice to a greater or less extent since the
beginning of fumigation. Linseed oil was one of the first tried.
It renders the tents perfectly tight but greatly increases their weight.
Experience has proved that tents so treated are liable to burning and
rotting under t1he conlitions to which they are subjected in the field.
TIrent ing tents withl the micilaginous concoction resulting from
soaking the common cactus (Opuntia engelmanni) in water for
two to four dlavs was )ract iced to some extent (luring the nineties.
Niiieroiis of lier Iiethods have been tried, such as painting with a
flexible paint; treat ing withi glue dlissolvel in water; treating with
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FUMIGATION OF (1TH THEES. 1U

actss juice coibllined with linseed oil, or glue, or tannin, etc. Expe-
rience with these many substances has resulted in discarding all of

them in this State, so that to-day no effort is made to render tents

gas-t ight by the use of any li(lid sulbstance.

It is well known that a decidedly smaller dosage would be required

with gas-tight covers than is nesessarv with tents of the present

character. This has led many writers on fumiagt ion to advise the

treatment of the cloth with some of the substances just mentioned to
accomplish that end. Ilad these writers idergone 11 considerable
experience in the actual handling of tents in the field their expressions

on this partictllar subject might have been somewhat modified.

Tents treated by sonme of these met hodls will be rendered gas-tight. or

Early so, but for certain pract ical reasons they are not now ilsed and

never Will be used (oii a large colnllnerial scale.

Experiments have been made lith im anly different substances in
attempt ing to relider cl(oth gis-tighlt, ald several samInples of gas-tiglt

or almost gay-tight cloth have been received frn. dealers . This
experience in all cases has shown that to render a clothll very much

mfore early gas-tight t han is possible in weaving Smile treatment

must he u1sed15e( which mat erially incrWeases the weight of the tent as
well as reiderime? it soiewhiat still. Both of these conditions should
be avoided as much as possible. IIeavy tents are not only dillicult

to mani >u)ilaIte, but als) (estro)y fruit and break branclles while being
hauled over trees. Stiff tents will not lie close to the ground, thus

allo wi11ng tihie escape of gas. Tents must be constaltlv oveilhauled to

mienod the h)les which result from ncid hi I urns as well as other causes.

Tie meiing of such treated cloth is so dillicult as to be impracticable,
especially in lalrge-sized telts.

After considering both sides of the question experience leads to
the conclusion that the econo ny of gas resulting from gas-tight tents

is more than offset by the many dilfliculties experienced in the use of

such stiff heavy covers in the field. The writer advises the purchase
of the most closelV woven untreated cloth obtainable, of the char-
acter and weight previously mentioned (p. 12), believing such to be
superior for orchard work to cloths which have undergone a treatment
to render them gas-tight.

Small tents used in treating nursery stock, and especially covers of
cloth made over a framework in the shape of a box having one end
open so as to be easily placed over nursery trees or such small plants,
can be rendered gas-tight without experiencing some of the more
serious objections to their practical use that exist in the case of large
covers in orchard work. Linseed oil is very suitable for this purpose.
The preparation and application of a linseed-oil varnish, which is
used by the War Department in the treatment of cloth for balloon
purposes, is quoted below. It renders the cloth gas-tight and at the
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same time leaves it more pliable than any other gas-tight treatment
experienced. The Acting Secretary of War has described this
method as follows:

In order to render the cloth gas-tight a linseed-oil varnish is applied. The varnish
is made in proportion of 100 pounds pure linseed oil, 4 pounds litharge, and 1 pound
of umber. This should be heated to a temperature of 1300 to 2000 C. for six or seven
hours and constantly stirred during that time. A sponge or wad of cloth is ordinarily
used for applying the varnish, which should be put on in very thin coats and well
rubbed in by hand. The addition of one coat of this varnish about once a year will
be found of great value in preserving the impermeability of the material.

One coat of this oil on each side of the tenting will prove adequate
with most cloths. Treated cloth should be hung up to dry for
about two weeks, and if not entirely tight at the end of that time a
second coat should be applied. The cloth should be thoroughly dry
before it is used.

MILDEW-PROOFING.

The treatment of tents with substances to render them proof
against mildew is practiced to some extent. In San Bernardino and
Riverside Counties probably the majority of tents are dipped in a
solution of tannin, while in Los Angeles and Orange Counties, which
are much nearer the coast and consequently have a more generally
moist climate, tents for the most part are used without any treatment
whatever. This localizing of treatment to the dryer sections demon-
strates that for a climate like that of southern California the mildew-
proofing of tents is not absolutely essential. The covers used in this
investigation have been in use mostly in the more moist coastal
region for three seasons, yet they have never been affected with
mildew. Neither has any mildew injury to other tents been seen or
heard of meanwhile. The life of untreated tents in this State appears
to be as long as that of those which have been mildew-proofed-at
least this is the case with tents that are properly cared for in the
field as well as in storage.

Long-used tents are now cast aside, not because of weakness lue
to deterioration of cloth from mildew, but largely from weakness due
to extensive mending of holes, resulting principally from acid burns,
but to some extent also from use on trees containing dead branches.
TIis necessary patching, combined with general wear, limits the life
of the average fumigating tent to 3 or 4 years. Judging from the
experience of California fumigators, as well as from that of the writer
himself, it appears unnecessary in California to treat tents for mildew
if proper precautions are taken for drying them. Wet tents should
be spread out durIing the day on the ground between the trees, so
that tle sun may reach them as much as possible. At the end of a
season's work they should be thoroughly dried, rolled up, and stored
in a (1ry rooIH.

1.8
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In places like Florida, as well as in tropical countries where tents
become wet every night, treatment to prevent mildew would seem
advisable. Even in California it will act as a guarantee to those
fumigators who exercise little care in the drying of their outfit.
The dipping and boiling of tents in a solution of tannin is the only
method now practiced there to render them proof against mildew.
This tannin treatment has been in use for a long time, and is very
satisfactory. Contrary to the belief of many, tannin does not render
the tents any tighter. It merely shrinks them, which can be as well
accomplished by clipping in water, or a few nights' exposure to heavy
dew-s will produce the same results. The tannin treatment, as prac-
ticed by Mr. S. A. Pease, horticiltural commissioner of San Bernar-
dino County, is as follows:

A brick furnace [Plate II, fig. 1] is constructed so that the upper half partially
incloses a tank, 3 by 10 feet and 3 feet deep, made of No. 16 galvanized iron. This is
filled with water to within 8 inches of the top, which would be about 500 gallons, and
about 200 pounds of extract of oak bark is added. This mixture is raised to a tem-
perature as high as the hands of the operators will stand. A tent stretched out in as
loosened a condition as possible (not in a wad) is then intrxluced into the vat. It is
stirred around and kept submerged by means of wooden paddles manipulated by the
crew. After 20 or 30 minutes of this treatment the tent is raised to the top of a derrick
above the tank and suspended for a few minutes until well drained, after which it is
lowered on a rack, moved away, and spread out on the ground to dry. Twenty-five
gallons of water and 20 pounds of extract are now added to the tank before another
tent is introduced, and this is repeated for each succeeding one.

The above recommendations are for 45-foot tents. Larger tents
re(luire m1ore material and smaller ones less. Oak-bark extract costs

about 10 cents per pound by t lie ha urel.

MARKING.

On pages 29-30 of tis bulletin is explained a method of marking
tents, which is used in the most improved fumigation procedure.
Tents should have been thoroughly wet at least once before being
marked, as new cloth is subject to considerable shrinkage, and if
marked before shrinkage the measurements will be erroneous. Meas-
urenients made of several tents of 6.1-ounce drill, before and after
slirinkage, showed that 45-foot covers shrink about 3 feet length-
wise of the strips of cloth. The crosswise shrinkage is much less. A
convenient method of shrinking untreated tents is to spread them
out on the lawn and wet with a hose or sprinkler. After being dried
they are ready for marking. Tents treated with tannin should be
marked after the treatment.

The best method for marking tents is to place them on a. smooth
floor. If tis is not possible, spread them out on the smoothest
ground available. A tapeline, brush, and marking fluid are required.
Printer's ink, diluted, is the best marking material, although some
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have used lampblack and turpentine, or a soft, flexible paint, with
satisfaction. The first line marked should be the one running
through the center of the tent. When many tents are to be prepared,
the use of a stencil large enough to include a complete line of figures
on one side will facilitate the operation. The numerals should be
not less than 5 or 6 inches long.

POLES AND DERRICKS.

Two wooden poles or derricks are used in placing tents over trees.
No absolute statement can be made as to when poles should be
employed or when derricks. The practice is to use poles when-

ever possible.
a bThis has resulted,

I~ in general, in the
use of poles with
tents up to 45 feet

II in size and of
derricks with the
larger sizes. Some-
times poles are
used with tents of
48-foot or 50-foot
sizes, but this is
difficult, especially
if the trees are tall
and narrow rather
than low and
broad. Preferably
the poles should
be 6 inches to a

FIG. 4.-Ends of hoisting poles used in placing tents over trees: a, Used foot longer than
with tents where rings are present: 7,, used with tents having no rings, the height of the
originalal)

trees. The two
lengths of poles iii most common use are 14 feet and 16 feet. Twenty-
foot poles are occasionally required. These poles average from 2 inches
to 2 inches in diameter, are rounded, and made of straight-grained
Oregon pine. The lower end is slightly sharpened to secure a ready
hold in the ground. The upper end, to which a rope is attached for
erecting the poles, preferably is also bluntly narrowed after one of
t he imet h(s shown in figure 4. This figure also shows two convenient
mnet hmis of attaching the rope. The end of a is narrowed about one-
half inch on all sides for 3 or 4 inches. This allows it to slip easily
tliroug t he rings in tents. The rope is tied in a shallow furrow 6 or
7 inches distait from the end. In b the end of the pole is merely
roided, while t le robe occulpies an auger hole through the center
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FUMIGATION OF CITRUS TREES.

of the pole and at the same distance from the end as is the furrow

in a. A knot at the end of the rope prevents its removal from the

hole.
Mfost of the wear on the rope falls on the first 2 or 3 feet adjacent

to the pole, for this part is half-hitched each time over the tent.

(See P1. III, fig. 1.) Some fumigators substitute a stout piece of

rawhide about 3 feet long to occupy this region between the end of
the rope and the pole. The rope should he - -incIh or -inch, and

about 3 feet longer than the pole.
Derricks are necessary for very tall trees, which can not be covered

conveniently with poles. They consist of long poles having a frame-

work attached to the bottom by which to prevent slipping, as well
as to confine their movement to either of two directions while stand-

ing erect. There is a rope and pulley arrangement at the top for

raising the tent. The length of the uprights depends on the height
of the trees to be fumigated. ThIvey should be fully a foot higher than
the tallest trees. In California derricks average between 25 and 35

feet tall, having the top 2 to 31 inches and the bottom 3) to 4
inches in diameter. St raighlt-grained Oregon pine is used. Their

construction is well shown in P)late III, figures 2 and 3. The frame-
work at the bottom (Pl. III, fig. 8) is held together by holts. The
tackle attached to the derrick in part consists of a pulley block fixed
to the top of the pole as shown in Plate III, figure 2. A '-inch to

J-incli rope is attached to tlls pulley, passing through another pulley
block which is free, an1d thence back through the fixed one (see Pl.
V11). The rope used should be about three times the length of the
pole. When the derrick is to be moved fromll one tree to another the
free pulley should be hooked to a rope or ring on the standard, the
rope pulled taut, and the free end tied temporarily, as shown in
Plate III, figure 3. This will p)reveit the rope from becoming
twisted. The movable pulley should have a hook at the bottom
by which it can lhe attaclled to a ring on the tent. A guy rope several
feet longer than the derrick is fastened at the top of each upright
and is used in its manipulation.

TiE M1'FADDEN MACHINE.

Mr. C. E. McFadden, of Fullerton, Cal., has devised an elaborate
and ingenious machine for placing tents on trees. A picture of this
machine is shown in Plate II, figure 2. In brief it consists of an iron
framework mounted on a pair of trucks. At the center of either end
of the framework is attached a long arm made of iron tubing.
These arms are comparable to a pair of long hoisting poles. Each of
these arms is raised or lowered by a system of steel cables passing
through pulleys attached to the arms and two high iron standards.
These cables are manipulated by a gasoline engine, which also oper-
ates another pair of cables used to raise or lower the tents to or from
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the end of the poles. When ready to throw a cover, the machine is
drawn opposite the tree, the arms are lowered until their ends are
suspended beyond the outer edge of the tree, cables are then let down
from the end pulleys and run through two series of rings in the tent,
after which the tent is raised to the end of the derricks. These rings
are so placed that when the cable is raised about one-third of the tent
is gathered up in a series of folds. The derricks are then erected
and the tent cables released, when the tent will fall over the tree.

This operation is quite rapid as well as less wearing to the trees
and tents than the use of poles or derricks. Although slower and more
expensive than the use of poles in covering small trees, it is easily
superior to derricks in covering large ones, such as seedlings, especially
where so closely set that the branches interlace.

SUPPLY CART AND SUPPLY WAGON.

An apparatus of some sort is required in carrying from tree to tree
the chemicals necessary in fumigation. The idea of using a two-
wheeled pushcart originated with the San Bernardino County outfits,
where this method has been used for several years. Observation of
its use convinced the writer that in most places the employment of
a properly equipped handcart is the most practical method available
for carrying the chemicals. Extended effort has been made to equip
such a cart in a manner suitable for convenient use in the field. The
result of this effort is shown in Plate IV, figure 1, the make-up of
which has been so improved over the original as to resemble it but
little. As purchased, the cart-bed consists of a plain box fitted with
a two-shaft handle. This handle is removed, and is replaced by a
tongue having an enlarged link-shaped iron about a foot long firmly
attached at the end. This link-shaped handle is very convenient in
field work. The scales for weighing the chemicals are placed on a
platform above the center of the box. The ordinary kind having a
free scoop and using weights is most convenient; 1, 2, 4, 8, and 16
ounce weights are required. The cyanid is contained in a tin-lined
box in the rear half of the cart, while the acid and water are placed
in the front end. A 10-gallon keg firmly attached in a horizontal

position to the bed of the cart is a very convenient receptacle for the
water. A galvanized-iron basin, like that shown above the keg,
having an opening at the bottom fitting into the bung of the keg,
makes a very satisfactory funnel for filling the latter. The acid may
he held in an earthenware jar or a lead-lined tank, with cover firmly
att achlel to prevent slopping.

By way of a cover for the earthenware jar, a lead-lined lid (fig. 5)
which fits tightly wit i t he top ias been used. At the center of this
lid is an1 openingw. about 6 inches inl diameter, around the circumference
of w011hih is attached a leaden t:be which extendsl downward several
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inches and prevents the slopping of acid through the hole. A lead-

lined cover fits into the top of this tube. This opening in the cover

i for use in filling the jar. Very few metals will withstand sulphuric

acid without corroding. For this reason all the common types of

faucets are practically worthless for drawing acid. In fact there is

no faucet on the market that is altogether satisfactory for this pur-

pose. A manufacturing firm on the Pacific coast has experimented

extensivelv along this line, but without any marked success. This

diflculty has been met in an entirely practical manner by attaching a
three-quarter-inch copper or iron pipe to the lower side of the jar and

regulating the flow of acid by means

of a large pinchcock placed on a short

piece of rubber tubing at the end of

the pipe (fig. 5,1,4, and 5). The flow
of acid is rapid and easy to control.

Pure rubber is most satisfactory, and 2

a fresh piece should be substituted

about every other night.
Tile water is drawn from a fauc I.

In order that this may be drawn on H K
the same side of the cart as the acid,

an elbow pipe of the character shown 4

in Plate IN, figure 1, is required. The
faucet should have an opening of about
three-fourths inch to allow a heavy
flow, and should be of such a type that
a half-turn will give it, a full opening.

As fumigation is usually conducted

at night, a torch is place(' on the F,..-Eartlenware acid jar ith attach-

front of the cart to furnish a light by ments forfield use; IJarcomplete; 2,inside
v iew of lead-lined cover showing tube at

which to measure the acid and water: enter; 3, copper top for opening in cover;

another, on he elevated platform, is pinchbeck: 5, method of attaching iron
pipe to jar. and rubber tube on end of pipe

convenient for the man weighing the with pinchbeck attached. (Author's Wus-

cyanlid. tration.)

This style of cart, is entirely practical for almost all fumigation

work. The chemicals can be ieasuree quickly and accurately with-

out any slopping of aciv or water. A glass graduate with a capacity

of 16 or 32 ounces, preferably the latter, is essential for measuring

acil anp water. A kind having elevated rings in the glass has been

found most satisfactory for nighlt work. The mian handling the acid
should wear rubber gloves. Cotton loves are convenient for hand-
inr cyanide.

Some fuiaators have preferred to use a horse-drawn wagon

equipped for carrying the chemicals rather than a handcart. This

has resulted in a number of very original combinations. The most

673301-Bull. 90-1 3
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elaborately equipped of these recent innovations was devised by Mr.
C. E. McFadden, of Fullerton, Cal., and is shown in Plate IV, figure 2.
Some of its devices are very ingenious and well worthy of mention.
The large box (a) in the middle of the wagon contains an acid carboy
whose neck can be seen projecting above and into which is inserted
a rubber hose (b) which leads backward and downward to the rear of
the wagon. Pieces of lead pipe are attached to the ends of this hose,
the free end of which (g) is equipped with a piece of rubber tubing
and cut-off for regulating the flow of acid. The water is contained
in the barrel (c) at the front of the wagon. A hose leads from the
bottom of this back to the large vertical cylindrical object (d) to the
left of the acid hose and adjacent to the wagon wheel. This cylinder
is the graduate used for measuring water. The slender iron rod (e)
seen projecting from the top of this cylinder is attached to a movable
float. This rod is graduated so that each graduation is equivalent to
3 ounces of water. The turning of a valve at the bottom of this
cylinder allows the water to flow in, raising up the movable float.
When the graduation on the iron rod shows that the cv1inder contains
the required amount this valve is closed and another opened which
directs the water through a downward-projecting pipe into the gen-
erator placed beneath. The evanid is contained in the box (h) at the
rear of the wagon. The wagon is also equipped with a thermometer
andl hydrometer. The upper and larger (f) of the two horizontal
cylinders above the scales is a rotary device for reading the dosage
schedule. The lower cylinder (k) contains a sheet of paper on which
a record of the dosages used is kept.

GENERATING VESSELS.

In California earthenware vessels of the type shown in figure 12
(p. 75) are made especially for, and are almost exclusively used in, gen-
erating the gas. They are sold without a cover. The average capacity
is 2 gallons, although a 1 -gallon size is sometimes used for small trees
and a 3-gallon size for very large ones. A 1-gallon generator will
serve for a dosage of about 1 5 ounces of cvanid without boiling over,
a 2-gallon generator for approximately 20 ounces, and a 3-gallon one
for about 30 ounces, provided the cyanid is in average-sized lumps
and not powdered. Where dosages larger than 30 ounces are required,
use two generators, or three if necessary.

GENERAL PROCEDURE.

The process of fronigationi consists of covering trees with cloth tents
an(I generating hnenleat b1 themp a very polsolous gas called hydroevanic-
acid gas. As previously men tioned, sheet tents exclusively are used
ill California. After exposing a tree to the gas for a definite time,
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usually an hour or thereabouts, the tent is removed to the next tree
and the process repeated. The work is carried oil at night.

Let it he supposed that a man owning an orchard of several acres

has made arrangements to have this fumigated. Before entering on
the actual work certain p)reliminaries are attended to. The fumigator

prefers and usually requires that, the orchard shall have been culti-
vated recently so that the ground shall be clean and smooth. Tllis
conditions of the soil is not oily anl advantage to the fuInigzator but to

the grower as well, for inl loose level soil the tents will lie closer to the
ground and thus allow less escape of gas lniderneath thalnn would be

possible oi weedy or roughly furrowed Inlil. The moving of the
c 1i 111ical cart or wagoll is also 11o10e fulfilll i oil ilte rollhller !roui nl(.

An outfit usually consists of alout 30 tents. Before placing the

outfit iII tle field tihe fulnmigator makes a survey of the orchard in
order to determine 111 Awhat mIanller tle tents call be used to best
(lvaitage. rhis (epeld1s oil sllil 1 (sdrllllat ions S t lie afrall(ellent

of the trees, the leIgtlh of the rows inl different directions, slo)e of the
soi0, WI let he irrigate ill flrrls are resentl, 0 cat1o1 of water supply,
aid similar factors. Ilaviig decided the dlirectioi in which the tents

shall be )u1le(l, theli wagon which has Imoved tile out fit from the pre-
ceo Il i l ( I t I d1( j)I'eseld t llO 15 (I IlYeil a ll Ji leI ic fist ful )W o ()
f1migated all( a tellt a11( 1(eneratIll"g I)Ot (Irol))ed off 0t each tree.

Thle lcommissaiy, Or place where the supply of chemicals al water

is l0cat( , sho 1 )refera1)1 be near ot e en of th le I of telits.
The location of the source of water will, of course, (let ermine this
position. If no source is bordering the fieli, barrels sho)1bl be pro-
Vided for this pi'f))ose. Ili ai(l i sli ua llfrils d Ilafre 1ion

(1Fuuims. It is collVelllill to I'olmove t li acid frmll t 1e drullls Into

10-gallOn gIlSS carl)OvS of the Inat Imre sownll ill figure 6. These car-

bovs are e'asy to 1(andlle zn(d two or three hold enough for a full
night's work.

IImfediately preceding the treatment the tent-pullers unfold the

tents and have them in position for covering the trees. This position
should be with one end facing the tree on the side away from the
direction in which they are to be moved. Covering the trees is
conunlenced at one end of the row. Two poles of the character
described on pages 20-21 are required, one for either side of the tree.
If rings are in the tents the ends of the poles are attached to the
rings. However, it is very much easier andl more satisfactory not

to use rings oi tents manipulated by poles, but to double-lap the
edge of the tent over the end of the pole and attach it by a half hitch
of the pulling rope (Plate III, fig. 1). This is quickly done, does
not subject the tent to undue wear, and prevents detaching, as
sometimes occurs with rings, but the greatest advantage is that the
distance between the poles can be gauged in accordance with the
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width of the tree, which frequently makes tent pulling much easier

than when the poles are more broadly separated. The tent should

always be moved in the direction of the strips of cloth so as to prevent

pulling the seams apart.
The successive stages in the covering of a tree are shown in Plate

V. In brief, they are as follows: When the tops of the two poles
have been attached to the edge of the tent the width of the tree

distant from each other, the bottoms are placed at the sides of the
tree opposite the trunk, as shown in Plate Y, figure 1. Each tent-

puller then places one foot
on the end of his pole to pre-
vent it from slipping and

pulls on the guy-rope, thus
raising the upper end of
the pole and the tent (see
Plate V, fig. 2). When
erected to such an angle
that the poles no longer

slip, the puller removes his
foot from the bottom and
runs away from the pole so
as to secure a greater lever-

- age on the rope (see Plate

' IV, fig. 3). The direction
of the pulling should be
not only forward but also
somewhat to the side so
as to keep the tent taut
between the ends of the
poles and thus prevent it
from being caught in the

FIG. 6 -(arir\ m iih handles attached to facilitate pour- top -of the tree by sagging.
ing the acid and carrYing the carboy. (Author's illus- After covering the tree the
trat ion. )

edges should be kicked in-
ward so that the tent hangs straight from the tree to the ground,
thus preventing unnecessary space underneath and making the tent
lie close to the soil.

The reiioval of tents from one tree onto another is (lone directly
without first having to pull theii off onto the ground. In fact, it is
easier to (Iraw a teint off of one t ree onto another than to raise it from

the ground onto the tree. At t aci the poles to the edge of the tent

as previously explained. The poles can then be laid flat on the
ground, as in Plate VI, figure li, or the end with the tent attached
raised up and leaned against the tented tree, as shown in Plate VI,
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figure lb. The second step inl the procedure is shown in figure 2 of

Plate AI. while the remaining steps are the same as in Plate V,
figures 4, 5, and 6.

In covering very large trees derricks of the nature described on

page 21 are used. Four men are re(juired for their manipulation,

which Ls shown in Plate \II. A derrick is raised to a nearly upright

position at each side of tie tree (Plate lII, figs. 1-:3), leaning at a
slig ht angle backw,-Lrd and held in this position by the guy-rope
attached to its top (Plate U I, fig. 3). The movable pulley of each
derrick is then attached to a ring in the tenit (Plate A1 I, ir. 3) and

pulled i up to the top of the derrick, where it is held (Plate A-1, fig. 4).
By pulling on the guy-rope the derrick is caused to fall forward,
(rawinr the tent over tit( tree.

(AIA'U[ATI NG 'l( THE IOSAGE.

Ilavillg covere(I the trees, the next reuireillent is the a11oun1t of

vhemiicals to use, or tlie dosage. Thie dosage is the most important

consialeratioin in the gas proc(e S. It varies not onlv with the size of

the tree bllt also with the character of insect to be destroyed. Spe-
(ifc r'ec(on)Iune(ndations of dosage for the principal insects injuri11ou0s

to (it r us trees ini California are given elsewhere in tihis bulletin
(pp. 5l-fil).

The first reqllirelleIent in calulatinig tile losage for a tree is to

0o111)(1te the (111)1c colltellts 1110clos by t 1ie tent whe 1 i1 positioll
o( '1 the t ree. Alt houg1 Illost (it ruts t rees posse's a cert 111ng('neral1

slimty Iiltl in slapi), 11ev are Ilevef Iel ess soIllewIi 11 irregular, 11o two

elver being ideilticll iin all respects. Ihis irregularity rendlers it

impracticable to deterimiine the contents to within a cubic foot or so
of its actual volume; yet it call be a proximated with a suficient
degree of accuracy for such practical work as fumigation. In order
to calculate the cubic contents of al object it miiust be considered as
shaped like mine regular geomnet rical figure or fi(rures. The figure
which most closely approximllates in shape an orange or lemon tree

before it has been >runed is a cylinder suroulnted by a hemisphere,
1nd in computing the volume of citrus trees they are considered to

be of this shape.
If th le height andl width of a tree covered with a tent is known, it

is a con>aratively Sim>le matter to calculate its contents. In the

past work ini California the dosage has been based upon these two
measurements. After a tree is covered with a tent it is a matter of
Some diliculty to determine its height and width. By using as fac-
tors the distance around the bottom of the tent and the longest dis-
tanlce over tlie top of the tent we arrive at a more practicable method
by which to compute the cubic contents of a given tree. Using these
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measurements as a basis the writer has invented a formula 1 by
means of which the cubic contents of a tree may be computed.

To avoid computation work in the field, in so far as possible, the
writer has formulated a table approximating the cubic contents of
trees of different dimensions, which is sufficiently extensive to include
any citrus tree in southern California. During this investigation no
tree has been found whose dimensions did not fall within the limits
given in this table. The distance around and over a given tree being
known, the table will show the approximate cubic contents of the
tented tree. The dosage can then be applied in proportion to the
contents and at any strength desired.

A lemon tree, after being pruned, is flat on the top. Therefore
the geometrical figure which is applicable to an orange orunpruned
lemon tree can not be considered as applicable to a pruned or flat-
topped lemon tree. The figure which approximates the latter is a
cylinder. Now it so happens that the contents of a cylinder having
certain dimensions over its top and around its bottom are almost
the same as for a figure of the same dimensions composed of a cyl-
inder surmounted by a hemisphere. This is a great advantage, for
the schedule of dosage proposed for orange trees may also be used
for all lemon trees, thus obviating the necessity of preparing two
different schedules.

SECURING THE MEASUREMENTS AROUND AND OVER.

The distance around the bottom of a tent is easily secured by the
use of a tapeline, or by pacing. The distance over the top, however,
was much more difficult to determine until Dr. A. W. Morrill,2 in
the course of his work for the Bureau of Entomology against the citrus
white fly (Aleyrodes citri R. & H.) in Florida, invented a method of
marking tents for this purpose. The Morrill method renders the
securing of the distance over the top of the tent as easy as that
around the bottom.

1 Prof. Woodworth (lul. 152, Univ. of Cal. Agr. Exp. Sta., p. 5, 1903) was not only the first to suggest the
measurements around the bottom and over the top of tented trees, but also was the first to propose a for-
mula for obtaining the contents of tented trees based on a knowledge of these distances. An analysis of
this formula during the early part of the writer's field work proved that it was inaccurate, thus necessitat-
ing the determination of a new formula. The writer has worked out a formula based on the two measure-
mcnts above mentioned. It is as follows:

C'2 O C(37r-4)
4r. 2 127r

In this formula C equals the circumference of the tree.
0 equals the distance over the top of the tree.

C2 C(3n-4)
rf a person works out and notes down in a chart the values of and 12r for different values of C of

which he is apt to make common use, it is possible by its use in connection with the formula to determine
the contni s of trees with fair rapidity.

2 1I1l. 7f, Iur. Ent., U. S. Dept. Agr., pp. 31-34, 1908.
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FUMIGATION OF JTIATUS TREES.

THE MORRILL METHOD.

In figure 7 is shown an outline of a regulation fumigating tent
marked after the Morrill system. Three parallel lines and one line
at right angles to them are indicated on the tent. The middle one
of the three parallel lines passes through the central point in the tent
canvas, running lengthwise of the central section or strip of which
the tent is made an(1 passing over the top of the tent from the edge

Z/-
9/-
S/-

O/-
0/-
6-

9-
S-

I I I I g I I

Z/-
9,-

.Dl-

0/-
6-
6-
/-
9-
S-

9/--9,-

-0/-
6-

- 9-
- 9-

-5-

fl~ ~O~%
%% ~%%%%%%~~

I 1 1I I I I 1 1 1 1 -
I I I I I I I I I I 1 1

%%%%%%%%%%AI

-5
-6
-7
_8
-9
-/0

- /2
-/3
-/4
- /5
-/6
-/7

I I I i I I i I

5
6
7
8
9
/0

/2
/3
/4
/5
/6
-/7

-S
-6
-7
-8
-9
-/O

- /2

-/3
-/4
-/5
-/6
-/7

FIG.7.- t Iineoflawht fiLzation tent marked according tothe Morrill nithod. <.1ithor'sillusrtration.)

on one side to the edge on the ol))osite side; these lines also run in
the direction in which the tent should be pulled on or off a tree.
Beginning at the center these lines are graduated in feet toward
either e(lge of the tent, after the manner shown in the diagram.
For tents above 36 feet (average size) it is unnecessary to commence
the graduation nearer than 5 feet from the center of the canvas.
When one of these lines is over the mi(ldle of the tree the distance
over can be calculated by merely a(l(ing together the two numbers
on the opposite sides of the tent where the edge touches the ground.
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For instance, suppose that on the line over the center of the tree 12

is nearest the ground on one side and 15 on the other. The distance
over the center of this tree would be the sum of these numbers, which
is 27 feet. With the lines graduated after this manner it makes little
difference in determining the distance over the top of the tree whether
or not the geometrical center of the tent is at the center of the tree,
the single requirement being that some part of one of the graduated
lines approximates the center of the tree.

The two lines running parallel to this central line, should be about
4 feet distant from it in the larger fumigating tents. The reason for
using these auxiliary lines is, that in practice the center of the tent
is very often pulled considerably to one side, especially in covering
small trees. If the middle line does not fall immediately over the
center of the tree, one of the other two lines is quite likely to do so,
and that one should be used in obtaining the distance over.

The cross line running at right angles to the three parallel lines also
passes through the center of the tent and is marked like the others.
The idea of this cross line is that in case of an irregularly shaped
tree the distance over can be taken in two different directions and the
average taken for use in determining the cubic contents. For experi-
mental purposes with a few tents this line is an advantage, but in
practical operations it is unnecessary and should never be placed on
the tent, as measurement over the top in one direction is sufficient.
The presence of so many lines tends to confuse the operator.

Having calculated the volume of a tree from the two measurements,
around and over, it is possible to dose the tree at any strength per
unit volume desired. When the dosage has been determined the
chemicals are measured out and placed underneath the tented trees.

THE OLD METHOD OF PROCEDURE.

When this investigation was started, a system of fumigation was
used exclusively in which the dosage given the trees was based
entirely on guesswork. The estimator, who ordinarily is the man in
charge of the outfit, starts out in an orchard equipped with a blank
schedule sheet of cross-section paper. le walks between two rows
of t rees, jotting down in the corresponding squares of the schedule
sheet the dosage which he believes the trees should receive. This
(losage is based on his eyesight supported by his past experience.
11I he is a careful scheduler, he will look at the trees from different,
sides before intlieating the dosage, as trees are sometimes more coin-
p)act on o1e side than onl another. Less (areful m11en1 set (lowin the
(losage for t lhe t wO rows of trees while moving along as fast as they
(nn Walk. The wri (r has seen som)He schedulers walk through the
orclharI at at rapid pace, taking four rows at a time.
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The inaccuracy of such a method is at once apparent. Measure-

ments made after nany estimators have shown that the most careful

are ver irrelar in their scheduling. No one has been found who

(oes not at times vary as much as 50 lpr cent in dosage estimates

for trees containing exactly the same cubic contents after being

covered with tents.' This variation in the scheduling of an indi-

vidual fumigator is not all, but the greneIal average dosage used

bV o ane 111 ha 11_IS

flr 'ql te' n t I v been 4 w 'a a '
one-foulrthl to one- - ,l -i,

half ll() 11e a d
Soid1 lilies e V e i1

t wice that used by
an(ot her for the

very same insect.

Ti s cha rt of dos-
age for the t rees iII
till Orchard is taken
in to t he( field at

night. Before dos-

t Ile colnlluoll Illet h-

od is to fi rst incas-

11e out tile (l0Sdges

for t 1et 1 rees in t his
TOW 1111 0 Sluilh1 (HI 11

ani pitchers, which -

ar1e placed inl a
hand timy asshowi

in figure 8. This
t rty is t hell carrfie
froni one t 1re'' to e 1 :o. - .i < a tray dii wvAI' r huksit as practiced under old

system of fumigation. (.Author's illustration.)

Ihe water is carried inl a pail and lieasureld at each tree. The
instruments used for 11ealsuringl the water have beeni found to vary

all the wav from graduated dippers to quart pitchers or old tin ealns.

Under this old met had the general results secured by a few of t he more
careful and expert fumnigat ors have been fairly good. However, the

work in the majority of cases has been irregular and poor. This old
system is rapidly sinking into disuse, being replaced by an improved
procedure which has resulted front the present investigations.

1 See Bul. 79, Bur. Ent., U. S. Dept. Agr., pp. 23-24. 1909.
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HYDROCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

AN IMPROVED SYSTEM OF FUMIGATION.

After becoming acquainted with the chaotic condition of the fumi-
gation practice as it existed at the commencement of this investigation,
it was very evident that some system should be perfected which
would entirely eliminate the guess features and provide for a calcu-
lation of the dosage based directly on the size of the tree. As the
result of extended observation, experimentation, and devising, a
system of fumigation having decided advantages over the old method
was introduced into California during the month of July, 1908. This
system is by no means original, but is largely the result of utilizing,
correcting, correlating, systematizing, and making entirely practical
the best methods and ideas which either had been in practice or had
been suggested in the State before this investigation was begun. The
method of procedure was copied largely after that of the San Ber-
nardino County outfits, while the method of calculating the dosage
was suggested by Prof. Woodworth, of the University of California,
and made practical by the adoption of the Morrill method of marking
tents. A method quite similar in general features to the California
improved system was introduced into Florida by Dr. A. W. Morrill,
during the winter of 1907-8. Each of these systems was in the process
of evolution at the same time, yet almost entirely independent of
each other. To Dr. Morrill, however, greatest credit is probably due
for the present advance in procedure, as the inventing of his method
of marking tents was the turning point between impractical and
practical scientific field calculations.

The tents should be marked after the Morrill method described on
pages 29-30. Only three parallel lines are used, the crossline being not
only unnecessary but a disadvantage in practical work. This sup-
plies an easy and rapid means of determining the distance over the
top of the tree. The distance around the tented tree can be measured
accurately by pacing if this is done in a careful manner. Experience
with men on the outfit used in this investigation as well as on some
of the practical outfits which first adopted the improved system
demonstrated that after some practice in pacing around tents some
men could so regulate their pace as to be sufficiently accurate for

practical purposes. This resulted in at first advising the method of
pacing to secure t his (istalce. The broad adoption of this improved
system(i, as well as tle frequent changes that take place in the personnel
of a crew, result e(1 inl t le pacing being assigned to various tv)es of
men , some of whom hayve been known to be hasty and careless.

Aniot le' (liScouragilng feat tire is that the tents are very often not,

propeIIr kicke(1 inl aroul(d 1hle bottom of the tree, which interferes
Wiue acct t aboe paceig. i' i li ate tha piility o iscongI hlrity

(111 tm o t lie al)Ove causes it is no0w advised that Jfaciing be (discontinuedl
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and that the distance around the tent be secured by means of a tape.
To meet this requirement, a scheme has been Levised by Messrs.

Griflin and Gray, of Whittier, Cal., which renders the securing of the

distance around the tent not only absolutely accurate but also more

rapid and easy than by pacing. The apparatus consists (1) of a

straight iron rod :3 or 4 feet longz and about one-half inch in diameter,
having the lower end sharpened while the upper end is made in the

form of a loop, and (2) a strong tapeline having a snap at one end by
which it is fastened to the loop of the iron rod.

To secure the distance around a tent the iron rol is stuck into the

ground at one end of the marked line on the tent which runs over the

top of the tree (P1. V, fig. 6). The operator then moves around

the tree, allowing the tape to slip through his hand as he moves.

When lie has obtained the list anmce around lie drops the tape, takes

the iron rod, with the tape attached, to the next tree, and continues

as before. In this manner the operator is required to move only

once around each tree. This method 11S ent irely practical, as plrovel

by experience, and in having their work (lone the growers should

demand its use. It reduces variation resulting from the work of

careless Operat~l's to a Inl1I11iiimn. From these tW() lleasurellellits

(th e distance around and the distancee over) it is possible to approxi-

mate the cubic contents of the tree an1d thereby calculate tle dosage.
Tis miiighit he done ini tle iiel(l and the trees t lhen Josed in pro-

pOrt ion to the contents. I lowever, tile time required for the cal-

cuilat ion of the dosage, even after determining1z the cuhic contents

of the tree, would Iot nily prevent ral)id field work and allow an

opportunity for error, but Would cause a lack of uniiforimity in dosage
from the consi(lerat ion of the cubic contents alone, as will be explained

later. This dilliculty has been obviated by preparing a dosage

schedule from which the required dosage may he calculated without
ary figuring as soon as the measurements of the tree are known.

LEAKAGE OF GAS.

One of the most important (llestions relating to the proper (losage

in fumigation is that of leakage of gas through the tent. In fact,
with the present character of tenting, where the gas has usually all
escaped by the end of an hour, the dosage depends directly on the
amount of this leakage. In figures which approximate a citrus tree

in shape the volume decreases at a more rapid rate than does the
surface. ('omputation shows that a tree 20 feet around by 1? feet
over has 0.86 of a square foot of tent surface for each cubic foot of
gas within to escape through, whereas a tree 79 by 54 feet has only
0.22 of a square foot of tent surface for each cubic foot of gas to
escape through. This would mean that there is about four times as

1 See Bul. 79, Bur. Ent., U. S. Dept. Agr., p. 47, 1909.
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great an opportunity for leakage, or that the leakage would be approx-
imately four times as rapid in the smaller tent as in the larger one.
There can be little doubt that the leakage of gas through most of the
tenting materials used in this State is nearly in accordance with these
figures. In order to secure uniformity of results this leakage must
be taken into consideration and small trees must receive more cyanid
to 100 cubic feet than the larger trees. The correctness of the fore-
going statement has been repeatedly demonstrated during the work
in the field. Reference to the leakage of gas through tents was first

D/S7/CE AROUND, IA FEET

16 18 20 22'24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
10 2 2 2 2 2 10
12223344 12
143 344455SSS6 14

16 3 3 4 4 S S s S s 6 6 6 7 7 16
1834455 59S66666778 18

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
20 4556666778889 9/0/0 20

K 2 2  6 6 6 7 7 7 8 8 9 9/0 /0 / // 1 22
W24 6 7 7 8 t69/0 /0 // 2 /2 24

26 7 8 8 9 9/0 // // //12 3 3 3 /4 IS is 26
28 8 9 /0 /0 // // 12 /3 /4/4 /4 /S A5' 6/ 28

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
'30 9 /0 // 12 /2 /3 /3 /4 /5/5/6 17 / /8 s 20 2/ 2/ 30

32 /2 //3 /4 /5 /6 /6 /6 /7 /7 /8 /8 /s 20/ 2 2 22 32
34 /3 /4 /S /s /7 7 4 /8 //9 20 2 /22 22 23 34
36 /4 /S /6 /7 /7 /8 /9 20 202 22 22 22 24 25 36
38 /6 /6 17 /8 /9 2o 20 2 22 23 23 24 24 2S 26 38

40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
40 16 17 8 / / 20 20 2/ 22 23 24 24 25 26 26 27 40

0 41 /8/9 20 20 2/ 22 23 24 24 25 26 26 27 28 41
Q42 20 2o 20 22 23 24 2S 2S 26 26 27 28 28 42

43 2/ 22 22 23 2S 25 26 26 27 27 0 29 43
44 2323 2S 26 26 27 27 28 29 29 44

50 52 54 56 58 60 62 64 66 68
45 23 25 26 26 27 27 28 29 30 30 45
46 24 26 26 27 27 28 29 230 3/ 46

47 24 26 27 27 2829 29 30 3/ 32 47
48 25 26 27 28 29 29 30 3/ 32 32 48
49 25 27 28 28 29 30 30 3/ 32 33 49

FIG. 9.-Dosage schedule No. 1, for potassium cyanid. (Original.)

made by Prof. Woodworth,) and in a recent publication Dr. A. W.
Morrill 2 has given it a very thorough treatment.

DOSAGE SCHEDULE.

After having performed a large number of experiments against the
purple scale, anld (letermined the dosage required to destroy this in-
sect on different sized trees, the writer utilized these results in pre-

purinlg a scheI hile of dosage to be used ini fumigation. This schedule
(see fig. 9) has been designlate(d "( olsage scle(ule No. 1." The
()sages usel iII t his sclle(llile are en't irelv original with the writer,
beIn)(j the result of experimnli tl work stle) 1 mCiieiitCe( by calculations
as ex) 0i1e(I Ill h 1ie lOh illg paragfa) 18s. After t he (losages were

I li. i 2, Univ. of (Cal. Agr. Exp. Sta., 10i3. 2 See iBil. 76, ir. Ent., U. S. Dept. Agr., 1908.
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deternuned there were introduced into a chart of the same general

form as that used by Dr. Morrill. Such a chart form has been known
in scientific work for many years and was first introduced into fumi-

gation scheduling by Prof. Woodwvorth.
An average-sized orange tree, one 41 feet in circumference by 28

feet over, was taken as a basis in the preparation of the sched ule.

The cubic contents of the tree was determined and a dolsage calcu-
lated which would give it 1 ounce to each 100 cubic feet. Trees of

other dimlienisiOIls, )a th larger and smaller, were thenl considered and

their cont ents determined. Inl working out the dosage for these other

trees not only was the cui bic contents taken inito conlsi(derat ion bllt
also the rate of leakage as compared with that of the tree 41 by 2-

feet in size. Trees which were smaller than this would have a greater

pro)ortional leakage rate while the larger ones would have less, as ex-

plaiiied on pages :33-34. In securing the dosage for various trees, those

slmallr t h an 41 by 2S were given suflicient cyanid in excess of I ounce

per 1 00 cubic feet to offset the increased leakage. while the dosages for
larger Irees were )roportionately decreased b1elmv the 1 -oil ce rate.

Ihis allowance for leakage so modified the schedule that some of the

smaller trees Were receivillg III eX(ess of 1 Oilices per 100 c11)c1 feet,
while trees as large as 60 by 44 were receiving only about three-fourths

of ai 0111ce to th le same s)ace. It tius call he sel that each dlosn;(ge
lwas wOrked ou t ini d()ei(diltlv and so correlated to the (other dosages
that when placed in schedule No. I the ilt ilmate result was that of a

sclledlle which h110111( a)proximate iform results t 1iolit.

IHlow to use the chart. Referring again to figure 9, the top) line of

mlilbers, commenglll at 16 1id co11tinin 111) to 6S, represelts the

distance, in feet, around the bottomn of the tent. The outer vertical

c(o ) lm of nuIiimbers, oil eit her side, conliencil;ng at (10 and illc'easing

regularly to 49, represent the distance, in feet, over the top of the tent.
The dosage of a tree of known dimensions is found in that s(Iuare where
the vertical c >lumn headed by the distance around the tree intersects

the horizontal line of figures correspoilding to tihe distance over. For

instance, in the case of a tree 40 feet around by 2S feet over, in the top
line of numbers 40 is next after the third heavy' vertical line. The

dosages computed for trees 40 feet around are to be found in the ver-
tical column headed by this number, which commences with 7 and

ends with 16. Then the vertical column of large figures at either
margin is followed down until 28 is reached. All dosages computed
for trees 28 feet over are found in this horizontal line of figures, which
commences with 8 and ends at 16. The dosage for a tree 40 by
2S feet is found at the intersection of this line with the vertical col-
umn headed with 40, that number being 11, the required dosage of
cyanid in ounces. Before the numbers 20, 30, 40, and 45 in the lines

I Bul. 152, Univ. of Cal. Agr. Exp. Sta., p. 6, 1903.
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at the right and left margins are to be found blank spaces, and in the
horizontal lines corresponding to these the numbers at the top of the
chart are repeated in that part of the chart containing dosage figures.
These numbers, repeated in this manner, make it easier for the eye
to locate with certainty the dosage figures sought. In the chart used
by the writer the figures representing distances around and over are
printed in red. The lines bounding these columns of figures are also
red. All the rest of the lines and figures are black.

The writer does not maintain that this table is accurate to the
minutest part of an ounce for every dosage, but that such variations
as do exist are so small that in practical work in the field the results
in killing scale insects will be found uniformly satisfactory through-
out. Two years of experience with the outfits belonging to this
investigation, as well as with many practical outfits, in which work
thousands of acres have been fumigated, have proved that this
belief is well founded.

It is a common practice with tent-pullers in covering small trees
to kick in the edge of the tents little if any so as to prevent as much
as possible the generator as well as the escaping gas from coming in
contact with the tent. This common practice leaves much more
space under the tent and incidentally makes more leakage surface in
small trees than was provided for in the original chart. (Bulletin
No. 79, fig. 28, p. 65.) To correct this feature of the fumigation
practice, the original chart has been revised by increasing the smaller
,dosages to the extent which in field practice has been found necessary.
In this revised chart the half ounces are not used as in the original.
Field experience has taught that it is desirable to have schedules as
simplified as possible. The writer would now advise all fumigators
to discard all old schedules and to use the revised one entirely. The
dosage strength on which this schedule was based was calculated for
use against the purple scale. However, this does not imply that it may
not be used against other insects; in fact, the greatest advantage
of it is that it can be manipulated so as to meet the requirements for
use against any insect. The schedule in its original form is not recom-
menIe(I for use against all insects under all conditions, as many have
believed. Some of the scale pests frequenting citrus trees require
a heavier dosage for their destruction than others. The first point
to be determined is the strength of gas required for a particular best
under its special conditions. When this is known, then schedule
No. l can be manipulated to meet the requirements, provided it is

not already of the proper strength. This change is secured by
increasing or decreasing all the dosages throughout schedule No. 1 at
the saim rate, i. e., e, , c, e. The resultant schedule will be one
of iiiformiity even as is the original. So in treating aii orchard the
first point to determine is what species of insect has to be combated.
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Having determine(d this, the dosage strength to use must next be
learned. On this latter point the writer has spent much time, and
elsewhere in this bulletin will be found information as to what dosages
should he used for most of the common scale pests.

PROCEDURE.

Five men are required to operate this system to advantage. Two
men pull the tents and( kick in the edges arouinod the bottom of the
tree. ()ne man takes the measurements of the tree, and should also

empty the generator to be used for that tree aini have it in readiness

by the time the siipply (cart arrives. Ire should emipty the generator

With one and( the same han(I at all tues, andi witi this hand lie should
never touch the tent. Ile should also be careful not to slop any of the
resi(Ille on his clothes or shoes lest it be ruhed oil on the tent an(I thus

prmlu'e acitl holes. The su1ppl cart, (des(ribed oni pages 22-23, is most
COlIi('llent for car'illg t 1e 01'hi00'als frolll tree to tfe. IWO mel

look after the chemicals- on1e Imleasires the water andl acid, the other

weighs the cyaniol. The Iatter then hol(s 1) the edlge of the tent while

the acid man i places the charge beneat h the tree. (See P1. VIlI,

I11 act uial fiel(I practice, after t lie tetl-pulleFs have cllmelcled

removilng the te'nts the cart is )'ouglht to one e(d ( of the row which
is to he fuinigated . (See I1. VIII, fig. 1.) The esti mator secures
his measuiremIents and calls thnei out to the cyanide( weighier at the rear-
of the cart, wO then determines the dosage from a schedulll(' whliich is
fastene(l to the raised platform. The 1'e(ulireI amloiit of chielnlials

is tlenl measured and t he tree Iose(l. While the hland(lle's of cvai(

and 11i( are tius e(ngage(l the estimator has moved on to the next

tree, secu1re(I his measirement5s, a11( holIs hi is gelnerator inl rea(diiless

whIeI the cart is brought up. This tre(' is (losed in the sau' manner
as the first, and thus the proceduire continues until tlie entire row has
been funmigat (d.

The above proced(utre is such as the writer has used in the field( and
as has been followed by most outfits using the improved system.
In the >roce(uIres adopted by some other outfits there are marked
differences in the duties of the differentt men.

ADVANTAGES UNDER THIS SYSTEM.

This improve( system possesses decided advantages over all
others. The element of guess in estimating dosage and the conse-
(luent waste of cvaniid under the old method are eliminated. With
the use of a known dosage strength certain definite and uniform
results occur. The chemicals are measured accurately and the most
ecnmui1ical proportion used at all times. Each tree gets the dosage
schied uled for it -a result which did not always happen under the
o1l method, owing to confusion of the cans on the tray. The tent-
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pullers seldom get more than one or two trees ahead of the cart,
and thus all trees receive the same length of exposure. The work of
the men who dose the trees is easier than where the heavy trays are
used. Another decided advantage is that the orchardist can at any
time determine what character of treatment is being given his trees
and see that, the work is properly carried out. In the past many
persons have been prone to look upon fumigation as a process that
is complex and more or less mysterious. In some cases fumigators
of years' experience have encouraged this widely prevailing opinion,
so that they might themselves be looked upon as experts in a prac-
tice difficult to understand and only capable of being successfully
performed by men of long experience and special qualifications.
This is, of course, erroneous. The improved system outlined in
these pages shows how simple the practice of fumigation may be
made. Careful men who have never before heard of fumigation
can begin the practice of this system and are competent, after a
few hours of instruction, to secure even better results than were to
be expected from the most expert fumigator in California under the
old method. This system reduces fumigation to a matter of simple
mechanical operation, entirely intelligible to the average man,
wherein the operator, to obtain the best results, is required merely
to proceed according to the formulas and directions given. Hence,
orchardists are enabled to own their own outfits and carry on their
work after the most economical as well as successful manner. Owner-
ship of tents is to be advised for several reasons, which are fully
explained elsewhere in this bulletin. Fumigation then can be con-
ducted at the most opportune time, good and careful work is assured,
while the expense is at a minimum. An orchardist owning his own
tents can keep his fruit clean at all times, which otherwise might be
impossible, because the number of fumigation outfits in southern
California at the present time is insufficient to cope properly with
the situation.

EXPERIENCE WITH THIS SYSTEM.

The inut reduction of this improved system was made with two
outfits of the Whittier Citrus Association, at Whittier, Cal., during
the latter part of July, 1908, using dosage schedule No. 1 for the

uIrple scale. On August 15 a demonstration was made before a
mieet ing of fruit growers and fumigators in Los Angeles and pro-
voked (leel) interest. The very successful work against the purple
scale at Whittier had begun to be evident by this time and led to
t le proumipt alodpt ion of lie system by the orchardists thereabout.
(rowers froiml other loclities, inquiring into the experience with
the rec('n)t ililovallt i l W111111, colilleICo(ll to salnd iol its adop-
tion iII their respectIve districts, so that by the end of the funiiga-
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tion season of 190S fully a dozen outfits in various parts of Los
Angeles and Orange Counties were using the new method in prefer-
ence to the old. The experience of the first season has led to the
rapid and successful introduct ion of the new system quite generally,
so that it now has been adolptel by many outfits in Los Angeles,
Orange, Vent ura, and Riverside C 1ount ies, while in San Bernarldino
County it is used almost exclusively.

Naturally there was considerable opposition, at the conIn1ence-
ment of this invest igat ion, on the part of the professional fumigators.
Their prejudice has been overcome to a large extent by demonlst ra-

tions and personal cooperat ion, and many of them are now endorsing
the new methods. The chief means of exploitation have been lec-
t ures, demonst rat iOns, an( personal coit act with the fruit growers.
In this educational cam naign the assist ance of many county short icuzl-
tural officers aid managers of citrus associations has maode success

far easier than it other-«wise would have been.
The rapid and general adopt ion of the new met 110(1 indicates its

practical econly, for new ideas are not ad(opt ed 1y California

hofticulitturists Ilerely for tle sake of novelty. The i maIrY q ues-

tioll before tile grWer is Whlet her Ill the 0ng run tilhe new syst em of
fIi gatlil is mHor-e econI11iia thia thl e old one. The n1ew system

las been used Ill wild aholit Whittier Im eariy twO veals. I In vOll

been located in t hat region, the writer has been able to keep in touch
with the conldit ion of fumigation thereabouts.
A year a go almost all fumigat ion in the Whittier and liver dis-

tricts was carried on uider the new method. Packinigho use statis-
tics of last year's crop at the Whittier and Rivera Citrus Associations,
which handle most of the fruit from this section of several thousand
acres, showed that, a considerably smaller percentage of fruit was
discarded because of being infested wit hi scale than during a ny

season when the old method of fumigation was practiced. Such
stat ist ics are conclusive an(I their significance is plain.

One of the writers early contest ions was that, after one or two suc-
cessive thorough t reatments under the new method, using t he proper
dosage, most orchards would be inl such a clean condition that they
could go without treatment at least every other year. Indlicat ing
the correctness of this belief, Mr. William Wood, the very efficient
former horticultural officer for the Whittier district, states that
many more orchards inl his district which were treated durimo 1908
under the new systein 1wel'e sufheiently clean not to need fumigation
the following season than has been the case under the old method
at any time wit hin his experience. To show the general attitude of
the growers it is only necessary to say that they are so satisfied as
to refuse to have their orchards treated except under the new pro-
ced uire. This condition at Whittier is illustrative of what is taking

67330 -1Bull. 90--12--4
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place in many other districts in southern California. In short, the
experience with this new method of fumigation has been so success-
ful throughout the southern fruit-growing sections that it is only a
matter of time when it necessarily must entirely supplant the old .
mnethod-.

THE CHEMICALS IN FUMIGATION.

For the generation of hy-droevanic-acid gas in fumigation potas-
sium cvanid,1 sulphuric acid, and water are necessary. The hvdro-
cvanic-acid gas is produced by the action of the sulphuric acid on
the cyanid of potassium. Under the early methods of generating
hvdroevanic-acid gas the cyanid was dissolved in water before being
used. At the present time cyanid is used entirely in the crystal
form. The water is first measured and poured into the generating
vessel. The required amount of acid is then added to the water,
producing a great increase of the temperature of the mixture. While
the mixture is hot it should be placed beneath the tree and the
cyanide added. If >ermitted to cool before the cyanid is added,
the generation of gas will not only be slower than with the heated
mixture, but the amount of available gas will be decreased, thus
making the operation more expensive, and necessarily less efficient.

POTASSIUM CYANID (KCN).

An imported potassium cyanid designated as 98 to 99 per cent
pure is used almost exclusively for fumigation purposes in southern
California. This imported potassium cyanid has been employed
throughout the field investigations of this bureau and is referred to
in this bulletin whenever cyanid is mentioned, unless specific men-
tion of another grade is given. Analyses of seven samples taken

promiscuously in the field during this investigation averaged 98.1
per cent pure, the poorest sample being 97.28 per cent. The gen-
eral fuinigration experience with such a high grade of potassium
cyanid has been very satisfactory. This cyanid is purchased in
cases containing approximately 200 pounds.

Ihe potassiulll cyanlid most freqIuently used in California for
fuinigat ion purposes is commonly spoken of as "German" cvanid, it
being generally know that . this chemical is imported from Ger-
1n1V. This terI "((ierman " has been used il dist inguishing the
regular I pot assim11111 evanid f ron another' kind popularly known as
iAmerican" ',anid, which has had a very limited and unsatisfactory
u sage fo)r a Illmbeler of yea's. Iis " Ameicanl "vIail was kno wn

I) be of a geneall.y 11111chi har lde'r comIposit io an d slower in genl'er-
at ion. Because t hlis latter cyanid is made ill America tle general
helief h1,as prevaitleI ninmig fi ligators tait it is impossible to iianiu-

I For I ai n oium ni i ! , see 'art II of this Hulletin.
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factlle UN -llta)I( it giade of fulllgating cvalll1d 11 this country as 111

(erllany. Sic1 a belief is, of course, errolleous. 111hemical analysis
of this mo-called "_Amilericai" cyanide has shown it to be not pot as-

111i11 ('aIl(1 but S()(llini ntild, wlwicli is a very different article.
No ])gat atSSlUIll cvllld 1s 111111111fact1red il this count ly.

Sp t sslsUIII cytlld gua 1t1111t e(l to )e OS-9) per cent pure should
b usel, as experience ga inied dill g this invest igat ion, as Well as
that from conillnercial operat ionis, has proved this grade of cyanid
to be uniformly successful. Moreover, such a high-grade article is
(1l1ute free of Od1I1111 cl1lorid 1 (com1 1on salt), t 1e dll mlldal action
oif which is explained later.

('yaniiid should he exposed to dmall) air as little as possible, as it is
dlect'Ill})( )sd b( 11 11 1e. A 11 Isis (f 11 Snill ) X]) )5(1 to t le air
for a1 few Illolliths slElv-d 1it to be several per cent less pu<re than
nlIjllalv. M1ch a CyUillld, of vII (11( which 1as l),ec0m1e 11oiste1ed

by o nly a few1 davs' ex)osu re t o) tlie weather, is sh wer in1 genra t in
its as, aill(1 tis 1 al Object iaiiable feature inI fuiiiga t on. Aft er

4)pening in t le field, t he cse of cyanlid Should be protected by at iht
COVeT Which will ward of 1 thelt loll of de or railll.

SUIPHI Clt A('I) (1.s04).

A commercial Sulphiulric acid (11.I(1),. otio 1um, which is aI1)r()Xi-
1m1at1 i 93 per celt pure. slioull be lised. S1ulphliar is the baIsic
In'(1ient in th1 1111111111fac1t tre of stlpiutric acid. (Genreally speaktlng,
a1 acid iIll Which t ie s11lp Ill is Obtailed frolll )rillstole is preferal)le
to) 011 1l(le froll irol )rit es. I1e reasoli 1t that t Iose which 111e

m11ade froll a )rIllst olle base usuatilly cnt a in fewer inpur rit ies thanl
t hose m1ade frolll iron pyites. if the illlp rit ies he ehlinat ed,
l WCver, t le Suhuticfl ci 111 ade fro1 th le one is as satisfactory in
funilllgatl(l hS that Illade froll tile ot her.

ri co0 0111n110118ost 111)t111 IiI sipliuric acil is 'sulphate of roll
1 FeS(4). Tis ohfte1 occ1rs 11i1 cid- Iliade frOlll )Vrit Cs, all1(1 so1e-

t1111S tc a Ver y' great ('NtXllt. It a(l aS m11ily appearance to the
ac11(l. he act ion of aci( on1 ull-liSe(l roll ron(111 aSO CisocuSeS t le
f lrmatin11 of Su ph1atC of Ionl l (l10 )e t 1iee ld 11 t1)it is appearance
of the "settlings" or the acid at the l)ottol of the drunm. The
writer has used acid containing considerable sulphate of iron without
any apparent injury to citrus trees or fruit. Nevert heless acid con-

I Experimentation during this investigation has shown that a high grade of sodium cvanid will produce
exactly as satisfactory results as a high-grade potassium cyanid. No sodium evanid less than 126-130 per
cent pure (as reckoned in terms of a potassium cyanide) should he used. If a suitable potassium cyanid is
not available then purchase a sodium cyanide of the purity mentioned. A pound of this sodium evanid
contains approximately one-fourth more available gas than a pound of potassium eyanid. Hence, if used,
the dosages employed should be one-fourth less than those mentioned in this bulletin. The proportion of
chemicals is also different. A 1-H-2 formula is advised; that is. to each ounce (average) of 126-130 per
cent sodium cyanid use I; ounces (liquid measure) of sulphuric acid and 2 ounces of water.

For a thorough treatment of sodium cyanid in relation to fumigation see Part II of this bulletin.
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training large quantities of sulphate of iron should be avoided for
the same reasons that cyanid containing large quantities of impu-
rities should be avoided, even though the impurities are apparently
harmless.

Traces of nitric acid (HNO3 ) are sometimes present in sulphuric
acid. For several years an opinion has been current in California
that nitric acid when present in sulphuric acid used in fumigation
would result in the burning of fruit. Burning of fruit has occurred
to a greater or less extent throughout the history of fumigation,
yet in recent years, because this damage has sometimes taken place
when an acid made from pyrites was being used, and in which a
trace of nitric acid was sometimes present, the belief has become
quite general among fumigators that such an acid was unsafe.
The theory proposed as the cause was that the heat produced in
generating the hydrocyanic-acid gas drove off the nitric acid in the
form of a vapor, which, coming in contact with the cooler surface of
the fruit, condensed, resulting in a burn or pit. Careful experiments
were recently carried out in order to decide this point. Eight orange
and lemon trees well laden with fruit were treated on three different
nights, using sulphuric acid containing from 1 to 10 per cent of pure
nitric acid. Dosage schedule No. 1 was followed. The exposure
was one hour. No pitting or burning resulted with any of the
strengths used. As these amounts of nitric acid are far in excess of
the quantities ever found in commercial sulphuric acid it can be
safely concluded that there is no danger of burning as a result of
the presence of nitric acid in the commercial sulphuric acid.

Traces of arsenic, lead, or zinc are sometimes found in commercial
sulphuric acid, yet in all samples of acid analyzed during this inves-
tigation the quantity, when present, has been so small as to demand
no consideration as a source of injury.

Sulphuric acid is purchased largely in iron drums containing from
1,500 to 2,000 pounds. Glass carboys of about 10 gallons' capacity
are sometimes used. The drums, because of their great weight, are
seldom taken into the field. A common and convenient method
is to roll the drums onto an elevated platform at the source of sup-
plies. The acid is then removed into glass carboys or some other
recept ncle for carriage into the field. Iwo or three carboys usually
will Coitalin eniough11i neil for one night's run of an outfit of tents.

Care should be observed in handlinrg i s acid. Rubber, gloves
are advisable. If some acid accidentally reaches the flesh hasten to
wisi t lie affected parts wit i water.

THE AMOUNT OF SULPIIURIC ACID NECESSARY.

Clietnical coibinations take place with definiteness under the
samte condlit ions; th'a is, given I he sane conditions, when one
chemiecil acts upon unalt her iII the production of a third substance,
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the proportion between the first two chemicals is practically the
same. Such is the case when sulphuric acid acts upon potassium
cyanid in producing hydrocyanic-acid gas. A given amount of
cyanide requires a given amount of sulphuric acid of a fixed degree
of purity in order to thoroughly utilize the quantity of cyanid

employed, evolving the maximum amount of gas, and carrying the
react ion to completion. A quotation from a letter received from
Dr. .1. K. Haywood, of the Bureau of Chemistry, of this department,
illustrates this point:

In the action of sulphuric acid on potassium cyanid approximately four-fifths of
an ounce (avoirdupois) of 93 per cent acid is used up for every ounce of 98 per cent
cyanide '

Expressed in fluid ounces four-fifths of an ounce avoirdupois equals about 0.42 of
a fluid ounce. We may say that theoretically 1 ounce avoirdupois of 98 per cent
potassium cyanid needs 0.42 of a fluid ounce of ordinary commercial sulphuric acid
(93 per cent) to convert it entirely to hydrocyanic acid. Since it is always best to
have some excess of the acid to carry the reaction to completion, it is probable that
three-fourths of a fluid ounce of commercial sulphuric acid is ample in practice to
convert 1 ounce avoirdupois of 98 per cent potassium cyanide to hydrocyanic acid.
It 1 fluid ounce of the commercial sulphuric acid is used it will certainly leave a
considerable excess of sulphuric acid. It is perfectly possible, however, that this
excess of sulphuric acid is of value in heating up the mixture so that more of the
hydrocyanic acid is liberated and not absorbed by the liquid.

Two series of field experimlient s were performed which were identical
in all respects except that in the first 1 ounce of sulphuric acid was
used while in the other 1 1 ounces were used to each ounce of potas-
siumi cynnid. Analysis of t he residue by t he Bureau of Chemistry
of this department, showed( that the reaction w s ats Ierfect with the
smaller proportion of acid as with the larger. The addition of a
great excess of acid might even result in an impedinet to rapid work
inl the field. As an explanation of this condition it might be stated
that the residue always contains a substance which is soluble in
water alone, but the presence of a large excess of sulphuric acid will
cause it to crystallize alld solidify. This latter condition will fre-
quently occur if more than equal parts of acid to cyanide are used,
especially so with the smaller dosages. The removal of solidified
residue necessitates loss of time.

Summing ill), it may be said that 1 fluid ounce of commercial
sulphuric acid (93 per cent) to 1 ounce (avoirdupois) of 98 per cent

putassil cvanid is certainly enough to carry the reaction to com-

pletiol in the liberatioln of hydrocyanic-acid gas and is perhaps an
itunnecessarily large amount. In practical field work, where dosages
of varying sizes are constantly being used, it is very convenient to
reckou the acid in the same number of parts as the canid. The
use of 1 part (fluid measure) of acid to each part (1 ounce avoirdu-

Trois) Of ctnied is therefore recon0end0ed.

The reaction is as follows: 2 KCN+11 2SO4=K2SO 4+2 HCN.
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WATER AS A FACTOR IN FUMIGATION.

There are several reasons why water should always be employed
in fumigation. It is very useful in dissolving the potassium cyanid
and hastening and completing the chemical reaction with the acid.
A piece of cyanid thrown into a mixture of acid and water immediately
gives up a portion of its mass in solution. Scarcely has the cyanide
dissolved when it is partially converted into gas. The heat liberated
during this process assists in forcing the solution of more cyanid
which is also partially converted into gas. This continues until
the chemicals are exhausted and the reaction ceases.

Potassium sulphate, a solid, is the by-product resulting from the
reaction by which hydrocvanic-acid gas is produced. Water dissolves
the potassium sulphate as it forms and prevents it from coating the
cvanid not yet in solution. In the presence of an insufficient amount
of water, the potassium sulphate is not completely dissolved, but
forms a coating on the pieces of cyanid, preventing the sulphuric
acid from penetrating to it, and thereby retarding, or even in part
preventing, the reaction. In such cases this undissolved potassium
sulphate usually solidifies, causing the pots to "freeze." This
phenomenon always occurs where the formula is 1-1-1, or where
the same amounts of water, acid, and cyanid are used. On agitating
the residue by stirring, it is almost always possible to find small
pieces of undissolved cyanid enveloped in a coating of the potassium
sulphate. Ordinarily, when the residue is stirred the particles of
cyanide are removed, to some extent, from this envelope of potassium
sulphate, allowing some of the unused acid to reach them, and thus
evolving a small amount of gas without the addition of more acid.
IUder these conditions, however, the reaction is never complete,
and it is highly desirable, therefore, to add sufficient water at the
beginning to dissolve all the potassium sulphate.

Recalling the statements made in discussing the amount of sul-

phuric acid to use, it is seen that the "congealing" or "freezing"
of the residue in the generating jars is (hue to either or both of two
conditions: (1) An insufficient amount of water to completely (ls-
solve the sulphate of potassium, or (2) a large excess of sulphuric
ncid, w ierebv1 lie water is rendered less capable of taking into
solution the same amount of sul>hate as it otherwise would.

Another very iinmport ant function of the water in the reaction is
the heat produced Iby the union of the sulphuric acid and water.
P)otassiiumn Cvanil lint mddmced into this heated mixture gives off

hd(rocytanu-acil gas 11111(11 more (Iuickly and thioroughlyv t han at a

Iowver temlperatuire, and in field work rapid generation of gas is
e'sseni al.
The nt i11 of pare or highly concept rated s11)lpurI ic acid on potas-

sluii cyanide resul ts in a VerV <Ii Tereit ciedical reaction than wlen
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the acidl has been diluted with water. With very dilute sulphuric

acid and up to a strength of 1 part acid to 1 part of water, which is
as concentrated a mixture as is ever used in fumigation work, nearly

pilire hydocyalllc-acid gas is given Oi. By decreasing the propor-
tion of water used below 1 part, the amount of hydrocvanic-acid
gas resulting is also decreased until, when colncei ntratedI sulphuric

aei acts oin a ya('n"21111, h dIrlo(an('iC-( id gas is not given ol, 1but rather

an entirely different gas called carbon monoxid.1

THE EFFECT OF DIFFERENT PROPORTIONS OF WATER.

Onl iemperatur( of tp/s.-Anyole who has watched tle escap)ing gas
an11 steal froll1 the I'eactilOll of 1)OtasItiill Cyanid and Illl)iuric acid
wherein (h1ff Telit 1)1rO)rtlolls of wate Wr 1' 8( UeC dll 1 not fail to
notice that the violence with which the generation starts and the
gas is given off is apparently greatest with the smaller proportions of
water. Experiments carried on by this investigation showed that

PROPORTIONS OF PER CENT OF GAS GIVEN OFF
CYAMID AC/D WATER 10" 201 30' 40 S0, 60 70 80 90"' 100%

I I I 87.84
I I 2 93.75
I I 3 89.95
I I 4 '86.25
I I 5 81.68
I I 6 79.65
I I 7 73.47
I I 8 1 43.27

FIG. 10.-Chart sho ins total amount of zas evolved when different proportions of water are used.
(Anthor's illustration.)

the temperature of the escaping gas Was conlsidleral dv higher with
Smaller l'ro)o1)O'tlolls of Wi'ter 1than Wit the larger 1)roPortlolIs. '1nt Onne

experiment the highest temperature of tie escaping gas was 124' F.
with 1 part of water, but only 90' F. with S parts. The temperature
wS approximately uniform with from 1 to 4 parts of Water.

Oil. amount of a railable qas.-The Bureau of Chemistry of this
department, at the request of the Bureau of Entomology. performed
an experiment to determine the amount of hydrocyanic-acid gas

available when generated with proportions of water varying from I

to 8 parts. The results have been incorporated in the accompanying

chart (fig. 10).
In1 these experiments commercial sulplhulric acid 66' Bauim6, analyz-

ing 92.77 per cent pure, and potassium cyanid ! 97.1,2 per cent, pure
were use(d. Three ounces (fluid) of sulphu ric aeid and 3 ounces

1 See Part III of this Bullet in.
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(avoirdupois) of potassium cyanid were employed in each experi-
ment, and 3, 6, 9, 12, 15, 18, 21, and 24 ounces, respectively, of
water were used in the different experiments.

From this chart it is evident that with the grades of acid and
cyanid mentioned the largest amount of gas is available from 2 parts
of water. As the proportion of water is increased above 2 parts the
available gas is decreased, until with 8 parts of water we obtain only
about 43 per cent of gas, or less than one-half as much as with 2
parts. In other words, 1 ounce of cyanid and 1 ounce of acid in
combination with 2 ounces of water will produce much more avail-
able gas than 2 ounces of cyanid and 2 ounces of acid with 16 ounces
of water.

The cause for the smaller amount of gas with 1 part of water has
been explained on page 44. One of the principal reasons for the
decrease of the amount of gas as we go above 2 parts of water is that
the temperature of the acid-water mixture decreases as the pro-
portion of water increases. With dosages of 5 ounces of cyanide the
temperature was found to be 1900 F. where two parts- of water were
used, but only 1250 F. with 8 parts of water. The hotter the acid-
water mixture the quicker and more violent the reaction with the
cyanid will be. Secondly, hydrocyanic-acid gas is very soluble in
water. As the cyanid is immersed during the reaction, the gas has
to rise through the liquid in order to escape. Less gas will be
absorbed by rapid evolution through a small amount of water than
by slower rise through a large amount.

The proportion of water used by different fumigators under the old
system has varied all the way from 2 to 8 parts, some men even
varying widely in their individual work. In brief, the Method fol-
lowed by the "generator" man in dosing has been that on coming to
a tree he first looks at his can of cyanid for that tree and then makes
a guess as to how many ounces it contains. If he is using 2 parts of
water he will use twice the amount that he thinks there is cvanid in
the can; if 8 parts, then 8 times the amount of cyanidl he thinks
there is in the can. A very few outfits have measured the water in
graduated heakers; the majority of receptacles used have varied all
the way from half-pinit (lil)pers to quart dippers, quart pitchers, or
even old tinl cans. Think of measuring with accuracy the amount of
water for a tree req i111ring 4 ounces of ('Mani( with a llart pitcher!
1he writer has f req(ently seen fumigators, 111 la('Sutlringr the(' water
for at tree, first leasure out what theV thought to be the proper

amoIniit, thene hesitate as to whether it was enough, and finally dip
otit a second Or even a thIir(I portion. Those second 1l(1nd thlir(l dips
meait less available gas, an( the conmloil nimultifol(I guessing in the
neasuire of water* under the old s-stemii has )eeni direct ly responsible
for ir regular results.
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It has been a common practice among fumigators to increase the
dosage when fumigating a tree severely infested with scale. It also
has been a common practice-in fact so common as to be almost
universal--to increase the proportion of water when using such heavy
dosages. It was believed that this extra water reduced the tempera-
ture of the gas, thereby preventing the burning of the foliage. \ery
naturally, the use of extra water might produce less injury, but this
would not he dIue to the reduction of temperature, as has been
believed, but to the decrease of the amount of gas given off. This
practice has caused a great waste of cyanide and wide disparity in
results. Indeed, the writer believes that no one factor has had more
to do with the wide valiation ini results secured in fumigatinr citrus
trees than has this erratic use of water.

THE CORRECT PROPORTION 01 WATER.

It has been showing that 2 parts of water to 1 part each of cvanid
and sulphuric acid will produce the maximum amount of available gas.
It is impractical, however, to use 2 parts of water in field work
because wvithI this proportion the residue, especially when small
dosages are used, will frequently so di lify within One hour's time,
which is the usual period for leaving tents on the trees. Although
this proportion of water apparently is sulhcient to dissolve the sul-
phate at first so, that a complete reaction takes place, it appears

unable to hol( the sulphate in solution longz enough afterwards to

prevent "freezing." This phenomenon is ani impediment to rapid
field work, for some little time is required to remove this cogleale(d
residlue from the constricted-neck generating pots in common use.
It is evident in this instance that a "frozen" generator does not
imply an incomplete generation, alt hotgh'ill some other cases the resi-
due left may be congealed an(d the generation incomplete. With :3
parts of water the residue seldom congeals and this is the proportion
recommended by and used in all the field work of the writer. With
dosages of 12 ounces of cvYalid or above, a 2 X-ounce ratio of water can

be used without (langer of " freezing." The water should be measured
carefully with a glass or dipper graduated to ounces.

THE MOST ECONOMICAL PROPORTION OF CHEMICALS TO USE.

In the urceding discussion it has been shown that for various
reasons 1 fluid ounce of commercial sulphuric acid and 1 ounce

(avoirdupois) of 96 to 100 per cent potassium canid in combination
with :3 fluid ounces of water rive a complete reaction. Thus the
1-1-3 formula, hitherto recommended by the Bureau of Entoimolo-g,
is fully indorsed for fumigation work in the field.

A review of the use of hydrocyanic-acid ras for fumigation, both in
California and elsewhere, shows frequent divergence from the more
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economical and satisfactory proportion of chemicals indicated above.
However, since the results of this investigation have been given out
the former erratic methods of measuring water have almost entirely
disappeared. The usual practice now is to use 3 parts of water
which is generally measured in graduated receptacles. The systema-
tizing of the use of water has been one of the greatest accomplish-
ments of the present investigation.

In such special treatments as that of nursery stock, mills, houses,
and the like, where the extra time required to remove the congealed
residue would in no way interfere with the rapid and economical
progress of the work, 2 parts (ounces) of water to each part (ounce)
of cvanid is recommended.

THE AMOUNT OF CHEMICALS IN VERY SMALL DOSAGES.

The results in the fumigation of small trees requiring from 1 to 3 or
4 ounces of cyanid have generally been much less satisfactory than for
the larger sizes. If the amounts of chemicals used for such small
dosages in large generating pots are always in proportion to the 1-1-3
formula the reaction will sometimes be slow and incomplete. This is
especially the case if pieces of cyanid of such size as to project above
the surface of the liquid are used. In order that the cyanid may be
entirely covered by the liquid the entire dosage should be not in one

piece but preferably in two or more smaller pieces. It is also advis-
able to increase the amount of the acid-water mixture to a slight
extent in such cases. An extra ounce of acid and 3 extra ounces
of water will usually suffice.

MIXING THE CHEMICALS.

It is preferable to pour the water into the generator first and then
add the acid. The pouring of the water onto the acid is more likely
to cause splashing of the acid from the jar onto the fumigator. When
the acid and water are in readiness for generating the gas the fumi-

gator adds the pieces of cyanide to the mixture and hastily retreats.
As already stated, the cyanid should be added while the mixture of
water al(l acid is hot. Other investigators 1 have called attention
to this, while experiments performed by the Bureau of Chemistry of
this (lel)artment show that the reaction with a cool solution is very
inferior 1(0 we w-hen the heat is great. Potassium cyanid added
t of thIle iixt ure of acid anld water when hot lost 10.68 per cent of

hydvol rocyanic-acid gas, wh ile the same cyanid( added to a mixture of
n1( (I all(I water ' while coI(I lost 23.25 per cent, a difference of more

1hl 1 n1 12 j)l'r cenit. The cyanIiid shollld (eWver be place(l in the water
beforee hie ncid is added. If t he acid is ad(led to the cyanid in solu-
Sioll, i N' 1Y VI 011 'ii react 1011 takes place, wi Ill Will so fllleinles throw

I Gossant, 1Bu1. 67', Fla. .\gr. 1:xp. ,Sta.
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mu11ch1 of the liquid from the vessel. In one instance about 1 pound
of cvanid was dissolved in water in a 2-gallon generator. Acid was
then added, producing a disturbance so violent as to throw some of

the liquid almost to the top of a 2-story barn.
The cvali(d should be in piecess anywhere from the size of an EIglishl

walnut to that of a good-sized lemon. The smaller pieces shou1(l1 be
used in the small dosages. Powdered cyanid should be avoided in so

far as possible. Where purchased in large boxes there is always a
considerable quantity of fine material at tle bottom. Entire dosages
for a tree should never be com >osed entirely of this character of

cVanid or a violent reaction will take place, blowing much of the
fine particles out of the generator and endangering the tent as well

as the a lwrator. This fine cvanid is most economically and satis-

factolrily disposed of by using it inl smllall Iulantities along withl lumlps.
The generation of gas has practically ceased at the expiration of

fr)ll1 three to five minutes.

M\:a1v writers o1 flllllgratlll nec111111el( the lse of paper )ags for

liollinig each dosage when placed in the generating pot. These bags

are used largely to retail the reaction so that the operator Iay

retreat to so11 (listan1ce before Ile generatio Columlelces Or ekse
to prevent sopping. Tle writer's own experience, as well as Sole

)rilililes Wpreviously mltioned in this chienrical discussion, would

lead to advisilg. against tle use of paper bags. Tie retardation of

gelnerat loll is so marked in the case of sinaill <losages in heavy paper
bags that the amount of gas resulting must be consideraibiv less

t hin if the evanid had been introduced in a free state.' By t lie exer-

18111g of -i slghlt Iamount of care ill illt roucillr cvill(d Iill the free

state into a generating vessel there is no danger of the operator

being affect d by the gas or of the acid being slopped out. Neither
will the generating pots boil over if the amounts scheduled on page
24 are used. 'ine or powdered cyanid should never he used in

houses. In household work sheets of heavy paper should ie placed
Ull( l'lleti It lie (enerat ors.

EFFECT OF THE PiESENCE OF SO)I1UM (IH RI) ON THE AMOUNT OF

GAS GIVEN OFF.

Practically all commercial cVanil contaills more or less commH1o1

salt, technically known as sodium chliorid. The action of this salt

in connection withl fumigation demands consideration. It has been

found, when sodium chloride is present in the reaction of sulphuric

acid on a cyanid in the production of hydroevanic-acid gas, that
this chloride salt produces a secondary relation which liberates an

acid called hydrochloric acid, and that this liberated hydilrociloric acid

I If paper sacks are employed, they should be of thin paper, or slit to allow the free action of the acid on
the cyanid.-C. L. M.
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inmediately attacks the hydrocvanic-acid gas and decomposes it to a
great extent. Hence, as the presence of sodium chlorid in a cyanid

produces a partial decomposition of the hydrocyanic-acid gas when
liberated, the ultimate result is that less gas is given off than from
a cvanid of the same degree of strength which is free of it.' Exten-
sive experiments carried out by the Bureau of Chemistry of this
department showed that the presence of sodium chlorid in a. reaction
causes a very marked decomposition of the hydrocyanic acid.
Experiments with two different cyanids each of which has had a
limited usage in California showed that the amount of sodium
chlorid in one caused a decomposition of 9.76 per cent of the total
hvdrocyanic acid, the other of 34.07 per cent. An experiment per-
formed with a cyanid having a very large quantity of sodium chlorid
in the reaction resulted in a decomposition of over 92 per cent of the
total amount of gas, only a little over 7 per cent being evolved.

The results of these experiments bring to our attention a second
requirement in the purchasing of a cyanid. That it be of a certain
degree of purity is no longer the only consideration. It is of equal
importance that the cyanid be practically free of sodium chlorid.
Possibly extensive and expensive refining would be necessary to
eliminate all traces of sodium chlorid from a cvanid. Such a condi-
tion would be preferable but can not be demanded at the risk of
increased cost. We can, however, reasonably expect a high degree
of purity, and the writer would condemn as unsuitable for use in
fumigation any cvanid containing in excess of i per cent of sodium
chloril. This does not mean that every cvanid used should be
examined to determine if it contains in excess of this quantity of
sodium chlorid. A potassium cyanid 98-99 per cent pure has such
a small margin for impurities that it will not contain any objection-
able quantity. A potassium cyanid guaranteed as 98-99 per cent
pure can be used with entire safety provided its purity measures uip
with the guarantee.

NATURE OF THE RESIDUE.

The residue resulting from the generation of hvdrocyanic-acid gas
is usually a bluish or greenish colored liquid consisting for the most
part of water. It also contains sulphate of potassium, more or less
sulphuric acid, and some hydrocyanic acid held in solution. This
combination of substances is of a very poisonous nature. Neverthe-
less, some writers on fumigation, considering the plant-food elements
which this residue contains, have advised that the residue was of
much importance as a fertilizer and should be spread over the ground
for such ai purpose. This is no instance of the too frequent tendency

I The deicoipjosing action of sodim chloride on cyanide used in fumigation was first mentioned by
Newell in Bulletin 15, oorgia State Board of Entomology, 1905.
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of many writers to advise a practice based on theory alone. The
w-riter has seen vegetation destroyed by the action of this residue,
especially where the amount of rescue was large. Its injurious
elect on cover crops has been called to his attention by one orchard-
ist. One of the most striking examples of its injurious elect that

the writer has ever seen was in an orchard of large trees on light

sandly soil. The residue was emptied at the trunks of the trees, with
the result that portions of the root systems of some trees were
destroyed. These examples go to show that the residue produces an
immeldiate injurious effect on vegetation wherever it may come into
contact with the same.

The residue sllould1 never be emptied near the base of the tree, but
out in the middle of the row. It should be so placed that t le tents
do not come into contact with it while being" moved from one tree to
anot her. The conInon practice in (alifornia is to empty it midway
bet ween the two rows of trees in the opposite (Iirect ion from which
the tents are being moved. This prevents their being dragged over
the residue.

DOSAGES FOR VARIOUS SCALE PESTS.

It has been stated previously in this bulletin that the purple,
black, redl, and yellow scales were the insect pests of citrus trees
against winch faniwat ion was generally practiced. In some instances
this treatment has been tried against the mealy-bug. The distri-
but ion of these insects is such that in one locality the purple scale
might he the principal problems of control, whereas in another it.
might be the black scale, red scale, or yellow scale. Usually a single

species will predominate in any one orchard, yet sometimes two or
even all require attention at the same time.

The tendency of citrus-fruit growers is to overlook the fact that
this problem of control is one wherein different species of insects are
concerned and to believe that whatever treatment the fumigator
applies should accomplish the same results in all cases. Only the
treatment itself is considered, not the strength of dosage, and this
has led many orchardists to complain because fumigation by the out-
fits owned by associations or counties sometimes costs as much or
even a little more than that by contractors. If one party performs
the work much cheaper than another, the real basis of this cheapness
is that less cyanid is used. The desired results can not be accom-
plished unless the correct dosage requirements are met.

Many dosage tables for the different scale pests of citrus trees
have been published in California and elsewhere, based on a consid-
eration of the height and width of the trees. These dosage tables for
the most part are very erratic, being calculated largely from hearsay
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rather than from actual experience in the field.1 The practice among
commercial fumigators has been to absolutely ignore these tables,
depending, instead, on their own judgment. The result is that
their scheduling differs markedly from that of the published
schedules.

FACTORS WHICH AFFECT THE DOSAGE.

Although citrus-fruit growing in southern California is restricted
to a limited area the climatic conditions are not uniform in all sec-
tions. The region adjacent to the coast generally is cooler and much
damper at night than in the interior valleys. This situation has led to
a diversity of opinion among fumigators as to the comparative
dosage for the two sections. Some hold that a heavier dosage is
required near the coast on the ground that the gas is absorbed by
the dampness; others, that the (rier and lighter air in the interior
valleys allows a more rapid escape of gas through the tent, which
necessitates more cvanid than for the heavier air of the coast. Set-
ting aside these opinions and examining the situation as it actually
is, we find that the general dosage strength for a particular insect is
approximately the same throughout southern California regardless
of nearness to or remoteness from the ocean. Of course, there are a
few striking indivi(lual variations from this general statement, but
these variations are as noticeable in one place as in another.

Personal experience in all sections has taught the writer that the
leakage of gas is for the most part noticeably greater in the dryer and
warmer interior sections than near the coast. Despite this.condition
any given dosage appears to be as efficient in one place as in another.
This marked efficiency in the driver and warmer sections regardless
of the greater leakage might possibly be due to the fact that the scale
insects are more susceptible to the gas in the higher temperatures
general there than in the cooler temperatures of the coast. It is
known among entomologists that insects are active at high tem-

peratures but become dormant at low temperatures anl inl the latter
-oniditiol are more difficult to destroy. Prof. Woodworth, of the
University of California, has informed the writer that laboratory
experiments perfonmed by 1h1in have shown this condition to exist
ainoIg scale inisects alld that the temllperature at, which they become
dorImaint is relatively h1igh. This interrelation of telmperlatuire and

activit V has a very import ant hearing on the fumigation treatment

aild (11111( 0Is iumuchi furt her experlmeltation iii the field as well as ill

the lI)oratory.

Tile old concept ion that an increase of dosage was required near
the coast to offset the loss of gas fromll absorpt loll by Ioist ire is also
no onrer telable. Experience has shoWil, that the results (1liig

I 1ul. 79, 1Bur. Elit., l. S. Dept. Agr., pp. 20-22, 1909.
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dalp) nights near the coast are exactly as satisfactory as on dry ones.

Even if the gas is absorbed by moisture the tents become so much

tighter from being moist that any negative effect front the dampness
is offset.

The character of the tenting material used directly affects the dosage
required. Most of the ducks and (rills now used in California (see

p. 11) are about equally gas-tight. The recommendations of dosage
given in tins bulletin are for these tenting materials. With the

special nI drill experimented withl (iring these investigations (see

pp. 11-12) one-fourth less dosa(re is required. Anly tenting tighter
than the (lothI comunonly ul-;ed for -this purposee in (ialifornia w-ill also

require less ((Osia(e.

THE PUHPI.E SCALE.

'relIIlliary experilllents to letel11111 the (1lostige re(jIlire(I for tile

destructioll of t let iu)l scale Wsfl'f undertaken at Orage . Call.,
(111fl1lg til1 I1110t11 1 of Novelllher, 1907. Orallge trees seNverel\- il 11st ed

wit I tile purple scale illall stages of olevelopllient w\ere treated Wit I

dosagee rates varying from t1hree-fou1rt1s1 of al oun1ce of cyamild per

1 00 cubic feet ip to 2" ounces per 100 clubic feet. 'ThIe cubic contents

of the trees varied but little, the trees ranging fromit 11 to 14 feet inl
i1('giht. Ihe 1 1-.) formula was followed. Exposure last( one hour.

After a period of about two months atll exaniinti on( of the results of

t1his experiment was Irate. To) show the care witli whicll t1e exam-

ilnt)ion was coIidicted in this as well as all other experiments against

tlie purple scale it might )e mentioned that ini 'ench case the scales

were overt turned 1andl exalmlined witlh a higlhi-power hanI lens. Ill
tIhose instances in which tle entire contents of tile scale were not at

once revealed, the delicate ventral scale was ruptured and the con-

oenits scra)e(I out. Through this metho(I not a sille egg could

escape o)sCIvation.

As a result of this experiment it was found that all insects were

destroyed on tle leaves ando blranclles by a '-ounce dosage rate,
that all insects and over 99 per cent of the eggs were destroyed at a
1-ounce dosage rate, and that, all eggs on the leaves and branches were
dIestroyed at a 1 A-ounce dosage rate. Very little fruit was on the trees

yet, where present, normal eggs were found on the fruit after a dosage
as high as a I i-ounce rate.

In another experiment in which the trees were considerably smaller,
sOmhe being not more than 7 feet tall, it required a ?-ounce rate to
eradicate the eggs on the leaves and branches, even though the lerth

of exposure was one and one-half hours. This condition shows that
smaller trees require a much heavier dosage proportionally than large
trees to offset the leakage of gas, as explained on pages 33-34.

During July. 1908, an orange orchard near Whittier, consisting of
about two acres of trees averaging about 7 to 9 feet tall which were
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severely infested with purple scale, was fumigated with the 1-1-3
formula with an exposure of one hour. Dosages varying from 12
to 21 ounces per 100 cubic feet were used. The result was that
eradication occurred on the leaves and branches at a rate of 2 ounces
per 100 cubic feet, thus corroborating the work on such small trees
previously carried on at Orange.

Eradication of an insect would be preferable, yet experience during
these experiments just mentioned demonstrated that the dosage
required for eradication might result in injury to the fruit. A rate
of 1 ounce per 100 cubic feet for trees about 11 to 12 feet high was safe
under almost all conditions and such a rate was adopted for general
work. Dosage schedule No. 1, based on such a strength of gas, was
prepared at this time.

This schedule No. 1 was used during the autumn of 1908 by several

practical outfits in the vicinity of Wiittier, and has since been fol-
lowed in other sections in which the purple scale occurs. Thousands
of acres have been fumigated after this schedule. The general result,
when the work has been carefully done, has corroborated the writer's
own experiments in that all live insects and in excess of 99 per cent
of the eggs were destroyed on the leaves and branches. Such a
killing is entirely satisfactory. In some cases a slight amount of
pitting of fruit has occurred, especially in the top of the trees, and has
caused some growers to complain. This slight amount of pitting can
be overlooked by reason of the superior killing which has resulted.
To use a dosage sufficient to control the scale and at the same time
entirely avoid pitting throughout a fumigating season is a practical
impossibility.

The first season the improved system of fumigation was adopted
schedule No. I was used almost universally. As this schedule gives
dosages considerably in excess of those formerly used, fumigators in

general became somewhat uneasy about using it, with the result that
(luring the season of 1909 a three-fourths schedule, rather than full
schedule No. 1, was used by the majority of outfits. Although the
results with the three-fourths schedule have been very good, this
schedule is far less satisfac tory than the full schedule No. 1.

The writer advises the use of full schedule No. 1 (see fig. 9, p. 34)
for the purple scale. The results with this dosage are so superior, as
shown) by exp)erienIce, that most orchards are rendered so clean tha t

th1('Pearfter tl)(h do lnot re(uiire fI unigation Oftel(r thlaLn onco inI two

Y(Iars. It is mDore ec)oomical to use schedule No. 1 and escape treat-

1nient alteniate years even if a little fIruit is pitted inl the operation

th an to use a smaller dosag(e anal be obliged to treat anl orchard every

'('aur. It is sc('Olim, Io ('wever', 1 that any m11a rked degree of 1piti gllr t alkes

pi(( exwi h1 schedule No. ,if proper care is exercised during the
O ))(f l ll.)I
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LENGTH OF EXPOSURE.

Experiments against the purple scale showed that in using a 2-ounce

dosage rate eradication occurred on the leaves and branches with a

30-minutes exposure, whereas with a one-hour exposure it was pos-

Sible to accomplish the same results by using a 11-ounce dosage rate.

This demonstrates that decidedly better results can he secured by
leaving the tents on the trees one hour than is possible with 30
minutes of gassing. With the present character of tents in use

practically all gas has escaped on most nights by the end of an hour.

This furnishes sufficient evidence that a longer exposure would he

unnecessary. Ilowever, experiments have been carried on in which

exposures of greater duration than one hour were made, but no

better killing resulted. Front all the experimental evidence at hand,
an exposure of one hour is advised for the purple scale. This length
of time readily enables an outfit to go through the complete operate ol

of preparing the chemicals and dosing the trees, with a few minutes

to spare for rest.
ERADICATION.

Experiments during the earlier part of the invest igation showed that
the purple scale could be eradicated from the leaves and branches Of

trees I)y uls1iln a dosage equivalent to( al 1 1-dosage schedule. I)uring
the first part of September, 1908, anl isolated orange orclard cont ainiin(g

about 1 acre of trees from 10 to 1 S feet tall and severely infested with

the purple scale was f1umigated, using al 1 -dosage schedule (dIosage

schedule No. I increased one-half). No old scaly fruit was left on the

trees. The results were as follows: An inspection of this orchard
duitrimeg tie Int t er part of the autumn failed to reveal any live insects.
The crop of fruit on the trees was entirely free of scale for the first time

in tie memory of the owner. Manly examinations have been made

since, yet without the finding of a single live insect.
This experimnienit hus shown that eradication of the purple scale on

tree free of infested fruit is possible with i 1U -dosage schedule, if
the work be carefully (lone. In small isolated orchards it might be

practicable at certain times to use this dosage. For general work
the employment of this eradication dosage is not advised. The

writer's experience has assured him that careful work under the most
favorable conditions would largely avoid pitting of fruit even with
this high dosage. But, as a matter of fact, the work in the field is not
always carefully done, nor are the most favorable conditions always
taken advantage of. Experience has shown that the pitting of fruit
with regular schedule No. 1 sometimes causes a slight dissatisfaction
among growers. If the injury from schedule No. I sometimes pro-
duces dissatisfaction, it is very evident that the greater risk with a
larger dosage is too great to justify its general adoption.

67330 -lull. 90-12 -5
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Other conditions exist which take part in prohibiting this greater
dosage. If this dosage were used in general orchard work, it is doubt-
ful if eradication would occur in all cases. Tents not properly

pulled down on all sides of the tree, a hole in the tent, mistake in
measuring the trees or in reading the dosage from the schedule,
erroneous measuring of chemicals, boiling over of a generator, over-
turning of a generator, and numerous other considerations which will
sometimes escape even the most careful manipulator, make the differ-
ence between eradication and noneradication more variable in prac-
tice than in theory. If the fumigator is inclined to be a little careless,
some of the above errors will frequently creep in.

Moreover, unless compelled to do so the orchardists in any one
locality would not all use this dosage, while possibly some would not
fumigate at all. To go to the extra expense required in an eradication
dosage and then be subject to reinfestation from one's neighbors

presents no special attractiveness to the grower. Supposing that
the growers in any one locality were willing to use an eradication
dosage, the present number of fumigation outfits is inadequate to
meet this requirement within the limited time necessary in order to
prevent reinfestation. These practical considerations demonstrate
that the eradication of the purple scale from any large district is im-
practicable at the present time.

DIFFICULTY OF DESTROYING THE SCALE ON THE FRUIT.

There is one more important point which must be considered in
connection with fumigation for the purple scale. In experiments
to which attention has been called it has been shown that destruction
of scale is much more difficult on the fruit than on the leaves and
branches. Careful investigation of this point for about two years
has also shown that the susceptibility of the scale on some fruit is
much greater than on others. Hence, no exact standard of destruc-
tion for the scale on fruit is possible. When scales become matured
and deposit eggs the dosage required for eradication is very much
greater on the fruit than on the leaves and branches. It may require
a one-fourth to one-half or in some cases an even greater increase.
A dosage sufficient for eradication of the scale on the fruit is impracti-
cal for the very same reasons that make eradication on the leaves
and branches commercially impractical. A grower possessing a
few trees on which lie intends to eradicate the scale at one fumigation
should remove all infested fruit before the operation and then use a
1 schedule. It is advisable to remove the old scaly fruit in any fumi-
gation. At picking, fruit badly infested with scale is usually left on
the tree, and f requienltly from one to a half dozen or more old, scale-
infested oranges per tree remain throughout an orchard. Even after
a good fumigation one of these old fruits might carry more healthy
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purple-scale eggs than all the rest of the tree, and on the hatching
of these eggs the insects will spread to other parts of the tree. The
danger from old scaly fruit is evident, and all such should be re-
moved from the trees before fumigating an orchard.

There are times in which a scale-infested orchard to be treated
contains some scale on the green fruit. During the autumn season
when fumigation is most practiced the purple scale is largely in its
earlier stages of development, in which it may be destroyed by the
employment of schedule No. 1. The inunature fruit which is scale

infested can be left on the tree. It is the old scaly fruit which requires
removal at the time of fumigation.

Tll i ('(CESSI E TREATMENT.

A few grow-ers wh-]ose groves are severely infested with the purple
scale will desire to have the scale eradicated if possible, evenl though
the initial expense is colsilerably above the cost of a regular treat-

nent yet they do not care to assume the risk of having any fruit
on the trees illjured. Ini suhl cases Some authorities a(lvise two

successive treatIent s during the earl alituIlll an(d about five or six

weeks apart. The dosages used should he suflicient to destroy the

mature insect. Tle first treatmnelt woild (lestroy all the insects
leaving only eggs on the trees. The time elapsing between this and
the second treatment shoul( he jist long en1ou)gh to allow all the eggs

to hatch. About five weeks is supposed to be sullhicient unless the
weather be exceptionally cool. Careful inspection will settle this

point. If the first treatment has been thorough and there are no eggs
present at the second, eradIicat iol should result. A three-fount hs
scllelule should be used in each treatment. The first fumigation
should be in the autumn, not later than the first part of October.
1)ouble fumigation is seldom resorte(l to, as its economy in the long
run is somewhat questionable.

THlE RED SCALE.

The red1 scale is generally held as the most dillicult of all citrus scales
to destroy. Extensive experiments during this investigation, carried
out in many sections of southern California, have proved it to be one
of the easiest to destroy. It is, however, the most (illicult insect to
keep out of an orchard when once it has become established in a com-
munity, and this may be the basis for the opinion as to its greater
resistant power to hydrocyanic-acid gas. By reason of its great pro-
lificness, its infestation of some weeds common about citrus orchards
as well as many trees and shrubs which are sometimes planted on
driveways or about the buildings on the premises, and the ease with
which it spreads, this insect frequently will quickly reinfest an orchard
which has been treated. Live insects left on a few trees in an orchard
quickly multiply and infest the others. The author has eradicated
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the red scale in orchards and yet these have become reinfested within
a year. In one orchard the reinfestation was traced to some fig trees
on one side which had not been fumigated; in another, the scale
spread from a neighboring orchard across the way; while in a third,
the scale came from nightshade (Solanum sp.) which had not been
destroyed. The insect is distributed by the wind, by birds, and
especially by clinging to the bodies of the hordes of insects which
frequent citrus trees and carry them to other trees. Foremost among
these insects are the ladybirds (Coccinellide), of which there are
numerous species as well as vast quantities of individuals. Before
fumigating for the red scale care should be taken that host weeds
along irrigation flumes, ditches, and fences are destroyed so far
as possible and all neighboring trees subject to its attacks cleaned up.

Dosage.-The first orchard treated for the red scale (December,
1907) was a severely infested one of between 2 and 3 acres of trees
in an unhealthy condition, and was located at Sierra Madre. The
height of the trees was about 10 to 14 feet. The 1-1-3 formula
was used. Exposure lasted one hour. Dosages of from one-half
to 3 ounces per 100 cubic feet were used. Eradication took place
with all strengths.

In September, 1908, about 1 acre of trees about 10 feet tall,
located at Whittier, was treated with dosages of from of 1 to lI ounces
per 100 cubic feet. Exposure lasted one hour. Eradication resulted.

During April, 1909, 4 to 5 acres of unhealthy orange and lemon
trees at Villa Park, Orange County, were fumigated with dosages of
from one-half to 12 of schedule No. 1. The exposures lasted 45
minutes, 1 hour, and 11 hours. Complete eradication occurred.

An acre of entirely healthy orange trees severely infested with the
red scale-fruit as well as leaves and branches-was treated during
September, 1909. The results of this experiment showed that a
one-half schedule usually would destroy the scale on the leaves and
branches, but that it required a three-fourths schedule to accomplish
this on the fruit. As satisfactory work was (lone with an exposure
of 45 minutes as with 1 hour.

The examination of much work carried on by practical outfits using
both a three-fourths schedule and a No. 1 schedule has demonstrated
that eradication would result when careful work was done.

Results from these extensive observations show that the red scale
is more easily destroyed on unhealthy than on healthy trees, and
that it is slightly more difficult to destroy on the fruit than on the
leaves and branches. The dosage used must be based on a strength
sifflicient to destroy the scale on all parts of all trees; thus it is
apparent that a three-fourths schedule is the most economical for
t ie red scale. In all fminigat ion work against this insect it is advised
that a three-fourtlis sciedulde (three-fourths of schedule No. 1) (see
fig. 11) he use(d. An exposire of 45 minutes is sufficient.

D
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THE BLACK SCALE.

To specify a certain dosage for use at all times against the black
scale is impractical. The reason is that this insect is more (liflicult
to destroy in some stages of its development than in others. While
young (and in a soft condition it (an be destroyed by a light dosage.
As the insect approaches maturity its bo(ly becomes leathery an(l
tough, which renders it dlifficult to destroy. The eggs require even
a heavier (losage. The great variation in development among the
black scale results that at most tines of the year trees will contain
insectS in all stages of development, from those recently hatched to
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FIG. 11.-Dosage schedule No. J, for potassium cyanid. (Original.)

tough or even leathery ones. In such cases a dosage sufficient to
destroy the more resistant indiviutlals is necessary.

Experiments during this investigation, as well as observation of the
work of practical outfits, has demonstrated that in the younger and
tenderer stages this insect can be destroyed by one-half of schedule
No. 1. Very few of those in the later stages of development are
affected )v such a dosage. A t iree-fourths schedule not only
destroyed those in the earlier stages of development, but also those
of a leathery nature and many that are tough and full grown, as
evidenced by their size, together -ith the absence of the character-
istic letter "II " on the upper side. A considerable percentage of
eggs is also destroyed at this strength. A full schedule No. 1 dosage
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will destroy all insects except a few of the toughest of the matured
scales. It will also destroy a large percentage of the eggs.

In fumigating for the black scale the treatment should be applied at
the time when the insects are largely or all, if possible, in the early stages
of development. Close watch of the condition of the scale in his
orchard will enable the grower to determine the proper time. There
is a general breeding period during late summer or early autumn
when this condition usually exists. Wait until the eggs of the old
brood have all hatched, even if by this time some of the earliest
issuing insects are becoming leathery. This is the time at which
fumigation is advised and a three-fourths schedule (see fig. 11, p. 59)
should be used.

If it be desirable to fumigate at a time when the insects are in all
stages, including the mature and tough individuals as well as those
of the younger generations, a full schedule No. 1 (see fig. 9, p. 34)
should be used.

It would be difficult to advise a dosage sufficient to destroy the
eggs, because of the wide variability in the action of such a dosage.
The writer has seen the eggs of some species of scale insects destroyed
by employing schedule No. 1, whereas in other instances the eggs
have been unaffected even where a very much heavier dosage was

used. This is partly attributable to the closer attachment to the
host plant of the different individual scales and partly to a small

parasitic insect (Scutellista cyanea Motsch.) which attacks the eggs
of the black scale very freely. The larv e of this parasite cements
the edges of the scale to the host plant, making it more difficult for
the gas to penetrate to the eggs under such scales than under those
not parasitized. The exposure should last one hour.

THE YELLOW SCALE.

The yellow scale is comparable in almost all respects with the rel
scale except that it is much less destructive. The region in and about
Redlands, San Bernardino County, is the principal section in southern
California in which special effort for the control of this insect alone
is required.

During September, 1909, 2 to 3 acres of orange trees at Redlands
infested with the yellow scale were treated with dosage rates of from
one-half to 1 K of schedule No. 1. The insects were destroyed on all
trees except those on which a one-half schedule was used. A very

few survived on these. No (iflerence ill effect was apparent between
an exposure of 4 51 minutes and one of aln hour.

A three-follrtlhs schedule (see fig. 11, p. 59) is recommended for
the yellow scale. The section ill which the fellow scale is most

ser ils is abut Iiedlanids, where a mreat acreage is on terraced 1aI .
In s11ch1 fumigation it is believed that a full schedule No. 1 should be
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used, to make sufficient allowance for the irregularity in the surface
of the ground, which renders the possibility of leakage from under-

neatlh greater than in regular orchard work.

DOSAGES IN GENERAL FUMIGATION.

If the treatment is for any one of the insects mentioned previously,
the dosage reconuended for that particular insect should be used.
Frequently, however, two, or even three, different species imay be

found ini the same grove. In such cases use that dosage which is

heavy e(ouigh to destroy the most resistant one. For instance, if

the purple and red scales, or the purple and black scales, occur in

the same orchard use dosage schedule No. 1 for an exposure of one
hour. If the red and black scales, or the yellow and black scales,
occur siiult aneously, use a three-fourths schedule for one hour,
unless the black scale is in an advanced or matured stage, in which
case a full No. I schedule is required.

TIME OF THE YEAR FOR FUMIGATION.

Although fuinigatio n is carTied on in California at all times of the
year, there are certain periods in whichli the operat ions are more

general. There are two main factors to be taken into consideration

in fumigating, i. e., the species of scale insect and the condition of

the tree. As to tile latter, it nuay be said that at certain periods of

the year the fruit is in such a tender con(lit ion that it can not with-

stand a heavy dosage without injury. Tlis period is while the fruit
is of small size, usually from April until about August. The bulk of
fumnigat ion in California at the present t ime is carried on betweell the

latter part of August and December. Probably the principal reason

for treating during this period is that the black scale is usually at
that tine most successfully reached. Altlouglh the life history of

the black scale has never been thoroughly worked out for the region

in which these investigations were inade, it is generally understood
that the majority of the insects of the largest and most regular brood
are hatched and in their least resistant stage during the months of

Septemlber and October. In some favorable seasons the eggs are
almost all hatched in August.

The black scale occurs in practically every citrus-growing locality
in southern California, while the purple, red, and yellow scales are
more localized. here any of these other species occur in orchards
infested with the black scale it is a common practice to fumigate
during the regular black-scale period, using the dosage necessary to
destroy the most resistant species. The majority of these scale
insects can thus he caught at one time. W'hen fumigating for the

purple scale alone, operations can be commenced as early in the
season as the trees are in a condition to withstand the heavy dlosage

61



HYDRUCTYANIC-ACID GHAS FUMIGATION IN CALIFORNIA.

required without injury to the fruit, although probably it would be
preferable to fumigate a little later in the fall. The purple scale can
be found in the egg stage throughout the year. There is, however,
a period in the fall during which the smallest proportion of eggs is
to be found. With dosages lower than that of eradication the best
results can be accomplished at this time, which usually is somewhere
about October. The red and yellow scales are born alive and can
be successfully destroyed throughout the year.

In fumigating for any of the scale insects there is one point worthy
of consideration. Aside from trying to save the tree from destruc-
tion or from having its vitality impaired by the attack of scale pests,
the orchardist fumigates principally in order to have his fruit come
into the packing house as clean as possible. It would be well, there-
fore, to fumigate as nearly as possible at the time which would insure
him the cleanest fruit. Although lemons are gathered throughout
the entire year, the bulk of the orange crop is taken during the first
six months. Thus fumigation during the fall and early winter
would be sure to place the cleanest fruit in the packing house. If
carried on in the late spring or early summer, such insects as remain
undestroved would have the opportunity to breed throughout a period
of several months and infest much fruit.

The small size of the fruit and to some extent the heat renders
fumigation generally unsafe before the month of August. From
this time up to December the weather is usually quite dry and not
especially cold. December is usually the month during which cold,
rainy, and generally unsettled weather may be expected to com-
mence and to continue with more or less irregularity into the follow-
ing March. Serious injury to the trees may result unless the greatest
care is exercised in treating during these winter months. At this

period most fruit is almost fully grown, which adds a great weight
to the tree. Covering heavily laden trees with fumigation tents not
only tears off and scars a considerable amount of fruit, but also
breaks off heavy branches. The writer does not believe it advisable
to treat trees in such condition.

The labor question, at all times a perplexing one in fumigation
operat ions, is especially serious where t he work is carried on in the
winter. Tle frequent delays, possibly for several days at a time,
neessitated hy the rainy an l damp weather render it difficult to

secure good and careful imen who will remain continuously wit Ih the

outfits. As they are paid only for actual work performed, operators

earn little more than their living expenses during the irregular hours
when work is possible iin 1he winter season.

After viewing all sides of the question, it is advised that the prefer-

able 11moiths for general fu nigationi are from August to December.
The t great mienit can, however, be carried on with both safety and
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efficiency between December and April, provided the work he per-
formed by careful men who observe the various factors affecting
these two considerations. These factors are given at various places
throughout this bulletin.

FUMIGATION FOR THE MEALY BUG.

Considerable excitement has been aroused in some parts of southern
California during the last year or so over a so-called threatened
invasion of the citrus mealy bug (Pseudococcus citri Risso). This
insect has been known in this region for at least 15 years. Its

greatest Iijury has ])evi1 (one in the vicinty of National Cit , San

Diego County; along the Sierra Madre foothills, near Monrovia, Los
Angeles County; and very recently at Santa Paula, \entura County.

TIhere have also been sporadic occurrences ill mHally other sections.
This sporli' act ivitha beenl of a somewhat puizzlinig nature. A
tree severely infested with the mealy bug one day eight he found to

be practically free of this insect a month later, though no artificial
Illeasilres of iollit rol had been apple( . T1e Illealy bug might reap-

pe01 oi this Sal1ie tree the following Near, or VeVII souller. 'The
writer is iiimlined to attribute this disappearance largely to the
activity of parasite ic anI proIdaceous insect elellies. The neral

appearance of tile remains of tle menly hugas well as t le rear-
ing of several l)lle1ficil insects therefr'oml, 11c0lidi(llg IWO or three
Species of I Ivnenloptera, a brOWil lacewnllg (lint, rolW.V sp.), and a

syr >hls fly, lead the writer to this conclusion. Several species of

(oc'cinellidIa' also have been found present in severe infestations of
this insect. lndoubtedly climatic conditions as well as funous and
hacterial diseases produce some effect.

ll recent pronineince of this insect in the immediate vicinity of
Santa Paula, Ventura County, is well worthy of inention. Its infes-

tato10 here has b)eel so Severe that tie proportion of fruit in1 some

orchartis ruined bV this insect (uring 1909 was very greata. The
large amount of damage caused there, together with the difficulties
experienced in dest roving the mealy bug, has led to agitation for its
count rol in several other localities.

At various times during this investigation a few trees infested with
meialy hugs have been treated. The usual dosage has been. 1 to 2

times schedule No. 1. The results have been variable. Some trees
would appear to be entirely freed, while on others many live insects
would remain.

During the autumn of 1909 a prominent orchardist of Santa Paula
carried on some verv extensive fuimigat ion work against this insect,

partly according to the writers directions. Some trees were treated
with 2, 21 , and 3 times schedule No. I for from one to one and one-
half hours without eradicating the scale in any case. The results
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with these different dosages were about the same. The very young
insects were destroyed, but a large proportion of the matured ones
and eggs escaped. A few trees were then covered with double tents
(two tents, one over the other) in order to render them tighter and
twice schedule No. 1 was used. An examination of these results a few
days after treatment showed eradication on some trees, while others
contained a small percentage of live adult insects. A 10-acre block
of trees was then fumigated with double tents (two tents, one over
the other) and twice schedule No. 1. An examination of this work
showed a considerable percentage of live matured insects and eggs.

From the results of the aforementioned fumigation against the
mealy bug it is seen that the early stages of this insect are destroyed
by the use of twice dosage schedule No. 1. If a study of the life
history should reveal that at some certain time they may all be
found in this early stage of development fumigation might then prove
of some avail. The failure, however, to secure eradication of the
mealy-bug in its more mature stages, even where dosages as high as
three times schedule No. 1 were used, indicates that general com-
mercial fumigation for the mealy bug is impractical.'

FUMIGATION DURING THE BLOSSOMING PERIOD.

The statements by experts on fumigation as to the amount of
injury resulting from work while the trees are in blossom are very

conflicting. Some fumigators hold that a very light dosage will
destroy tender blossoms, while others believe that the blossoms will
stand a heavy dosage. In order to decide this point, much experi-
mentation has been carried on and many observations made through-
out this investigation. To attempt to relate the details of the scores

of experiments and observations made along this line in all parts of
southern California would require too much space, so mention will
be made here only of general results. Fumigation observations by
the writer have covered the entire period from the time the blossoms

first appear until the petals drop. In not a single instance during this
period has any serious injury resulted even though dosages as high as
1 and 2 times schedule No. 1 have sometimes been used.

Occasionally some blossoms were affected, and dropped off soon

after the treatment, vet these blossoms were normally weak and

w'o11ld have fallen witliout fum inigatiol. The fumigation merely

hastened t Heir shedding. Even if a heavy sheddirg took place

(which never happens), there would 1e no cause for alarm, as the

set t ilg of only a small percent age of the blossoms on a citrus tree is

necessa11 ryto 1o) (1c a fu1ll crop of fruit.

I 'his same conclusion has Ieen reached iy Mr. E. O. Essig, horticultural conulnissioner of Ven(ura
Count v. ( See Pomontl college, Journal of Eutonology, Decem)er, 1909.)
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The I)lossoms appear to be nuich more resistant to the (as than
the vounwr leaves or lent shoots. Trees in which there are blossom
shoots and tender leaf shoots side by side will have the leaf shoots
burned back, while the blossoms remain unaffected. This shows that
the )lossOmlfs wil' stand a much heavier dosage than the tender leaves
and leaf shoots.

The No(ulng leaf shoots grow so rapidly in certain varieties of trees,

or even in the same variety of tree in different loalities, that <luring

the latter part of the bl)ssomfllig lperiol they aliiost Obliterate the
l)ssOmls. Although fulnligati'n of these trees will Iot injure the

UllssOlls it will freq ently burn back these leaf branches very severely.
Ill such cases tie rro(W(W 51011(1 fl( ))e( Ollle alarmle(d 1)V the billnin.

as is trees anIl future crop> of fruit are in1 110 way el iangerled. Re-
newed growth will soon take place, while the crop of fruit will le
exactlv as large as if the trees were ut related.

Ill c(nlllsi(ii, it night he said that experience in this investigation

has sllOWIlI thnt fu111!at1o11 cal1 he safely coilcte0 ( 11 (tilll I lte

blossoinIig peril( wit h th lie (Ilosages at present generally em)loye(I
by fuiizrnators. ianmelv, sche(lule No. 1.

FUMIGATION WHILE THE FRUIT IS OF SMALL SIZE.

The rec(or(Is Of 'everal experiments d<lring 190S in fuiriga ting

while the fruit was Of small size are given in Bulletin 79 of this bureau.

The results of these ex)erillmellts deillmst rat e( that heavy (h)saLres
can not be use( while the fit is small without r1110e or ls injury.
Additional evidence has been secure luring the latter part of this

investiga ll w 1 ('i0 h las (lt1re1v C()ff1ated tie eilier experillients.

Thus it may e stated that the most critical period I fr conducting

fuiinigation is between the time the fruit sets and the time it attains

a (1111eterF Of ah)O1t all 1111. Tis1 Jerla oclYcurs (iling tle late

spring and suntllier. It is advised not to fi1i igate Iiiaring this period ,
which is us11 lly froll1 April to Augiust. A It 11ogl 11 some cases all

orchard may he treated during this period with a liglht d(osage without
injury, yet the risk is too great to justify such action. It is better to

wait until the regular season immediately following- the month of

July.
FUMIGATING LEMONS.

Throughout this bulletin the reconunendations are always for
citrus trees, which include the orange, the grapefruit (ponelo), and
the lemon. The acreage of grapefruit is very small. Oranges and
lleols Occur more or less I)IOllllscHouSly throughout the same districtss

where lemons are (grown, while frequently an orchard will consist
part lv of each. The orange anl grapefruit are about equally sus-
ceptible to injury fronm fumnigation, while the lemon is much more
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resistant. As all three kinds of citrus are fumigated at the same
time, regardless of kind, it is necessary to base advice on the one most
susceptible to injury. If the tenderest kinds escape injury the more
resistant very naturally will do so. Hence, in reality the recommen-
dations in this bulletin are based on the orange, partly because of its
greater acreage but mainly because any recommendations made for
it will apply equally to the grapefruit or lemon.

The lemon blossoms throughout the year in California, so that
different sized fruit may be found at all times. This is very different
from the orange, which has one regular crop. Lemons usually will
escape pitting or burning under conditions which might seriously
injure oranges. This allows a wider range of activity in fumigating
lemon trees. The work can be continued somewhat later in the

spring and commence earlier in the summer than with the orange.
In fumigating a section containing lemon and orange trees it is good
policy, where convenient, to commence on the lemons, leaving the
oranges until a later period.

EFFECTS OF FUMIGATION ON UNHEALTHY TREES.

Inhealthy citrus trees are found universally. Occasionally a

part or whole of an orchard is composed.of trees weakened by lack of
such essential treatment as proper cultivation, fertilization, or irri-
gation. Many orchards contain trees weakened from attacks of a

gum disease, of "gophers" (ground squirrels), scale insect pests,
and numerous other causes which check their normal development.
These unhealthy trees are less resistant to injury from fumigation
than perfectly healthy ones. In examining results in an orchard
recently fumigated the writer has noticed frequently that the fruit
on a few trees that had been weakened by disease was severely pitted
or burned, while that on all healthy trees was uninjured. A heavy
d ripping of fruit might have taken place in the unhealthy trees, while
the others were unaffected in any way. A most striking example

of severe injury to unhealthy trees was seen in an orchard fumigated
with double tents (one tent over the other) using a dosage twice
schedule -No. 1. Healthy trees in some cases were severely burned
back at the top for about a foot, accompanied by the dropping of
somlae leaves, while the trees weakened by gum disease usually would
be burned back from 2 to 3 feet and drop practically all their leaves.
Sever c inj ury to unhealthy trees has been seen even where the
three-fourths schedule was used.

Practical fumigators have always been aware of the susceptibility
of weakened trees to injury and have decreased their dosage greatly
in t renting su<olh trees. The grower should not complain if the fruit
an1 leaves oii their unhealthy trees are slightly injured. Such fruit
is normally of the inferior grades, while the damage caused by the
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shedding of leaves is more apparent than real. These weakened
leaves normally would not be held on the trees much longer. The
fumigation merely hastens their removal and is usually followed by a
fresh invigorated growth superior in all respects to the old.

GREATER SUSCEPTIBILITY TO INJURY OF SOME VARIETIES
THAN OTHERS.

The lemon tree Is much more resistant to injury from fumigation
than the orange and seldom sufiers any appreciable damage when
treated under normal c()nlitions. Some varieties of oranges are
more easily injured than others. Of the varieties of commercial
importance in California the Navel anld Valencia are the least sus-
ceptible to injury from the gas treatment. The seedling is almost
equally hardy. Next comes the Mediterranean Sweet while the
Hlomosassa and St. Michael can seldom be treated with schedule
No. I with out some inj ury resulting. Fortunately the Navel and
\a;lencia (om rise the bulk of the oranges Crown in this State.

THE DISTRIBUTION OF GAS WITHIN A TENT.

Iydvrocvanic--acid gas. heing lighter than air, has a tendoney to
rise toward the top of the tent. The column of gas rises straight up

from the generating vessel until broken up by coining in contact with
the leaves and branches of the tree. The greater density of gas
toward the top of a tent is indicated by the greater amount of injured
fruit there than elsewhere. Only infrequently is fruit at the bottom
of the tree pitted. Dr. Morrill has given records of the difference in
destruction to the citrus white fly at different heights in a tree.
Similar results have been observed against the scale insects in Cal-
ifornia. The insects at the to1 of a tree may all be destroyed while
some on branches close to the ground will escape. Hence, in the case
of the purple scale, when the infestation is generally toward the bot-
ton of the tree the necessity of a strong gas is evident.

FUMIGATION FOR PHYSIOLOGICAL EFFECTS.

There are people in California who believe that citrus trees should
be treated with hydrocyanic-acid gas whether they are infested with
scale or not; that the treatment invigorates the tree, producing a
heavier crop and superior fruit than would otherwise result.

A tree infested with scale, on being relieved of its burden responds
to the treatment. This response is not due to the physiological action
of the gas on the tree itself but rather to the destruction of the large
number of insects which have been constantly sapping the plant
juices. The removal of this heavy drain allows the tree to resume
its normal activity which it (oes by first Jro(lucing invigorated
growth.

I BW. 76, Bur. Ent., U. S. Dept. Agr., p. 51, 1908.
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During this investigation many acres of perfectly healthy trees free
of insect pests have been treated throughout the period of several
months preceding blossoming up until the blossoms fall. No effect
producing an increase or perfection of the coming crop of fruit has
ever resulted from these efforts. Although the acreage treated has
not been sufficiently great to justify the absolute statement that
fumigation, in itself, never produces a greater crop of fruit, never-
theless the negative results in all the orchards treated certainly prove
that if an increased crop ever results it is of infrequent occurrence and
under peculiar conditions.

EFFECTS OF METEOROLOGICAL ELEMENTS ON FUMIGATION.

MOISTURE.

The great affinity of water for hydrocyanic-acid gas is well known.
Writers on greenhouse fumigation contend that the plants should be
dry when treated, else injury might result. It has been the universal
opinion among California fumigators that if the fumigation treatment
was carried on while the trees were wet injury might follow. Gos-
sard,1 and more recently Morrill,2 assert that moisture does not pro-
duce injury to the fruit and that the destruction of insects is as great
under wet as under dry conditions. Quaintance 3 has corroborated
these results of Gossard and Morrill where the work is (lone on moist
fruit (apples) in cold storage.

The fumigation work which has been performed by the Govern-
ment outfit during this investigation has been carried on in all sections
of southern California, at all times of the year, and under all conditions
of weather-when the trees were entirely dry, when the trees were
wet, so wet that the moisture was falling off in drops, and when it was
raining. Alr. G. R. Pilate, a temporary assistant, was stationed with
a practical outfit during October, November, and December, 1909,
at Rivera and Downey, than which the writer believes there is no
generally damper citrus section in California. Careful records were
kept of all the climatic elements which might affect fumigation.
These records show that almost every night the trees became thor-
oughly moistened before the work was discontinued. In addition to
this, the results of the treatment of hundreds of acres by other prac-
t ical outfits have been followed during the writer's residence in
southern California.

From all this experience not a single authentic instance hais been
seen in which burning was directly attributable to absorption of gas
hy the m11oisture on the friit or leaves. Thus the writer has felt justi-
fied in concl1dilng that the presence of moisture on trees can be ignored

I luial. 67, Fla. Agr. Exp. Sta., pp. 647-648, 1903.
2 lil. 76, Bir. Ent., IT. S. Dept. Agr., pp. 12-14, 1908.
3 Bul. 84, Bur. Ent., U. S. Dept. Agr., pp. 24,31, 1909.
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in so far as the effect of its direct action on the hydrocyanic-acid gas
treatment is concerned.

There are other reasons of indirect and largely mechanical nature
(n account of which it is necessary to consider the presence of mois-
ture, for ignorance of these will frequently result in much burned
fruit. (1) When tents become moist they become heavier. This
renders them more difficult to handlle. Much fruit is torn off, while

branches and limbs are frequently broken. (2) The damp tents col-
lect much dirt and as they are pulled over the trees they sometimes
scrape the fruit with which they come in contact. Such abrased fruit
is frequently burned by the action of the gas. (3) As the trees
become damp from the (lew or fog, whichever it may be, so also do
the tents get damp. The moisture affects the fiber of the cloth so that

it, becomes t iglter and retains the gas better than when <lr-. Anvy
person of any considerable experience in filigation knows that more

gas is left 1nder the tents when they are pulled off on a damp night
than on a dry one; therefore, the gas remaining in the tops of tall

peaked trees is much more concentrated than is normally the case.
This intense strength of gas s()Iletimes causes pitt ing, especially in
the case of sone varieties least resistant to hnylrocVanic-acid gas.
I fenee, considering the disadvantages result ing from wet tents, it is
evidlent that fumigat ion should not. be carried on at such a time.
1411111igat ion should be stopped after t he leaves and tents become
thoroughly damp.

The author's experience has been that the presence of moisture on
trees does not reduce the efficacy of hllrocvanic-acid gas against.
scale insects. Results have been exactly as good when the trees were
wet as when dry, and observation of the work accomplished by com-
mercial out fits has corroborated it.

EXeriinents hy Penny ) On plants in a. closed box showed that
moisture oni the leaves absorbed the gas. This would make it appear
that moisture on the foliage of orange trees absorbs some gas, and
undoubtedly s11ch is the case. Remembering that on dry nigllts all
the gas within tents of the character. ordinarily used has escaped
within an hour's exposure but on damp nights frequently much gas
remains when the tents are removed, it is at once apparent that the
retardation of gas by the damp cloth easily offsets any absorption
which may have taken place.

TEMPERATURE.

Heat.-IHeat probably is the factor which is responsible for more
injury to fruit than any other cause. Throughout the experience of
commercial fumigation instances of very severe injury have occurred
almost every year in some one of the different citrus fruit producing

1 12th Ann. Rep. Del. Agr. Exp. Sta., 1900.
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regions. The cause of this injury has for the most part been an
enigma, but it has been known to occur during that character of
weather locally spoken of as "electric" or "Santa Ana," which is in
reality a dry condition of the atmosphere caused by the hot dry
winds of the desert sweeping through passes in the mountains onto
the lower lands adjacent to the ocean. The nights in southern Cali-
fornia are usually cool, but during these disturbances from the desert
they frequently become very warm.

Records of fumigation when the temperature was about 65 F.
were secured during the autumn of 1909. A part of an orange orchard
was treated on three consecutive nights during the so-called "elec-
tric " weather, when temperature ranged from 660 F. to 770 F. Con-
siderable burning resulted. Work was then stopped for a week until
tihe nights became cooler. when the rest of the orchard was treated.
No burning at all occurred. The injury to the fruit during the hot
nights consisted of real burns covering much of the fruit-not small
pits which are the usual indications of fumigation injury. This burn-
ing was exactly of the same character as was produced in a large
orchard at Redlands fumigated during the late summer of 1908 on
similar warm nights. Records have been secured of burning in other
orchards treated under similar weather conditions.

From the data at hand it appears that injury from fumigation will
take place at high temperatures. Based on the author's experiments,
it is advised that fumigation be stopped at a temperature above 65 F.
Although in some instances work may be carried on at a slightly
higher temperature with impunity, the risk of injury appears to be too
great.

Gold.-During December, 1908, a part of an orange grove at Rivera
was fumigated by a private outfit which kept temperature records
during its work. At the time the work commenced the temperature
was above 400 F. No injury was done until the fourth or fifth set,
when the temperature had fallen to 370 F. This set was slightly
burned. The next set was badly burned, much fruit dropping.
Unfortunately, the temperature for this set was not taken. The fol-
lowing set, which was the last, was made while the temperature was
at 320 F. T he tops of many of these trees were severely turned
back, while all the fruit on some of them dropped..

On December 3, 1909, exact records of burning from fumigation
were obtained. Three sets were made on this particular night-the
first while the temperature reached about 36o F. to 370 F.; during the
second it dropped from 360 F. to 320 F.; while .during the third set
the temperature reached 31 0 F. The first set was slightly injured;
the second. was severely burned and much fruit dropped; while prac-
tically all fruit on the third set dropped, and some trees were so
severely burned.i as to lose most of their leaves.
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With these records as a basis, the writer advises that fuinigation be
stopped at 38 F. or below. It is known that there are instances in
which fumigation can he carried on with impunity at a temperature
lower than 38 F.; in fact, there are records of fumigation carried on
as low as 330 F. without any considerable injury. The fact remains,
however, that there are authentic cases of severe injury at tempera-
tures below 38 , and any person carrying on work at these lower
temperatures runs the risk of inflicting injury. and with products of
the conunercial value of citrus fruits one can not well afront to assume

such risks.
LIGHT.

( oquillett, in the course of his early investigations in the use of
hydIo(Ivanic-ach(i gas, (eterlline(d that daylt fumigation was more
injurious than fumigation at iglt. This he attributed priniipally

to the fact that the actinic rays of liglt decomposed the gas into other

gases of a more injurious nature. Coninercial fumigation work

sinve then has been carrie(l on exclusively at night. Occasionally a

person of qulstiolllg 1i11111l has attelllpte(1 SOIlle experlilellts hoping
to <lisp>el the ol( idea of dlayliglht iljurv, but current information has
it that tliese attempts have never been successful.

Soime records of daylight work have been taken during this investi-
gatioln. Ini one instance about 50 large orange and lemon trees were
treated , partly while cloudy and partly in the sunshine. These trees
had the whole upper half turned back-branlchles as well as leaves
and fruit. It was the severest injury to citrus trees the writer has
evor seen.

)ne very cloudy afternoon about 25 trees (orange and lemon) were
fu niigated for red scale with a three-fourths schedule. rTle temlpera-

tifr rallged between 700 F. an11 80 F. The lelllon trees wRere oni

slightly afiected, but the orange trees were very severely dainaged,
large part of their tops being burned back.

The first row of trees fumigated at night and the last in the morn-
ing are frequently more or less injured. The cause of this injury in
the former case is that the work is sometimes commenced before the
sun has set and while it is still warm. In the latter case the sun has
come up before the tents were removed from the last row of trees.
The injury under such conditions is most apparent from fumigation
carried on in the late summer and early autumn when the weather is
warm. On the cool (lays late in autumn the treatment can be and
is carried on with impunity at a degree of light at which injury would
result on the warm days earlier in the season. Judging from the
experiments and many observations which the author has made
respecting the effect of fumigation during the daytime, the contention
that daylight work is generally- unsafe is entirely correct. Although

67330 0-Hull. 90-12--6
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the rays of light appear to have a direct effect in producing injury,
these investigations have shown that this injury is intensified by the
presence of heat, and the writer contends that burning during the
daytime is directly attributable to heat as well as to the light itself.

Fumigation should never be attempted in the daytime, even on
cloudy days. Carry on the work at night and do not commence the
operations until the sun has disappeared and the shades of darkness
are approaching. Remove the last row of tents in the morning before
the sun rises.

WINDS.

Fumigation should never be attempted during a heavy wind, for
two reasons: First, the gas escapes out of the tent so that poor work
results; second, injury to the trees might result. Dr. Morrill has
called attention' to the variability of results on trees fumigated during
a stiff breeze, stating that on different parts of the same tree he found
the killing to vary from 30 to 100 per cent.' Observations made dur-
ing this investigation cover instances in which the gas was driven
from tents by winds in a very few minutes. The trees, of course,
required a second treatment. The burning of trees fumigated during
winds has frequently been observed. In light winds the injury
appears to be more prevalent on that side of the tree from which the
wind comes. Heavy winds appear to produce the burning fully as
much on the opposite side, or may affect the entire tree. A sudden
change in temperature accompanying a wind appears to be especially
severe in its results. Undoubtedly some of the cases of severe burn-
ing (luring "electric" weather are due partly to the wind as well as
to the heat.

The author's experience has led to the conclusion that fumigation
should never be carried on (luring a windstorm. As soon as a breeze
arises sufficiently strong to "flap" the tents, it is well to discontinue
work until calmer weather.

INJURY TO SPRAYED TREES.

I)istillate oils are still used by a few orchardists in combating scale
pests. As these men become discouraged with the oil treatment they
adopt fumigation. In this connection it appears desirable to state
a recent experience in the fumigation of trees previously sprayed with

an oil comihation spray.

A lemon orchard of 40 acres was sprayed early in the autumn with
a corlbination of Bordeaux mixture and distillate oil. Two months
later about 25 acres of this orchard were fuiiugated partly with a No.

I and partiV with a t iree-fourths schIedule. This fumigation con-

IBul. 76, Bur. Eut., U. S. Dept. Agr., p. 12, 1908.
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tinue(1 over a period( of fully t(wo weeks, much of which was ideal
funligation weather. The resultant injury was very severe, being
marked chiefly by a dropping of leaves. In many trees the leaves and

fruit were also turned. The Old leaves on the tree at the time of
spraying especially were affected, the number of these shed being
sometimes so great as to form a thick blanket underneath the tree,
entirely covering t l1e groun(lI. In1 these veiv saill trees thie yotil

tender growth at the top of t he tree, wilch ha( appeared si11ce the
spraVilg 1il(1 Whi1c 1101111a11v is the first to be IIIjlfo(rd b the gas
treatmIent, escaped uninjured.

The trees were healthy aill well cared for, which, co0ple0 with t 1e

fact that 011 v t l 1 s) Y( t j ') p tioll of t 1ie tres was affected 1a 110 ot

I lhe Ollger ail teiillerel' (W 1wtit, proves that th1e cause Of t 1 Illjur

was the spraying. It is well kiiowii that (list illate oil weakens a tree,
and )ossil 1 tlile uliatirlf a(hIll11 Of or(1eaux 11ixt1t1re makes this
Weakening even itore severe. As furtlier proof of tiis situation,
tires III 11 1iiegh )Oilll rc O If lar s1 n i a rIV sprl v( a at a)Olit t l saile

tile wlero illliglited. i ljuf\ resulte. H1sl1rav('( trees under ihe

sainle collili oiis an t retted with te sa illie (Iasages at t he saillle 11111e

WP(I'( 11n111 O ffI((.

These results slow t hat it is illsafe to f111migat e t res wich have
bee1 recent lv tr heated with a Bordealux-(ist illate emulsion. A liongh1

it (oes not IIs( p0)roe that 10rs recent sJ)1'lye( wit 1 ( ist illate allone
would h1e injured, it wotll( seeIim good policy not to attempt such

f111111T11 1111u 1it prIool of its arnilessess has l)en secured.

THE APPEARANCE OF FUMIGATED TREES.

Orange trees containing voting growltI usually will have the tender
tips of1 11s g'f)'Wt 11 blfilE) bick with the or(lnlary fumigation (losage.
The wilting of this infected portioni is visible the following day-, espe-
(.illy if stnshiiv. During cloudy weather the effects are not marked
11nti filly a d afterwards. The tend(er grOW11 l 11e1ons is burned
back ((ell i(re severely thai iii tie orIallge. Where the new rowtII
in the tops of the tree is very long it may be affected for 6 inches or
evell at oot.

Some weakened old leaves might be shed a few days following the

treat ment. Ilealthv leaves are seldom shed and selom burn, unless

some abnormal condition is present. Even in such con(litions it is

the fruit that is first injured.
The burning back of the tender growth does not injure the tree in

any way. With such vigorous plants as citrus trees all indications of
injury have disappeared within a few weeks following the treatment.
Fumigators and many growers look upon the burning of young growth
as an indicat ion that the proper dosage has been given the tree for
good results. Of course such assumptions are correct only in part.
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THE PRESENCE OF OLD SCALES ON FUMIGATED TREES.

Scales do not fall from the different parts of a tree as soon as
destroyed. On young and growing fruit they are easily shed, but they
may cling to the old fruit, leaves, and branches of trees until removed
by mechanical means. Dead purple scales probably cling to the
different parts of a tree much more generally than any of the other
common citrus pests. Leaves, branches, or old fruit severely infested
will normally remain so as long as they continue to be a part of the
tree. This condition leads many growers to condemn a treatment as
unsuccessful because on examining a tree long after the operation
scales are found present. The mere presence of scales may incorrectly
indicate to them that they have not been destroyed.

The prevalence with which successive generations of scale insects
exist simultaneously on citrus trees renders it impracticable and really
impossible to draw conclusions in exact percentages as to net results
of experimental work whenever the results fall short of eradication.
At the time of the treatment the scale on some leaves might all be
alive, while on other leaves the majority may be dead, and with all
gradation between to be found elsewhere.

A DEVICE FOR COVERING FUMIGATION GENERATORS.

During the course of this investigation much attention has been given
to perfecting a device for attachment to the top of the commonly used
open-style fumigation generator that will serve to interrupt the direct
rise of the hydrocyanic-acid gas. The result of these efforts, in which
the writer was greatly aided by Mr. Frederick Mlaskew, is shown in
figure 12. The device itself consists of a copper cover of such size as
to make it available for use with any of the regular-pattern generators
now employed by the fumigators of soutliern California. It is stamped
in a concave form from a sheet of copper, with corrugations to per-
mit the escape of gas. The shape is such as to conform to the size of
the opening of generators of different capacities and also to direct the
course of the escaping gas downward and distribute it uniformly
through the lower part of the tent. It is attached to the generator
by hinges of stout copper wire secured by a key bolt passing
through the handle. The cover is raised by a slight pressure of the
thumb on a project ig piece which is curved in such a manlier that

the cover will remain in an upright posit ion when so required. When
the generator is emptied of its contents, the cover swings clear by its
own weight. A glance at the illustration will satisfy the practical
fumigator that it is adapted to all the req ui remnicit s of rapid work in
the dark, while its use has (lenonst rated that it is simple, strong, and

durable. It is very possible that if the copper cover were lined with

:a t hin covering of lea( its (I urability would be increased. A common
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result of the use of heavy dosages of fine fragments of cyanid is the
burning and ultimate dropping of many of the leaves directly- above
the generator in the pathway of the rapidly rising gas. This result is
usually spoken of as the " chimney" effect. The generator cover
eliminates this " chimney' burning.

A second and highly import ant point is the effect of open generators
on the tent. The outer part, or skirt, as it is sometimes called, of
fumigating tents is constantly being perforated with small holes, even
when used bv the most careful of workers. This effect hats been
noticed to some extent in the outfit of this investigation, which is
believed to have been as carefully handled as any fumigation outfit
could be. These holes are
known to be acid burns. A
few simple tests have demon-
stratedc conclusively t hat
mauny of tliese acidl holes are
due to acid carried along
with the onscaping gas and
reaching t hat part of t lie tent
nearest t lie generator. By
placing large pieces of canvas

in t lie pat I of gas escaping

fHni Open general ors in

which dosages similarly to

those often used in field work
are employed it was found
that drops of acid reached

the canvas as high as 5 feet
from the ground. The writer
has frequently seen generat-
ing vessels placed not more Fi(. 12.-A cover dv\ice attached to a furnigation geerator.

thani 2 feet inside thme tent. Corrugations in cover allow gas to escape. (Author's
illustration. )

At such a distance one can
readily see that dropsof acid might reach the tent. The cover described
above so deflects the gas, and incidentally such acid as is carried with
it, that the drops are thrown to the ground, thus saving the tents.
The decreased cost in mending of tents will doubtless pay for the cost
of such a cover device several times over in a season of fumigation.

A third advantage, which has not as yet been demonstrated, but
which there is reason to believe will develop, is a better distribution
of gas through the tent. Heretofore the most difficult part of the tree
in which to destroy insects has been the lower part. This is also the
part of the tree in which the purple scale is largely to be found.
With the open generator the gas rises straight up in a narrow column
for several feet, being broken up and distributed through the top of
the tree first. As the gas is lighter than air, it is not to be expected
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that it will quickly become uniformly distributed throughout the bot-
tom of the tent even if at any time it becomes as concentrated here as
at the top. The greater burning effect and better killing effect in the
top of the tree would tend to substantiate this assumption. Field
observations in fumigating large trees show that the gas is of no great
strength at the lower part of the tent for several minutes after the
charge is set off. ith this new cover the gas is broken up and dis-
tributed through the bottom of the tent first. By the time it reaches
the top it is pretty generally distributed throughout the tent. As
the bottom of the tree is among the first to receive the full benefit of
the gas, a more complete killing of scale at the bottom of the tent may
be expected than with an open generator.

THE EFFECT OF CLIMATIC CONDITIONS ON SCALE INSECTS.

Climatic conditions exercise a marked effect on the different insects
affecting citrus trees. The purple scale and black scale thrive best in
the more moist country adjacent to the ocean. The red scale thrives
well in the drier interior regions of southern California as well as near
the coast, while the yellow scale is more of a heat-withstanding form
than any of the others. This is demonstrated by its prevalence in
citrus trees in the hot interior valleys of northern California where the
purple scale and to a large extent the black scale appear unable to
survive.

The direct effect of heat on scale insects may be evidenced by data
on the black scale collected during the summer of 1907. Com-
mencing at Pasadena, which is at the opening or gateway of the San
Gabriel Valley, the writer proceeded to Duarte, Pomona, Ontario,
Riverside, Orange, and Santa Ana, Cal., respectively. The San
Gabriel is one of the interior valleys and Pasadena is situated near
that end which opens toward the ocean. As one approaches River-

side from Pasadena the climate becomes generally hotter. Orange
and Santa Ana are nearer the ocean and much cooler than any of the
other places examined.

It might be mentioned that about a month previous to this special
investigation there had been a very hot spell of a few days' duration.

At Pasadena examination showed that about one-fourth of the eggs
under t he old scales were dried up and brown, this condition showing
the effects of heat. At Duarte the destruction was somewhat
greater. At Pomona and Ontario, which were much hotter even

than the two preceding places, more than three-fourths of the eggs
and young insects were dead. At Riverside, where the heat was
most intense, a very small percent age of healthy eggs or live insects
was found. In the cooler sect ions of Orange and Santa Ana very

much less than a fourth of the eggs an( young were destroyed, while
insects in all stages of development were in evidence.
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The orchards in Riverside and San Bernardino Counties are seldom

as severely infested as elsewhere. These observations explain why
scale-insects are less destructive in these two counties than in regions

nearer the coast. The hot weather appears to be almost as efficient

as soine insecticide treatments.

THE EFFECT OF FUMIGATION ON LADYBIRDS COCCINELLID1E)
AND SCUTELLISTA CYANEA MOTSCH.

Several writers on fuigation have ientijoned that ladybirds are
less easilN- killed by hy drocvanic-acid t as than the scale-insects of

the citrus. In order to prove this content ion. specimens of the two

commnion la(dybirds ((vccinella callf f rica Mann. and II))Odanilia con-
vergitns Gw ilr.) were stspen(etil under a fngligrat ion tent III all )penl
cage 6 to 7 feet above the ground, while others were placed right on

the rrotln. Schle(Iule No. 1 was used. The tent was left on the
tree 01ne hour. The t elperattire was 60' F. The Iisects were

eXaIlllllel( Ilbolit tell Illinutes after the tents had been removed, but

exhibited no signs of life whatever, all appeare(l to be dead. The
following morning a second examination showed that many had
rev ivedl fronIt their prlev-iouh stuHpei ed conit i1. A co )unut Ina& of

those suspended from 6 to 7 feet above the groluin( showed that out

of a total of 614. 32, or .just 50 per cent. were killed. Of S5 on the
groIlund 33, or l)ouIt 39 per (ent, were (destroyve(d. Both species

appeared equally resistant to the gas.
It thus appears that the insects On1 the groiundi suri'vive a Lgas treat-

Inuent somewhat Iore readily' than those toward the top of a tree.
When it is considere(I that the strength of gas was as great as is ever

Useo ill colllliefcial w\ork against the common scale insects of citrus

trees, in fact soltewhat stroiger tian is used )v Iost fimlinators, an(l

also that in Iregullar Operatlolls many Of the ladyb(irds after b0ecomi 1

stlpelied full of onto the ground, where they are less affected by the

gas, it woull seemli safe to preslmle that the larger number of these

insects on a tree at the time of fumigation will survive the treatment.

Rscltellista (ev1alc(I -Ulotsch. is a small hymenopterous parasite of the

black scale wich was introduced into ('alifornia from South Africa
several vears ago. The larvv feed on the eggs of the black scale,
usually one in each scale, although there may he 2, 3, or even 4
present. Freq1 uently as high as from 50 to 75 per cent, or even more,
of the black scale on a tree have been seen attacked by this >arasite.
The work of this insect is remarkably good, vet not sufficiently perfect
to allow the fruit to come into the packing house in a clean condition.
This necessitates fumigation as though the parasites were not present.

This is not meant to depreciate the usefulness of this parasite, even
though it fails to keep citrus trees entirely free of the black scale.
By destroying, as it does, a large percentage of eggs it confers a
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decided benefit. The prevalence of the black scale on many other
hosts offers a wide range of activity for the parasite, and it is on these
noncitrus plants that our little friend does some of its very best work.
If it did nothing else, its work against the black scale on the pepper
tree (Schinus molle) makes it especially worthy of praise, and the

question has frequently come up whether or not fumigation destroys
the Scutellista. Numerous observations and experiments respecting
this point have been made during this investigation indicating that
fumigation destroys many of the Scutellista in its adult and pupal
stages. The majority of the parasites, however, are unaffected, even
when schedule No. 1 is used. Parasitized scales have been removed
the (lay following such treatment and placed in vials, with the result
that some adults would immediately issue and others continue to
issue for many days afterwards. The adults of Scutellista in the open
are destroyed by a weak dosage. The reason they escape beneath
the scales is that such parasitized scales are tightly sealed to the
leaf or branch, apparently by some secretion produced by the larvT.,
and the gas does not penetrate such scales as easily as it does those
nonparasitized.

One of the greatest benefits of the Scutellista is its work in trees
which have been fumigated. The eggs of the black scale to a large
extent survive the gas treatment. This leaves abundant oppor-
tunity for a future infestation on trees treated when eggs are present.
If Scutellista occurs in the orchard, these undestroyed eggs are
devoured, thus completing a treatment for which fumigation itself
is only partially successful.

THE COST OF FUMIGATION.

The cost of fumigating an orchard depends principally on the size
of the trees and the dosage-rate used. The average California citrus
orchard requires an average expenditure of from $25 to $40 per acre
for one fumigation treatment. Large seedling trees are much more
expensive, while young trees cost considerably less.

The directors of fumigating outfits base their estimates on two
distinct considerations: The chemicals and covering the trees. Con-
tract fumigators usually furnish the cyanid at 30 cents per pound,
which also includes the sulphuric acid necessary for generation of the
gas. The price of covering trees varies with their size, number,
location, topography of land, etc. The fumigator will charge more
per tree where the orchard consists of a half acre than if it has 50
acres. Trees that require a 45-foot tent usually will cost more to
cover than those requiring a 36-foot tent. The average price of
covering in commercial work where nothing larger than 45-foot tents
is used is from 10 to 12 cents per tree. Large seedling trees whose
covering requires derricks may cost from 40 to 50 cents, or even more,
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per tree. After completing the treatment of an orchard, knowledge
of the number of trees covered and the amount of cyanide used fur-
nishes immediate means of calculating the cost.

The estimates of association, county, and private work will vary
somewhat from the above figures, for in these cases the work is sup-
posed to be performed at actual cost. The following figures enter
here and are the average of field conditions. Cvanid is purchased at
practically 25 cents per pound in large quantities (tons) and 25 cents
in smaller lots. Sulphuric acid costs about 11 cents per pound.
Five men are required to run an outfit. The foreman receives about,
50 cents per hour, while the other 4 men receive about 35 cents each
per hour. This makes a total cost of about $1.90 per hour for labor.
By adding to the cost of labor the cost of cvanil and acid, as well as
allowing a certain amount for transporting the chemicals to the field,
and including the cost of, as well as wear and tear on the tents and
other equipment necessary in fumigation work, we have a basis for
estimating the real cost of the operation.

Most trees fumigated require between 5 and 1S ounces of cyanid.
An average dosage would be about 10 ounces. A supply cart (pp.
22-23) can be equipped complete for about $35.

Generating pots cost as follows: One and one-half gallon, 35 cents;
2-gallon, 45 cents; 3-gallon, 65 cents.

Below are given the prices of different sized octagonal sheet tents
ready for use, as furnished by one of the largest dealers in fumigating
tents in southern California. These prices are based on the assump-
tion that an entire outfit of 30 tents is to be purchased. If only a
single tent is purchased, the cost will be slightly greater than these
figures. Fluctuations in the cotton market will cause a variation in
the price of tents.

230 (7- 200 (8- 8-ounce
Size. ounce) ounce) special

special special Army
dri. drill.t duck.

17-foot.............................................................. $6.46 $6.97 $6.12
24-foot.............................................................. 12.92 13.94 12.24
30-foot............................................................. 19.95 21.53 18.90
36-foot.............................................................. 28.50 30.75 27.00
41-foot.............................................................. 36.10 38.75 34.20
43-foot.............................................................. 43.70 47.15 41.40
45-foot.......................................................... 45.60 49.20 43.20
48-foot.............................................................. 50.35 54.32 47.70
52-foot............................................................ 62.70 67.65 59.40
55-foot.............................................................. 69.35 74.82 65.70
64-foot.............................................................. 91.20 98.40 86.40
72-foot.............................................................. 114.76 123.82 108.72

1 The 7 and 8 ounce special drills are those recommended by this investigation (p. 12). The inferior grades
of drill ordinarily employed are about 20 per cent cheaper than the 7-ounce special.

The cost of thirty 45-foot tents of special 7-ounce drill together with
the other equipment necessary to complete the outfit will approxi-
mate $1,400.
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GENERAL CAUTIONS.

Hvlroevanic-acid gas is one of the most deadly of gases, so that
considerable care is necessary in its use. Such exaggerated cautions
have been written, in view of its poisonous properties, that the public
at large have come to believe that a single whiff of this gas will
produce the immediate death of an individual. This erroneous idea
should be corrected. A whiff of the gas will not cause immediate
death; neither will two or three whiffs. If subjected to a strong gas
for a minute or two, undoubtedly a person would be overcome. The
writer has never yet had a record of a person killed by hydrocyanic-
acid gas while fumigating. In California, men work around tents
every night for weeks at a time without any ill effects. During these
operations they are breathing the gas in a diluted form much of the
time. Repeatedly field men are seen sitting, either to rest or eat
their lunch, on the edge of a tent covering a tree which had been
dosed a few minutes previously. The writer has personally stood
within a foot of a generator for an hour at a time, taking tempera-
tures of the escaping gas as different dosages were tried out, some
of which would be in excess of a pound. Frequently the wind would
waft the fumes into his face. Outside of an occasional dizziness and
headache, no serious results were experienced. Scores of similar
cases could be cited.

These experiences have been mentioned, not with the idea of
tempting people to be careless in the use of this gas, but merely to
correct the erroneous conception that a whiff of the gas will cause
instant death. This gas is most dangerous, and the writer has seen
men who were subjected to a great strength of it for several minutes
at a time overcome by its effects, although they revived later. If the
proper precautions are taken the careful operator will run no risk
whatever. Place the charge in the generating vessel with extended
arm so that the head of the operator is away from the escaping gas.
Being lighter than air, the gas rises straight up in a narrow column
until several feet above the ground. As soon as the dosage has been
set off, quickly leave the tent or room, whichever it may be. If this
procedure is followed there is no danger of ill effects to the operator.
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fruit growers, and fumigators, courthouse, Los An geles, Cal., February 12,
1916 <California Cultivator, February 24 and March 3. Also issued in
pamphlet form by the San Antonio Fruit Exchange, Pomona, Cal.

Value of sodium cyanide for fumigation purposes. <Journ. Econ. Ent.,
vol. 3, no. 1, pp. 85-88.
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I11YI)U('YAN'-xII) GTXS FITMIGATION IN C lIFOHNIA.

THE VALUE OF SODIUM CYANID FOR FUMIGATION
PURPOSES.

By 1. S. WosLU., M. s. ...

,Spectial Field Agent, Bureau of Etitontolgy.

INTRODUCTION.

The present t coeatijse (mpr1j I';E- the results Secured with Sodium

CVUIlllI (11llil I le iIl itlpitill Of tle ll e Of Ilv( roYv'111-alcld ,as
for t le flllllgatllil of citru tiee ill1 California anl is511 pplementary
to the extended re)Ort onl the use of )otuassiun cvali(. The results
witl the S(lit11 Salt are issued uS a separate part of the report ini

01lder t( avOi(I cllfilsiol iletweell its lse a11(1 1n 1 it of I lte uilversall v

Ilie(1 )Ot a1, 111111 cYalilldl.

N IIIl1 (Nallll( s wh1h Wll fis I l( No1i1ic-acid ias tire

known to ihellists, but oIIIn tw'o, tIhose of potassiulll and sol( imnuI,
pOSse all the l'(1 iiInlflllt (-,seli t l for coIellll racial work. Pot as-

Sillll1 c vailllI Was t le c hel1ica1 fii st 11se( 111 n I fol'lll I 1 the rellera-
tioal of ivlrovallic-acid gia, and ha coltilC1(1 to le CIlliOVeC( for

this >urp>Se until to-ay it i >op>ularly consi(lere(d, bo)th inl this
(oultrv and abroa(d, as the only source from which 1aS call he econlomll-

1('1ll 1la(1e. I 110 giale of potassllln evntidl firnishedl (luring recent

er's for c1t ' fullinat i1011 Ill Sold t1rn Ca110111a 1has generally been
of such a high degreee of purity that no special effort has ever been
Inlde to find a 51ubstit ute.

With the exceptio of funigatlion, sodliumlfl cA-lia is used more
extenively for general cornmnerid 1 purposes thllan potassium canidI.

C. P. ILiusburv, governinment entomologist of Cape Colony, was the
first to call >articular attention in literattire to Sodium evanid for
furnigationi when, in 1905, lie wrote:

It is possible that within a few years cyanid of soda will be used, instead of cyanid of
potash, as the source of the gas. The soda compound gives off more gas from a given
weight and costs no more; hence by its use some saving may be made in both original
cost and transportation charges. But the reaction with acid appears to be more violent
than with potash salt, which is a disadvantage owing to a greater risk of the covers
getting burnt, and its adoption would necessitate an entire revision of our fumigation
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tables. The quantities of acid and water for a tree of any given size would remain
the same, but the weight of cvanid for use with any given measure of acid would have
to be reduced one-fourth.'

This last statement of Prof. Lounsbury assumes that the reaction
would require the same proportion of chemicals as with potassium
cvanid, an assumption which the earlier chemical work of this inves-
tigation shows to be without any foundation.

The potassium cvanid used in California for fumigation is manu-
factured in Germany, and is popularly styled "German" cyanid.
This is in distinction to a grade of cyanide made in this country,
termed " American" cyanid, which has had an occasional and limited
usage in California for a number of years. This so-called "American'"
cyanid has been popularly believed to be the very same kind as the
imported potassium cyanide. Such a conception has been misleading,
for chemical analyses have shown it to be not potassium cyanid but a
cyanide of sodium equivalent to a potassium cyanid of 98 to 100 per
cent purity.

This 98 to 100 per cent sodium cyanid was found by fumigators to
be inferior to the regular potassium salt ordinarily employed. It was
of very hard composition and generated so slowly that large propor-
tions of acid were commonly used in an attempt to hasten the reaction.
Some fumigators used large quantities of water, believing this was
necessary in order to secure the best results. Tests performed by the
writer showed that frequently it would require 10 to 15 minutes before
all the available gas was expelled from a generation of this cyanid.

Furthermore, the writer was informed by the president of a firm which
supplies most of the cyanid used in California, that extensive chemical
experiments carried on in its laboratory indicated that this sodium
cyaiid produced a less satisfactory generation than did potassium
cvanid, and from these considerations he believed its use would never
be economical. The work of the firm also indicated that large pro-
portions of water were necessary for a satisfactory and rapid reaction.

MInder the belief that so(lium cyanide had not received sufficiently
exhaustive tests, the writer ignored all local unfavorable evidence,
and, iii December, 1908, outlined in detail a broad series of chemical

experiments to secure reliable (lata, with reference to this salt, on the
'a rious factors wich might enter iito hydrocvaiuc-acid generation.

This outline was subm)i t tedI to the Bureau of Chemistry of this depart-
iient for execution. Mr. C. C. Mcl)onnell1, under the (irectioln of Dr.
.J. K. Ilaywood, Chief of the Miscellaneous DIivisioni, made a very

car('f Il and elaborate series of (deterliinatiois, an(d ini August, 1909, the
results of these tests were siubiniitiled to he writer 1in a carefully pre-

pared inaiuscript, which forms Part 111 of this bulletin. These

result ts 211e ulsed ini part iii thle p~reparation1 of thle p~resenit paper'.

I O(lice of (;overnmeni EIntomiologist. Departmnu t of Agriculture, Cape ol Good Hope. 'Cyanid Gas

Remedy for Scale Insects." July, 1905.
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STRENGTH OF SODIUM CYANID EXPRESSED IN TERMS OF
POTASSIUM CYANID.

The strength of so(liull (vanid is commonly reckoned in terms of
potassium (vanid. Chemically pure potassium canid( is 100 per cent

pure, while chemically pure sodium vanid is common ly spoken of as
138 per cent pure. The explanation for this is that pure sodium cva-
nid( contains, for the same weight, pract ically one-third i more canogen
(available hvdrocvanic-ncid gas) than potussiiu (Wanid and this

greater strength is expressed in terms of tle pot asimu i salt for con-

venience sake. Thus we have 1:3:3 per cent so( lini (V 11lnid, meaning
that, when absolutely pure, it contains 33 per cent more ynnogen

(available h1vdrocyanic-acid gas) than a pure potassiuml cvani(. It
is evi(lelt, therefore, that if 1 pound of pure so(1iuml1 cYalni caln he

purchased as cheaply as 1 pound of pure potassium CVanid, there will
result ita great economic by the use of the former provi( 1eI the genlera-
tion of the gas be equally perfect for each. The price is. however.
IusI aIlyv base(I oI tile percelit age of cyanogell present ald ile saving
in cost mia1y be thus offset to a bllre extent.

PROPORTION OF CHEMICALS.

A large num 11ber ( of experimintii uts wa,, sa1Ii e oIl n wit h a hi ighl-grade
so(iuIn (vanlid, with the i(lea of detel111n11 the best proportion of
chenlicals for use. As a result of these tests Mr. l l)onnllell recon-
lended a :3-4-6 formula: :3 ounces (avoirdupois) of c'vanid, 4 fluid

oiun(ces of s11)huric aci(l, an(1 6 ounces of water. Reduced to its lowest
units for rapid work in the field, the writer has used 1 fluid ounces of
acid and 2 ounces of water to each ounce (avoirdupois) of cyanide of
so(limI1l. This 1-1 ;--2 formula is recommended.

The 1-1 '-2 formula vith a high-grade sodilll cvali(l produces
exactly as satisfactory a generation in the laboratory as can be
obtained from a high-grade potassium cvanid, using the proportion
of chemicals adapted for the best generation of gas with the l t ter.
This is exhibited by a comparison of tle generation from two high-
grade commercial products, as shiowi in the following t a ble:

Proportion of-- Per cent

Kind of evanid. - __- - - Purity of of total
.gas

Cyanid. Acid. Water. eyamdi. evolved.

Per cent.
Potassium ............................................. 1 1 2 98 93. 8
Sodium ................................................ 1 l. 2 124 94.33

Although these laboratory determinations exhibited that the yield
of gas, or reaction, with a high-grade sodium cyanid is as satisfactory
as with a potassium cvania, the writer did not feel justified in recom-
mending its use until these results could be confirmed by actual field
experience.

85



SG HYDROCYAN .I(-_a('D GAS FUMIGATION IN CALIFORNIA.

FIELD TESTS.

In August, 1909, 11 acres of orange trees at Whittier, Cal., severely
infested with the purple scale (Lepidosaphes beckii Newm.), which
was largely in the egg stage-the most difficult one in which to
destroy it-were fumigated with a 124 per cent sodium cyanid, using
the 1-11-2 formula. The length of exposure was one hour. Three
strengths of gas were used, calculated from the cyanogen present in
the cyanid as equivalent to 1, 14', and 11, of the strength of regular
schedule No. 1 of potassium cyanid, as given in this Bulletin. The
writer says strengths equivalent to these different schedules of potas-
sium, because it is known from previous discussion that an ounce of
high-grade sodium cvanid will produce considerably more gas than an
ounce of high-grade potassium cyanid owing to its higher cyanogen
content. In the 124 per cent sodium cyanide the advantage in favor
of that product is practically one-fourth. It follows that if a high-
grade sodium cyanid is used with dosages of the same size as three-
fourths of schedule No. 1 of potassium cvanid practically the same
strength of gas will be given off as with potassium cyanid at the
dosages of full schedule No. 1 of potassium cyanid.

In examining the results where the equivalent of schedule No. 1 of
potassium cyanid was used, only 4 live insects, 2 with healthy eggs,
were found, these being distributed between 3 different trees. No
live insects or eggs were found on the trees treated with dosages

equivalent to 11 and 1 of schedule No. 1 of potassium cyanid.
Experiments against the purple scale where potassium cyanid was

used have shown that it required a 11 schedule of that chemical to
produce practically the same results as have been secured in this
experiment with sodium cVanid at a strength equivalent to No. 1
schedule of the potassium cN-anid. With this high-grade sodium com-
pound the equivalent of a 1 I schedule of potassium cyanid eradicates

the purple scale, whereas with potassium a11 schedule has been
required to accomplish this result. Hence this field experiment

would indicate that under the crude conditions of orchard work

sodium cValid produces not only as good a generation as the potas-
sium lbut a decidedly superior one.

In a second experiment anm acre of orange trees very severely

infested with purple scale was fumnigated, partly with a high-grade

sodium c anid and partly with the regular potassium cyanid. The

tents used were of a new character of material of very tight textutire.

The sodium evN-anid produced exactly- as satisfactory results in this

exi >erimellnt as the >otassium i c aidli.

During Novenber, 1909, a 4-acre block of orange and( lelol tIees

severely infested with the purple scale was fumigated with sodium
In: lid 1)v tiol outlit of the Whittier Citrus Association, using the
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1-1 -2 formula. The dosage strength was equivalent to that of

schedule No. I of potassium cyanide. The operation was carried out
under the guidance of the foreman of the crew exactly as work is
dlone hrl any commercial outfit. Several months later an examina-

tion was made of a large number of trees located promiscuously
throughout the orchard. Live purple scales were seen on only one of
the trees examined, and on this much of the fruit was infested at the
time of fumigation. This is the most successful work the writer has
ever seen done by a practical outfit with gas of a strength equivalent

to schedule No. 1 of potassium cyanide.
Several hundred pounds of this high-grade so(lium cyanil were used

hy another practical outfit in fumigating orange and lemon trees.
'These fumigators were as satisfied with this cvanid as with the regu-

lar )otassilum cva1id.

From the results of field work in this investigation it has been found
that the use of a high-grale, or almost chemically p1ure, sodlulm cyanid

)roluIcIed exactly as perfect a generation of gas ini all cases as the use

of a similar grade of potassium (a'N111; in the majority of cases where

uSed t le gen1erat o1 nwas apparently superior t) that from a o)tassitiin

CY1Ikil.
ACTION OF SODIUM CHLORID.

Ihie above recomflhllelidlatiis are for a hiigh-grade 50(llliHfl CNalli---

one ahnm1ost 133 per cent pure. Ex)erience in California with a 9U
to 100 > cent sodium cyanid has )rovel unsatisfactory. The rea-
Son is given) herewvith. Chemical analyses have showii that practi-
call all cmImlmercial potassium and so(iuIml cvanids contain more or

less common salt, which is techlnically spoken of as sodium chloride.
Newell,' in 1905, pointed out that so(Iium chlorid, when present in

the reaction producing hyvdrocnaic-acid gas, causes a secondlarv
relation whiiich liberates an acid called hydrochloric acid, and that
this liberated hydrochloric acid immfledliately attacks the hiydrocvanic-
aci(l gas, (ecompos1ng it to a great extent . II order to ascertain more

thoroughly the status of this salt M cr. Mlel)onnell carried on a large
amiouIit of ex>eriment al work. These results not only showed coln-

clusively that the presence of Sodium chlorid results in a decom-
position of the hydrocyanic-acid gas, but also that if a sufliciently
large percent age of sodium chloril is present the decomposition will
be so great as to result in little if any hydrocyanic-acid gas. The

conclusion to be drawni from these exlperiments is that the cyanids
suitable for fumiation work should be practically free of sodium
chlorid.

The serial numbers 6523-6529 in the table on page 92, Part III of
this bullet in, are samples of cyanids which have been used to some

1 Bul. 1:, Ga. State Bd. of Ent., 1905.

67330-Bull. 90-12-7
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extent in fumigation work in California. An examination of the
data in this table shows that only Nos. 6523, 6525, 6527, and 6528
are suitable for use in fumigation. Each of these is a high-grade
article and each contains less than 1 per cent of sodium chlorid.
The other three samples contain greatly in excess of 1 per cent. It
should be noticed that these last three samples were sold as 98 to
100 per cent sodium cyanids.

Whenever sodium cyanids have been used in the past, the same
dosages have been scheduled as for the regular potassium cyanid.
Inasmuch as decomposition was then unknown, and no allowance
was made for it, the strength of gas given off was much less than
was believed to be the case. The result has been poor work. This
explains the past unsatisfactory work with the "American," or 98
to 100 per cent, sodium cyanid.

THE KIND OF CYANID TO PURCHASE.

The results of these experiments direct attention to a second
consideration in the purchasing of a cyanid. That a cyanid be of a
certain grade of purity is no longer the only consideration. It is of
equal importance that it be practically free of sodium chlorid. The
writer would condemn as unfit for use in fumigation any cyanid
containing in excess of 1 per cent of sodium chlorid.

Returning to a high-grade sodium cyanid, it has been found on
analysis of several samples that these contain only a fraction of 1
per cent of sodium chlorid. It generally can be held as a safe con-
sideration that a cyanid approaching chemical purity will contain
not more than a trace of sodium chlorid, and that such a cyanid can
be safely used, even though the degree of cyanid purity is alone known.
The writer would consider as generally satisfactory for fumigation
work a sodium cyanide 124 per cent pure or above. A chemical of
lower purity should never be used. Preferably the grade demanded
should be a little higher than that given, or 126 to 130 per cent pure.
Absolute chemical purity in a commercial cyanid can not be expected,
but cyanids of the degree of purity recommended herein not only
are within reasonable limits of expectation but should be demanded.
When chemicals of this degree of purity are used, analysis for sodium
chloride is unnecessary. It is the lower grade of sodium cyanid-the
grade " 100 per cent pure " or less, which contains the large amounts
of sodium chloride.

DOSAGES WITH SODIUM CYANID.'

All recent dosage recommendations in fumigation have been based

on a high-grade potassium cyanide. Such a situation renders it neces-
sary to revise outr present schedules should we desire to usesodium

1 Whenever sod ium cyani( is mentioned in this bulletin, a high-grade article, one 124 to 130 per cent

pure, is meant unless otherwise specified.
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SODIUM CYANID FOR FUMIGATION PURPOSES.

cyanid. This revision is accomplished by using a high-grade sodium
evanid with dosages one-fourth less than the amounts scheduled
for the potassium salt. Thus if a dosage recommended should read
that it requires 12 ounces of potassium cyanide to secure certain
results against a particular insect the same results could be accom-
plished with 9 ounces of a high-grade so(liul product. In general
fumigation against the purple scale (Lepi duaphes beckii Newm.)
the writer has recommnenled a full schedule No. I of potassium
cyanid.' Should one desire to produce the same results against this
insect with so(liuln cvanid, le would use a schedule one-fourth less, or
dosage equal to three-fourths of the dosage amounts given in schedule

No. 1 of potassium. Such a three-fourths schedule with high-grade
sodium cyanide will produce practically the same amount of gas as the
full schedule No. 1 of potassium.

Plate IX rives such a schedule, which is called schedule A for
so(liuln cvaniLd. By using this schedule with a 124 to 130 per cent
cyanide of sodium practically the same results will be secured as with
full schedule No. 1, as given in Part I of this bulletin, with potassium
cani(1.

'Tlhese dosages are in ounces and are based on a knowledge of two
measurements of the tree-the distance around the bottom and the
longest distance over the top. Having secured these two distances
for any tree, the dosage for that tree may- be found in that part of the

tabl ) where t1e i1es for these ineasureneIlts 11t ersect.

DOSAGES RECOMMENDED FOR SCALE PESTS.

Purple scale.-In general fumigation for the purple scale (Lepido-
saphes becklii Newm.) use full schedule A of sodium cyanide (Plate IX).
With its use all insects and more than 99 per cent of the eggs are
destroyed on the leaves and branches. Exposure should last 1 hour.

Red scale.---For the red scale ((hrysom phalus aurantii Mask.)
use a three-fourths schedule (three-fourths of schedule A of sodium
Cv an1id [Plate X]). An exposure of 45 minutes is sufficient.

Yellow scale.-For general work against the yellow scale (Chry-
somphalus citrinus Coq.) three-fourths of schedule A of sodium
cvanid (Plate X) will prove satisfactory. The section in which the
yellow scale is most serious is about Redlands, San Bernardino County,
where a great acreage is planted on terraced land. Owing to the
irregular topography of terraced orchards the tents seldom lie as
closely to the ground as on level land, and as a consequence there
usually is a greater amount of leakage. For terrace fumigation
full schedule A (Plate IX) should be used. Exposure should be 45
minutes.

I For detailed use of such schedule, as well as methods of measuring trees, see pp. 34-37, Part I, of this
Bulletin.
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Black scale.-When the black scale (Saissetia ole.e Bern.) is
partly grown, or before the insects become tough and leathery,
three-fourths of schedule A (Plate X) will be most economical for
use. However, when many of the insects are full grown or nearly so,
full schedule A (Plate IX) is recommended. The proper time to
fumigate for the black scale is while the insects are in the earlier
stages of development, i. e., before they become tough and leathery.
Exposure should be 1 hour if any eggs are present. Where only
young scales are present, 45 minutes is sufficient.

COMPARISON OF SODIUM CYANID AND POTASSIUM CYANID FOR
GENERAL FUMIGATION.

A perusal of the discussion thus far ventured in this bulletin has
shown that the results with the use of a high-grade sodium cyanid
were equally as satisfactory as with a high-grade potassium cyanid.
A pound of the sodium cyanid contains at least one-fourth more
available gas than a pound of the potassium cyanide. Hence if we
pay one-fourth more per pound for the high-grade sodium cyanide than
for the high-grade potassium cyanid, the ultimate cost of fumigating
an orchard will be practically the same in either case; or the cost of
potassium cyanid at 24 cents per pound is equivalent to sodium
cyanide at 30 cents. If sodium cyanide (124 to 130 per cent) does not
cost one-fourth more per pound than potassium cyanid (98 to 99 per
cent), there is an economy in the use of the former. At the present
prices in California potassium cyanid costs 25 to 252 cents per pound,
whereas the sodium cyanid costs practically 28 cents per pound.
This means an economy of 2 to 3 cents per pound in favor of the
so(lium cyanide.

The writer recommends a 124 to 130 per cent sodium cyanid as
strongly as a 98 to 99 per cent potassium cyanide for fumigation
purposes. The sole question to decide between the use of these
two cyanids in any particular case is the cost. When it is considered
that the present manufacture of sodium cyanid is more universal
and greatly in excess of the potassium cyanide; that the sodium com-
poundls required in the manufacture of sodium cyanid are widely
distributed through the world, while commercial deposits of the
potassium compounds required in the manufacture of potassium
cyanide are largely confined to the German Empire; and that the
present unit price of sodium cyanide averages slightly less than that
of the other, it miay be reasotinbly expected that at no very distant
time t he sodiilm cyanid may be found supplanting the potassium
eyuanid for faiigating purposes.
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II YD1kOCYANIC-ACID GAS FUMIGATION IN CALIFORNIA.

CHEMISTRY OF FUMIGATION WITH HYDROCYANIC-ACID
GAS.

I1y ('. C. M(cI)ON ELA.,

Chief, Inserticideand Fungicide Laboratory, MViscellaneous Division, Bureau of Chemistry.

INTRODUCTION.

The Miscellaneous Division of the Bureau of (hemlistirv was

requlested by Mr. C. L. Marlatt, Assistant Chief of the Bureau of
En tomolog, to analyze certain chemicals which were b1 eing utsl'd

by Mr. IR. S. Woglum, in charge of the field work with hydroevanic-
ne(id gam iII southern California, and at the same time to investigate
ceItaini chemical pIroblems ini connection with this work which IMr.

Woglum had outlined.
In view of the great importance of the subject from an economic

standpoint and the small amount of work that has been done in the
study of the chem chical problems involved, tle question has )eel tho'-

ouighl y investigated. The action of imiineral acids on (wanids and
hia(lroCvanic aci(d has been (lite thoroughly tliliClstu b a number of

chemists, but, the important hearilng of this point oi1 the question of

fut mnigat ion has not been brought to the attention of those engaged

in this work with the force which it demands.

I. ANALYSES OF CHEMICALS USED FOR THE PRODUCTION OF
HYDROCYANIC-ACID GAS.

StC1LPHEtRIC C.\1)

Onlinary collirliercial sulplturic acd i- intially sold of the streingth
known as (60 Baume, which corresponds to a pure product containing

96 per cent of sulphuric acid (II2SO,). The specific gravity of
commercial acid, owing to the presence of impurities, is always
higher than that of the pure acid, and commercial acid of this grade
will not average over 93 or 94 per cent of sulphuric acid. A sample

1 A detailed outline of experiments covering certain problems in the chemistry of hydrocyanic-acid gas
fumigation was submitted by the writer to the Bureau of Chemistry for execution. This work was carried
out under the direction of Dr. J. K. Haywood, Chief of the Miscellaneous Division, by Mr. C. C. McDonnell,
Chief of the Insecticide and Fungicide Laboratory. A report by Mr. McDonnell covering the results of this
chemical investigation was sent to the Bureau of Entomology, August, 1909, and is here given. Certain
important considerations included in this report have already been made public.-R. S. WoGLUM.
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of commercial acid forwarded by Mr. Woglum had the following
composition:

No. 6530: Specific gravity, 1.827 (65.40 Baume), 91.21 per cent
11 2S0 4.

It contained merely a trace of ferrous sulphate, and no chlorids
or nitrates were present. This is a fairly representative sample of
commercial acid. A trace of nitric acid is sometimes present in
commercial sulphuric, but the amount would probably never be
large enough to be of any consequence when used for fumigation
purposes.

CYANID SAMPLES.

Certain cyanide samples received from Mr. Woglum have been
analyzed for cyanogen and chlorin. Practically all commercial
cyanids contain small amounts of cyanates, carbonates, and traces
of other compounds, but none of them has been determined quan-
titatively in these samples, as their presence in small amounts does
not interfere with the use of these substances for fumigation.

Table of analyses.

Serial Total Calculated Calculated Chlorin,
No. Material. HCN. to NaCN. to KCN. calculated

to NaC 1.

Per cent. Per cent. Per cent. Per cent.
6523 Potassium cyanid "9899 per cent pure" 40.42 ............. 97.41 0.40
6524 Sodium cyanid "98-99 percent pure"......... 41.78 75.78 100.68 14.20
0525 Sodiumcyanid "130percentpure "............ 51.22 92.92 123.44 .57
6526 Sodium evanid . . ................ .... 41. 45 75.18 99.88 5.82
6527 Potassium cyanid "98-99 per cent pure".. .. 39.96 ..-.-. .... 96.30 .60
6528 Potassium cyanid "98-99 per cent pure"...... 39.28 .............. . 94.67 .77
6529 "Sodium cyanid" 2.......................... 41.02 74.41 98.85 6. 15

I A mixture of potassium and sodium cyanids (potassium equivalent to 21.03 per cent KCN).
2 A mixture of potassium and sodium cyanids (potassium equivalent to 57.92 per cent KCN).

The purity of sodiuim cvanid is frequently stated in terms of potas-
sium cyanide. 100 parts of sodium (Vanid being equivalent to 132.85

parts of >otassium evani d; that is, 100 parts of sodium cvanid will
yield, theoretically, as much hydrocvanic-neid gas as 132.85 parts of

potassimn (Vailld.

All of these results are calculated to the >otassium cyanide equiva-
lent for comparison. Samples Nos. 6527 and 6528 had been exposed
to the air for three Illolths or longer before they were received and
were undergoing slow deconiposit lon, as shown by the odor of anno-
uia which tiey assessedd. 1)ecolpositiol wol 101 have been Much,

more rapid thai here shown if the samples had been exposed to moist

air. Canids should always he kept <lrN and out of contact with the

air to >rev(enlt t hel'ir demlnl>osit ioll. Fromli the table of aialvses
it \\ill be seen hat. sampile(s Nos. 6524, 6526, and 6529 contain coil-
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siderable amounts of sodium chloride. While the amount of cyanid

present is equivalent to that found in a high-grade potassium cvanid,
owing to the presence of this cllorid they will yield considerably less

gas, as subsequently shown in this paper, and are therefore not as

valuable for fumigating purposes.

II. PROPORTION OF CYANID, SULPHURIC ACID, AND WATER FOR

BEST YIELD OF GAS.

POTASSIUM CYANII).

Whlen diute sulphuric acid acts on )potassium cvanild, resultijng in

coimplete decomposition, the theoretical reaction is as follows:

2KCN +1I .)04= IKSO4+211CN.

According to this reaction I ounce (avoirdupois) of )otMassiumn

Vanid (KCN 100 per cent) would require 0.75 ounce (avoirdupois)

of suilph uric ai1, 11 2S0 4, or 0.81 ounce (avoirdupois) of commercial

slp)hluric acid containing 93 per cent sulll)hluric acid, which would be
,e<puil to 0.42 fluid ounce.

The above react ion canl not be obt ained under the con~dit ions exist-

ing in ftumignt ion work, and to get t he hest yield of gas it is necessary

to have a cons)( ierable excess of sulphrii mc acid. 1. nider such condo i-

tions it wo uld he the acid potassium sulphate that would be formed

and t he reaction would proceed thus:

KCN +IISO 4= KllS() 1 1ICN,

or for each ouile (avoir-du )ois) of pOtasim yll ("N"aid there would be
reqlired 0.84 fluid ounce of 93 per cent sulplluric acid. This amount

has been found in practice to give t he best results, or, in roumind numbers,

for coinv'ence in1 practical field work, 1 l)art cand to 1 part acid.

According to laboratory work the l)'ol)o)rt ion of water that should be

used with these amounts of cvanid and acid in order to obtain the

best vield of gas was 2 parts., In field Iractice, however, Mr. Wog-
liim has pointed out" that it is not always practicable to use this

amount on account of the fact that the residue sometimes solidifies

inl the generat ilg jar, and he has t heref ore adopted and recommends

3 parts of water, or a 1--1-3 formula.

SODIUM CYANIl).

The action of sulphuric acid on sodium cvanid is identical with its
action on the potassium salt, and is as follows:

2NaCN +I I.,SO4 Na.,SO + 2HCN.

Bul. 79, Bur. Ent., U. S. Dept. Agr., pp. 37-38, 1909.
2 i)ill. , p. 39.
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As sodium has a lower atomic weight than potassium, a greater
yield of gas is obtained from the same weight of the cyanid of the
former and a larger amount of sulphuric acid is required for its
decomposition. According to this reaction, 1 ounce (avoirdupois)
of sodium cyanid requires 1 ounce (avoirdupois) of sulphuric acid,
H2SO4, or 1.07 ounces of commercial sulphuric acid containing 93
per cent of sulphuric acid, which is equivalent to 0.56 fluid ounce.
As before noted, to get the best yield of gas the sulphuric acid must
be in considerable excess, when the reaction would be:

NaCN + H2SO4 = NaHSO4 + IICN,

or for each ounce of sodium cyanid there would be required 2.14
ounces (avoirdupois) of 93 per cent sulphuric acid, equivalent to 1.12
fluid ounces. To determine the best proportions of sodium cyanid,
sulphuric acid, and water to use in actual practice in order to obtain
the largest yield of gas, the following experiments were carried out,
using pure sodium cyanide containing 94 per cent actual sodium
cyanid, the remainder being mainly moisture, and commercial sul-
phuric acid " 660 Baume," which on analysis showed 93.52 per cent
sulphuric acid. Three-ounce (avoirdupois) portions of the sodium
cyanide were employed in each experiment and varying amounts of
sulphuric acid and water were taken. The decomposition was car-
ried out in tall beakers of 4-liter capacity in order to prevent any
possibility of loss from spattering. The water was first measured
into the beaker, then the acid added, and the weighed package of cyanid
was immediately dropped in. After standing 40 minutes the residue
was washed out of the beaker into a graduated flask, cooled, made up
to mark, thoroughly mixed, and aliquots taken for the determination
of the amount of hydrocyanic acid remaining in solution. As has
been shown hv experiments herein reported, the difference between
the total amount, of cyanide in the quantity of material taken and
that remaining in the residue (oes not represent correctly the amount
of gas given off and available for fumigating purposes, but when
operating on a pure cyanid, the less hydrocyanie acid remaminmg in
the solution the greater will be the yield, an(d for measuring the rela-
tive efficiene of the different mixtures of acid and water it is only

necessary to determined the almolunt of hVydroevanic acid inl tlie residue.

Inl all determilinat ions of cyanid Lichig's 1 method has been used.
Ill eveIy case where annonia was present in the solution, (ile to

previous decom positionn of the cyanii (in wIhichI case the end reaction
Wo1b1l not a )ppear as soom as it shoul, dle to the solvelt action of

ammmonia on 11he silver cyanid), a few drops of a dilute solutioni of
)ot assillmn II were add(edl ill border to overcome this smirc~e of error',

silver iO(li(l 1)eillirifsoiill)le ill (Iilulte amllmloial.

I Voltirretric Analy is, Sator, 9t1 el. rev., p. 200.
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Experiments to determine the best proportion of chemicals to be used.

Experiment No.

1.. . . .................... . .

3 . . ...........................................
4.............................................
5.............................................
6.............................................
7.............................................
8.............................................
9.............................................

10.............................................
10.............................................
12.........................................
13.............................................
14.............................................
15 . . . . . . . .. . . . .. . .. .. .. .. . ... . .. . . ... . . .. . .
16... .. ........................ ...
17....... ...... . ..... ...... ..........
18..........................................

Amount of chemicals

Sodium Sulphuric
evanid acid

(NaCN). (HsSO4).

0:., avoir. Fluid oz.
3 3
3 3
3 3
3 3
3 3
3 4
3 4
3 4
3 4
3 4
3 5
3 5
3 5
3 5
3 6
3 6
3 6
3 6

used.
HON re-

maining in
residue

TWater (per cent
(1120). of total).

Fluid oz.
3
4
5
fi
9
4
6
8

10
12
5
7.4

10
15
6
8

10
12

12.94
17.58
10.19
7.48
9.18
1.44
2.49
4.34;
7. 53
8.14
1.40
4.04
5.92
9.91
1.22
2.74
:3.46
5.00

HCN ex-
pIled (by
itlerence).

Per cent.
87.06
82.42
89.81
92.52
90.82
98.56
97.51
95.64
92.47
91.86
98.60
95.96
94.08
90.09
98.78
97.26
96.54
95.00

The following experiments were then male on samples of sodium
cyanid of varying composition: No. 6524 contained 75).7 8 per cent of
sodium cvanid and 14.20 per cent of sodium chlorid ; No. 6525 con-
taineld 92.92 of sodium cvanid ; and No. 6526 containe(l 75.19 per
cent calculated as so(lium evanid and 5.82 per cent of sodium chlorid.

Experiments with diJ'erent samples of sodium evarid.

Amount of chemicals used. IIN remaining in residue
(per cent of total).

Experiment No.

Sodium Sulphuric water. No. 6524. No. 6525. No. 6526.1cyanid. acid.

I9..........
20..........
21..........

23..........
24..........
25..........

Oz., aroir.
. . . . . . . . . . ... . . . . . . . . . 3
.............................. 3

. ............................ . . 33

..... .... ....... .... ..... .. .... 3

......... ........ .. ...... ...... 3

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Fluid oz.
3
3
3
4
4
5
6

Fluid viz.
:3
6
9
4
6

6

10.74 12.2
.. (s S.16

7.27 9.32
.62 3. 16

1.65 ..........
.39 1.73
.24 2.28

I A mixture of sodium cyanid. potassium evanid, and sodium chlorid.

The acid acts very energetically on the sodium cyanide, and by
comparingr the results with those obtained in previous work with

potassium cyanide it is shown that less hvydrocvanlic acid remains in

the residue when using so(lium cyani(l. It may he stated here that
the very low results obtained with the impure cyanli(ls Nos. 6524 and
6526 are due to the decomposing action of hydrochloric acid, liberated
from the sodium chlorid, on the hydrocvanic acid. When equal

quantities of cyanid, acid, and water were used, there was not enough
acid present to cause complete decomposition of the cyanid-decom-
posed lumps of which always remained in the residue-nor was

8.53
7.22

. 80
3.21

.53

.58
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there sufficient water to readily dissolve the sodium sulphate formed,
as a result of which the residue in the beaker became semisolid.
With the proportions 3-4-4, 3-5-5, and 3-6-6, less than 2 per cent of
the total amount of hydrocyanic acid yielded by the cyanid remained
in the residue when operating on a pure salt. There is little difference
in the results from the three proportions, and 4 fluid ounces of acid to
3 ounces (avoirdupois) of cyanid appear to be sufficient. It is not
necessary to have as much water present to keep the residue in the
jar from "freezing" as when potassium cyanid is used, because the
sodium sulphate formed is more soluble than potassium sulphate.
There was no trouble from this cause in the use of the 3-4-4 formula.
These experiments were carried out on a warm day, and the vessels
were placed on a tin roof. If they were placed on the ground under
a tent, the tendency would be to cool more rapidly, and under such
conditions it may be found necessary in order to prevent "freezing"
to increase the proportion of water, though it is desirable to keep
this as low as possible, as an excess of water lowers the temperature
of the acid and also holds in solution more of the hydrocyanic-acid
gas.

Using- the 3-4-6 formula, which contains sufficient acid to decom-
pose all of the cyanid and also enough water to readily dissolve all
of the sodium sulphate formed and prevent "freezing," only about
22 per cent of the theoretical yield of the hydrocyanic acid remained
in the residue. The following formula, therefore, is recommended as
a good one for practical fumigation work in the field: 3 parts sodium
cyanid, 4 parts acid, and 6 parts water-the sodium cyanid being
expressed in ounces avoirdupois and the acid and water in fluid
ounces.

III. ACTION OF MINERAL ACIDS ON CYANIDS AND HYDROCYANIC
ACID.

eli reactions which take place when sulphuric acid acts on potas-
sium and sodium cyanids have been given and the amounts of hydro-
cyanic acid remaining in the residue after mixing these substances
under certain condit ions determined, it being assumed that the
remainder was given off and available for fumigation purposes.
This assumption, however, is not entirely correct, as all mineral
acids cause more or less decomposition of hydrocyanic aci(l. With
sulphuric acid this action, u11(er the conditions in which fumigations
are con(ducted, amounts to very little; in fact, it is scarcely worth

considering, but ill the (-('se of no1 inpre111 cyanid(I coainingr so(dilm
chlorid (a frequent imiipuirity), which oi addition to sulphuric acid
liberates hy(lrochIloric acid, this (Iecomlposing action becomes a very
imf)ort ant consi(leratilo10 an(d 11o (1oubl)t accolnits for iuminerous reported

instances of failure in fumigation work. It is possible to conceive of
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conditions under which all of the hydrocvanic acid may be decom-
posed by the hydrochloric acid and none whatever expelled into the
medium which it is desired to fill with the gas.

This action of acids on hydrocvanic acid has been known to chem-
ists for years, but the first work the writer has seen in which its bearing
upon the subject of fumigation had been brought to the attention of

the public was by Newell, ' in which he shows the decomposing act ion
of hydrochloric and nitric acids on hyd-lrocyanic acid and points out
the necessity of using pure (vanids for fumigation work.

ACTION OF SULPHURIC ACID ON IlYDROCYANI(' ACID.

When potassium cvanid or sodium cvanid is treated with sulphuric
acid, the first action which takes place is the liberation of lydrocvaniic-
acid gas, as shown by previous equations. This is then acted upon
to a greater or less extent, depending upon the conditions, and a
port ion of it decomposed. The principal products of decomposition
are annonia and formic acid, according to the following reaction:

II('N + 211,0 - II('OOl + N 1 .

The aiiuonia formed combines with the excess of sulphuric acid

present and forms anmonium sllphate. If the sulphuric acid is

concentrated, it attacks the formic acid, extracting water therefrom
and liberal t ing ear bon monoxid, t'0, t huis:

1nCOiOH = IIO -- (O.

WXade and Panting 2 have shown that, on treating potassium cyanid
with sulphuric acid, by suitably varying the concentration of the
acid a practically quantitative yield of either hyvdrocvanic acid or
carbon monoxide can be obtained. With dilute sulphuric acid and up to
a strength )f 1 part acid to 1 part water, which is as strong as it is ever
used in fumigation work, nearly pure hyvdrocyanic acid is formed.
With a stronger acid, however, a certain amount of carbon monoxid
is formed, and as the concentration of the acid is increased the volume
of gas increases, while the amount of hydrogen cyanide diminishes;
and finally, when ordinary concentrated sulphuric acid is allowed to
act on the cyanide, nearly pure carbon monoxide is evolved in almost
theoretical quantity." Concentrated sulphuric acid at a high tem-
>erature is reduced by hydrocyanic acid, sulphur dioxid, carbon

dioxid, and ammonia being formed.

11N +11 2S04 = NII 3 +CO+SO 2.
As sulphuric acid stronger than 1 part acid to 1 part water is never

used in fumigation work, we need not concern ourselves with the

1 Georgia State Board of Entomology, Bul. 15.
2 Journ. Chem. Soc., vol. 73, pt. I, p. 255, 189S.
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effects produced by an acid of greater strength than this. With a
more dilute acid than 1 to 1 the decomposing action on hydrocyanic
acid amounts to very little, as shown by experiments which are
reported herein.

ACTION OF HYDROCHLORIC ACID ON HYDROCYANIC ACID.

According to the researches of Gautier hydrocyanic acid com-
bines directly and sometimes violently with hydrochloric acid, result.-
ing in bodies comparable with the ammonium salts or the amids.
Gautier found that on passing dry hydrochloric-acid gas into dry
hydrocyanic-acid gas, then heating to from 30 to 400, sealed in glass
vessels, and allowing to cool, a colorless crystalline substance sepa-
rated. From the results of the analysis of this compound he con-
cluded that the formula must be HCN,HC1. He found that this body
was extremely hygroscopic and underwent partial dissociation, but
decomposed mainly into ammonium chlorid and formic acid in the
following manner:

IICN,HCl + 2H,0= NHCl + HCOOH

Several years later Claisen and Matthews 2 made a study of the
action of hydrochloric acid on lydrocyanic acid, and by employing
a different method also obtained a white crystalline compound, which
conducted itself similarly to the compound obtained by Gautier, but
on analysis the results did not agree with the formula HCN,HCI as
found by him.

Claisen and Matthews, from their analytical results, ascribed to
the compound the formula 2HCN,3IIC1, and the following proper-
ties: "A colorless crystalline mass, inodorous in dry, and fuming
strongly in moist, air. It appears to be only slightly poisonous and
on solution in water shows only traces of hydrocyanic acid, probably

present as an impurity in the original compound. It is insoluble in

ethylic, formic, or acetic ethers; soluble, but with decomposition, in

water and alcohol. On exposure to air it is rapidly converted into

ammonium clilorid and formic acid." In fact, it resembled physi-

cally and gave exactly the same reactions as the compound obtained

by Gautier.
More recently Nef ' has made an. exhaustive stud'v of the cyanogenm

compouns, including the action of hydrochloric acid on hydrocyanic
aC(id. I e arrived at the coiclu1sl(ion that these ald(itin )rod ucts are
derivatives of illi(1ioonnvlcvai(I,

Conptos renlus, vol. (G5, p. 410, 1867.
i Annalen <er (*hemtie and Iharniiacie, vol. 145, p. 1I1, 186 .
IAnnales d chimic et de physique, ser. 4, vol. 17, p. 128, 18(9.

, .Jour. ('han. Soc. vol. 41, p. 2il, I882.
lherichl der dEnftscel chenrnischen (esellschaft, vol. 16, p. 30S, 1883.
Liolig's .A nalen der Chemie ad I' harniacie, vol. 287, pp. 265-359, 1895.
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(IICN)2 or Il-N- II.

The first product formed being imildoformylclhlorid

II-N=C-II,

Cl

which comi)mund immediately combines with a second molecule of

IICN thlui
11\ NIl

1 I-N --C-1 I - IICN -

('1 II ('1

forming an imid-chlori1d. This in turn takes ip oi(, or1 two molec-

ular proportions of 11(1 with the formation of com11poulds of the

following conist itution:

llNv NHl II.N Nil
II " '- II) C

1 I I o '1 11 1

C!

IIN Nil II.N NII
'C + 211CI= C-C -

1 1 C I 1 1 C l

These compounds decompose inl the presence of moisture, as before
described, mainly into formic acid and anunonium clhlorid.

EFFECT OF THE PRESENCE OF SODIUM CHLORID IN CYANIDS ON
THE YIELD OF HYDROCYANIC-ACID GAS IN FUMIGATIONS.'

In order to determine the actual effect of different Iroportions of
sodium chlorid (which on being treated with strong sulphuric acid

liberates hydrochloric acid) in cvanids, when used for fumigation

work, on the amount, of hydrocvanic-acid gas liberated, the following
experiments were conducted. Samples were prepared from pure
sodium cvanild anid sodium chlorid containing various proportions of

sodium chloride from 9 to 66.66 per cent.
Several experiments were also conducted, using pure sodium cyanid,

containing 94 per cent of actual sodium cyanide (the remainder mainly
moisture), for the purpose of determining the loss when using pure

chemicals. These experiments were carried out as nearly as possible
under the conditions actually obtaining in practical fumigation work,

I See also work on this subject by Newell, Georgia State Board of Entomology, Bulletin No. 15.
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except, of course, on a small scale, and provision was made for the
collection of the liberated hydrocyanic acid that it might be quanti-
tatively determined. Figure 13 shows a cut of the apparatus employed
for this purpose. On account of the inability to control the large
volume of gas which is so rapidly generated when the solid cyanid is
all added to the acid at one time (as is done in actual practice) it was
necessary to add it slowly, and in order to do this the charge was dis-
solved in water.

DESCRIPTION OF APPARATUS.

"A" is a flask of about 100 ce capacity into which the chemicals
are placed for the generation of the hydrocyanic-acid gas; "B,"

- (

B tLK

~~V

Fia. 13.-Apparat us uised in the decomposil ion of eYanids and collection of the liberated hydrocyanic-
acid gas. (Original.)

'C," and ")" are Dreclisel's gas wash bottles, and into each is put
about 100 c, of a dilute solution of potassium hydrate to absorb the
gas. Bottle "1'" contains a potassium)f lydrate solution to free the
air that is (11rawn through from carbon dioxide, which decomposes
cynallids in solution w1When passed through them. ""E is a condenser

conltainiinug cold water to cool the gases before reaching "B" and
thus prevent heating the solution iii "B," which would cause decom-
positioll of t he )otasslulIm cvali1(1 forme1.

1)ETAILS OF MANIPULATION.

oA "' ah(1(1 10 cc of water, then 10 cc. of con cen trated siuphulric
aci(I, after which add immediately to the separatory funnel 5 grams

(

F

11

A
A

q

Ij

100
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of the cyanide, previously dissolved in 10 cc of water, and partially

open the stopcock, allowing the solution of the evanid to flow slowly
into the acid. As soon as the stream of hydrocyanic-aid gas reaches
"B," containing the potassium hydrate, it is absorbed very readily;

in fact, so readily that unless the flow is quite rapid the potassium-
llydrate solution rises in the tube and in several instances was (rawfn
back into flask 'A." In order to prevent this it is necessary to watch

the apparatus constantly and not permit the flow of gas to subside;
or, if this is impossible, to close the pinchcock on the tube connecting

the two flasks for an instant and apply suction. As soon as the solu-
tion of the cyanide has all been added the separatory funnel is washed

down with 1 cc of water, heat is applied to flask A,'" and the tem-

perat ure of the acid brought to 1100 C., which is about the average
temperature obtained by adding 1 part acid to 2 parts water. The
heat is then removed, flask "F F" at tached, suction applied, and air
drawn through t1 apparatus for about. 40 minutes. According to

the atitho)ritio's, air alo ne drawn through a solution of a cyalnid

causes it to decompose, but this action is very slow and for this work

can he neglected. hIe residue in "A " is washed out into a beaker,
Cooled, made alkaline with potassiiii hydrate, and the amount of
cyanild present deterin( by titration with tenth-normal silver
nitrate. The solution in "B" is washed( out, into a 500 ce flask, made

to the mark, ano d aliquot portions used1 for the determination of the
evanid present. Solutions in "'C" and 'D" were also tested for
cyanid, bult in only two or three instances was any present, as in most
cases it had all been absorbed in ''B. "

RESULTS OF EXPERIMENTS.

The results of the experiments conducted as outlined, when employ-

ing pure chemicals, are given in the following table:

Results of experimental work.

Equivaent Per cent of Pr cent of
Experiment No.- tICN in total Ilf total Inin doN

p. sam- evolved. remaining posed (by
pie. difference).

Per cent.
1 ....-----.. -------------...------.-..-- .... ......... 5 1.82 94.8 1 3.59 1.60
2... .... --. -.. -. --..--.-.-.-.-..................... 51.82 94.40 3.29 2.31
3.... -- --.............................................. 51.82 93.77 3.84 2.39
4...... ................................................. 51.82 96.90 2.20 .90
5....................................................... 51.82 96.28 1.40 2.32

Average....................................... 51.82 95.23 2.86 1.91

These results indicate that there is some variation in the amount
of hydrocyanic acid decomposed, but this would be expected from
the fact that the experiments are subject to slight variations in the
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manipulation. The average amount decomposed is less than 2 per
cent and the average remaining in the residue is practically 3 per cent,
which shows that when operating with pure sodium cvanid and sul-
phuric acid we may expect to obtain close to 95 per cent of the theo-
retical yield of hydrocyanic-acid gas expelled and available for
fumigation purposes. Sodium cyanids were then prepared containing
varying quantities of sodium chlorid and the determinations made in P
the same way. The results are tabulated as follows:

HCN de-' Per cent of total HCN.
Equiva- Sodium HCN re-
lent of chlorid HCN mailing comn-Experiment No.- HCN in in sam- evolved. in resi- posed

sample. ple. due. (by differ- Evolved. In res- Decom-
ence.) idue. posed.

Per cent. Per cent. Per cent. Per cent. Per cent.
6.................... 47.16 9 41.96 0.66 4.54 88.98 1.40 9.62
7.................... 43.18 16; 27.42 1.71 14.05 63.49 3.97 32.54
8.................... 34.55 333 10.57 .37 23.61 30.61 1.06 68.33
9................... 25.91 50 5.85 .05 25.91 22.58 .21 77.21

10.................... 17.27 663 1.27 .10 15.90 7.35 .63 92.09

AMMONIA FORMED FROM THE DECOMPOSITION OF THE CYANID.

rhe amount of ammonia, existing as ammonium sulphate, in the
residue in flask "A" and that passed over into "B " was determined
in several cases and the nitrogen calculated therefrom. These
amounts added to the calculated amount of nitrogen in the hydro-
cyanic acid recovered in "A" and "B" correspond almost exactly
with the theoretical amount of nitrogen in the quantity of cyanid
employed. The distribution of nitrogen was as follows:

Distribution of nitrogen in the residue.

Determination. Experi- Experi- Experi-
ment 7. ment 8. ment 9.

In " A": Per cent. Per cent. Per cent.
Nitrogen as cyanid................................................... 0.79 1.05 0.21
Nitrogen as am monia................................................. 49.84 66.82 73.11

In " B":
Nitrogen as cyanid ................................................... 46.83 30.40 23.23
Nitrogen as ammonia................................................ . 2.54 1.73 3.45

This shows that oine of the principal decomposition products is

ammonia, the greater part of which is held in solution iii the generating
flask by the excess of sul)huric acid as amnno)liulm sulphate.

Experiments carried out on the samples of commercial cyainds,
the anal-ses of which are given on page 92, gave the following results:
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Experiments on commercial cyanids.

Serial
No. Material.

tall Potassium evanid ...
t.-24 Sodium cN anid.......
.,25 ..... do...............

21') ..... o'............
10227 Potassium cyanid....
6.528. .do... ....
6529 -Sodium cyanid"'..

Equiv- Sodium
alent of chlorid HCN
IICN in in sam- evolved.
sample. ple.

Per ct. Per ct. Per ct.
40.42 0.40 37.95
41.78 14.20 26.22
51.22 .57 48.31
41.45 5.82 36.93
39.96 .60 37.51
39..28 .77 36.71
41.02 6.15 35.17

HCN
HCN decom-

remain- posed
ing in (by dif-

residue. fer-
ence).

Per ct. Per ct.
1.22 1.25
1.32 14.24
2.31 .30
2.04 2.48
1.71 .74
1.40 1.17
1.84 4.01

Per cent of total HCN-

Evolved.

93.88
62.76
94.32
89.10
93.87
93.46
85.75

In resi- Decom-
due. posed.

3.03 3.09
3.17 34.07
5.09 .59
4.92 5.98
4.27 1.86
3.57 2.97
4.49 9.76

I A mixture of potassium and sodium cyanids and sodium chlorid.

This work shows the great variation in the yield of hydrocyanic
acid obtained when using samples as they appear upon the market,
nearly twice as much being obtained from sample No. 6525 as from
No. 6524. In view of such varying results as these it is not surprising
that fumligation has so often proved a failure.

EFFECT OF THE PRESENCE OF SODIUM NITRATE IN CYANIDS ON
THE YIELD OF HYDROCYANIC-ACID GAS.

Expe'im1t('slt5 carried out in the same way, using the same pure
sodium calli(I, to which varving proportions of sodium nitrate had
been added, gave results similar to those in which sodiun chlorid was

present. This fact is of no )ractical utility in so far as fuigiation
work is collcernl ed as CVanli ds (1o not coitainl nitrates as an impurity.
Conunercial sul> 1huric acidI may contain traces of nitric acid, but
the amount is so minute that it would have no appreciable effect on
the result:. Aside from this, the action of such an energetic oxidizing
agent as nlitric acid, in the presence of strong sulphuric acid, upon

cvanids wobll( be attended with some dal4ger. The results of these
exp~eriimien ts are given in the following table:

Effect of nitrates on the yield of hydrocyanic-acid gas.

Experiment No.

Equiva-
lent of

IlN in
sample.

Per cent.
18................... 47.16
19................... 43.18
20................... 25.91
21.................... 17.27

Sodium
nitrate
inl samf-

HCN
evolIved

ple.

Per cent. Per cent.
9 39.92

163 37.73
50 21.22

I 13.12

HCN re- HCN de-
maining corm-
in resi- posed (by

di e i differ-
due. ence).

Per cent. Per cent.
1.26 5.98
1.32 4.13
1.14 3.65

.79 3.36

Per cent of total HCN-

Evolved.

84.66
87.39
81.51
75.95

In resi-
due.

2.67
3.05
4.40
4.56

Decom-
posed.

12.67
9.56

14.09
19.49

The presence of nitrates exerts a very decided decomposing action
.on the hydrocyanic acid, but this action is much less than that pro-
duced by chlorids. The nitrogen in the decomposed cyanid is in
this case also converted into ammona.

673300-Bl11. 90-12 8

Ex-
peri-

ment
No.

11
12
1:1
14
15
16
17
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SUMMARY.

in order that the results may be more readily compared they are all

presented in one table, as follows:

Comparison of results obtained on evolution of hydrocyanic-acid gas under different
conditions.

HCN Per cent of total HCN-
Ex- i- Equiv- HCN decom-

peri- Material. chlorid alent of HCN remain- posed
ment HCN in evolved. ing in (by dif-

No. in sa. sample. residue. fer- Evolved. duIn resi- e.
ple fence . posed.

Per ct. Per ct. Per cent. Per ct. Per ct.
1-5 1 Sodium cyanid............. 0.00 51.82 49.35 1.48 0.99 95.23 2.86 1.91

6 -.. do...................... 9.00 47.16 41.96 .66 4.54 88.98 1.40 9.62
7 ..... do...................... 16.66 43.18 27.42 1.71 14.05 63.49 3.97 32.54
8 ..... do........... ......... 33.33 34.55 10.57 .37 23.61 30.61 1.06 68.33
9 ....- do..... .............. .50.00 25.91 5.85 .05 25.91 22.58 .21 77.21

10 ..... do...................... 66.66 17.27 1.27 .10 15.90 7.35 .63 92.09
11 Potassium cyanid.......... .40 40.42 37.95 1.22 1.25 93.88 3.03 3. 09
12 Sodium cyanid............. 14. 20 41. 78 26. 22 1. 32 14. 24 62. 76 3. 17 34. 07
13 .... do...................... .57 51.22 48.31 2.31 .30 94.32 5.09 .59
14 ..... do. 2.................... 5.82 41.45 36.93 2.04 2.48 89.10 4.92 5.98
15 Potassium cyanid........... .60 39.96 37.51 1.71 .74 93.87 4.27 1.86
16 ..... do...................... .77 39.28 36.71 1.40 1.17 93.46 3.57 2.97
17 Sodium cyanid (?) 2........ 6.15 41.02 35.17 1.84 4.01 85.75 4.49 9.76

Sodi-
uI

nitrate.

18 Sodium cyanid ............. . 9. 00 47. 16 39. 92 1. 26 5. 98 84. 66 2. 67 12. 67
19 ..... do.................. ... 16. 66 43.18 37.73 1.32 4.13 87.39 3.05 9.56
20 .... do...................... 50.00 25.91 21.22 1.14 3.65 81.51 4.40 14.09
21 ..... do............. ......... 66.66 17.27 13.12 .79 3.36 75.95 4.56 19.49

1 Average of five determinations.
2 A mixture of potassium and sodium cyanid and sodium chlorid.

These experiments show conclusively that the presence of chlorids
and nitrates in cyanids which liberate hydrochloric and nitric acid
respectively, together with hydrocyanic acid, on treatment with
sulphuric acid cause very marked decomposition of the hydrocyanic
acid. The effect produced by hydrochloric acid is much more marked
than that produced by nitric acid. In one case (experiment 10)
over 92 per cent of the hydrocyanic acid was decomposed and only
a little over 7 per cent evolved. This is a larger amount of sodium
chloride than woud1 ever he found in a commercial sample, but it shows
the important bearing this impurity has upon the results. Practi-

cally all commercial potassium and so(lium cyanids contain sodium)

clhlorid in greater or less amount. Potassium cyanid is frequently

sold as "98-99 per celt pure," which in reality is a mixture of

potassium cyaniI, so(liul cyanide, and soolium chloride aild on

analysis may show even 100 per cent expressed as potassium cyanide

yet there may ibe several per cent of sm(liuin cl ori( present. For
fumiigation work an analysis of a Cyaidll is of little value unless the

cilloin content is also dleterminedl. In order that satisfactory results

may be o)tained in th me fiuigatioi of treesfor the control of insects
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the amount of hydroevanic-acid gas that can be used falls within
narrow limits. If the application is too strong serious injury will
result to the trees, while on the other hand if too weak many of the
insects will escape the poisonous action of the gas, thus necessitating
a second fumigation or giving inefficient, results. It is therefore
necessary that the strength and quality of the reagents used be
known and that the conditions under which the work is (lone be
uniform. hen these points are fully realized by enitonologists and
orchardists there is no doubt that better and more satisfactory

results will b1 obtained.

I
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