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AN INVESTIGATION 

OF THE DIPPING AND FU1I1IGATION OF lruRSERY STOCK 

Introduotion. 

Over one h~red years ago the first nursery 

Was started in Missouri. At that time Missouri was a part 

of the Great West and was settled only along the water 

oourses. The fruit industry at that time was undeveloped. 

Today there are in Missouri about one hundred and fifty 

nurseries. One of the largest, if not the largest, nurser· 

ies in the World is looated in Missouri, and the aores of 

some of the others run well up into the hundreds. At the 

present time there are more bearing fruit trees in Missouri 

than in any other state in the Union, and it ranks fifth in 

the produotion of apples. The growth of the fruit industry 

and the nursery industry in Missouri has been remarkable. 

Also, the inorease in the number of injurious inseot pests 

of the fruits has been equally remarkable; in faot, they 

have inoreased so rapidly that in some seotions farmers are 

abandoning the fruit industry and entering some other line 

of work in whioh inseot pests are not 80 troublesome. 

Some of the moet injurious inseot peets and 
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fungous diseases of fruit trees, that we have to contend 

with, were first introduced and scattered over the country 

on nursery stock. The most noted and most injurious one 

of these is the San Jose scale. San Jose scale is so bad 

that ever.ystate in the Union and the Federal Government 

have passed very stringent laws regarding its distribution 

and control. Missouri has a law which forbids any one in 

the state to distribute or dispose of nursery stock of any 

sort upon which there is San Jose scale; nor is any one 

from outside the state allowed to ship infested plants into 

the state. In many states there is a law which requires 

that all plants badly infested with San Jose scale be 

destroyed and that those which are not badly infested be 

treated with the best known remedies for the destruction o~ 

the soale. 

The San Jose scale has beoome so widely distrib

uted in Missouri that strong measures have been taken to stop 

further distribution. San Jose scale is usually carried 

fro~ one section of the country to another upon nursery stock. 

Practically every infestation in Missouri has started from 

scale brought into the community upon nursery stock. Since 

the San Jose scale is usually carried into a non-infested 

district upon nursery stook, the logical thing to do is to 

produce clean stock; 

there is no scale. 

that is, nursery stock upon which 

This is very difficult to do, especially 

Where the scale has once obtained a foothold. 
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From time to time, various remedies have been 

recommended by which nursery stock can be treated and the 

scale destroyed. Some of the treatments recommended k1ll-

ed the trees as well as the scale; others did not always 

kill the scale, and others cost so much that they were not 

practical, especial17 with the smaller nurserymen. 

During the past two years the writer has been 

constantly in touch with all the Missouri nurserymen and it 

has been his pleasure to make personal visits with practical

ly every nurseryman in the state, and especially with those 

located in communities where San Jose scale 1s prevalent. 

He has worked with them and helped them treat their nursery 

stock for scale, and other injurious insects. While en-

gaged in the work, many problems, confronting the nurser 7men , 

concerning the eradication of San Jose scale from nursery 

stock, have been brought to his attention. As a result, a 

number of experiments have been made to test the effect of 

the different materials commonly used upon infested and non

infested stock, with the object in view of deterr4ining which 

remedy is the most praotioal, from all standpoints, under 

Missouri conditions. 

FRUIT INDUSTRY IN MISSOURI. 

Missouri is so located that it is almost an 

ideal state for the production of fruit. There are several 

factors that tend to make it a good state in which to grow 

frUit. 
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In Missouri we have many general 

types of soil - loess, flat prairie loam, shelby loam, silt 

loam, Crawford red lime stone, Clarksville gravelly loam, 

Clarksville stony loam, union silt loam and the lowland. 

Of these soils, the loess and Crawford red lime 

stone are the best for the growth of fruit trees, and the 

production of fruit, and it is in the seotions of the state 

where these two types of soil prevail, that the large fruit 

producing oenters are found. 

The loess soil dominates along the Mississippi 

and Missouri Rivers. This soil extends away from the 

rivers on either side from one to several miles. It is a 

soil without a subsoil. In places it is a hundred or more 

feet deep, and in sOlne cases roots penetrate to this depth. 

It is of alluvial forrnation, very fertile, light and porous, 

with almost perfeot drainage and is the best fruit soil in 

the world. This soil is found in only two other places 

besides along the MissiSSippi and Missouri Rivers - along 

the Rhine, in Germany, and the Yang-tse-Kiang, in China. 

The value of this soil is just beginning to be fully appre

ciated by the fruit growers of Missouri. 

The Crawford red ll~e stone solI is found ln 

the south and southwestern portions of itlssourl and com

prises a large part of that section commonly known as the 

Ozark region of southwest Miesourl. This seotion of the 

OZarks is fa~ed the oountry over, on account of the high 
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quality of fruit whioh it produoes. 

Good orohards are found in seotions of the 

state where other types of soil dominate, but the bulk of 

the fruit produced in Missouri oomes from orohards looated 

in the seotions where the loess and Crawford red lime stone 

soils prevail. 

2. lB! Climate of Missouri is very good for the 

produotion of fruit. The winters are seldom oold enough to 

oause a failure by freezing, and spring frosts are rarely 

serious. The average annual rainfall is about 36 inohes, 

and this is suffioient to produoe the average orop of fruit. 

3. Looation. Missouri is very favorably looat

ed, both from the standpoint of shipping faoilities and mar-

kets. st. Louis and Kansas City afford exoellent markets, 

and these oities are large railroad oenters from which it 

ie easy to reaoh the prinoipal markets in other parts of 

the oountry. 

The following data, from the 1910 Census Report,(31) 

givee an idea of Missouri's rank as a fruit state as oom-

pared with the other states. 

Missouri ranks seoond in total number of orchard 

fruit trees, having 28,876,266. 

with 30,895,257. 

California ranks first, 

In number of apple trees, Missouri ranks first, 

having 17,984,306. New York ranks second with 14,076,718. 

Peaohes - Uissouri fifth, with 7,992,463; 
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Georgia. Texas, California and Arkansas rank above Missouri. 

Pears .. Missouri ninth, with 879,186. New York, 

California, Michigan, Ohio, Pennsylvania, Indiana, Illinois, 

New Jersey rank above Missouri. 

P1mns and prunes .. Missouri seventh, with 1,101,679; 

California, Oregon, Iowa, Texas, Wisconsin and New Jersey 

rank above Miss ouri. 

Cherries - Missouri ninth, with 869,767; Ohio, 

Pennsylvania, Iowa. Illinois, Indiana, Michigan. New York 

and Kansas rank above Missouri. 

Apricots .. Missouri ninth, with 22,116; Califor

nia, Kansas, Oklahoma, Texas, Washington, Utah, Nebraska and 

Colorado rank above I't1issour1. 

Quince .. iUssouri fifteenth, with 26,501; Ohio, 

Pennsylvania, New York, California, Indiana, West virginia, 

Michigan. Virginia, IllinOis, Kentucky, Oklahoma, Kansas, 

Maryland and Alab~~ rank above ~issouri. 

Grapes .. Missouri sixth, with 3,512,580 vines; 

California, New York, Michigan, Ohio and Pennsylvania rank 

above :Uss ouri. 

Missouri also ranks high in the production of 

the s~11 fruits, being third in the total acreage of straw-

berries, having 9,048 acres. Blackberries and dewberries, 

first. acreage, 5,975; raspberries and loganberries, 

eleVenth, acreage 1,333; gooseberries, second, acreage 655. 

Missouri also ranks siKth in the production ot 

nuts. 
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From the above figures, it is readily seen 

that the fruit industry in Missouri is of prime importance. 

The Missouri orchardist is learning to put into 

practice better systems of management; he is learning to 

control the insect pests and fungous diseases that prey upon 

the fruit and the trees; he is learning to market his fruit 

so as to obtain the highest profit; he has learned the 

value of cooperation, and as a result the fruit industries 

in Missouri are growing by leaps and bounds, and are going 

to continue to grow. The "Big Red Missouri Apple; ., is 

famed the country over. The Elberta peach from the Ozarks 

has a similar reputation, and during the season strawberries 

from Missouri can be purchased from all of the big markets 

of the country. 

NURSERY INDUSTRY IN MISSOURI. 

The nursery industry in Missouri has kept pace 

with the fruit industry. The first nursery in the state 

was established in 1816 at Louisiana, Mo., and ever since 

that time the growth of the nursery business has been rapid. 

~oday there are one hundred and thirty-five nurseries in 

Missouri, with an acreage which totals about 3000. 

Missouri is just as favorably located for the 

produotion of nursery stock, as it is for the produotion 

of fruit. Practically every kind of fruit stock is ex

tensively propagated in !.u.ssouri nurseries. 
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The soil is ideal, especially along the 

Mississippi and Missouri River hilla, and in the southwest 

part of the state. The rainfall is sufficient and the 

growing season is long enough for the production of fine 

nursery stock. Railroad facilities are good and nursery 

stock grown in Missouri is shipped to all parts of the 

world. 
(31) 

According to the 1910 Censua, Missouri ranked 

thirteenth in acreage of nursery stock, and in the total 

value of the nursery stock produced, Missouri ranked six-

teenth, with $524,394.00 of stock. Since 1910, the amount 

and value of nursery stook produoed in Missouri has oon-

stantly increased. At the present time. the amount of 

nursery stock used in Missouri is much greater than it has 

ever been heretofore. The main faotor that has been re-

sponsible for this increase in the use of nursery stook i. 

the eduoation of the people to a plane where they desire 

and demand that their homes and communities be made as 

beautiful and as pleasant as possible. This has brought 

about the planting of a great deal of ornamental shrubs 

and trees around the home; communities have gone together 

and planted trees along the roadsides. Cities have built 

parks, boulevards and thoroughfares,in the oonstruotion of 

which they have used large quantities of ornamental nursery 

stooke The farmer has begun to realize the value of a 

home orchard, and every year a marked inorease is noted in 
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the number of home orohards. Large oommercial plantings 

are also being made. The value of the laesa soil aa a 

fruit producing soil is just beginning to be reoognized and 

as a result the number of oommeroial orchards along the 

Mississippi and Missouri Rivers, is inoreasing very rapidly. 

During the past few years the demand for orna

mentals haa beoome sO great that three or four nurseries in 

the state have devoted praotioally all of their time, while 

most of the others are devoting some time, to the growing 

of this type of stock. 

Another thing whioh has inoreased the planting 

of fruit trees in the past few years, is the better under

standing of the oontrol methods neoessary to praotice in 

subduing the dangerous insect pests and fungous diseases 

which prey upon fruit trees and other plants. The spray 

pump has had about the same effeot upon the fruit industry 

as the cotton gin had upon the cotton industry. It has 

almost revolutionized the fruit industry. Effective spray 

materials have been discovered by means of which the fruit 

pests can eas1ly and oheaply be controlled, prov1ding the 

material is properly applied. 

THE SAN JOSE SCALE IN MISSOURI. 

The most dangerous pest that the nurserymen and 

orchard1sts in Missouri haTe to oontend with 1s the San Jose 

80ale. This pest does thousands of dollars worth of damage 
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every year in Missouri. Unlike other pests, the san Jose 

soale works both upon the tree and upon the fruit. Where 

the tree is badly infested with the soale, the fruit pro-

duced on that partioular tree also beoomes so badly infest

ed that it is unmarketable, and every year thousands of 

bushels of apples are allowed to go to waste beoause of 

being infested with soale. The markets disoriminate 

against apples with soale on them. and in some states there 

are laws whioh prevent the sale and transportation of soale 

infested fruit. 

It requires from one to several years for the 

San Jose soale to kill a tree, depending upon the vigor of 

the tree when first attaoked. The inseots multiply so fast 

that in the oourse of one or two years the entire tree is 

oovered with them. and with these millions of little insects 

suoking the sap. death is bound to be the final result. 

Thus the San Jose soale collects its toll in two 

ways - from the plant itself, and from the fruit. 

Up to the present time, San Jose soale is pres

ent in 59 of the 114 oounties in Missouri- some of the re-t 

maining 55 oounties are undoubtedly infested also. but there 

huve been no infestations reported to the Missouri Experi

ment Station, from these oounties. The largest infestations 

in Missonri are in the counties along the zassissippi and 

Missouri Rivers and especially those oounties in whioh a 

fairly large town is looated. st. Louis County is th8 worst 



An Infested Nursery 
The kind in which San Jose scale is usually found. Notice 
the weeds. 

An Infested Tree in the Above Nursery. 
larked by the inspector. 
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infested oounty in the state at the present time. There 

is soaroely an oro hard in the entire oounty that is free 

from San Jose scale. 

The first outbreak of San Jose soale in 
(27) 

Missouri was reported by Professor J. M. stedman, of the 

Missouri ~periment Station, in 1896. At that time but 

six apple trees were found infested. They had been pur

ohased from a New Jersey Nursery less than two years before 

the time they were found. Professor stedman reported that 

these trees were dug and burned. However, the destruotion 

of these few trees , it seems, did not help matters a great 

deal, for two years later (1898) another report waS made by 
(28) 

Professor Stea~ in which he says that the San Jose soale 

had been found in twenty privately owned commeroial orohards, 

some of which were already ruined. Besides being found on 

fruit trees it was also found on shade and ornamental trees, 

Osage orange hedge and some forest trees. Everyone of 

these infestations, with the exception of one, were intro

duoed upon nursery stook from one or the other of two New 

Jersey nurseries. The one exception came from Pennsylvania. 

History ~ ~ ~ Soale. 

San Jose soale Was firet found in the United 

States on the premises of Mr. James Lick, of San Jose, 081i-

fornia, in the early seventies. Mr. Lick Was a great lover 

of plants and he imported many plants from foreign oountries 

whioh he set out on his home ground. It is thought that he 
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introduced San Jose scale into this country on some of the 

plants thus imported. Before an investigation waS started 

to determine definitely the native home of the scale, Mr. 

Lick died. However, it is generally conceded that the San 

Jose scale ie a native of Ohina. In 1901-2, Mr. C. L. 
(16) 

Marlatt, Entomologist for the United States Department of 

Agricul ture, made an exploration trip to Japan, China and 

other eastern countries to determine definitely, if possible, 

the native home of this scale. Mr. Marlatt came to the con-

elusion that San Jose scale is a native of the interior of 

China, and that it Was imported to America most probably 

upon the flowering peach, by Mr. Lick. 

The spread of the scale from San Jose, Ca1ifor-

nis, was very rap id. Prior to 1887, it had extended its 

range up and down the Pacific Ooast and east to the Rocky 

Mountains and had become a serious pest to the orchard 

industry. 

It was not discovered in the east until 1893 

when a pear growing at Oharlottesv1l1e, Va., was found to 

be in:fested. This infestation Was traced to a New Jersey 

nursery. Upon further investigation, it was found that 

this New Jersey nursery had become infested from stock 

shipped from San Jose, California. Two of the important 

nurseries in New Jersey were found to be infested and all 

of the early infestations of San Jose scale in the east, 

inclUding those in Missouri, were from these two New Jersey 

nurseries. 
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At the present time there is not a state in the 

Union that is free from San Jose scale, and in some of the 

states every county contains infested orchards. This ex

tensive infestation has taken place in the last twenty 

years. Thousands of fruit trees have fallen prey to it, 

and millions of dollars of damage has been done. If better 

control methods are not put into praotice, and the ravages 

of the scale stopped, there is no telling what it will do in 

the next twenty years. A great deal of legislation has 

been done to prevent the spread of this pest, and it has 

been fairly effective, but unfortunately these laws were not 

passed soon enough to prevent its spread. and as is usually 

the case, the scale had become well established before a 

need of such laws was felt by the public. 

14!! Cycle ~ San l2!! Scale. 

The mature San Jose soale is yellow in color 

with a sao-like body whioh is oovered with a soft, waxy 

secretion - the soale. This covering serves as a proteo

tion to the pest. The insect passes the w1nter in a half

grown stage, all other stages being killed by winter oondi

tions. These half-grown insects are found under a small 

black soale just visible to the naked eye. About 95 per 

oent or more of these are male insects, they being greatly 

in exoess. In the spring, about the first of May, the 

males pupate and in a short time emerge as delioate two-

winged insects. The females at this time have arrived at 
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the stage of impregnation, and in a few days the males dis-

appear. The females reach maturity about a month later and 

begin to give birth to living young. 

Most of the other soale inseots deposit eggs 

whioh later hatoh, but this is not true of the San Jose scale. 

The young are developed in a membranous sac which corresponds 

to an egg, but they usually burst out of this before being 

born. Thus the San Jose scale is usually ovaviviparous , 

but it may be partially oviparous. A single female i8 cap

able of giving birth to 600 young in a period of about six 

weeks. It is very doubtful, however, if a female gives 

birth to over 100 or 200 insects, and many of these are male. 

Even at this rate o~ reproduction, from one single female 

the total number of offspring at the end of a season runs up 

into the millions. The newly born insects are very tiny, 

yellow in color and have six legs. They soon push their 

way out from under the scale of the mother and crawl around 

for a day or so finding a suitable place to settle down. 

On the apple the young scale seem to push out towards the 

tender growing tips to settle down. while on the peach they 

stay more on the old wood. It is at this stage, while the 

young are crawling about, that the pest is likely to be 

soattered from one plaoe to another upon the feet and bodies 

of birds, beetles and other objeots. If the branohes of 

two trees intermingle, it is very easy for the young to 

crawl fro~ one tree to the other. and it is often in this 
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manner that the pest spreads. 

When a suitable place is found. the young 
settle down and begin to work the long proboscis, which is 
three or four times the length of the insect's body. into 
the bark, folds the antennae and legs beneath the body. and 
begin developing a scale covering. Within two or three 
days, this covering of cottony and waxy fibers becomes mat
ted into a pale grayish scale which gradually becomes darker. 

Male and female scales are similar in size, 
shape and color until the first molt, which takes place in 
from twelve to fourteen days after the emergence of the 
larva. Up to this time the male and female are indistin
guishable in appearance, but after the first molt they lose 
all resemblanoe of each other. The females lose their 
eyes, legs and antennae and become almost ciroular with in
distinct segments. They resemble very much a minute flatten
ed, yellowish sac. Springing from beneath the body. near 
the center, they have a set of long, needle-like mouth parts 
with which they obtain nourishment from the plant. After 
the first molt, the male insects change in appearance also. 
They lose their legs and antennae but instead of losing 
their eyes they develop large purple ones and they become 
elongated and pyriform in shape. At this time the scale 
covering of the body of both sexes has a decidedly grayish 
tint mixed to some extent with yellow. 

In about eighteen days atter birth, the male 
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changes to the pro-pupa or first pupal oondi tion and the 

soale oover1ng assumes a longer shape wh1ch sometimes tends 

to be curved. At this stage the male beg1ns to look more 

like an inseot. Two or three terminal segments can be 

seen, the poster1or one bear1ng two short spines, The 

antennae, legs and wing pads are v1sible. The purple eyes 

are set close together. 

About two days later, or about twenty days from 

birth, the male inseot transforms to the true pupa. The 

matted sk1n at th1s t1me instead of form1ng a part of the 

soale o overing , as in the preceding molt, is pushed out from 

beneath the soale. The last or third molted skin is also 

pushed from beneath the scale. 

The male insect becomes mature in twenty-four 

to twenty-six days from birth and pushes out baokward from 

beneath the soale. 

In from three to five weeks from the larva, the 

females molt the second ti~. The sk1n splits around the 

edge of the b 047 • The upper half adheres to the scale cover-

iug and the lower half forms a sort of ventral scale between 

the insect and the bark. The female insect becomes full 

grown in from thirty to forty days from birth. 

The adult male insect appears as a very small, 

delicate two-winged fly. about 0.6 mm. long, and 1s capable 

of flying from place to place. The mature female doe8 not 

develop as the male does, but rema1ns concealed beneath her 



Another Infested Nursery. 
Full of scale and weeds. 

Scale Infested Trees From the Above Nursery. 
These trees would have gone on the market if there had 
been no inspection laws. 
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scale as a small, yellowish, almost circular insect about 
0.8 mm. wide and 1 mm. long. No eyes, legs, wings or 
antennae are developed. 

The scale covering o~ the ~emale 1s almost cir
cular and slightly raised in the center. The exuvia is 
central or nearly so. In diameter the scale varies ~rom 1 
to 2 mm. The color of the scale is gray, excepting the 
part covering the exuvia, which is a pale or reddish yellow 
and the ring effects which are often noted between the 
center and outer edge of the scale, marks the edges of the 
molts of the larval scale. 

The scale covering of the male is darker than 
that of the female and espeoially in the winter, when it 
1s black. In shape, it is oblong-oval and just about half 
as w1de as long. It ranges from 0.5 to 1 mm. 1n length. 
There 1s a n1pple-like prominence located between the 
anterior margin and oenter of the scale wh1ch marks the 
position of the larval scale. 

In rUssouri there are four generations a year 
and probably tive, especially in a favorable season. The 
generations overlap to a great extent. 

Owing to the smallness and the color of the 
scales, the insect is hard to deteot by the untrained eye, 
and in many cases the wr1ter has known the lent1cels, or 
small knots on a tree, to be mistaken for the San Jose 
scale. When a plant becomes enorusted with the insects, 
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it looks grey in oolor and upon rubbing the hand along the 

trunk or branohes large flakes of the dead scales become 

loosened and falloff. The tree looks siok and does not 

leaf out so early in the spr1~g as a normal tree, and usual-

ly dies within a season or two. Where there is only a 

scattering of scale on the plant, it can usually be deteoted 

by the sunken places in the bark oaused by a lack of food 

material which has been used by the inseot instead of by the 

tree. Also immediately around the soale the bark takes on 

a reddish tinge, whioh is supposed to be oaused by a toxin 

which the insect injects into the plant. This red-like 

blotch is very oharaoteristio of the San Jose scale, es

pecially on the apple and peach. 

Damage. 

It is impossible to estimate the amount of 

damage done by the San Jose soale in Missouri orchards be

cause at present no one knows exaotly how extensively Miss:> uri 

is infested, but it is a known faot that many large co~~ercial 

and small orohards have been completely destroyed by it. How

ever, in the nurseries of Missouri in the past two years, the 

damage oaused by this inseot has amounted to the tremendous sum 

of $20,000.00 and this is but a drop in the buoket as compar

ed with the damage to the orohards in Missouri. 

Control in the Orchard. 

The San Jose Beale can be oontrolled in the or-

chards, if proper preoautions are taken. The most suocess-
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ful method whioh is praoticed today is the use of lime 
sulphur as a dormant spray. Certain of the miscible oils 
are also used to a greater or less extent, with good results. 
~ommeroial lime sulphur can be purohased on the market, whioh, 
when mixed with water. one gallon, of lime sulphur to seven 
gallons of water. makes a most effioient spray. 

A miscible oil makes a good spray when mixed with 
water at the rate of one gallon of the oil to twelve gallons 
of water. The lime sulphur spray is the oheaper spray of 
the two and is recommended by the United states Department 
of Agriculture, and by the state experiment stations. 

As the San Jose soale is a sucking insect, it 
is impossible to destroy it by using a poisonous spray, so 
a oontact spray must be used. The spray must be strong 
enough to either destroy the soale outright, that is. con
sume its body. or have great penetrating power. like the oil 
emulsiont whioh burn and smother the inseots. 

(13) 
According to Lodeman. lime sulphur spray was 

first used for the oontrol of inseota in 1851, by a Frenoh
man by the name of Grison. a gardener at Versailles. Franoe. 
Grison used the following formula at first but later reduoed 
the amount of lima to half. 

Flowers of sulphur •••••••• 600 gms. 

Freshly slaked lime ••••••• 600 ft 

Water ••••••••••••••••••••• 3 liters 
Boil for ten minutes. draw off the clear liquid and use 1 to 
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100 parts of water. This mixture was used as a fungioide 

and is one of the few early spray preparations still in use. 

Regarding the first use of lime sulphur washes 
(13) 

in Amerioa, Lodeman says: "A mixture similar to the follow-

ing was originally used in California as a sheep dip, but 

as fruit trees began to drive out the sheep, the applioations 

of the oompound were transferred to the trees, and thus it 

has been very generally used, and has proved to be of value 

in the orohards as well as on the sheep. 

inseots and fungi. 

Lime (unslaked) • • • • • • • • • 

Salt • • • • • • • • • • • • • • • • • • • • 

Sulphur ••••••••••••••••• 

Water . . . . . . . . . . . . . . . . . . . 

It is used against 

25-40 Ibs. 

15 

20 

" 
" 

60 gals. 

To mix the above, take 10 pounds of lime, 20 

pounds of sulphur and 20 gallons of water. Boil until the 

sulphur is thoroughly dissolved. Take the remainder, 15 

pounds of salt and 15 pounds of lime, slake and add enough 

water to make the Whole 60 gallons. Strain and spray on 

the trees when milk warm or somewhat Warmer. This oan be 

applied when the foliage is off the tree and will have no 

injurious effeot upon the fruit buds or upon the tree it-

self." 
(16) 

Marlatt says: "The early experienoe with lime 

sulphur and salt washes for San Jose soale was unfavorable, 

largely due apparently to the faot that the observations on 



Whole Wagon Loads of Condemned Nursery Stooke 
Before the days of inspection laws, this sort of stock was 
sold to the unsuspecting farmer for fabulous prices. 

Another Lot of Condemned Stook. 
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the trees treated were not continued long enough to note 

the effect of the late summer results. Good results were 

obtained with the kerosene emulsions and particularly with 

the soap washes and the fish oil soap washes." 

HYdrooyanio acid gas was also tried in controll

ing San Jose scale on orohard trees, and at the present time 

is used upon citrus trees for controlling citrus scales. 

Wbere care was taken this method proved very successful when 

used on the deciduous fruit trees, but the cost of fumigat

ing an orchard as compared with spraying was so great that 

the former method has been abandoned altogether. An air 

tight box had to be construoted in such a way that it oould 

be moved from over one tree to another, or a large tent had 

to be placed over the tree to be treated and the gas gener-

ated beneath. Each tree had to be treated for about one 

hour. 

The treatment for San Jose scale must be applied 

While the tree is in a dormant oondition for the soale is so 

difficult to kill that a treatment, to be effective, must be 

made so strong that it will also kill foliage. While the 

tree is in a dormant oondition, the inseots are eas1ly 

reached and a strong spray oan be app11ed without any fear 

of damaging the foliage. Also, as the inseots pass the 

winter 1n a half grown state, they are more easily killed 

during the dormant season. 

In applying a spray for the Boale, thoroughness 
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of the application is of the utmost importance. If a twig 

here or there is left without getting a coat of the spray 

material. the insects which are on them will soon reinfest 

the tree. 

At the present time the standard spray for the 

control of the San Jose soale upon deciduous orchard trees 

is lime sulphur. Commercial concentrated lime sulphur has 

a specific gravity of approximately 1.28. One gallon of 

it is used to seven gallons of water which reduces the 

speoific gravity to 1.04. This solution is then applied 

with either a barrel or power spraying maohine during the 

dormant season. 

Besides controlling the San Jose scale with a 

dormant spray of lime sulphur. many other pests. such as 

Forbes Beale and aphides are also oontrolled. 

One of the important reasons why the San Jose 

soale is diffioult to oontrol is the fact that it attaoks 

so many of the deciduous plante inoluding fruits. orna

mentals and shade treee. 

The following is a list of plants upon which 
(16) 

the scale thrives. acoording to C. L. Marlatt. of the 

United States Department of Agriculture. quoted from Britton. 

14!! 2! Hardy 1Tees. Shrubs. ~ Vines. 

Commonll ~ Badll Infested. 

Aoacia sp. Lintner. 

Akeb1a sp. 
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Akebia quinata Decaisne. 

Amelanchier canadensis Medic., and other species. 

Citrus tri~oliata Linn. 

Cornua alba Linn. var. sibirica Lodd. 
Cornus baileyi Coult & Evans. 

Comus sanguinea Linn. 

cotoneaster sp.? 

Cotoneaster vulgaris Lindl. 

Crataegus sp. Hawthorn. 

Orataegus cordata Soland. 

Crataegua oxyacantha Linn. 

Crataegus coccinea Linn. 

cratae~a ~-galll Linn. 

English hawthorn. 

Oydonia vulgaris Pers. Common quince. 

Shad-bush, 
Juneberry. 

Oydonia japonica Pers. Japanese or flowering quince. 
Fagus szlvatica Linn. var. purpurea Ait. European purple

leaved beech. 
Juglana aieboldiana Maxim. Japanese walnut. 
Ligustrum vulgare Linn. Oommon privet. 
Populus sp. Poplar. 

Populus deltoides Marsh. Carolina poplar. 
Populus nigra Linn. var. italioa Du Roi. Lombardy poplar. 
Prunus &mygdalu8 Stokes. Almond. 

Prunus armeniao8 Linn. Apricot. 

Prunus aviUD1 Linn. Sweet cherry. 
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Prunus pUDdla Linn. 

Prunus pwnila var. besseyi Waugh. Sand cherry. 
Prunus ceraslfera Ehrh. var. atropurpurea Dipp. (P. pisar4i). 

PUrple-leaved plum. 
Prunus domestio~ Linn. European plum. 
Prunus hortulana Baile7. Wild goose plum. 
Prunus japonioa Thunb. Flowering almond. 
Prunus maritima Waugh. Beach plum. 

Prunus persics Siebe & Zucc. Peach. 
Prunus triflora Roxbg. 

Prunus serotina Ehrh. 

Japanese plum. 

Prunus virginiana Linn. Chokeberry. 
ptelea trifoliata Linn. Hop tree. 

pzrus oommunis Linn. Pear. 

pyrus Sinensis Lindl. Sand pear inoluding Kieffer. 
pzrus baccata Linn. 

pyrU8 IJl8lus Linn. Apple. 

pzrU8 sp. Crab apple. 

Ribes oxyacanthoides Linn. Gooseberry. 
Ribes aureum Pursh. liis80uri or flowering currant. 
Ribes rubrum Linn. Currant. 

Ribes nigrum Linn. Blaok ourrant. 

Roaa ap. 

li£!! oarolina Linn. 

~ lucida Ehrh. 

~ virginiana Mill. 



Rosa rugosa Thunb. 

Salix sp. Willow. 

Salix lucida Mnhl. 
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Salix pentandra Linn. Laurel-leaved willow. 
~alix vitellina Linn. 

Salix babylonica Linn. Weeping willow. 

Salix humilis Marsh. 

Salix incana Schrank. 

Sorbus sp. Mountain ash. 

Sorbus americana Marsh. Amerioan mountain ash. 
Sorbus aucuparia Linn. European mountain ash. 
Sorbus melanocarpa C. Kooh. (!ronia nigra Koehne) 

Black chokeberry. 
Szmphori0B!P0s raoemosus Miohx. Snowberry. 
Syringa vulgaris Linn. Common lilao. 
Syringa persioa Linn. Persian lilac. 
Tilia sp. Basswood. linden. 

filis amerioana Linn. Amerioan linden or basswood. 
TOxylon pomiferum Raf. Osage orange. 
Ulmus sp. Elm. 

Ulmus amerioana Linn. Amerioan elm. 

Ulmus oampestris Smith. English or European elm. 

Occasionally ~ Rarely Infested. 
!2.!!. sp. Maple. 

~ s8coharinum Linn. Si1 ver maple. 
!£!! s8ccharinum. Weir's cut-leaved. 
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~ platanoides Linn. Norway maple. 

Act1n1dia arguta Yiq. CA. poligana). 

AEsculus hippooastanum Linn. Horse-ohestnut. 

Alnus sp. Alder. 

Ampelopsis quinquefolia Michx. virginia creeper. 

Betul~ ap. Biroh. 

Betula ~ Linn. Cut-leaved white biroh. 

Buxua sp. Box. 

Castanea amerioana Raf. Cheatnut. 

Catalpa ap. 

Catalpa bignonioides Walt. 

Ceanothua amerioanua Linn. 

Celtis oocldenta11s Linn. 

Common oatalpa. 

Ceroidlphlllum japonloum Siebe & zuoc. 

Citrus aurantlum Linn. --
Cornus alternifolia Linn. 

Cornua stolonifers Micbx. 

Cornua oircinata L'Herit. 

Coruua amornum Mill. 

Cornua candldlssima Marah. 

Cornua florida Linn. 

Cornua florida. Red fiowering. 

Deutzia ape 

Dlospyroa virginians Linn. 

Blaeagnus sp. 

Elaeagnus longipeB Gray. 

Peraimmon. 

Silver thorn. 



EuoalYptus ap. 

Euonymus sp. 
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Ficus oarioa Linn. Fig. 

Forsythia sp. 

Fraxinus sp. Ash. 

Fraxinus americana Linn. White ash. 

Gleditschia triacanthos Linn. Honey locust. 

Hibisous syriacus Linn. Shrubby althea. 

Hicoria peoan Britt. Pecan nut. 

Juglans nigra Linn. Black walnut. 

Juglans regia Linn. Persian or English walnut. 

Kalmia latifolia Linn. Mountain laurel. 

Kerria japonioa DC. Globe flower. 

Ligustrum ovslifollum Hassk. California privet. 

Lonicera sp. Honeysuckle. 

Morus sp. MUlberry. 

Morus sp. Tea's weeping mulberry. 

Pbysooarpus opulifolius Maxim. 

Pioea ~ Link. White spruoe. 

Prunus oerasus Linn. 

Photlnis villosa DC. 

Sour oherry. 

Rhodotzpos kerrioi~es Siebe & Zuoo. 

Rhus ap. Sumao. 

Rhus ootinus Linn. Smoke bush. 

Robinia sp. Looust. 

Rubus strigosus Michx. Red raspberry. 



28 

Rubus nigrobaccus Bailey (~. villosus). Common blackberry. 

Rubus villosus Ait. (~. canadensis). Dewberry. 

Sambucus sp. Elder. 

Sassafras officinale Nees. Sassafras. 

Sorbaria sorbifolia A. Braun (Spiraea sorbifolia L.) 

Spiraea sp. 

Thuya oocidentalis Linn. 

Viburnum sp. 

Viburnum cassinoides Linn. 

Viburnum opulus Linn. 

Vitis sp. Grapes. 

Arborvitae. 

1!2! Infested. 

Ailanthus glandulosa Desf. 

Amorpha frutioosa Linn. 

Andromeda sp. 

Tree of heaven. 

Aralia spinosa Linn. Hercules' club. 

Arietoloohia maorophylla Lam. Dutchman's pipe. 

Asimina triloba Dun. Pawpaw. 

Baooharis halimifolia Linn. Groundsel tree. 

Benzoin odoriferum Nees. (Lindera benzoin Blume). Spioebush. 

Berberis (all species). Barberry including Mahonia. 

Bignonia sp. Trumpet vine. 

Calyoanthus floridus Linn. Carolina allspice, sweet-soented 
shrub. 

Carpinus sp. Hornbeam. 

Cedrus sp. Cedar. 

Celaetrue eoandene Linn. Bittersweet. 
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Cephalanthue occidentalis Linn. Buttonbush. 

Cerc1s canadensis Linn. Judas tree, redbud. 

Chamaedaphne calyculata Moenoh. (Cassandra) Leather leaf. 

Chionanthus v1rgin1ca Linn. Fringe tree. 

Cladrastis tinctoria Raf. Yellowwood. 

Clethra aln1fol1a Linn. SWeet pepper bush. 

CoryluB ap. Filbert, hazelnut. 

Daphne mezereum L1nn. 

Diervilla sp. Weigela •. 

Dirca palustris Linn. Leatherwood, moosewood. 

Exochorda grand1flora Lindl. Pearlbush. 

Gaylussacia sp. HUckleberry. 

Genista tinctoria L1nn. Dyer's greenweed. 

Ginkgo biloba Linn. Maidenhair tree. 

Gymnocladus canadensis Lam. Kentuoky ooffee tree. 

Halesia tetraptera Linn. Silver bell, snowdrop tree. 

R~~amelis virginiana Linn. Witch hazel. 

Redera helix Linn. English ivy. 

Hicori~ sp. (exoepting~. pecan Britt). 

HYdrangea (all species). 

HYpericum moser1anum Andre. Gold flower. 

1.!!! ap. 

1!!! Tirginica Linn. Virginian willow. 

Hickory. 

Jasminum nudiflorum Lindl. Yellow Jasmine. 

Juglans cinerea Linn. Butternut. 

Juniperus sp. Juniper. 
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Koelreuter18 pan1culata Laxm. Varn1sh t~ee. 

Laburnum vulgare Gr1seb. Golden chain. 

Larix sp. Larch. 

Liquidambar styraciflua Linn. Sweet gum. 

Liriodendron tulipifera Linn. TUlip tree. 

Lycium hal1~ifolium ~111. Matrimony vine. 

Magnolia (all species). 

MYrica cerifera Linn. Wax myrtle. 

Nyssa sylvat10a Marsh. Tupelo, pepper1dge, black gum, sour 

Ostrya v1rg1n1oa W11ld. Hornbeam, iron wood. 

Paulownia imperalis Siebe & Zuoc. 

Phellodendron sp. 

Ph11adelphus ooronarius Linn. Mook orange, syringa. 

Pinus Bp. Pine. 

(gum. 

Platanus oco1dentalis Linn. Amerioan plane, buttonwood. 

Potentilla frut100sa Linn. 

Querous (all speoies). Oak. 

Retinispora (all species). 

Rhamnus sp. Buokthor~. 

Rhododendron sp. 

Japan oypress. 

Soisdopitys vertioillata Siebe & zucc. Umbrella pine. 

Shepherdia sp. 

Smilax ap. 

Sophora japon1ca Linn. Japan pagoda tree. 

staphylea ap. Bladder nut. 

Stephanandra tlernosa Siebe & Zuoo. 
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styrax japonioa Siebe & Zucc. 

Tamarix sp. 

Taxodlum distiohum Rioh. Bald oypress. 

Ta:xus sp. Yew. 

Teooma radioans Juss. Trumpet creeper. 

Tsu~a canadensis Carr. Common hemlock. 

Vacc inium sp. 

Wistaria sp. 

Xanthooeras sorbifolia Bunge. 

Xanthoxylum americanum Mill. Prickly ash. 

control on Nurserz stock. 

As has been previously explained it was through 

the infestat10n of nursery stock that the San Jose soale has 

become so widely distributed, and naturally the first place 

to start in the oontrol of the pest is upon nursery stooke 

Probably the most 1mportant means of oontrolling 

the soale upon nursery stook has been the passing of laws 

requiring that all infested stook be destroyed, and the re

mainder treated under the direotion of a oompetent man. 

Before 1913 Missouri had no law oontrolling the 

growing and transportation of infested nursery stook, and 

as a result muoh infested stook was dumped off on the 
(32) 

Missouri farmer. In 1913 an effeotive law Was passed and 

has been rigorously enforoed. The following extraots in-

olude those seotions whioh regulate the oontrol of infested 

nursery stooke 



The Results of Careless Nursery Practice. 
Rubbish, Weeds and San Jose Scale. 

None of this stock was allowed to go on the market. 

Fumigat1ng Box 
possessed by owner of the above nursery. 

Poorly constructed and full of cracks. The Nursery Inspec
tion service of Misrouri would not tolerate its use. 
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Seo. 4. That on or before the first day of 

July eaoh year, eaoh nurseryman or other person or oorpo

ration within the state engaged in growing nursery stock 

for distribution, sale or for use in public parks, shall 

file in the offioe of the agrioultural experiment station 

an applioation for the inspeotion of suoh nursery stooke 

Before September 15th of eaoh year or as often as the agri

oultural experi~ent station deems neoessary. it shall cause 

to be exa~ined by the chief inspector and other assistants 

the nursery stook of eaoh person whose applioation for in

speotion has been filed. The failure to file suoh appli

oation or the disposal of uninspeoted stook by sale or gift 

shall be a violation of this section. J.aoh nurseryman or 

other person importing plants or nursery stook from foreign 

oountries shall notify the agrioultural experi~ent station 

of such shipment, the date of arrival, nature of the ship

ment, name and address of the shipper and shall hold such 

shipments until duly inspected and released by the agrioul-

tural experiment station. Such inspection to be made as 

soon as notification of arrival of shipment is reoeived by 

the agricultural experiment station: Provided that perish

able stook may be unpaoked but not disposed of until releas

ed. The provisions of this seotion shall not apply to 

greenhouse plants grown wholly under glass, and outtings 

thereof, bulbs, flowers and vegetable plants. If, upon 

examination, the nursery stock and premises of suoh appli-
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oant appear to be free from dangerous inseot peste and 

dangerous plant diseases, the agricultural experiment sta

tion shall before September 15th issue to the owner or 

lessee thereof a oertif1oate of inspeotion valid for one 

year from that date unless revoked for reasons as herein

after stated provided thers has been received from each 

applioant the sum of $5.00 and the aotual necessary ex-

penses inourred in makIng such inspeotion. If, upon eX8m-

inat1on, any dangerous inseot pests or plant diseases are 

found upon suoh nursery stook, the agrioultural experiment 

station shall order and enforoe suoh treatment as it deems 

sufficient. As soon thereafter as the effioienoy of treat

ment oan be determined, suoh nursery stook shall be rein

speoted upon the owner filing applioation for the same. If 

the agrioultural experiment station shall have reason to be

lieve that a nursery is liable, by reason of its proximity 

to infested or infeoted premises, to beoome so infested or 

infeoted before the next annual inspeotion, it may presoribe 

in writing suoh conditions as to the use of its oertifioate. 

a8 may in its judgment be neoessary, and may withhold said 

oertifioate until suoh oonditions have been aooepted in 

writing by the owner of said nursery; and the use of suoh 

oertifioate without taking suoh measures of preoaution or 

observing suoh oonditions shall subjeot the owner of sai4 

nursery to the penalties presoribed in section 7 for a viola

tion of this aot. Whenever any nurseryman or seller of nur-



sery stock shall ship or deliver any such stock be shall 

place and send on each car, box, bale, bundle or piece a 

true copy of a valid certific~te of inspection issued by 

the agricultural experiment station of Missouri showing that 

such stock has been carefully inspected and found apparent

ly free from dangerous inseot pests and plant diseases. All 

persons who shall deliver or consign nursery stock without 

such oertifioate attached or who shall use such certificate 

in connection with nursery stock, any and every part of 

which has not been inspected and certificated as aforesaid, 

or who shall alter or deface such certificate or who shall 

use an imperfect copy of such certificate shall be liable 

to the penalties prescriDed in seotion 7 for violation of 

this act. If the agricultural experiment station shall 

find that its certificate of inspeotion has been used in 

violation of the law, it shall have power to revoke or annul 

said certificate by written notice to the owner thereof and 

suoh notice shall take effect forthwith and the use of said 

certificate after it has been revoked or annulled, and before 

such revocation has been withdrawn by the agricultural exper

iment station, shall subject the owner of said certificate 

to the penalty prescribed in sec~ion 7 for a violation of 

this act. It shall be the privilege of the nurseryman to 

ship, under the certificate issued to him, nursery stock 

grown for him elsewhere or purchased by him from other 

states or countries: Provided, that all such stock be re-



Air tight canvas is placed over the frames shown in the 
above cut. The Hydrocyanic acid gas is generated in a 
tank and conducted through a pipe to the enclosure. A 
car load of stock is fumigated at a time. Very success
ful results are obtained. 

A spraying machine rigged up to spray nursery stook in 
the row. Lime sulphur or miscible oil can be success
fully applied to dormant trees with this maohine. 
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ceived under a certificate, satisfactory to the agricultural 

experiment station, stating that it has been inspected where 

grown and found to be apparently free from dangerously in-

jurious insects and plant diseases. The agricultural exper-

iment station shall send onoe each year, not later than July 

first, to all nurserymen in the state known to it, a list of 

official inspectors of other states and foreign countries 

whose certificates of inspection may be accepted in this 

state for one year from date thereof as equivalent to its 

own certificate. Annually every nurseryman or firm outside 

of Missouri shipping nursery stock into Missouri shall file, 

with the agricultural experiment station, a oOPY of a valid 

certificate, issued by a state or government inspector, show

ing that said stock has been duly inspeoted and is apparent

ly free from all dangerously injurious insects and plant 

diseases, together with a statement under oath that no nur

sery stock will be shipped into Missouri which has not been 

properly inspected and certified. Annually, each agent, or 

other parson engaged in the sale or delivery or nursery stook 

within this state, who is the authorized representative of 

any nursery or dealer in nursery stook, shall file in the 

office of the agricultural experiment station a statement 

under oath, that such nursery stock was received by him 

accompanied with a valid certificate of inspeotion or fumi

gatio~, together with a copy of said oertificate, and proper 

credentials from the nurseryman or dealer represented. 
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Annual1y, eaoh dea1er, person or firm engaged in the sale 

or delivery of nursery stook within the state, who is not 

the authorized representative of any nurseryman, shall file 

in the office of the agricultural experiment station a 

statement under oath, that such stock will be procured only 

from nurserymen holding valid official cert1f1cates of in-

spection or fumigation. Such statement shall contain the 

names of nurserymen or the sources from which stock will be 

procured and the location of the packing or sale grounds 

from which the stock will be distributed. This statement 

must be accompanied by a fee of $5.00, upon receipt of which 

a dealer's certificate shall be issued by the agrioultural 

experiment station. This certifiCate may be attached to 

all shipments of nursery stock made to pOints within the 

state and shall beoome invalid on July first, following the 

date of issuance. The failure to pay the required fees, 

to file such statements or the delivery of nursery stock 

after the certificate under whioh it was received has be

oome valid shall be a violation of this section. 

Sec. 5. That whenever any nursery stock is 

ehipped from place to place in Missouri or shipped into 

~issouri from another state, country or province each car, 

box, bale, bundle, package or piece thereof shall be plainly 

labelled on the outside with the name of the conSignor, the 

name of the consignee, brief statement of the contents and 

a oertificate Signed by a state or government inspector 



A Fairly Good Fumigating House 

Placing the Trees in the 
House for Fumigation 

Trees Heeled In Atter 
Fumigation 
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showing that the contents have been inspected by suoh an in

spector or by his authority since the first day of July last 

preceding and that the nursery stock there present and there

in oontained appears free from any dangerous inseots and di

seases. This oertifioate accompanying nursery stock shipp

ed or conveyed into the state shall be prima faoie evidence 

of the facttherein stated but if the agrioultural experiment 

station has reason to believe that such stock is infested or 

infected it may cause said stoak to be inspected and for suoh 

purpose the ohief inspector or other duly aPPOinted assist

ants may enter any oar, depot, warehouse, or other structure 

containing such nursery stock. If found to be infested or 

infected, with dangerous insect pests or plant diseases the 

shipper shall be notified and the same shall be deolared to 

be a publio nuisance to be abated as presoribed in seotion 

3 of this act. Whenever nursery stook arrives in this 

state without suoh certificate plainly fastened to the out

side of every package, box or oar containing same the faot 

must be reported within 24 hours to the agrioultural experi

ment station by the railroad, express or steamboat oompany 

or other person or persons oarrying the same, and it shall 

be unlawful to deliver any suoh property until it has been 

inspeoted by a duly appOinted agent of the agricultural 

experiment station and by it certified to be free from 

dangerous inseots or oontagious diseases. Any person re

oeiving nursery stock brought into this state from outside 
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this state and not acoompanied by a valid oertiticate as 

above prescribed shall at once notify the agricultural ex

periment station ot that fact and shall not allow such un

certified stock to leave his possession until it has been 

duly inspected and released by the agrioultural experiment 

station. Any agent ot any railroad, steamboat or express 

oompany or any person or persons oarrying suoh property who 

shall fail to give notice" to the agrioultural station, as 

above provided shall be deemed guilty of a violation of this 

aot and subjeot to the penalty presoribed in seotion 7. 

Sec. 8. That the term "nurser.r stook" as used 

in this aot shall inolude all trees, shrubs, vines and other 

plants, plant parts or plant produots oommonly known as nur

sery stook whioh are grown or offered for sale or distribution, 

whioh may be susoeptible to or whioh may harbor dangerously 

injurious insect peste and plant diseases which are liable 

to be spread or transported on such stook to orchards or 

other premises where said'stook is stored or planted. In 

this aot the term "nursery stook" shall not apply to plants, 

tlowers, or outtings oommonly known as greenhouse stook and 

grown wholly under glass or to vegetables: Provided, that 

should any plants, flowers, outtings, vegetables or plant 

products now exempt trom inspeotion, in the future beoome 

the source of a dangerous publio nuisanoe, they shall be 

oonsidered as nursery stooke The terms "dangerous inseot 

pests" and "plant diseases" as used in this aot shall in-
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olude San Jose soale, brown tail moth, gypsy moth, peaoh 

yellows and other dangerously injurious inseot peste and 

plant diseases. 

Every state in the Union has similar laws and 

they have done much to prevent further spread of San Jose 

soale and other dangerous insect pests and diseases as well. 

Praotically all the states require the use o~ 

hydrooyanio aoid gas in the control of the scale on nursery 

stock and up to the present time it is most widely used. 

Some nurserymen prefer to dip their trees in a 

miscible oil rather than fUmigate and this method has, to 

a great extent, been successful. 

In fumigating with hydrooyanio aoid gas the 

trees are dug in the fall or early spring, all excessive 

moisture allowed to dry from the tree and then plaoed in an 

a1r tight box or room. The gas is generated in the room 

and the trees are left exposed to it ~or from 45 minutes 

to one hour. Special preparatiOns must be made, suoh 8S 

building an air tight box or house, in using hydrooyanio 

a01d gas. The gas is very poisonous, and the chemicals 

are costly, and it is easy to make a mistake in mixing 

them. Under certain conditions the gas is apt to injure 

the stook, espeoially the more tender species. This is 

also true in using liquid dips. 

The following is what Borne of the most suooess

tul and prominent Missouri nurserymen say of hydrooyanio 



A Well Constructed, Air Tight Fumigating Box. 
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acid gas and dipping solutions: 

"The following is a synopsis of our experienoe: 

Our experience with hydrocyanic acid gas has been very sat

isfactory. We believe if handled properly that it will 

kill anything that breathes. Our experience is that stook 

must be reasonably dry when fumigation is done, otherwise 

It is dangerous to use as strong on peach as 

on apple, unless stock fully matured and done without 

moisture. 

Our formula for the past several years has been: 

1 ounoe cyanide potassium 98~ pure, 2 ounoes sulphurio aoid 

and 4 ounces of water to each 100 oubio feet of space. 

To handle the formula without coming into close 

contaot with the trees, we haTe buried a box 3 feet deep in 

the ground, in which to plaoe the formula in an earthen Jar. 

The water and sulphurio acId being mixed and placed in the 

box, then the oyanide is dropped in the mixture, in a paper 

bag, thus allowing oover to be put on the box without danger 

to person doing the work. From this box we have a 6 inoh 

pipe running to center of our house on an incline. In the 

rear end of this pipe, we have an air jet. By turning on 

pressure of air, it forms a suction, which oonveys the gas 

into the house. The lid can then be removed without danger 

to the operator. 

The above fumigation i8 done from the fact that 

a number of the states require fumigation regardless of 
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whether or not you have injurious inseots on your stook and 

as we are not in position to oarry stook for these speoial 

state requirements, we find it best to fumigate all of our 

stook in order to conform with the ~ew state laws. 

For root aphis, we would recommend dipping in 

black-leaf forty of the following mixture: 1 gallon black

leaf forty, 200 gallons of water, 8 pounds soap; soap should 

be out up fine and dissolved in hot water. This formula is 

very effeotive for aphis and we have never notioed any in

juries from same, much less dangerous than kerosene emulsion 

or ooncentrated lye. a 

Another says: aThe states of Pennsylvania, 

Colorado and a number of others require that all stook be 

fumigated before being shipped out and that a oertifioate 

to this ef~eot be attached. We believe this is an effeot-

ive preoaution. It insures clean nursery stoot and is es

peoially effeotive with all forms of aphis and soa1e. We 

think it is a preoaution that nurserymen should praotioe on 

everything that they plant on their own premises, and we make 

it a rule to fumigate all stooks that we import, and all seed

lings that oome to us from any source Whatever, also all sciona 

We believe it is about the most e~fective preoautionary method 

against getting any pests or diseases into the nursery. We 

believe all nurserymen who are following this practioe are 

enabled to send out clean stock in so ~ar as the troubles 

that oan be eliminated and prevented by fumigations, are oon-
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oerned. 

OUr experience with dipping has not been satis

faotory, exoept for fungioide. We usually dip the tops of 

our seedling stooks in Bordeaux Mixture. This gives them 

a thorough spray before they are planted, but many of the 

preparations reoommended for dipping the roots, we have 

found, will injure the vitality of the stooke This is es

peoially true of some of the oil preparations." 

Another: "We have never tried dipping nursery 

stook, other than to dip some peaoh buds last year, a 

speoial variety whioh we wished to ship to one of our plants 

where we budded about fifty thousand peaoh. 

We used lime sulphur or regular formula as is 

used in spraying dormant trees, and the result was the buds 

were very badly damaged. AS soon as the damage was report

ed, we reduoed the formula to about 4 to 1 and we found this 

did not seem t~ injure the buds. 

We have never dipped matured nursery stook, but 

have reoeived some from other nurseries that appeared to be 

in first olass oondition. The stock was dipped beoause it 

was infested with San Jose soale. We examined the stook 

thoroughly with a magnifying glass, and failed to find any 

live scale. We have also had some experience and observa

tion in fumigating infested stock, and if the work is done 

thoroughly, we believe it will kill all of the soale. 

In the fUmigating that we have been dOing, we 
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followed your formula (1-1-3) and instructions, and feel 

sure that the work has been done sucoessfully. If any 

damage has been done to the stock in fumigating, we have 

never been able to deteot it." 

A fourth says: "Our experiments in fumigation 

under the prescribed strength has been that the stock has 

been seriouEly injured in many oases. We now have same 

trouble that we are positive is due to fumigation. We re

oeived a car load of apples and other stock from a nursery 

outside of Missouri early this spring and the stock opened 

up i~ very nice oondition, plenty of moisture. The roots 

looked as though they were nioe and fresh as were also the 

tops. Part of these trees were heeled in on our paoking 

grounds, well watered at time of heeling in; the balanoe 

were put in storage, from whioh we filled orders. The 

reports received fro :n our oustomers were that these trees 

were forcing a very weak insignifioant growth. We had 

some of these trees left over on our packing grounds; also 

some in storage. The trees in the storage house did like

wise, foroing a few buds up near the tip. The roots were 

noticed to have formed a tightness between the outer bark 

and the wood. We are positive that these trees were in

jured by fumigation as we have had previous experiments 

along this line to oonvinoe us that this is the trouble. 

It seems that where fruit trees are subJeoted 

to fumigation at the presoribed strength, and they go into 
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the fumigating room in a damp or moist condition, there is 

great danger of serious injury. If the roots and the body 

of the trees are oomparatively dry, there seems to be less 

injury. We have also found that by leaving the stook in 

the fum1gating room 10 or 15 minutes longer than really re

quired, that will also hurt the vitality of the stock so 

fumigated. Personally, we are against fumigation for nur-

sery stock, as we believe that there is entirely too much 

danger of injury to th~ stock that will first be notioed 

months after. 

We had this same experience with a shipment we 

made to Salt Lake City, utah, some years ago. These trees 

were freshly dug, run into the fumigating room during a 

cloudy day when there was an ocoasional fine misty ra1n, 

fumigated, paoked and shipped. Upon reoeipt of the trees 

we received a letter from the party stating that the trees 

were the finest he had ever seen, exoellently paoked and that 

he was highly pleased with them, and that the inspector had 

passed them as A #1. About sixty days later we received 

a letter from this same party complaining that none of the 

trees seemed to be showing any vitality although they had 

been irrigated, severely pruned aocording to their methods, 

but that instead of breaking bud, they were gradually drying 

up. We were unable to colleot a dollar on this aocount, 

and understand that few, if any, ever started to grow. We 

fumigated aooording to the presoription sent us by the Utah 
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state Entomologist, before making this shipment." 

Hydrocyanic Acid ~ First Used. 

HYdrocyanic acid gas has been used in collecting 

jars for years by entomologists to kill insects, but was first 

used for the destruction of scale insects by D. W. Coquillett, (16) 

in the orange groves around Los Angeles, California. His 

first work with hydrocyanic acid gas Was in September 1886, 

and Was carried on at this time for the control of the cottony 

cushion scale on citrus trees. Such materials as tobacco 

smoke, sulphur fumes, concussion from gun powder, heat, 

muriatic acid, carbonic acid gas, chloroform, arsenio, bisul

phide of carbon and other fumes and gases were tried but none 

were so successful as hydrocyanic acid gas. Dr. F. W. Morse (17) 

of the University of California, also began studying the 

control of the cottony cushion scale in 1887 and as a result 

the University gave to the public, in Bulletin 71, the first 

knowledge of the use of hydrocyanic acid gas. In dOing this 

first work, a tent was thrown over the tree and the gas gen

erated beneath the tent, by putting together in one vessel 

sulphuric aoid, water and dry potassium oyanide. 

All of this work done in California was upon 

citrus trees which were in full foliage and a great deal of 

burning and injury took place. However, the method of using 

hydrocyanic acid gas has been so well perfected that at the 

present time it is comparatively safe to fumigate citrus 

trees which are infested with scale. 



A Poorly Constructed Fumigating Box. 
The timber has shrunk leaving large cracks and the lid has 
warped, making it necessary to put weights on it in order 
to hold it down. Good results are impossible. 

Chemicals Used in FUmigating. 
After the nursery stock 1s placed in the box the water and 
H2S04 are ~ixed in the earthen jar and the jar placed in 
tfie DOX through the small door at the bottom. The KeN is 
then dropped in the mixture and the door quickly closed. 
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The California Agrioultural Experiment Station, 
(17) 

under the direotion of Morse, oonduoted experiments with 

other gases as inseotioides with special reference to the 

white scale (Icer,a purchasi). The following is a summary 

of the results obtained, as set forth in Bulletin No. 70 of 

the California Agricultural Experiment Station. 

Chlorine, carbon bisulphide, sulphuretted hydro

gen, ammonia, carbon menoxide, aloxio aOid, carbolio acid 

and hydrooyanio aoid gas were tried and it was found that 

hydrocyanic acid gas was the only one that produced suffi

ciently fatal effects as to warrant a more thorough determi

nation of the tL~e of exposure and quantities of material 

which would produce the best results. 

• 
Hydrocyanio acid gas was not used upon deoiduous 

trees until l8g4, when the San Jose soale was found upon de

ciduous fruit trees in Charlottesville, Virginia, and 
(16) 

Coquillett was detailed by the United states Department of 

Agrioulture to oonduot experiments with hydrocyanio acid gas 

on these infested trees. The results of the first experi-

ments were so satisfaotory that the work Was oontinued. 

It was in 1898 that it was first suggested that 

hydrooyanio acid gas oould be used in mills, eleVators. and 

warehouses for the destruotion of injurious inseots. 

Use Up To The Present Time. - - --- - ----
Sinoe the discovery of hydrocyanio aoid gas as 

an inseotioide, it haa been used in a number of different 

ways. 
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1. To fumigate oitrus trees infested with all 

sorts of soale inseots. 

2. To fumigate deciduous fruit trees. including 

nursery stock, for the destruction of San Jose soale. 

3. To fumigate greenhouses for the destruction 

of white fly, red spider and other pests on greenhouse plants. 

4. To fumigate warehouses, eleVators, mills and 

other buildings for the destruction of weevil. 

5. To fumigate dwelling houses, railroad ooaohes, 

street oars, hotels and similar places, for the destruotion 

of lioe, bed-bugs, clothes moths, and other household pests. 

The use of hydrooyanio aoid gas as a fumigating 

material is beooming more extensive and the United States 

Department of Agrioulture, and all of the state experiment 

stations reoommend it. 

Method of USing. The most general method prao-

tioed at the present time, in using hydrooyanic aoid gas. is 

as follows: 

One fluid ounoe of sulphurio aoid having a spe

oifio grav1ty of at least 1.83 is plaoed in an earthenware 

crock, wooden buoket or tub; then 3 fluid ounces of water 

are added. Into th1s mixture 1 ounce, by weight, of fused 

cyanide of potassium, 98-99 per cent pure, 1s added. The 

above amounts are used for every 100 cubio feet of spaoe. 

In fumigating tender growing plants, the above formula 1s 

too strong and has to be weakened. For dormant trees, 
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mills, elevators and the like the 1-1-3 formula is reoom

mended by both the United states Department of Agrioulture 

and practioally all of the state experiment stations. 

In fumigating nursery stook an air tight box or 

house is neoessary. The trees are placed in the box or 

house. The water and sulphurio aoid are mixed in an earth

en jar and the jar plaoed in the box or house. The hydro

cyanic aoid gas is then dropped in and the box or house 

olosed just as quiokly as possible. The hydrocyanio aoid 

gas whioh is generated is deadly poisonous and the person 

doing the fumigating must be very careful not to breathe 

any of it. It requires about 45 ~inutes to fumigate nur

sery stock, although some authorities say that better 

results can be obtained by lett1ng the stoak rema1n an hour. 

At the end af this time the fumigating box or house is open

ed and the gas allowed to escape and in from 15 to 20 minutes 

the trees can be safely removed. 

It 1s never advisable to fumigate trees while 

they are damp or wet. It is olaimed that under suoh oondi-

t10na the gas is more likely to injure the stock. However, 

the writer's experiments, to date, fail to corroborate this, 

though they do show that less soale is killed under those 

conditions. 

Some states require by law that all nursery 

stock grown with1n its borders or shipped in from outside 

nurseries be fumigated, and, as a result, all of the larger 
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nurseries in the United states have oonstruoted speoial fum

igating houses or boxes. 

Chemical Composition ~ gydroOyanio ~ ~. 

In fUmigating work hydrooyanio aoid gas is gen

erated, as has already been explained, by plaoing together 

potassium oyanide (xCN1, sulphuric aoid (H2S04 ) and water 

(~O) • 

The sulphurio aoid whioh is sold oommeroially 
o 

has a strength known as 66 Baume whioh oorresponds to the 

96 per oent pure sulphuric aoid. Commeroial sulphurio aoid, 

however, oontains some impurities and is very seldom over 93 

or 94 per oent pure. 

The potassium cyanide which is purohased on the 

market runs about 98 per cent pure. 

When the sulphurio aoid and the potassium cyan

ide are brought together, the chemioal reaotion that takes 

plaoe is as follows: 

2 KCN 

In the above reaotion, 1 ounce (avoirdupois) of 

potassium oyanide (100 per oent pure) requires .75 ounoe 

(avoirdupois) sulphurio acid or .81 ounce of commeroial sul

phuric aoid containing 93 per oent sulphurio aoid whioh 

would be equal to .42 fluid ounoes. 

Under conditions met with in fumigating work, 

the above reaotion cannot be obtained, and result in the 

best yield of h7drooyanio aoid gas. More sulphurio aoid 



Fu.m1gat1ng Box 
used 1n carry1ng on the work at Columbia. 
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must be used and this causes acid potassium sulphate to be 

formed as is shown in the following equation: 

KCN H SO 
2 4 

XHSO 
4 

WN 

In this reaction 0.84 fluid' ounoe o~ 93 per cent sUlphurio 

acid is required for each ounce (avoidupois) of potassium 

cyanide. This a~ount in round numbers equals 1 part cya-

nide to 1 part acid which gives the best results in field 

work. In order to get the best yield of hydrocyanio aoid 

gas only two parts of water should be used but in field 

practioe when only two parts of water are used, the residue 

in the generating Jar often solidifies and in order to pre-

vent this, three parts of water are used. Thus the 1-1-3 

formula is used in fumigating nursery stock. 

Renl ts E.! Exper iments ~ ltydrocyanic Aill Q!!. 

Beoause of the large anount of damage being done 

in Missouri by the San Jose scale, and in order to help the 

fruit grower and nurseryman to better oontrol the scale and 

thus lessen the danger of further dissemination of the pest, 

the writer began a series of experiments in the fall of 1916 

with reference to the oontrol of the scale upon nursery 

stock. 

All of the nursery stock in the state which was 

found to be infested with San Jose scale Was brought to 

Columbia where the experiments were conduoted. 

The primary object of the investigation Was to 

determine if possible the most practical, efficient and 
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cheapest method to use in controlling the scale on nursery 

stock with the least injury to the trees or plants. 

In Missouri there are a number of nurserymen who 

grow nursery stock on a small scale and do not care to go to 

the expense of building an expensive fumigating house or box 

and besides, many object to using hydrocyanio aoid gas be

cause of its very poisonous nature. Several of these nur

serymen have asked repeatedly about the possibilities of 

dipping nursery stock in a lime sulphur wash or a misoible 

oil, for the control of San Jose scale. 

Method of Prooedure. 

First, the following number of fruit trees and 

plants were obtained: apple, 356 trees; peach, 164; pear, 

52; plum, 52; cherry. 52; ourrant, 26; gooseberry. 44; 

blaokberry, 34; Lombard poplar, 95; Spiraea Vanhouttei, 17; 

Japanese qUinoe, 26 and Goldenbell 17. All of the fruit 

trees were two years old. The ourrants, gooseberries, 

Japanese quince, goldenbell and Spiraea Vanbouttei were also 

two years old. The blackberry plants were one season's 

growth from the cuttings. Of the apple trees obtained 260 

were heavily infested with San Jose soale and 86 of the 

peaoh trees were also heavily infested. The trees were dug 

in the fall after the leaves had fallen and shipped to 

Columbia. Most of the scale infested trees showed marked 

weakness oaused by the ravages of the pest; otherwise all 

of them were in good oondition. The trees were heeled in 



Very Heavily Scale Infested Nursery stock. 

These trees were collected from the scale infested nurser
ies in Miss ouri in 1915, shipped to Columbia and used in 
conducting the experiments set forth in this paper. 



Trees used in the experimental work at Columbia. 
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in the fall and left until March 21 and 22, 1916, when they 

were given the different treatments. 

died during the winter. 

None of the trees , ", 

The work Was continued during 1917. On April 5, 

1917, the following two year old trees were obtained, all o~ 

which were heavily infested with San Jose scale: apple, 58 

trees; peach, 58; plum, 5. These trees had just been dug 

from the nursery row. They showed weakness from the effeots 

of the soale, but were otherwise in exoellent oondition. A 

part of these trees were treated with hydrooyanio aoid gas on 

April 10, 1917. 

The following table shows the number of plants 

treated with hydrocyanic acid gas. 

TABLE I 

Fruit Insect- strength Condi- Length No. No. 
icide tion of scaley trees non-scaley 

of treat- trees 
trees ment 1916 1917 1916 

min. 3L23 4L9 

Apple HeN 1-1-3 dry 45 20 8 8 
HCN 1-1-3 wet 45 20 8 8 
HON t:t:it dry 45 20 0 8 
HON wet 45 20 0 8 
Check 20 4 8 

Peach HON 1-1-3 dij 46 8 4 6 
HON 1-1-3 wet 45 8 4 6 
HeN t-l:1 J.. 

dry 45 8 0 6 
HCN t- It wet . 46 8 0 6 
Check 8 6 6 

'Pear HCN 1-1-3 dry 45 0 0 4 
HC11 1-1-3 wet 45 0 0 4 
HCN ttl! dry 46 0 0 4 
HCN - ... loa wet 45 0 0 4 
Check 0 0 4 
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Plum He! 1-1-3 dry 45 0 1 4 
HCN 1-1-3 wet 45 0 1 4 
HCN t-t-1t dry 45 0 0 4 
HCN - - -1. wet 45 0 0 4 
Check 0 1 4 

Cherry HeN 1-1-3 dry 45 0 0 4 
HCN 1-1-3 wet 45 0 0 4 
HCN ..J.._~_1.J.. dry 45 0 0 4 
HCN l-f-1'~ wet 45 0 0 4 
Check 0 0 4 

currant HCN 1-1-3 dry 46 0 0 2 
HON 1-1-3 wet 45 0 0 2 
HCN i-t-1t dry 45 0 0 2 
HeN 2--2-1-! wet 45 0 0 2 
Check 0 0 2 

Goose-
berry HON 1-1-3 dry 45 0 0 4 

HCl{ 1-1-3 wet 45 0 0 4 
HCN t l -1t dry 45 0 0 4 
HCN . l-lt wet 45 0 0 4 
Check 0 0 4 

Black-
berry HCN 1-1-3 dry 45 0 0 2 

HCN 1-1-3 wet 45 0 0 2 
HCN t~lt dry 45 0 0 2 
HCN -r1. wet 46 0 0 2 
Check 0 0 2 

Poplar HON 1-1-3 dry 46 0 0 7 
HCN 1-1-3 wet 45 0 0 7 
HON t-lii! dry 45 0 0 .7 
HCN wet 46 0 0 7 
Check 0 0 ., 

spiraea HCN 1-1-3 dry 45 0 0 1 
HON 1-1-3 wet 45 0 0 1 
HeN t:tit dry 45 0 0 1 
HON wet 46 0 0 1 
Check 0 0 1 

Japanese 
1-1-3 dry 45 0 Quince HCN 0 2 

HON 1-1-3 wet 45 0 0 2 
HON i-t-1i dry 45 0 0 2 
HON t- -It wet 45 0 0 2 
Check 0 0 2 

Golden-
bell HCN 1-1-3 dry 45 0 0 1 

HCN l:l:i wet 45 0 0 1 
HON 

i-t-II 
dry 45 0 0 1 

HON wet 45 0 0 1 
Check 0 0 1 

It was impossible to obtain a suffioient number 

of sca1ey trees in 1917 to oompletely duplicate the work done 
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in 1916 so the trees that were available were used to con

firm the more important work done the preceding season. 

The object of using non-infested stock was to determine the 

physiological effect of the treatments upon the plants. 

As has already been explained one fluid ounce 

66 0 Baume sulphuric acid, 1 ounce KCN, three fluid ounces 

water for 100 cubic feet is most commonly used in fumigating 

nursery stooke Some of the nurserymen of Missoari had com

plained of severe burning of the stock when used this strong 

so two strengths of hydrocyanic acid gas were used in the 

work. The regular 1-1-3 formula was tried and a formila 

just half as strong (t-t-lt) was also tried. 

A fumigating box was oonstructed from 1 inoh 

cypress lumber. ~he box was made 7 feet long, 3 feet wide 

and 2 feet deep, having a total capaCity of 42 cubic feet. 

The top of the box was hinged on so as to form a lid. 

Cleats were nailed on to the lid eo as to fit tight againet 

the inside of the box when closed and these oleate were 

oovered with felt so as to make the box just as nearly air 

tight as possible. 

The number of plante to be treated dry with the 

1-1-3 formula were dug, the dirt removed from the roots and 

placed in the box. The sulphurio aoid wae weighed out and 

placed in an earthen jar, then the required amount of water 

was added slowly so as to prevent sputtering. The jar Was 

then placed in the bottom of the fumigating box in suoh a 
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way as not to oome in oontaot with the nursery stooke The 

potassium oyanide, 98 per oent pure, whioh had been broken 

up into small pieces, was then added to the mixture and the 

lid quickly closed and olamped down. The stock was allowed 

to fumigate for 45 minutes, when the box WaS opened, the gas 

allowed to esoape, whioh took about 10 or 15 minutes, and 

the plants removed, and set about 2 feet apart in rows 3 

feet apart. The residue lett in the jar is very poisonous 

eo it was removed and buried eo as to prevent anything from 

getting hold of it. 

Just as soon as the above set of trees were re

moved from the fumigating bOX, a second set oontaining the 

same number of plants was taken. This set of plants was 

treated in exaotly the same way as the above set with the 

exoeption that they were thoroughly dampened, both root8 

and tops, before being plaoed in the box. 

The objeot in fumigating this set of wet plants 

was to find out exaotlY,if possible,to what extent the 

plants would be injured and also if the effect upon the 

soale would be the same as upon the ecale on the dry plants. 

The third eet ot plants was treated exaotly the 

same as the first exoept the t-t-lt tormula Was used. 

A fourth set of plants, whioh were wet, Was also 

treated with the i-i-It formula. 

Effeot ~ aydrooyanio Acid Q!! upon ~ ~ Scale. 

As is ehown by the following table, eighty apple 
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trees infested with soale, were treated with hydrooyanio 

aoid gas in 1916. 

TABLE II 

Date Treatment Oondi- Length No. % ~ 
tion of trees soale trees dead 

of treat- treat- dead 
trees &lent ed 1916 1917 

1916 min. 1916 6/26 4/4 

Mar. 21 HON 1-1-3 wet 45 20 77.8 15 40 

HON 1-1-3 dry 45 20 100 10 30 

HeN t-t-It wet 45 20 72.6 10 30 

HON t-t-li d!2 45 20 97.5 25 55 

On May 14, 1916, a oount was made to determine 

the effeotiveness of the hydrooyanio aoid gas. In making 

the oounts on these trees. several heavily infested twigs 

were oolleoted from several of the different trees. The 

twigs were p1aoed under a high power binooular and the num-

bers of dead and live inseots oounted. From these numbers, 

the peroentage of live inseots was determined. On May 25, 

1916, a seoond oount was made and on May 26, 1916, the 

number of trees whioh were dead was oounted. 

The results obtained show olearly that hydro

oyanio acid gae used at the strength ~f 1-1-3 and i-t-lt 
will kill San Jose scale on dry plants better than on moist 

plants. Also the dry plants suffered more from the treat-

ment than the wet ones. The hydrooyanio acid gas gave best 

results when used at the rate of l-l-Z upon dry trees. Upon 
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the other three sets live soale was found, the larger per-

oentage being upon the trees treated while damp. All of 

these trees were heavily infested with the scale at the time 

of treating and their vitality had been weakened a great 

deal, and this is undoubtedly the reason why suoh a large 

percentage died. The normal mortality of scale on the oheck 

trees WaS 38.9 per cent and the high mortality of the trees 

was undoubtedly due to the effects of the pest. 

On April 9, 1917, the following trees were treat

ed with hydrooyanic acld gas, 1-1-3. 

Date Treatment 

TABLE III 

Uondi- Length No. 
tion of trees 

of treat- treat-

Per Cent 
Soale Dead 

.;:1.:;.9..;:l~7 _________ t..;;.;r_e __ e __ s ___ m~e:-ini-:t:--_..;e..;d ____ --=A;.r;;;.::prJ.}' __ ~O~ __ 
iiiIn. 

Apr.9 HeN 1-1-3 

HCN 1-1-3 

Check 

wet 45 8 100 

dry 45 8 100 

4 75 

This test in 1917 was made in order to oheck or 

substantiate the results obtained in 1916. On April 20, 

1917, the trees were thoroughly examined for soale and no 

live scale whatever could be found on either the trees 

treated wet or dry. In comparing the above treatments with 

the oheck it is olearly shown that good results were obtain

ed, but the best results were secured with the hydrocyanio 

aoid gas used at the rate of 1-1-3 upon dry trees. 

.. 



68 

Effeot 2! Hydrooyanio ~ Q!! Upon Soale 2.!! Peaohes. 

Somewhat better results were obtained on peaoh

es. From counts made on May 26, as is shown by the table, 

three of the treatments gave perfeot results so far as oon

trolling the soale was concerned. 

TABLE IV 

Date Treat:nent Condi
tion 
of 

trees 

Mar.21 HCN t-~-lt wet 

HCN l-i-lt dry 

HCN 1-1-3 

HCN 1-1-3 

Cheok 

wet 

dry 

Length 
of 

treat
ment 
min. 

45 

45 

45 

46 

No. 
trees 
treat
ed 

8 

8 

8 

8 

8 

% 
soale 
dead 
1916 

95.4: 

100 

100 

100 

100 

% 
trees dead 

1916 1917 
6/26 4/4 

37.5 87.6 

37.6 62.6 

12.6 60 

87.5 87.6 

26 62.5 

Hydrooyanio a01d gas used at the rate of t-~lt 

on damp trees gave the poorest results. A larger number 

of the trees treated dry were dead May 26 than Was the oaS8 

with those treated wet. 

TABLE V 

Peaohes Treated in 1917 

Date Treatment Length of No. trees % 
treatment treated soale dead 

1917 4/20/1917 

April 9 HCN 1-1-3 wet 45 m1n. 4 100 

HCN 1-1-3 dry 46 " 4 100 

Cheok 6 60 
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In 1917 hydrocyanic acid gas proved to be ef

fective in killing the scale on peaches upon both wet and 

dry trees. Fifty per cent of the scale on the check trees 

had passed the winter in safety. 

Effect of Hydrocyanic Acid Gas Upon San Jose Scale ~ ~_ 

TABLE VI 

Plums Treated in 1917 

Date Treat:nent Length of No. trees % 
Trel:ltment treated scale dead 

1917 4/20/1917 

April 9 HeN 1-1-3 wet 45 min. 1 100 

HeN 1-1-3 dry 45 " 1 100 

eheok 1 57 

Hydrocyanio acid gas proved effective for the 

soale upon plum when treated both wet and dry_ 

As to the effeotiveness of hydrocyanio acid gas 

upon San Jose soale, the above results show that it might 

not in every case kill all of the scale, espeoially when 

used at a strength weaker than 1-1-3. When used at a weak-

er strength it will kill a large percentage of the inseots 

but not enough to reco~uend its use. 

Effeot ~ Hydrooyanio Aoid ~ ~ !h! Plants. 

Nurserymen oould oontrol the soale with ease 

providing they did not have to take into consideration the 

possibility of injuring the plant when treating it for soale. 

A large number of oomplaints are made every year by nursery

men, of injury to stock by hydrocyanio acid gas and one of 
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the main objects of this investigation was to determine the 

amount of injury the different inseotioides were likely to 

cause upon the different kinds of stock. For this purpose 

a large variety of non-infested nursery stock was obtained, 

inoluding apple, peaoh, pear, plum, cherry, currant, goose

berry, blaokberry, Lombard poplar, Spiraea Vanhouttei, 

Japanese quinoe and goldenbe11, and was treated in the same 

manner as the infested stock and at the same time. 

TABLE VII 

Effect on Apple - Trees Treated Mar. 21, 1916. 

Treatment Condi- No. 
of treated 

trees 

HCN t-}-lt wet 8 

HCN t-~-lt dry 8 

HCN 1-1-3 wet 8 

dry 8 

Check 8 

Length 
of 

treat
ment 

min. 

45 

45 

45 

45 

% dead 

5/26/16 

12.5 

o 
o 
o 

o 

% dead 

4/4/17 

25 

o 
12.5 

25 

o 

Condi
tion of 
growth 

fair 

good 

good 

good 

good 

On May 26, 1~16, all the trees were living ex

cept those treated wet with the t-~-lt formulal of those, 

12t per cent were dead. However, at the end of a year, a 

larger number of the trees treated with the stronger formula 

were dead, also more trees treated while wet were dead than 

was the case with those treated while dry. 



Treatment 

Hcn t-t-1t 
HCN t-~--lt 

HCN 1-1-3 

HCN 1-1-3 
Check 

Condi
tion 

of 
trees 

wet 

dry 

wet 

dry 
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TABLE VIII 
Effect on Peach. 

No. Length 
treated of 

treat
ment 

min. 

6 45 

6 45 

6 45 

6 45 

6 

~~ dead 

5/26/16 

o 

o 

o 

16.6 

o 

% dead 

4/4/17 

o 

16.6 

o 

16.6 

o 

Condition 
of growth 

good 

med. 

good 

med. 

good 

None of the peaches treated while wet died, while 

16.6 per of both dry eete died. 

HCN t-~-li wet 

HCN t-t-1t dry 

HCN 1-1-3 wet 

HCN 1-1-3 dry 

Check 

TABLE IX 

Effect on Pear. 

4 

4 

4 

4 

4 

45 

45 

45 

45 

o 
o 

o 

o 

o 

o 
o 

25 

25 

o 

good 

good 

med. 

med. 

good 

TWenty-five per cent of the trees, both wet and 

dry. treated with the stronger formula failed to live through 

the first year. 

HCN t-t-ll wet 

HCN t- ; -lt dry 

HCN 1-1-3 wet 

HCN 1-1-3 dry 

Check 

Those treated with the weaker formula lived. 

TABLE X 

Effect on Plum. 

4 

4 

4 

4 

4 

45 

45 

45 

45 

o 

25 

o 

o 
o 

o 

25 

o 

o 
o 

good 

med. 

fair 

fair 

good 
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Of all the plum trees treated only one failed 

to live through the first year. 

TABLE XI 

Effeot on Cherrl. 

Treatment Condi- No. Length % dead % dead Condi-
tion treated of tion of 
at treat- 5/26/16 4/4./17 growth 

trees ment 6 
min. 

HCN t-~-l~ wet 4 45 100 100 

HCN t-t-lt dry 4 45 100 100 

HeN 1-1-3 wet 4 45 100 100 

HeN 1-1-3 dry 4 45 100 100 

Check 4 75 75 verl poor 

All of the oherry trees treated died and 75 per-

cent of the check trees died. The cherry trees when receiv-

ed from the nursery were in poor condition, and this is prob-

ably the reason for so many failing to live. 

TABLE XII 

Effect on p~lar 

HeN t-l-lt wet 7 45 0 0 good 

HeN t+lt dry 7 45 0 0 good 

HCN 1-1-3 wet 7 45 0 0 good 

HeN 1-1-3 dry 7 45 0 0 good 

Check 7 0 0 Bood 

Allot the poplars were very hardy and all were 

doing fine after one year's growth. 
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TABLE XIII 

Effect on JSEanese guinee. 

Treatment Condl- No. Length % dead % dead Condi-
tion treated of tion 

o'f treat- 5/26/16 4/4/17 of 
trees ment growth 

min. 

HON i-t-1t wet 2 45 0 0 good 

HCN i-i-It dry 2 45 0 0 fair 

HCN 1-1-3 wet 2 45 0 0 good 

HON 1-1-3 dry 2 45 0 50 good 

Check 2 0 0 sood 

Only one 'failed to grow. 

TABLE XIV 

Effect on Go1denbe11 

HCN t-t-1t wet 1 45 100 100 

HCN i-i-1t dry 1 45 100 100 

HCN 1-1-3 wet 1 45 0 0 good 

HCN 1-1-3 dry 1 45 100 100 

Check 1 100 100 

All but one, including the check, failed to live. 

TABLE XV 

Effect on Gooseber!:,l 

HON t-t-lt wet 4 45 0 0 good 

HCN t-t-1t dry 4 45 0 0 good 

HCN 1-1-3 wet 4 45 0 75 good 

HON 1-1-3 dry 4 45 0 0 good 

Check 4: 0 0 sood 

The gooseberries were very hardy and all btlt ODe 
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made fine growth. 

TABLE XVI 

Effect on Currant 

Treatment Condi- No. Length % dead % dead Uondi-
tion treated of tion 
of treat- of 

trees ment 5/26/16 4/4L17 growth 
min. 

HCN t-t-1t wet 2 45 0 100 good 

HCN t-t-lt dry 2 45 0 0 good 

HCN 1-1-3 wet 2 45 0 100 good 

HeN 1-1-3 dry 2 45 0 100 good 

Check 2 0 0 good 

One succeeded in getting through the first year. 

TABLE XVII 

Effect on B1aokberrz 

HCN t-~-lt wet 2 45 50 100 med. 

RON i-i-It dry 2 45 0 100 good 

RON 1-1-3 wet 2 45 50 100 good 

HCN 1-1-3 dry 2 45 0 100 ;fa1r 

Oheck 2 0 100 good 

All were dead at end of the first year. 

TABLE XVIII 

Effect on ~1r8e8 Vanhoutte1 

HCN t-i-1t wet 1 45 100 100 

HeN t-i-1t dry 1 45 100 100 

HeN 1-1-3 wet 1 45 0 0 good 

HeN 1-1-3 dry 1 45 100 100 

Check 1 0 100 ,Eoor 
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Only one lived through the first year. 

The following tables show a oomparison of the 

hydrocyan10 a01d gas used at d1fferent strengths and also 

show the results obtained by treat1ng wet and dry pl~tB. 

TABLE XIX 

HCN 1-1-3. Non-eoa1ey Plante Treated wet, 3/21/16 

Kind of Tree No.of ~ treee dead 
trees 5/26/16 

Apple 8 0 
Peaoh 6 0 
Pear 4 0 
Plum 4 0 
Cherry 4 100 
Poplar 7 0 
Japanese quince 2 0 
Go1denbs11 1 0 
Gooseberry 4 0 
C~r~t 2 0 
Blaokberry 2 0 
Spiraea 1 0 

TABLE .xx 

~ treee dead 
4/7/17 

12.5 
o 

25 
o 

100 
o 
o 
o 

o 
100 
100 

o 

Growth 

good 
good 
med. 
med. 

good 
good 
good 
good 
good 
good 
good 

HCN 1-1-3. Non-sealey Plants Treated Dry. 3/21/16 

Apple 
Peaoh 
Pear 
Plum 
Cherry 
poplar 
Jap. quinoe 
Goldenbell 
Gooseberry 
Currant 
Blaokberry 
Spiraea 

8 
6 
4 
4 
4 
7 
2 
1 
4 
2 
2 
1 

o 
16.6 
o 
o 

100 
a 
o 

100 
o 
o 

50 
100 

26 
16.6 
25 
o 

100 
o 

50 
100 

75 
100 
100 
100 

good 
med. 
med. 
med. 

good 
good 

good 
med. 
med. 
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TABLE XXI 

HCN i-i-ll. Non-scalez Plants Treat Wet l 3L2lL16 

Apple 8 12.5 25 fair 
Peach 6 0 0 good 
Pear 4 0 0 good 
Plum 4 0 0 good 
Cherry 4 100 100 
poplar 7 0 0 good 
Jap. quince 2 0 0 good 
Goldenbell 1 100 100 
Gooseberry 4 0 0 good 
Currant 2 0 100 
Blackberry 1 30 100 med. 
SEiraea 1 100 100 

TABLE XXII 

HCN i--t-1t. Non-scaley Plants Treated Dry. 3!2lL16. 

Apple 8 O· o· good 
Peach 6 16.6 16.6 med. 
Pear 4 0 0 good 
Plum 4 25 25 med. 
Cherry 4 100 100 
Poplar 7 0 0 good 
Jap. quince 2 0 0 fair 
Goldenbell 1 100 100 
Gooseberry 4 0 0 good 
Currant 2 0 0 good 
Blackberry 2 0 100 good 
Spiraea 1 100 100 

Resul ts with Check Plants 

Apple 8 0 0 good 
Peach 6 0 0 good 
Pear 4 0 0 good 
Plum 4 0 0 good 
Cherry 4 75 100 very poor 
Poplar 7 0 0 good 
Jap. quince 2 0 0 good 
Goldenbel1 1 100 100 
Gooseberry 4 0 0 good 
Currant 2 0 0 good 
Blackberry 2 0 100 good 
SEiraea 1 0 100 Eoor 
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TABLE XXIII 

Summarz of Fore6Oi!:!a Tables. 

Date 1'reatment Condi- No. % dead % dead 
tion plant. 
of treated 5/26/16 4/4/17 

1916 Elants 

Apr.21 HCN 1-1-3 wet 45 8.8 22.2 

HCN 1-1-3 dry 45 15.6 40.0 

HCN t-t-lt wet 45 17.7 26.6 

HCN t-~-lt dry 45 15.5 20.0 

Cheok 26 8.8 11.1 

From the summary it is readily seen that more 

of the trees died when treated with the stronger hydrocyanic 

acid gas than with the weaker at the end ot one year's 

growth. After only one month's growth, however, more of 

the plants treated with the weaker strength were dead. The 

season of 1916 was a very unfavorable season tor the growth 

of young trees, on acoount of the dry, hot summer. It is 

a known faot that plants treated with a high strength ot 

hydrooyanio acid gas will be injured and if the hydrocyanic 

acid gas is too strong it will kill the trees. Whether or 

not it takes the gas longer than a month to effect a tree 

enough to kill it, is not known but it stands to reason that 

if the gas does injure a plant, the 1-1-3 etrength would 

Cause more injury than the t-~-lt strength. 

AS has been shown the greater strength gave 

better results in oontrolling the soale than the weaker and 

as far as killing the trees is oonoerned, there 1s not enough 
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difference in the two strengths to amount to a great deal. 

Since the oontrol of the soale is of the most importanoe, 

it is undoubtedly advisable to use the 1-1-3 formula when 

fumigating nursery stooke 

Another very important thing that was brought 

out in this work is the effect of hydrocyanic aoid gas upon 

wet and dry plants. It is the general belief among nursery

men that if plants are treated with hydrooyanio acid gas 

while wet, or damp, the moisture on the plant will absorb 

a large quantity of the gas which in turn will cause a great 

deal of burning and injury to the plant. It will be notic

ed that in this work a larger peroentage of those plants 

treated dry, died, than those treated wet which is oontra

dictory to the general belief of nurserymen and experiment 

station workers. 

In treating plants with ether to stimulate 

growth, a larger dose of ether must be used if the plants 

are damp or the exposure must be longer if the same results 

are derived as would be obtained if the plants were dry. 

This may also be true of hydrooyanio acid gas and as the 

results obtained indicate, a larger dose of hydrocyanic 

acid gas must be used on damp plants to obtain the same 

results as on dry plants with a smaller dose. Also, fewer 

soale were killed upon the tamp trees than on the dry, which 

indioates that possibly the same thing holds true in regard 

to animals as to plants. 
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Since the scale Was killed better on stock 

treated dry than on stock treated wet, and as the destruo

tion of scale is of prime ' importance, nursery stock should 

not be fumigated with hydrocyanic acid gas when wet, even 

though the injury to the plants may be greater when treated 

dry. 

Carbon Bisulphide First ~. 

Carbon bisulphide Was first used as an inseoti
(13) 

cide by Louis Dayere, former professor of Agriculture at 

the Institute of Versailles, in 1856 and 1857. He used 

small amounts of the liquid on grain to destroy the weevils 

and their eggs. He also demonstrated that oarbon bisul-

phide would not injure the grain. In 1876, Cornu and 
(10) 

Moulleferet, both French investigators, demonstrated that 

carbon bisulphide could be successfully used upon grape 

phylloxera, caterpillars, butterflies, cicadas, wasps and 

plant lice. 

Use ~ .12 Present ~. 

After 1876 the popularity of carbon bisulphide 

as an insecticide bec~~e great and many experiments were 

carried on with it. It was found to be an effective and 

cheap insecticide and easy to use. Today carbon bisulphide 

is very widely used for the following: 

1. To kill grape phylloxera on the roots of the 

grape. 

2. Root maggots of different sorts on the roots 
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o~ different plants. 

3. For destruction of ants. 

4. To kill grubs and mole crickets. 

5. For the destruction o~ burrowing animals 

such as moles, prairie dogs, gophers, etc. 

6. For the destruction o~ sucking insects upon 

small plants. 

7. For ~umigating buildings containing stored 

cereals to destroy the insect pests. 

8. For destroying household pests, museum pests. 

and similar pests. 

In ~act carbon bisulphide is the most extensive

ly used fumigant today for destroying the more easily killed 

inseots. 

Method 2.!. Using. 

Carbon bisulphide is easy to obtain and easy 

to use. AnY one who is willing to take a few preoautions 

oan use carbon bisulphide with per~ect safety. Carbon bi

sulphide is put up in tight tin cans or steel drums and oan 

be purohased in small quantities. It is very volatile and 

di~fuses through the air very rapidly. The gas is heavier 

than air and this ~actor is taken advantage of when using 

carbon bisulphide. In fumigating bins oontaining cereals 

or similar places, shallow pans are usually employed. The 

pans are se~on top of the grain or on anything near the 

ceiling. Better results are obtained it the plaoe to be 
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fumigated is made air tight and the temperature is 700 F. 

or above. The carbon bisulphide is poured in the pans, 

the doors closed and the cracks stopped so as to prevent 

the gas produced from escaping from the building. Differ-

ent authorities vary as to the rate at which carbon bisul-

phide should be used. In Kansas the following amounts have 

been recommended and other stations report similar amounts: 

At 900 F. 1 lb. CS2 is sufficient for every 500 cu. ft. 

" 800 F. 1 n n " " " " 400 n " 

" 700 P. 1 " " " " n " 300 " n 

If used in an open bin, the above amounts should be greatly 

increased. 

At a temperature below 600 F. it is not advia

able to fumigate with carbon bisulphide at all for it does 

not evaporate sufficiently fast below this temperature. 

The bin or building should be allowed to fumi

gate for from 36 to 48 hours. 

For fumigating seeds with oarbon bisulphide, 

from 1 to It pounds should be used to every 1000cubio feet. 

Carbon bisulphide has been tried a number of 

times upon nursery stook for destroying scale insects, but 

up to the present time has proven unsatisfactory. 

Chemical Composition of Carbon Bisulphide. 
(l~) 

According to W. E. Hinds, in United states De-

partment of Agriculture Farmers' Bulletin No. 145, "the chem-

ica1 symbol ' of carbon bisulphide is C82. Ita molecules 
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consist of one atom of oarbon united with two atoms ot sul-

phur. The specific gravity of the liquid is 1.29. The 

vapor is 2.63 times as heavy as atmospherio air. The pure 

article volatilizes rapidly and completely when exposed to 

the air. The liquid boils at 1150 F. 

The vapor takes fire in air at about 3000 F. and 

burns with a faint blue flame, with diffioulty visible in 

daylight, but evolving considerable heat and decomposing the 

carbon bisu1phide into carbon dioxide (C02 ) and sulphur 

dioxide (S02). The latter is the familiar gas given off by 

the burning of sulphur matches and is a strongly poisonous 

suffocating gas, which should not be inhaled. Carbon bi-

sulphide vapor mixed with three times its volume of oxygen, 

or an amount of air oontaining that amount of oxygen, forms 

a mixture which is very highly explosive upon ignition. 

As 21 per cent of the air is oxygen, one volume of liquid ) 

carbon bisulphide evaporated in 5,357 volumes of air would 

form such a mixture. An atmosphere composed of one volume 

of carbon blsu1phide vapor to approximately 14.3 volumes of 

air is liable to violent explosion in the presence of fire 

of any kind whatever, or a temperature of about 3000 F. with-

out flame. This is about the maximum danger point from 

explosion in the use of carbon bisulphide." 

The higher the temperature, the more carbon bi

sulphide will be taken up by the air. 
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Results ~ Experiments with Carbon Bisulphide. 

As has already been pointed out carbon bisulphide 

1s probably the most generally used inseotioide for fumigat-

1ng, espeo1ally for suoh 1nsects as grain weevil. It has 

been tried to some extent upon nursery stock for the control 

of San Jose scale but so far satisfaotory results have not 

been reported. Carbon bisulphide is cheaper than hydro-

cyanio acid gas. easier to handle and, used as a poison, does 

not aot in an effective way so quickly whioh makes it less 

dangerous for the person handling 1t. 

Objeot. 

The idea in using oarbon bisulph1de was to deter

mine if pOSSible, whether or not it could be used at all for 

destroying San Jose scale upon live plants without injury 

to the plants. Owing to its cheapness and the ease with 

whioh it oan be used as compared with hydrocyanio acid gas, 

oarbon bisulphide would be a great deal more desirable pro

vided the sa~e results oould be obtained. 

Procedure. 

The same fumigatlng box was used with the carbon 

bis~phide as wlth the hydrocyanlc aold gas and, as shown by 

the following table, the same number of trees were used. 

The first dry and the first wet set of trees were treated 

for an hour wlth oarbon blsulphide at the rate of 1 pound of 

the Inseotlcide to 100 cublc feet of space. Sete No. 3 and 

4 were treated for an hour also, but the carbon bisulphlde 
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Was used at the rate of It pounds to the 100 cubic feet. 

In treating the trees each set was placed ln the 

fumigating box separately, as with the hydrocyanic aold gas. 

Near the top of the box a shelf was oonstruoted upon whioh a 

shallow pan was placed. The nursery stook was placed ln 

the box, the required amount of earbon bisulphide poured in

to the pan and the 11d closed. 

Frult 

Apple 

Peach 

Pear 

Plum 

Oher17 

TABLE XXIV 

Effect Upon San Jose Scale 

Insect- Strength Condi- Length 
iolde tion of 

1-100 
1-100 
i-100 
t-1QQ 

l-lQq 
1-100 
t-1QQ 
t-100 

1-100 
1-100 
t-100 
t-100 

1-100 
1-100 
*"-100 
t-100 

1-100 
1-100 
t-100 
i-100 

of treat-
. trees mente 

min. 

dry 
wet 
dry 
wet 

dry 
wet 
dry 
wet 

dry 
wet 
dry 
wet 

dry 
wet 
dry 
wet 

dry 
wet 
dry 
wet 

60 
60 
60 
60 

60 
60 
60 
60 

60 
60 
60 
60 

60 
60 
60 
60 

60 
60 
60 
60 

No. No. 
sealey trees non-soa1ey 

1916 1917 1916 

20 
20 
20 
20 
20 

8 
8 
8 
8 
8 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
e 
8 
4 

o 
o 
4 
4 
6 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

o 
o 
o 
o 
o 

8 
8 
8 
8 
8 

6 
6 
6 
6 
6 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
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Currant CS2 1-100 dry 60 0 0 2 
CS2 1-100 wet 60 0 0 2 
CS2 i-lOO dry 60 0 0 2 
CS2 ;a-100 wet 60 0 0 2 

Check 0 0 2 

Goose- CS2 1-100 dry 60 0 0 4 
berry CS2 1-100 wet 60 0 0 4 

CS2 t-100 dry 60 0 0 4 
CS t-100 wet 60 0 0 4 
Che~k 0 0 4 

Black- CS2 1-100 dry 60 0 0 J! 
berry CS2 1-100 wet 60 0 0 2 

CS2 t-100 dry 60 0 0 2 
CS2 t-100 wet 60 0 0 2 

Check 0 0 2 

Poplar CS2 1-100 dry 60 0 0 7 
CS2 1-100 wet 60 0 0 7 
CS2 I-1OO dry 60 0 0 7 
CS2 -100 wet 60 0 0 7 

Check 0 0 7 

Spiraea CS2 1-100 dry 60 0 0 1 
CS2 1-100 wet 60 0 0 1 
CS2 t lOO dry 60 0 0 1 
CS . -100 wet 60 0 0 1 
Che~k 0 0 1 

Jap. CS2 1-100 dry 60 0 0 2 
quince CS2 1-100 wet 60 0 0 2 

CS2 t lOO 
dry 60 0 0 2 

CS 100 wet 60 0 0 2 
Che&k 0 0 2 

Golden- CS!! 1-100 dry 60 0 0 1 
bell CS2 1-100 wet 60 0 0 1 

CS2 i-lOO dry 60 0 0 1 
CS2 ~-100 wet 60 0 0 1 

Check 0 0 1 

Eighty apple trees heavily infested with San 

Jose scale were treated with carbon bisu1phide 8S is shown 

by the following table. 
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TABLE XXV 

Date Treatment Condi- Length No. % % 
tion of trees scale trees dead 

treat- treated dead 1916 1917 
ment 6/14-6/26 6/26 4/4 

1916 min. 

Mar. CS2 1-100 dry 60 20 92.3 30.6 '10 
21 CS2 1-100 wet 60 20 88.2 15 60 

CS2 1t-100 dry 60 20 77.1 10 46 
CS~ 1t-100 wet 60 20 83.9 10 40 
Ch ck 20 38.9 0 60 

As is shown, counts made May 14 and 26 definite1;r 

show that carbon bisulphide used at a strength of either 1 to 

100 or 1t to .100 will not control scale. As oompared with 

the check, however, it is evident that a number of the insects 

were killed but not enough to warrant its use. 

On April 9, 1917, the following trees were treat

ed with carbon bisulphide, It to 100. 

Date Treatment 

Apr.9 CS2 1~~ 100 

CS2 1t-100 

Check 

TABLE XXVI 

Condi- Length 
tioD of 
of treat-

trees ment 
min. 

wet 60 

4r;r 60 

No.trees r;J, scale dead 
treated 

April 20 

8 96.6 

8 94.6 

4 '15.00 

The results obtained in 1917 are practioa1ly the 

same as those obtained in 1916 and they also show that oarbon 

bieu1phide used at the rate of It to 100 will not oontro1 San 

Jose scale. 
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TABLE XXVII 

Effect of Carbon BisulEhide UEon San JOBe Scale on Peach. 

Date Treatment Condi- Le~~th No. % % 
tion treated scale trees dead 
of treat- dead 

trees ment 1916 1216 1917 
min. 5L25 4L4 5 26 

Mar. 21 CS2 1-100 dry 60 8 100 62.5 75 

CS2 1-100 wet 60 8 100 62.6 87.6 

CS2 It-laO wet 60 8 100 37.6 76 

CS2 lt-IOO dry 60 8 94.8 30 87.5 

Check 8 100 25 62.6 

The results obtained on the peach also show that 

carbon bisulph1de w1ll not ent1rely control San Jose scale 

when used at the rate of It to 100. However, these results 

are much better than thoseobta1ned upon the apple wh1ch 1s 

probably ' due to the fact that most of the heav1ly infested 

peach trees d1ed, wh1ch made it impossible to get as good a 

count. The peaches that l1ved were not so heavily infested. 

TABLE XXVII I 

Effect of Carbon Bisulph1de 
Upon San Jose Scale on Peaches in 1917. 

Date Treatment Condi
tion 
of 

trees 

Apr.9 CS2 lt~100 wet 

CS2 It-l00 dry 

Check 

Length 
of 

treat
ment 

min. 

60 

60 

No. 
treated 

4 

4 

% 
scale dead 

APril 20 

100 

100 

60 
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No live scale could be found upon the peach 

trees treated which WaB probably due to the fact that as a 

result of the treatment practically all of the young tender 

growth,which was the most heavily infested part of the trees. 

had died. 

Effect 21. Carbon Bisulphide Upon the Plants. 

It seems that the greatest trouble in using 

carbon bisulphide for the control of San Jose scale is the 

danger of killing or injuring the plants which are treated. 

and in order to determine more definitely the relation be

tween the controlling of the scale and the injury of plants, 

a large variety of non-infested shrubs and small fruits were 

treated with carbon bisulphide, as is shown by the following 

tables. The plants were divided into four sets. Two seta 

were thoroughly dampened before treatment and two were treat-

ed dry. One set in each group was treated at the rate of 

1 pound to 100 cubic feet, and one set in each group was 

treated at the rate of It to 100. 

Treatment Condi-
tion 
of 

trees 

CS2 1-100 dry 

CS2 1-100 wet 

CS2 It-IOO dry 

CS l;r-IOO wet 

Check 

TABLE XXIX 

Effect upon Apple. Treated March 21. 

No. 
treated 

8 

8 

8 

8 

Length 
of 

treat- . 
ment 
IIiIn. 
60 

60 

60 

60 

% dead 

5/26/16 

0 

0 

0 

0 

0 

% dead Condi-
tion 
of 

4/4/17 growth 

0 fair 

0 fair 

0 fair 

0 fair 

0 good 
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None of the non-infested apple trees seemed to 

be injured to any great extent by oarbon bieulph1de at 

either strength upon either wet or dry trees. 

TABLE XXX 

Effeot Upon Peaoh - Treated Maroh 21, 1916 

Treatment Condl- No. Length % dead % dead 
tion treated of 
of treat-

trees ment 
min. 6/26/16 4/4/17 

CS2 1-100 dry 6 60 o 16.6 

CS2 1-100 wet 6 60 o 0 

CS2 1t-100 dry 6 60 o 0 

CS2 1~-100 wet 6 60 o 0 

Check 6 o 0 

Condi
tion 
of 

growth 

fair 

poor 

med. 

fair 

good 

Of the 24 peaoh trees treated on April 4, 1917, 

only one was dead. 

TABLE XXXI 

Effeot on Pear - Treated Maroh 21, 1916 

CS2 . 1-100 

CS2 1-100 

CS2 1"~-100 

CS2 1"t-100 

Cheok 

wet 

wet 

dry 

4: 

4 

4 

4 

4 

60 

60 

60 

60 

o 
o 

o 

o 
o 

o 
o 

25 

75 

o 

good 

good 

good 

good 

good 

At the end of a year 25 per cent of the trees 

treated with the 1t-IOO strength were dead, and 75 per oent 

of those treated dry at the Sa~e strength were daad. None 

of the other trees were dead. 
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TABLE XXXII 

Effeot on Plum - Treated Maroh 21, 1916 • 

Treatment 

CS2 1-100 

CS2 1-100 

OS2 It-IOO 

CS2 11-100 

Cheok 

Condi
tion 
of 

trees 

dry 

wet 

wet 

dry . 

. No. Length %. dead % . dead 
treated of 

treat-
ment 5/26/16 4/4/17 
min. 

4 

4 

4 

4 

4 

60 

60 

60 

60 

o 
o 
o 
o 
a 

25 

o 

o 

o 
o 

Condi
tion 
of 

growth 

good 

good 

good 

good 

good 

Only one tree in the entire lot Was dead at the end of the 

year. 

TABLE XXXIII 

Effeot on Cherry - Treated Maroh 21, 1916. 

CS2 1-100 

OS2 1-100 

CS2 11---100 

OS 1~-100 2 .. 

Cheok 

dry 

wet 

wet 

dry 

4 

4 

4 

4 

4 

60 

60 

60 

60 

75 

75 

75 

25 

75 

75 

75 

100 

75 

poor 

med. 

very 
poor 
poor 

100 very 
poor 

The oherries did very poorly as 1s shown by the 

table. A very large peroentage died, ino1uding the oheok. 

TABLE XXX IV 

Effeot on Poplar - Tre!ted Maroh 21, 1916 

OS2 1-100 dry 7 60 0 28.5 fair 

OSZ 1-100 wet 7 60 28.5 55.5 med. 

OS2 1!-100 wet 7 60 28.5 21.5 med. 

OS2 1t-100 dry 7 60 0 14.2 med. 
Cheok 7 0 0 sood 
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As compared with the other plants treated. the 

poplars withstood carbon bisulphide very poorly. 

TABLE XXXV 

Effect on Japanese Quince - Treated March 21, 1916 

Treatment Condi- No. Length % dead % dead Condi
tion 
of 

growth 

CS2 1-100 

CS2 1-100 

CS2 1!-100 

CS2 It-IOO 

Check 

tion treated of 
of treat-

trees ment 5/26/16 4/4/17 

dry 

·wet 

dry 

2 

2 

2 

2 

2 

min. 

60 

60 

60 

60 

o 
o 
o 
o 

o 

50 

50 

50 

o 

o 

fair 

fair 

fair 

fair 

good 

The Japanese quince also suffered very heavily 

from carbon bisu1phide as compared with the other plants. 

TABLE XXXVI 

Effect on Go1denbe11 - Treated March 21. 1916. 

CS2 1-100 dry 1 60 0 0 good 

CS2 1-100 wet 1 60 0 100 good 

CS2 It-100 we.t 1 60 0 good 

CS2 1t-100 dr7 1 60 0 100 good 

Check 1 100 100 
be 

Fifty per cent of the goldenbe11s treated were 

dead at the end of a year. At the end of a month none wera 

dead. 
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TABLE XXXVI I 

Effeot on Gooseberry - Treated ~mroh 21, 1916 

Treatment Condi
tion 
of 

trees 

CS2 1-100 dry 

CS2 1-100 wet 

CS2 1-~-100 wet 

CS2 1t-100 dry 

Cheok 

No. Length % dead ~ dead 
treated of 

treat-
ment 5/26/16 4/4/17 

4 

4 

4 

4 

4 

min. 

60 

60 

60 

60 

o 
26 

o 
a 
o 

100 

100 

75 

75 

o 

Condi
tion 
of 

growth 

med. 

med. 

good 

good 

good 

The gooseberries treated with oarbon bisulphide 

at both strengths also suffered very heavily. 

TABLE XXXVIII 

Effeot on currant - Treated Maroh 21, 1916 

CS2 1-100 dry 

CS2 1-100 wet 

CS2 1t-100 wet 

CS2 1~-100 dry 

Cheok 

2 

2 

2 

2 

2 

60 

60 

60 

60 

50 

o 
o 
o 
o 

100 

60 

60 

100 

o 

med. 

fair 

good 

med. 

good 

Of the treated ourrants one was dead at the end 

of the first month; all but two were dead at the end of a 

year. 



83 

TABLE XXXIX 

Effect on B1ackberrl - Treated Maroh 21, 1916. 

Treatment 

CS2 1-100 

CS2 1-100 

CS2 1t-100 

CS2 1~-100 

Cheok 

Condi
tion 
of 

trees 

dry 

wet 

wet 

dry 

No. Length % dead % dead 
treated of 

treat-
ment 5/26/16 4/4/17 

2 

2 

2 

2 

2 

min. 

60 

60 

60 

60 

60 

o 

o 

50 

o 

100 

100 

100 

100 

100 

Condi
tion 
of 

growth 

med. 

good 

med. 

poor 

good 

At the end of the first month only two of the 

eight plants treated were dead; at the end of a year all 

were dead. 

TABLE XL 

Effeot on Spiraea Vanhouttei - Treated March 21, 1916 

CS2 1-100 

CS2 1-100 

CS2 It-loa 
CS2 It-IOO 

Check 

dry 

wet 

wet 

dry 

1 

1 

1 

1 

1 

60 

60 

60 

60 

o 

100 

100 

o 

o 

o 

100 

100 

o 

100 

good 

good 

good 

med. 

poor 

Like the remainder o~ the shrubs and small ~rults 

the Spiraea suffered heavily from the carbon bisulphide. 

Fifty per cent of the entire lot died. 

The following tables show a comparison of oarbon 

b1eulphlde used at d1fferent strengths and also shows the 

results obtained by treat1ng wet and dry plants. 
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TABLE XLI 

BOn-eoalez Trees. (Wetl.Treated with Carbon Bisu1Ehide 1-100 

Kind o"! Tree No.of % % Condition 
trees trees dead trees dead of 

Growth 
5L26L16 

Apple .8 0 0 med. 
Peaoh 6 0 0 poor 
Pear 4 0 0 good 
Plum 4 0 25 good 
Cherry 4 75 75 very poor 
poplar 7 28.5 55.5 med. 
Jap. quinoe 2 0 50 med. 
Goldenbell 1 0 100 good 
Gooseberry 4 25 100 med. 
Currant 2 0 50 med. 
Blaokberry 2 0 100 good 
Spiraea 1 100 100 

TABLE XLII 

N on--so al ez Trees. (Drzl. Treated with Carbon BisUlEhide 1-100 

Apple 8 0 0 med. 
Peaoh 6 0 16.6 med. 
Pear 4 0 0 good 
Plum 4 0 25 good 
Oherry 4 75 75 poor 
poplar 7 0 28.5 med. 
Jap. quinoe 2 0 50 med. 
Goldenbel1 1 0 0 good 
Gooseberry 4 0 100 med. 
Currant 2 50 100 med. 
Blackberry 2 50 100 med. 
Spiraea 1 0 0 gOOd 
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TABLE XLIII 

Non-scalez Trees (Wet 1. treated with Carbon BisulEhide li-100 

Apple 8 0 0 med. 
Peach 6 0 0 med. 
Pear 4 0 25 good 
Plum 4 0 0 good 
Cherry 4 75 100 very poor 
Poplar 7 28.5 71.5 med. 
Jap. quince 2 0 50 med. 
Goldenbell 1 0 0 good 
Gooseberry 4 0 75 good 
Currant 2 0 50 good 
Blackberry 2 0 100 med. 
Spiraea 1 100 100 

TABLE XLIV 

Non-scalez Trees (Dr~J I Treated with Carbon Bisulphide 11-100 

Apple 8 0 0 med. 
Peach 6 0 0 med. 
Pear 4 0 75 good 
Plum 4 0 0 good 
Cherry 4 25 75 poor 
poplar 7 0 14.2 med. 
Jap. quince 2 0 0 med. 
Goldenbell 1 0 100 good 
Gooseberry 4 0 75 good 
Currant 2 0 100 med. 
Blackberry 2 50 100 poor 
Spiraea 1 0 0 med. 

Resul ts with Check Trees 

Apple 8 0 0 good 
Peach 6 0 0 good 
Pear 4 0 0 good 
Plum 4 0 0 good 
Cherry 4 75 100 very poor 
poplar 7 0 0 good 
Jap. quince 2 0 0 good 
Goldenbell 1 100 100 
Gooseberry 4 0 0 good 
Currant 2 0 0 good 
Blackberry 2 0 100 good 
Spiraea 1 0 100 1200r 



Treatment 

CS2 1-100 

CS2 1-100 

CS2 .1-150 

CS2 1-150 

Check 

Swnmary 

Condi-
tion 
of 

plants 

wet 

dry 

wet 

dry 
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TABLE XLV 

of IPoregoing 

No. plants 
treated 

45 

45 

45 

45 

45 

Tables 

Per cent dead 

5/26/16 4/4/17 

15.6 40.0 

11.1 35.5 

13.3 40.0 

4.4 3~.3 

8.8 11.1 

From the above summary it is readily seen that 

carbon bisulphide caused considerable injury. At the end 

of the second month the peroentage of dead trees was the 

greatest among those upon whioh the weaker, or 1-100,strength 

was used, but at the end of the first year the peroentage 

dead among those plants treated at this strength was still 

a little greater, but not enough to amount to a great deal. 

In the first p1aoe there is not a great deal of differenoe 

in the strengths of carbon bisulphide used at the rate of 

1-100 and 1-150. Taking this into oonsideration and also 

the fact that the season of 1916 was a very unfavorable one 

for the growth of young plants, it is not surprising that 

a smaller number of trees died from the stronger treatment. 

It will also be notioed that a larger per cent 

of the plants treated wet died, both at the end of the 

second month and at the end of the first year. However, 
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the difference was not very great. With hydrocyanic acid 

gas more of the plants treated dry died. It may be that 

carbon bisulphide has an altogether different physiological 

effect upon the plant, especially in the presence of moist

ure. By referring back to Tables XXIX andXXX it will be 

noticed that a larger peroentage of the soale on the trees 

treated wet were killed which seems to ~rther indicate that 

carbon bisulphide used in the presence of moisture is more 

aotive. 

OWing to the fact that carbon bisulphide did 

not in any case oompletely oontrol the San Jose soale upon 

apple trees, and in only three out offour oases upon the 

peach, and since the percentage of injury to the plants waS 

very great, its use as a fumigating material upon nursery 

stook should be discouraged. 

~ Sulphur First ~. 

On page 18, under "Control in the Orohard," a 

disoussion of the first use of lime sulphur for the control 

of insects is given. 
(24 ) 

Mr. F. A. Sirrine.of New York Agricultural 

Experiment Station, was probably the first to dip nursery 

stock for the oontrol of San Jose scale. He dipped some 

nursery stock in 1894 on Long Island with a whale oil soap 

preparation. Lime sulphur Was probably first used as a 

dip for nursery stook for the control of the scale by 
(33) 

Professor C. V. Close of the Delaware Experirnent Station in 
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1903. 

used ~ 12. Present Time. 

Since 1894 a large number of experiinents have 

been made with lime sulphur as a tree dip for the control 

of San Jose scale but none have been, on the whole, entirely 

successful. In some cases the scale was controlled but the 

most serious objection to using it WaS the fact that in near

ly every case the plants were injured to a greater or less 

extent. Although lime sulphur is used almost altogether 

for controlling San Jose scale on old trees, it has never 

proven to be a practIcal success for dipping nursery stock. 

Methods ~ Using. 

When~ lime sulphur is used upon nursery stock a8 

a spray for the control of San Jose soale, it is during the 

dormant season while the trees are still in the nursery row, 

it is applied at the usual rate, the same as recommended for 

mature trees - 1 to 7 - and is put on with a spraying machine, 

either hand or power. Most large nurseries have espeoially 

oonstructed spraying maohines whioh are built so as to be 

easily gotten between nursery rows. 

When lime sulphur or any other material is used 

for dipping nursery stock a vat is constructed or a trough 

made whioh 1s large enough to hold sufficient liquid to 

immerse an entire tree. 

Chemical Composition of Lime Sulphur. 

Lime sulphur is made by boiling in water, slaked 



Trough used for dipping the plants. 
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rock lime containing not less than 95 per cent calcium oxide, 

and flowers of sulphur. A very oomplioated chemical re

action takes place when lime and sulphur are boiled together 

in water. The sulphur (S) combines with the calcium (Ca) in 

the lime (CaO), in varying amounts, with the result that two 

compounds are formed - caloium tetrasulphide (Ca84 ), oontain

ing 76 per cent of sulphur, and calcium pentasulphide (Ca86) 

oontaining 80 per cent of sulphur. Also a small quantity 

of thiosulphate (Ca5203 ) is formed. These compounds form-

ed are soluble in water and it is to them that the inseoti-

cidal value of the mixture is due. The higher the percent-

age of pentasulphide, the more effeotive is the mixture. 

In making the lime sulphur solution, it is necessary to boil 

it for an hour in order to form a complete ohemical union of 

the lime and sulphur. Two parts of sulphur oombine with 

one part of lime and in making the solution, twice as much 

sulphur as lime should be used. 

Results of Experiments with ~ Sulphur. 

As the lime sulphur wash has become the most 

standard spray for the control of San Jose soale on infest

ed fruit trees, the writer saw no reaeon why it shOuld not 

be ueed to dip infested nursery stock. 

Object. 

The object in using lime SUlphur was to deter

mine definitely, if pOSSible, its exact efficiency for kill

ing scale on nursery stock, and its injurious effects, if 
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any, upon the plants. L1me sulphur 1s the cheapest 

material used 1n the control of San Jose scale and as no 

fumes are produced, 1t is less dangerous to use than hydro

cyanic acid gas or carbon bisulphide. 

Procedure. 

First a water t1ght wooden V-shaped trough was 

made, 9 feet long and 8 inches deep. This trough held 

with ease 8 gallons of the solution. The number of trees 

to be dipped were divided into four eets ae shown by the 

following table. 

TABLE XLVI 

Fruit Inseot- Strength Cond1- Length No. No. 
ic1de tion of ecaley trees non-sca1ey 

of treat- 1916 1917 trees 
trees ment 3{g3 4(.9 1916 

APple L.S. 1-9 tops Inst. 3 
L.S. 1-9 t.8c r. lnst. 10 0 3 
L.S. 1-7 tops 1nst. 10 6 3 
L.S. 1-7 t.8c r. 1nst. 10 6 3 

Check 20 4 8 
Peach L.S. 1-9 topa lnet. 4 * 3 

L.S. 1-9 t.8c r. 1nst. 4 0 3 
L.S. 1-7 tops inst. 4 9 3 
L.S. 1-7 t.8c r. inst. 4 9 3 

Cheok 8 6 6 
Pear L.S. 1-9 tops Inst. 0 0 2 

L.S. 1-9 t.8o r. 1nst. ~ 0 2 
L.S. 1-7 tops 1nat. 0 0 2 
L.S. 1-7 t.8o r. inst. 0 0 2 

Check 
topa 

0 0 4 
PLthl t.s. 1-9 Inst. 0 * 2 

L.S. 1-9 t.8c r. inet. 0 0 2 
L.S. 1-7 tops inet. 0 1 2 
L.S. 1-7 t. 80 ~. inet. 0 1 2 

Check 0 1 4 

*Each tree waS treated for 5 minutes. 
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Cherry t.S. 1-9 topa matI 0 0 2 
L.S. 1-9 t.& r. inat. 0 0 2 
L.S. 1-7 topa inat. 0 0 2 
L.S. 1-7 t.&:: r. inst. 0 0 2 

Check 0 0 4 
Currant t.s. 1-9 topa inst. a a 1 

L.S. 1-9 t.& r. inat. 0 0 1 
L.S. 1-7 topa inst. 0 0 1 
L.S. 1-7 t.8c r. inat. 0 0 1 

Check 8 0 2 
'Goose- L.S. 1-9 tops Inst. 0 l ' 

berry L.S. 1-9 t.8c r. inst. 0 0 1 
L.S. 1-7 topa inst. 0 0 1 
L.S. 1-7 t.8c r. inat. 0 0 1 

Check 0 0 4 
B1ack- t.s. 1-9 tops inst. a a 2 
berry L.S. 1-9 t.8c r. inst. 0 0 2 

L.S. 1-7 tops inat. 0 0 2 
L.S. 1-7 t.&:: r. inat. 0 0 2 

Oheck 0 0 2 
Poplar t.s. 1-9 tops Inst. 0 0 4 

L.S. 1-9 t.& r. inst. 0 0 3 
L.S. 1-7 topa inat. 0 0 4 
L.S. 1-7 t.& r. inst. 0 0 3 

Check 0 0 7 
spiraea t.s. 1-9 tops inat. a a 1 

L.S. 1-9 t.& r. inst. 0 0 1 
L.S. 1-7 tops inst. 0 0 1 
L.S. 1-7 t.&:: r. inst. 0 0 1 

Check 0 0 1 
:tap. t.S. 1-9 tops Inst. 0 0 1 

quince L.S. 1-9 t.& r. inst. 0 0 2 
L.S. 1-7 tops inst. 0 0 1 
L.S. 1-7 t.8c r. inst. 0 0 2 

Check 0 0 2 
Uo1den- t.S. 1-9 tops Inst. 0 0 1 

bell L.S. 1-9 t.8c r. inst. 0 0 1 
L.S. 1-7 tops inst. 0 0 1 
L.S. 1-7 t.& r. inst. 0 0 1 

Check 0 0 1 
In the first set the tops and trunk down to the 

roots only, were dipped, and those trees dipped in 1916 were 

immersed and immediately removed, while those dipped in 1917 

were lett immersed for five minutes. With the second set of 

trees the . tops and roots both were dipped. With the first 

two sets lime sulphur Was used at the rate of 1 gallon to 9 
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gallons of water. The third and fourth sets were treated 

exactly as the first two except the lime sulphur was ueed 

at the rate of 1 gallon to 7 gallons of water. 

After the trees had been dipped they were allow

ed to drain for a few minutes,then set out. 

Effeot 2! l4!!! SUlphur upon ~ l2!! soale. 

As shown by the following table, forty apple 

trees heavily infested with San Jose soale were dipped in 

the lime sulphur solution. 

TABLE XLVII 

Effeot of Lime SUlphur on Ban 'Jose Scale on Apple Trees 

Date Inseot- Condi- Length No. 
icide tion of trees 

of treat- treat-
trees ment ed 

Mar. 21 L.S.1-9 tops inst.* 10 

L.S.1-9 t.& r. inst. 10 

L.S.1-7 tops inst. 10 

L.S.1-7 t.& r. inst. 10 

Check 20 

% % 
scale dead trees 

1916 1916 
5/14 - 5/25 5/26 

100 20 

100 30 

99.6 10 

93.9 30 

38.4 

dead 
1917 
4/4 

50 

70 

70 

50 

These results show that lime sulphur will, to a 

very large extent, control San Jose soale on nursery stook 

but that the oontrol may not be oomplete. Every trees was 

thoroughly dipped, oare being taken that every branoh and 

twig waS completely wet to the top, and the writer is con-

vinoed that none of the insects esoaped immersion. Also a 

oount of the soale Was made from every tree and as shown by 

the results a very small peroentage was alive a month after 
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treatment. So far as the strength of the solution is con-

cerned, the weaker gave the best results; however, there is 

very little difference in the strength of the two solutions 

used and the fact that the weaker solution gave the better 

results is of little significance. 

In order the verify the above results, the follow

ing trees were treated in 1917 with lime sulphur at a strength 

of 1-7. 

Date Insect-
icide 

1917 

Apr. 9 L.S.1-7 

L.S.1-7 

Check 

TABLE XLVIII 

Condi
tion 
of 

trees 

tops 

t.&: r. 

Length 
of 

treat
ment 

6 min. 

6 " 

TABLE XLIX 

No. trees % 
treated scale dead 

4/20/17 

6 100 

6 

4 

100 

76 

Effect of Lime Sulphur upon Scale on Peaches - 1916 

Date Insect

icide 

Condi- Length No. 
tion of trees 
of treat- treat-

trees ment ed 

Mar.2l L.3.1-9 tops inst. 4 

4 

4 

4 

8 

L.3.l-9 t.& r. inst. 

L.S.1-7 tops inst. 

L.3.1-7 t.&: r. 1nst. 

Check 

% 
scale dead 

May 25 

100 

100 

94.3 

100 

100 

% 
trees 
1916 
5/26 

26 

25 

dead 
1917 
4/4 

26 

25 

12.6 1100 

12.5 100 

26 62.6 

Practically the same results were obtained upon 

the peach in 1916 as upon the apple. 
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TABLE L 

Effect uEon Scale on Peach - 1917 

Date Insect- Condi- Length No. trees % 
ieide tion of treated scale dead 

o~ treat-
trees ed 4L20L17 

May 4 L.S.1-7 tops 5 min. 9 100 

L.S.1-7 t.& r. 5 min. 9 100 

Check 6 60 

As with the apple. no live scale could be found. 

TABLE LI 

Effect uEon Scale on Plum - 1917 

Apr.4 L.S.1-7 tops {) min. 1 100 

L.S.1-7 t.& r. 5 min. 1 100 

Check 1 

The seale on the treated trees were all dead. 

Effect 2! ~ Sulphur upon the Plants. 

Some injury has been reported by different ex

periment stations, upon nurserystook as a result of dipping 

in lime sulphur; also there is a general belief among the 

praotioal nurserymen that lime sulphur dip will injure 

nursery stook, especially if the roots are also dipped. For 

this reason, and also to determine the praotioability of 

using lime sulphur as a dip for nursery stook, the following 

non-infested plants were dipped. The lime sulphur was used 

at a strength of 1 gallon lime sulphur to 9 gallons of water, 

and 1 gallon of lime sulphur to 7 of water. 
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TABLE LII 

Effect upon Apple, Trees Treated 3/21/16 

Treatment Condi- No. 
tion treated 
of 

trees 

L.S. 1-9 tops 3 

L.S. 1-9 t.& r. 3 

L.S. 1-7 tops 3 

L.S. 1-7 t.& r. 3 

Check 

Length 
of 

treat-
ment 

inst.* 

inst. 

1nst. 

inst. 

% dead Condition 
1916 1917 of 
5/26 4/4 growth 

0 0 poor 

0 0 med. 

66.6 66.6 poor 

0 0 very poor 

good 

At the end of the first month and also the 

first yes:r, all the trees were living with the exception of 

66.6 per cent of the trees treated both tops and roots in 

the 1-7 strength. 

TABLE LIII 

Effect uEon Peach 

L.S. 1-9 tops 3 inst. 0 o . . med. 

L.S. 1-9 t.& r. 3 inat. 0 66.6 med. 

L.S. 1-'1 tops 3 inst. 0 0 poor 

L. S. 1-'1 t.& r. 3 inst. 0 33.3 med. 

Check 6 0 0 sood 
None of the trees died exoept those dipped both 

tops and roots. 

*1nstantaneoU8 
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TABLE LIV 

Effect uEon Pear 

Treatment Condi- No. Length % dead Condi-
tion treated of tion of 
of treat- 1916 1917 growth 

trees ment SL26 4L4 

L.S. 1-9 tops 2 1nst. 0 0 good 

L.S. 1-9 t.& r. 2 inst. a 60 poor 

L.S. 1-7 tops 2 inet. 0 a good 

L. S. 1-7 t.& r. 2 lnst. a 0 med. 

Check 4 0 a 8:ood 

Only one tree was dead at the end of a year, 

and it was treated both top and root with 1-9 strength. 

TABLE LV 

Effect uEon Plum 

L.S. 1-9 top 2 lnst. 0 0 good 

L.S. 1-9 t.& r. 2 lnet. 50 60 fair 

L.S. 1-7 top 2 1nst. 0 0 good 

L.S. 1-7 t.& r. 2 inst. 0 0 med. 

Check 4 0 0 8:ood 
Only one tree died and both top and roots of 

this tree were treated, 1-9. 

TABLE LVI 

Effeot uEon Cherrl 

L.S. 1-9 . top 2 inst. 100 100 

L.S. 1-9 t.& r. 2 inst. 100 100 

L.S. 1-7 top 2 inst. 100 100 

L.S. 1-7 t.& r. 2 inst. 50 50 fair 

Cheok 4 75 100 very poor 



All of the cherry trees died except on~,includ

ing the check. 

TABLE LVII 

Effect upon poplar 

Treatment Condi- No. Length % dead Condition 
tion treated of of 
of treat- 1916 1917 growth 

trees ment 6L26 4L4 

L.S. 1-9 top 4 inst. 0 0 good 

L.S. 1-9· t.& r. 4 inst. 0 0 poor 

L. S. 1-7 top 3 inst. 76 75 med. 

L.S. 1-7 t.& r. 3 inst. 0 0 poor 

Cheok 7 inst. 0 0 sood 

. The poplars withstood the lime sulphur treat

ment very well; 76 per oent of those treated, tops only, 

with the 1-7 strength, died. The others all lived. 

TABLE LVIII 

Effect upon Japanese Quince 

L.S. 1-9 top 1 inst. 0 100 good 

L.S. 1-9 t.& r. 1 inst. 0 0 poor 

L.S. 1-7 top 2 inst. 0 0 fair 

L.S. 1-7 t.& r. 2 inst. 0 0 poor 

Check 0 0 sood 

Of all the Japanese quince treated, only one 

died. None were dead at the end of the first month. 



Treatment 

L.S. 1-9 

L.S. 1-9 

L.S. 1-7 

L.S. 1-7 

Check 

Condi
tion 
of 

trees 

top 

t.& r. 

top 

t.& r. 
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TABLE LIX 

Effect upon Goldenbell 

No. Length 
treated of 

1 

1 

1 

1 

1 

treat
ment 

inst. 

inst. 

inst. 

inst. 

% dead 

1916 1917 
5/26 4/4 

o 100 

100 100 

o 
100 

o 

100 

100 100 

Condition 
of 

growth 

good 

good 

Tose dipped both top and roots suffered most. 

Checks a1eo died. 

L.S. 1-9 top 

L.S. 1-9 t.& r. 

L. S. 1-7 top 

L.S. 1-7 t.& r. 

Check 

TABLE LX 

Effect upon Gooseberry 

1 

1 

1 

1 

4 

inst. 

inst. 

inst. 

inst. 

o 
o 

o 

o 
o 

100 

100 

o 

o 
o 

good 

good 

good 

poor 

good 

~ose treated with the weaker solution were dead 

at the end of a year. 
TABLE LXI 

Effeot upon Currant 

L.S. 1-9 top 

L.S. 1-9 t.& r. 

L.S. 1-7 top 

L.S. 1-7 t.& r. 

Check 

2 

1 

1 

1 

2 

inst. 

inst. 

inst. 

inst. 

o 

o 

o 
o 
o 

100 

100 

o 

o 
o 

fair 

fair 

fair 

fair 

good 
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At the end of a year those treated with the 

weaker solutions were dead. 

Treatment 

L.S. 1-9 

L.S. 1-9 

L.S. 1-7 

L.S. 1-7 

Check 

was dead. 

TABLE LXII 

Effect upon B1ackberrz 

Condi- No. Length dJ,;. dead Condition 
tion treated of 1916 1917 of 
of treat- 5/26 4/4 growth 

trees ment 

top 2 inst. 50 100 poor 

t.& r. 2 inst. 0 100 good 

top 2 inst. 0 100 fair 

t.& r. 2 inst. 0 0 good 

2 0 100 good 

At the end of the first month only one plant 

At the end of a year all were dead, inoluding 

the check, except one, and this was dipped both top and 

roots in the 1-7 solution. 

TABLE LXIII 

Effect upon Spiraea Vanhouttei 

L.S. 1-9 top 1 inst. 0 100 med. 

L.S. 1 .. 9 t.& r. 1 inst. 0 0 fair 

L.S. 1-7 top 1 inst. 100 100 

L.S. 1-7 t.& r. 1 inst. 0 0 fair 

Check 1 0 100 Eoor 

One Spiraea dipped top only 1n the 1-7 solution 

waS dead at the end of the first month. At the end 0 f the 

year the check and the one dipped in the 1 .. 9 solution, top 

onl1, were dead. 
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The following tables show a oomparison of lime 

sulphur used at different strengths and also shows the re

sults of dipping tops only and both tops and roots. 

TABLE LXIV 

Non-soaley Trees Dipped in Lime Sulphur 1-9, Tops and Roots 

Kind of Tree No.of ~ % Condition 
trees trees dead trees dead of 

5/..26L16 4/..4/..17 growth 

Apple 3 0 0 med. 
Peaoh 3 0 66.6 med. 
Pear 2 0 50 poor 
Plum 2 50 50 good 
Cherry 2 0 0 
Poplar 4 0 0 poor 
Japanese quinoe 1 0 0 poor 
Go1denbell 1 100 100 
Gooseberry 1 0 100 good 
Currant 1 0 100 med. 
Blaokberry 2 0 100 good 
Spiraea 1 0 0 med. 

TABLE LXV 

Non-scalel Trees Dipped in Lime Sulphur 1-7. Tops and Roots 

Apple 3 0 0 poor 
Peaoh 3 0 33.3 med. 
Pear 2 0 a med. 
Plum 2 0 a med. 
Cherry 2 50 50 poor 
poplar 4 0 0 poor 
Jap. quince 1 0 a poor 
Goldenbell 1 100 100 
Gooseberry 1 0 0 poor 
Currant 1 0 a med. 
Blaokberry 2 0 0 good 
Spiraea 1 0 0 med. 
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TABLE LXVI 

Non-scaley Trees Dipped in Lime Sulphur 1-9 I Tops. 

Apple 3 0 0 poor 
Peach 3 0 0 med. 
Pear 2 0 0 good 
Plum 2 0 0 good 
Cherry 2 100 100 
Poplar 4 0 0 good 
Jap. quince 1 0 100 good 
Go1denbe11 1 0 100 good 
Gooseberry 1 0 100 good 
Currant 1 0 100 fair 
Blackberry 2 50 100 poor 
Spiraea 1 0 100 med. 

TABLE LXVII 

Non-scal e1. Trees DiE12ed in Lime SulEhur 1-7. ~OE8. 

Apple 3 0 0 poor 
Peach 3 0 0 poor 
Pear 2 0 0 good 
Plum 2 0 0 good 
Cherry 2 100 100 
Poplar 4 75 75 med. 
Jap. quince 1 0 0 fair 
Go1denbel1 1 0 0 good 
Gooseberry 1 0 0 good 
Currant 1 0 100 fair 
Blackberry 2 0 0 fair 
SEiraea 1 100 100 

Resul ta with Check Trees 

Apple 8 0 0 good 
Peach 6 0 0 good 
Pear 4 0 0 good 
Plum 4 0 0 good 
Cherry 4 75 100 very poor 
poplar 7 0 0 good 
Jap. quince 2 0 0 good 
Goldenbell 1 100 100 
Gooseberry 4 0 0 good 
currant 2 0 0 good 
Blackberry 2 0 100 good 
SEiraea 1 0 100 Eoor 



Treatment 

L.S. 1-7 

L.S. 1-7 

L.S. 1-9 

L.S. 1-9 

Check 
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TABLE LXVI II 

Sumi1sry of P'oregoing 

Manner of No. plants 
dipping treated 
plant 

top 23 

t.& r. 23 

top 23 

t.& r. 23 

45 

Tables 

Per oent dead 

5/26/16 4/4/17 

21.3 30.4 

8.7 13.0 

13.0 39.1 

17.3 47.8 

8.8 11.1 

By oomparing the plants treated with those whioh 

were not treated it will be seen that the lime sulphur solu

tion used at both strengths oaused oonsiderab1e injury. 

There is not a great deal of differenoe in the strength of 

the two solutions used and some authorities olaim that lime 

sulphur used at the rate of 1 gallon lime sulphur to 9 gal

lons of water will give as good results as 1 gallon lime 

sulphur to 7 gallons of water. At the end of the first 

two months and also at the end of the first year, 8 larger 

peroentage of stook treated with the weaker, or 1-9 solu

tion, was dead, whioh seems to indicate that nursery stock 

can stand a solution of lime sulphur a little stronger than 

1-9 without any additional injury. 

Neither did the lime sulphur have any effeot up

on the roots of the plants whioh were treated, for, in only 

one oase, the 1-9 solution where both roote and tope were 

dipped, waS the peroentage ot dead plants greater than when 
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tops only were dipped. Of these plants treated with the 

1-7 solution, the percentage of dead WaS greater in the set 

treated tops only. All of the plants treated with both 

the lime sulphur and miscible oil were dipped instantaneous

ly. If the plants had been allowed to remain in the solu

tion for 5 or 10 minutes or longer there would have probably 

been 8 greater difference in the results obtained. 

The 1-9 solution gave better results in controll

ing the scale than the 1-7 solution, so taking everything 

into oonsideration it seems that just as good results could 

be obtained by using a 1-9 solution upon nursery stock for 

the control of scale, as a 1-7 solution. However. owing 

to the fact that lime sulphur may not kill all the scale 

and that considerable injury may result from its use upon 

young plants it seems advisable according to these experi

ments, to discourage lime sulphur as a dip. 

Misoible Oil First Used. 
--rI3) 

In a paper which appeared in Marseilles, France. 

in 1763, petroleum, turpentine and other oils were reoommend-

ed for killing plant lice. In this country turpentine mix-

ed with earth and water was used to destroy worms in trees 

as early as 18-35, and in 1865 kerosene was reoommended for 

destroying soale on orange trees and was suocessful1y applied 

to oleander, sago-palm, acaoia and lemon trees. The oil was 

applied by means of a feather. In June 1866 kerosene was 
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(13) 
reo ommended , in 'Gardener's Monthly, for destroying all inseot 

life. Later it was found that kerosene and other oils mix-

ed better with water if a soap was added and the material 

oould be applied with a syringe. It is not def1nitely known 

who made the first kerosene emulsion but about 1875 kerosene 

mixed with soap was first used. 

~ ~ to Present Time. 

Sinoe 1876 many different mixtures oonta1ning 

misoible oils have been reoommended for the destruotion of 

both ohewing and suoking inseots, partioularly the latter. 

Petroleum oils and soap form the baaisof many patented mis

oible oil solutions which oan be purchased on the market to-

day. The miso1ble oils kill the inseot by oontaot. The 

oil has great penetrating ability and probably kills the 

insect by prevent1ng the assimilation of oxygen in the tissue. 

The following are some of the most oommon and 

most widely used of the misoible oil inseot1oides. 

Kerosene •••.••••••••• 2 gals. 

Soap.· ••••• • ••••••••• i lb. 

water •••••••••••••••• l gal. 

Dissolve the soap in hot water, remove from fire and while 

still hot add the kerosene. The mixture is thoroughly agi-

tated for five or ten minutes or until it becomes a oreamy 

mass. Crude oil oan be substituted for the kerosene. ~or 

a dormant spray one part of the m1xture is used to five or 

seven parts of water. 



105 

Distillate Emulsion: 

Distillate (28 0 Baume) ••••••• 20 gals. 

Whale oil soap ••••••••••••••• 30 lbs. 

Water •.•.....•••............• 12 gal.s. 

Dissolve the whal.e oil soap in the water, whioh should be 

heated to the boiling pOint, add the distillate and agitate 

thoroughly while the solution is hot. For dormant use, 

add 20 gallons of water to eaoh gallon of stook emulsion. 

Method S!! Using. 

The misoible oils may be used upon all types of 

sucking insects and also upon the ohewing inseots where it 

is desirable to kill them with a oontaot spray. The best 

results are obtained by using a spraying maohine when treat

ing trees in the field, either a power or hand pump, and 

give the trees a thorough spraying. When used for soale 

insects it must be applied during the dormant season. It 

may be used as a dormant spray upon nursery stook, but more 

generally when nursery stook is treated for soale with a 

misoible oil, a tank is oonstructed, the tank filled with 

the oil at the desired strength, and the trees dipped. It 

is the general belief that the oil is not good for the roots 

of a plant and the tops only are dipped. 

Chemioal Co~osit10n of Misoible Oil. 
::::.;:.:.;;.;;;~---- - -

The alkali in the soap or other emulsifier re

acts upon the oil in suoh a way as to oause it to break up 

and become misoible in water. The oommeroial preparations 
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are presumably composed of different types of oils treated 

in different way, and are protected by United States patents. 

Results £! E!Periments ~ Miscible Oil. 

Owing to the fact that miscible oils are used 

to some extent in controlling San Jose scale upon fruit 

trees, and that in some states nurserymen are allowed to use 

it instead of hydrocyanic aoid gas upon nursery stock, an 

effort was made to determine its efficiency for oontrolling 

the scale. Some of the nurserymen who use a miscible oil 

to dip their stock say that it controls the scale just as 

well, if not better, than hydrooyanic acid gas; that it is 

not so costly, and that there is less danger of injury to 

the tree. 

Procedure. 

Also, like lime sulphur, it is non-poisonous. 

The larger nurserymen who make a practioe of 

dipping their stock usually construct a large cistern

shaped vat of concrete or use a large tank which they fill 

with the solution and in which very large trees can be dipp

ed. In this work the same trough was used as with the lime 

sulphur and in every detail the methods of prooedure were 

the same with the exception of the solution. With the first 

two sets of trees treated, 1 gallon of oil was used to 16 

gallons of water; with the third and fourth sets, 1 gallon 

of oil to 13 gallons of water was used, as is shown by the 

following table. 
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TABLE LXX 

Fruit Inseeti- Strength oondi- Length No. No. 
eide tion of sealey trees non-sealey 

of treat- trees 
tree ment 1916 1917 1916 

Apple Mis.Oi1 1-15 top inst. 10 * 3 
Mis.Oi1 1-15 t.&r. inst. 10 0 3 
Mis.Oil 1-13 top inet. 10 5 3 
Mis. Oil 1-13 t.& r. inst. 10 5 3 
Check 20 4 8 

Peach Mis.Oil 1-15 top Inet. 4 * :3 
Mis.Oi1 1-15 t~ & r. inst. 4 0 3 
Mis.Oi1 1.-13 top inst. 4 9 3 
Mis.Oi1 1-13 t.& r. inst. 4 9 3 
Check 8 6 6 

Pear MIs.oll 1-15 top Inst. 0 0 2 
Mis. Oil 1-15 t.& r. inst. 0 0 2 
Mis.Oi1 1-13 top inst. 0 0 2 
Mis. Oil 1-13 t.& r. inst. 0 0 2 
Check 0 1 4 

'Plum Mis. Oil 1-15 top inst. 0 0 2 
Mis. Oil 1-15 t.& r. inst. 0 :. 0 2 
Mis. Oil 1-13 top inst. 0 0 2 
Mis. Oil 1-13 t.& r. inst. 0 0 2 
Check 0 0 4 

Cherry Mis. Oil l-i5 top inst. 0 0 2 
LUs.Oi1 1-15 t.& r. inst. 0 0 2 
Mis. Oil 1-13 top lnst. 0 0 2 
Mis. Oil 1-13 t.& r. inet. 0 0 2 
Check 0 0 4 

'Cur- Mis.oii 1-15 top inst. 0 0 I 
rant Mis.Oil 1-15 t.& r. inst. 0 0 1 

Mis. Oil 1-13 top inst. 0 0 1 
Mis.Oil 1-13 t.& r. inst. 0 0 1 
Check 0 0 f 'Goose- Mis.oil 1-15 top inst. 0 0 

berry Mis.Oi1 1-15 t.& r. inst. 0 0 1 
Mis. Oil 1-13 top inst. 0 0 1 
Mis. Oil 1-13 t.& r. inst. 0 0 1 
Check 0 0 4 

];laek- MIs.oil 1-15 top inst. 0 0 2 
berry Mis. Oil 1-15 t.& r. inst. 0 0 2 

Mis. Oil 1-13 top inst. 0 0 2 
Mis. Oil 1-13 t.& r. lnst. 0 0 2 
Check 0 C 2 poplar Mis. all 1-15 top lnst. 0 0 4 
Mis. all 1-15 t.& r. lnst. 0 0 3 
Mis.Ol1 1-13 top lnst. 0 0 4 
Mis.Ol1 1-13 t.& r. inst. 0 , 0 3 
Check 0 0 7 

*treated for 5 mlnutes. 
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SpIraea Mis. OIl 1-15 top 1nst. 0 0 1 
Mis.Oil 1-15 t.& r. inst. 0 0 1 
Mis.Oi1 1-13 top inst. 0 0 1 
Mis.Oi1 1-13 t.& r. inst. 0 0 1 
Check 0 0 1 

Jap. MIs.oIl 1-15 top Inst. 0 0 1 
quince Mis.Oil 1-15 t.& r. inst. 0 0 2 

Mis.Oi1 1-13 top inst. 0 0 1 
Mis.Oi1 1-13 t.& r. inst. 0 0 2 
Check 0 0 2 

'Golden- MIs.oII 1-15 top lnet. 0 0 1 
bell Mis.Oi1 1-15 t.& r. inst. 0 0 1 

Mis.Oil 1-13 top inst. 0 0 1 
Mis.Oil 1-13 t.& r. inst. 0 0 1 
Check 0 0 1 

Effect of Miscible Oil Upon San Jose Scale ~ Apple. 

The ~ollowing ,table shows the results obtained br 

using miscible oil upon San Jose scale on apple trees, at the 

strength of 1 gallon to 16 gallons of water, and 1 gallon to 

13 gallons o~ water. 

TABLE LXXI 

Date Insecticide Condi- Length No. % % 
tion of treat- scale dead trees dead 
of treat- ed 1916 1916 191'1 

trees ment 5L14--5L25 5L26 4L4 

Mar.21 Mis.Oil 1-15 top inst. 10 100 10 60 

Mis.Oil 1-15 t.& r. inet. 10 100 0 40 

Mis.Oil 1-13 top inet. 10 100 10 50 

' Mis. Oil 1-13 t.& r. inet. 10 100 20 50 

Check 20 3S.9 0 60 

Eaoh tree Was very oareful1y examined and no live 

Bcale whatever could be found, and the control seemed to be 

complete. 
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TABLE LXXII 

Effect on Apples Treated in 1917 

Date Inseoticide Condi- Length No. % 
tion of treated soale dead 
of treat-

trees ment 4/20/17 

Apr.9 Mis.Oi1 1-12 top 5 min. 5 100 

Mis.Oil 1-12 t.& r. 5 min. 5 100 

Check 4: 75 

No live soale could be found when examined. 

TABLE LXXIII 

Effect UEon San Joee Soale on Peaches 1916 

Date Insect1c1de Condi- Length No. % % 
tion of treat- soale dead trees dead 
of treat- ed 1916 1916 1917 

trees ment 5Ll4:--5L25 5L26 4:L4 

Mar.21 Mis.011 1-15 top 1nst. 4 100 0 0 

M1s.011 1-15 t.& r. 1nst. 4 100 37.5 37.5 

Mis.Oi1 1-12 top inet. 4: 99.3 25 25 

Mis.Oil 1-12 t.& r. inst. 4: 100· . 12.5 12.5 

Check 8 100 25 62.5 

All of the above treatments proved effective with 

the exception of one, the 1-12, tops only, and the oontro1 in 

this case was 99.3 per cent. 

infest the tree. 

However, this is enough to re-
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TABLE LXXIV 

Effect Upon San Jose Scale on Peaches 1917 

Date Insecticide Condi- Length No. % 
tion of treated scale dead 
of treat-

trees ment 4/20/17 

Apr.9 Mis.Oil 1-12 top 5 min. 9 100 

Mis. Oil 1-12 t.& r. 5 min. 9 100 

Check 6 50 

No live scale could be found. 

Effect of Miscible Oil upon .!h.! Plants. 

In order the determine the effect of miscible 

oil on some of the more common nursery plants, the follow

ing experiments were performed, the same as with the lime 

sulphur. 

TABLE LXXV 

Effeot uEon AEEle 

Date Inseotioide Condi- No. Length Condi-
tion treat- of % dead tion 
of ed treat- 1916 1917 of 

1916 trees ment 5L26 4L4 E!:owth 

Mar. 21 Mis.Oil 1-16 top 3 inst. 0 0 good 

Mis.Oil 1-15 t.& r. 3 inst. 0 66.6 good 

Mis.Oil 1-12 top 3 inst. 0 0 good 

Mis.Oil 1-12 t.& r. 3 inst. 0 0 good 

Check ttQod 

The only dead trees at the end of a year were 

66.6 per oent of those treated both top and root with the 

1-16 strength. 



111 

TABLE LXXVI 

Effect upon Peach 

Date Inseotioide Condi-
tion 
of 

trees 

Mar.Zl Mis.Oll 1-15 top 

Mis.Oil 1-15 t.& r. 
Mis. Oil 1-12 top 

Mis. Oil 1-12 t.& r. 

Check 

No. Length 
treated o~ 

3 

3 

6 

treat
ment 

lnst. 

1nst. 
inst. 

inst. 

~ dead 

1916 1917 
5/26 4/4 

Condi
tion 
of 

growth 

. O. 0 good 

33.3 100 poor 
o 0 good 

33.3 33.3 med. 

o o good 

Those trees dipped tops only did not suffer; the 

ones dipped both top and roots suffered heavily, as the table 

shows. 

TABLE LXXVII 

Effect upon Pear 

Mar.Zl Mis.Oil 1-15 top 

M1s.0il 1-15 t.& r. 

Mis.Oi1 1-12 top 

Mis.Oil 1-12 t.& r. 

Cheok 

2 

2 

2 

4 

inst. 

lnst. 

inst. 

1nst. 

o 

o 
o 
o 

o 

o fair 

o fair 

o good 

o good 

o good 

None of the pears were 1njured at all by the mis

oible oil on either tops or roots. 
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TABLE LXXVIII 

Effect uEon Plum 

Date Insecticide Condi- No. Length dj, dead Condi-
tion treated of tion 
of treat- 1916 1917 of 

trees ment 6L26 4L4,S!owth 

Mar. 21 !Us.Oi1 1-15 top 2 inet. 0 0 good 

Mis. Oil 1-15 t.& r. 2 inst. 0 0 good 

Mis. Oil 1-12 top 2 inst. 0 0 good 

Mis. Oil 1-12 t.& r. 2 inst. 0 0 poor 

Check 4 0 0 good 

None of the plum trees were injured. 

TABLE LXXIX 

Effeot uEon cherrl 

Mar.21 Mis. Oil 1-15 top 2 inst. 50 100 very 
poor 

Mis. Oil 1-15 t.& r. 2 inst. 50 100 very 
poor 

Mis.Oi1 1-12 top 2 inet. 50 50 good 

Mis. Oil 1-12 t.& r. 2 inst. 100 100 

Check 4 76 100 very 
Eoor 

As in ·al1 other cases, most of the cherries were 

dead. 

TABLE LXXX 

Effect uEon POElar 

Mar.21 Mis. Oil 1-15 top 4 inst. 0 25 good 

Mis.Oi1 1-15 t.& r. 4 inst. 0 0 good 

Mis. Oil 1-12 top 3 inst. 0 100 good 

Mis.Oi1 1-12 t.& r. 3 inst. 0 Q med. 

Check 7 0 0 good 
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None were dead at the end of the f1rst month. 

At the end of a year several of those treated tops only, 

were dead. 

TABLE LXXXI 

Effect upon Japanese Qu1nce 

Date Insect1c1de Cond1- No. Length % dead Cond1-
t10n treated of t10n 

0"£ treat- 1916 1917 0"£ 
trees ment 5L26 4L4 ~o1fth 

Mar.21 Mis.011 1-15 top 1 lnst. 0 0 good 

M1s.011 1-15 t.8c r. 1 1nst. 0 0 fa1r 

M1s.011 1-12 top 2 1nst. 0 0 good 

M1s.011 1-12 t.& r. 2 1nst. 50 100 poor 

Check 2 0 0 sood 

The plants treated 1-12, both top and root, were 

dead at the end 0"£ a year; the rest were 11v1ng. 

TABLE LXXXII 

Effect upon Go1denbe11 

Mar.21 M1s.011 1-15 top 1 1nst. 0 0 good 

M1s.0l1 1-15 t.& r. 1 1nst. 0 0 fa1r 

M1s.011 1-12 top 1 1nst. 0 0 good 

llis.011 1-12 t.& r. 1 1nst. 0 0 poor 

Check 1 100 100 

None were injured by the m1so1b1e 011. The 

oheok plant d1ed. 
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TABLE LXXXIII 

Effect uEon Gooseberrz 

Date Insectioide Condi- No. Length % dead Condi-
tion treated of tion 
of treat- 1916 1917 of 

trees ment 5L26 4L4 S!:owth 

Mar. 21 Mis.Oi1 1-15 top 1 inst. 0 0 good 

Mis.Oi1 1-15 t.& r. 1 inst. 0 0 good 

Mis.Oi1 1-12 top 1 inst. 100 100 good 

Mis.Oil 1-12 t.& r. 1 inst. 100 100 

Check 4 fair 

All of the plants treated at the rate of 1-12 

were dead at the end of the first month. 

with the weaker solution lived. 

TABLE LXXXIV 

Effect upon Currant 

Mar.21 Mis.Oi1 1-15 top 1 inst. 

Mis.Oi1 1-15 t.& r. 1 inst. 

Mis.Oil 1-12 top 1 inst. 

Mis.Oi1 1-12 t.& r. 1 inst. 

Check 2 

Those treated 

100 100 fair 

0 100 med. 

100 100 

0 100 med. 

0 0 good 

All of the currants treated tops only. died the 

first month. After ayear all were dead. 
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TABLE LXXXV 

Effect uEon B1ackberrz 

Date Inseoticide Condi- No. Length % dead Condi-
t10n treated of tion 
of treat- 1916 1917 of 

trees ment 5L26 4L4 growth 

Mar. 21 Mis.Oi1 1-15 top 2 inst. a 100 good 

Mis.Oi1 1-15 t.& r. 2 inst. 0 100 good 

Mis.Oi1 1-12 top 2 inst. 0 100 good 

Mis. Oil 1-12 t.& r. 2 inst. 50 100 med. 

Check 2 a 100 800d 

One of the trees treated with the stronger solu-

tlon was dead at the end of a month. At the end of a year 

all were dead, checks inoluded. 

TABLE LXXXVI 

Effect upon SEiraea Vanhouttei 

Mar. 21 M1s.0il 1-15 top 1 inst. a 0 good 

Mis.Oil 1-15 t.l: r. 1 lnst. a 0 good 

Mis.Oll 1-12 top 1 lnst. 0 0 fair 

Mis.Oi1 1-12 t.& r. 1 lnst. 0 0 good 

Check 1 0 100 Eoor 

None of the Splraea plants dled except the check. 

The following tables show a comparison of the 

miscible oil used at different strengths, and also show the 

results obtained by dipping tops only, and both tops and roots. 
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TABLE LXXXVII 

Non-soalez Trees,DiEEed.ToEs & Roots.in Misoible Oil 1-15 

Kind of Tree No.of % % Condi-
trees trees dead trees dead tion of 

SL26L16 4L4L17 8'!owth 

Apple 3 0 66.6 good 
Peaoh 3 13.3 100 poor 
Pear 2 0 0 med. 
Plum 2 0 0 good 
Cherry 2 50 100 good 
poplar 4 0 0 good 
Japanese quinoe 1 0 0 good 
Go1denbell 1 0 0 good 
Gooseberry 1 100 100 
Currant 1 0 100 med. 
Blaokberry 2 0 100 good 
S:eiraea 1 0 0 sood 

TABLE LXXXVIII 

Non-soalez Trees Di]2]2ed.To]2s & Roots.in Misoible Oil 1-12 

Apple 3 0 0 med. 
Peaoh 3 33.3 33.3 med. 
Pear 2 0 0 good 
Plum 2 0 0 good 
Cherry 2 100 100 poor 
Poplar 3 0 0 med. 
Japanese quinoe 1 50 100 med. 
Go1denbell 1 0 0 good 
Gooseberry 1 100 100 med. 
Current 1 0 100 med. 
Blaokberry 2 50 100 med. 
SEiraea 1 0 0 good 

TABLE LXXXIX 

Non-soalez Trees DiEl!ed. TOEs Onll. in Misoible Oil 1-16 

Apple 3 0 0 good 
Peaoh 3 0 0 good 
Pear 2 0 0 med. 
Plum 2 0 0 good 
Cherry 2 50 100 very poor 
Poplar 4 0 25 good 
J apane se quinoe 1 0 0 good 
Go1denbell 1 0 0 good 
Gooseberry 1 0 0 good 
Currant 1 100 100 med. 
Blaokberry 2 0 100 good 
S;Eiraea 1 0 0 6:ood 
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TABLE XC 

Non-scalez Trees DiEEed l TOEs OnlZ I in Miscible Oil 1-12 

Apple 3 0 0 good 
Peach 3 0 0 good 
Pear 2 0 0 good 
Plum 2 0 0 good 
Cherry 2 60 60 good 
popl.ar 3 0 100 gOOd 
Japanese quince 1 0 0 good 
Go1denbe11 1 0 0 poor 
Gooseberry 1 0 0 good 
Currant 1 100 100 
B1aokberry 2 0 100 good 
Spiraea 1 0 0 med. 

Results with Check Trees 

Apple 8 0 0 good 
Peaoh 6 0 0 good 
Pear 4 0 0 good 
Plum 4 0 0 good 
Cherry 4 75 100 very poor 
Poplar 7 0 0 good 
Japaneee quinoe 2 0 0 good 
Goldenbell 1 100 100 
Gooseberry 4 0 0 good 
currant 2 0 0 good 
Blackberry 2 0 100 good 
SEiraea 1 0 100 Eoor 

TABLE XCI 

Swnmarl of Fore~oi~ Tables 

Treatment Condition No. Per oent Dead 
of trees 

trees treated 5L26L16 4L4L17 

Mis.Oil 1-16 tops 23 8.6 26.0 

Mis.Oi1 1-15 tops & roots 23 13.0 47.8 

Mis. Oil 1-12 tops 23 8.6 30.4 

Mis.Oi1 1-12 tops & roots 23 26.0 39.1 

Check 45 8.8 11.1 
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The foregoing tables show that misoible oil 

does not injure nursery stook to any great extent; however, 

as oompared with the check, some injury results from its 

use. The summary table shows that the plants probably 

require some time before the injury shows up to any great 

extent. At the end of the first two months, the per cent 

of dead plants was not so great where the tops only were 

treated, as in the case of the ohecks. At the end of a 

year, however, there was about three times as many of the 

plants which were treated tops only, dead, as in the case 

of the oheok. Those plants whioh were dipped both tops 

and roots showed a very much higher percentage of death 

than those dipped tops only. So it seems very evident 

that it is not adVisable to dip the roots of plants in 

misoible oil. In the oase of the fruit trees the injury 

was very slight, but the more tender shrubs and ornamentals 

were severely injured. 

In comparing the two strengths of misoible oil 

used, the 1 gallon to 12 gallons of water, caused a much 

greater percentage of injury than the weaker strength of 

1 gallon of the oil to 15 gallons of water. 

As to the control of San Jose soale, the mis

cible 011 gave excellent results. Both strengths con

trolled the scale upon the apple. Upon the peaoh the re

sults were as good with the exception of those trees treat

ed, tops only, with the 1-12 strength and in this case 99.3 
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per cent of the scale was killed. 

Taken as a whole, the miscible oil injured the 

plants less and controlled the San Jose scale better than 

any of the other materials used. 
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SUMMARY 

First. HYdrooyanic aoid gas did not oomplete-

ly control the San Jose scale. However, the gas used at a 

strength of 1-1-3 gave better results than the weaker 

strength of t-t-lt. 

Seoond. HYdrooyanio aoid gas was more effeot-

ive when used upon dry plants than upon wet. A larger per-

oentage of the soale Was killed. 

Third. Both strengths of the hydrocyanic acid 

gas caused more or less injury to the plants. The 1-1-3 

strength caused a little more injury than the i-i-l-!. 

Fourth. 

severe injury. 

Fifth. 

The plants treated dry showed the most 

The 1-1-3 formula should always be used 

in fumigating nursery stock, and the stock should be dry. 

There may be greater danger of injury to the plants, but the 

scale will be more completely controlled, and this is the 

most important faotor. 

Sixth. Carbon bisulphide did not control the 

scale and it caused a very high percentage of injury. Its 

use as a fUmigating material for the control of San Jose 

scale on nursery stock should be discouraged. 

Seventh. Lime sulphur used at 1-9 and 1-7 

strengths gave fairly good results in controlling the scale. 
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The 1-9 solution gave perfect results on apples, peaches 

and plums. 

Eighth. The lime sulphur dips injured the 

plants to some extent. The plants dipped both tops and 

roots showed no more injury than those dipped tops only. 

Ninth. The miscible oil gave the best results. 

100 per cent of the scale being controlled in every case 

but one, and in this case the oontrol exoeeded 99 per cent. 

Tenth. Miscible oil caused some injury to the 

plants. Those dipped tops and roots were injured most. 

When treating nursery stock with miscible oil the roots 

should not be dipped. 

Eleventh. Neither of the materials used com-

p1ete1y controlled the San Jose scale. 

Twelfth. All scale infested nursery stock 

should be burned or destroyed in some other way. 
Thirteenth. Nursery stock which has been sub

jected to infestation, but is not infested should be treat

ed before being placed on the market. 

Fourteenth. The best results should be ex

pected by treating the stock with hydrocyanio acid gas 1-1-3. 

or with miscible oil at the strength of 1-12 or 1-15, tops 

only. 
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