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Introduction

The wood oreosote used in this test was supplied by the
Tennessee Eastman Corporation. Very little is kmown about the
fungiocidal and insecticidal value of wood creosote as only a
limited amount of work has been dome in this fleld.

Tar oils have already been proved to be efficient in
controlling apple aphis eggs during the dormant seasomn, and
have also been used extensively as a wood preservative.

Wood oreosote also has great penetrative properties and
has been effectively used as a means of protection against ter-
mites, The purpose of this project is to extend our knowledge

of this material in the fungicidal and insecticidal fleld.
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Historical

The amount of work that has been done with wood oreosote as a
means of control for insects and diseases is very limited. iherefores,
the writer shall confine the majority of his historical information
to tar oils, which are somewhat similar to wod oils in regard to
toxioity.

Winslow (8) in his book on Commercial Creosotes states that
wood tar is produced in a manner somewhat similar to that in which
the by-product coal tar is formed. Wood is destructively distilled
in retorts, and charcoal is produced, together with gas and a liquid
distillate which consists largely of pyroligneous acid and a produot
called ocrude tar. 7The tar and acid are separated by settling and by
furthes distillation. Wood tars are different from ocoal tars amd
contain less hydrocarbons.

According to Hurt (3) tar distillate sprays had their origin
in Germany, but the first commercial tar oils came into England from
Holland in about 1922, This was a Dutch preparation called Carbo-
krimp. Since the intrmoduction of tar oll distillates a great many
of them have been developed in England ani are now in use in that
country.

In 1931 Hurt made several applications of tar oils to apple
trees for the control of aphis in the egg stage. He compared com-
mercial tar oll spray known as"Barko” with differemt concentrations
of a loocal tar emulsion made with redistilled tar oil distillate.
Two concentrations of stock emulsion were made; namely, a 77 per
cent stock anl a 68 per cent stock. His results show that where 7

gallons of tar olil was used in each 100 gallons of sprgy solution
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of the 68 per cent stock, only l.5 per cent of the apples were af-
fected by the aphis. VWhere 5 galloms of Barko was used in each 100
gallons of spray solution l.4 per cent of the apples were infested
by aphis. On the plots where 5 gallons of tar oil amulsion from the
77 per cemt stock was applied 9.5 per cemt ot' the apples were dame
aged by aphis.

Hough (4) in 1931 after investigating the killing properties
of thr brought out some very interesting facts where he used 10 gal-
lons of tar oll in each 100 gallons of sprgy solution, 79 per cent
control was obtained against San Jose Scale. Tar distillate "Ovicide.”
used at the rate of 10 gallons in each 100 gallons of sprsy solution
secured 99 per cent control for the same insect. Strengths below the
amount mentioned gave less control. For scurfy scale where 10 gal-
lons of tar distillate Barko was used in each 100 gallons of spray
solution resulted in 97 per cent of the scales being killed. WVith
6 2/3 gallons of tar oil distillate enulsion in each 100 gallons of
spray solution, 100 per ceat of the sclution, 100 per cent of the
scales were destroyed.

Vorkers in the New York Agrioultural Experiment Station (2)
iméstigatod a number of brands of tar washes and home made emulsions
0of American creosote as regards to their constitution, effects on in-
sects and toxicity to trees. At proper di lutions these emulsions were
effective against rosy aphis, cyster shell scale, San Jose scale and

Pear psylla. Tar oil emmlsion used at 10 per ocent against rosy sphis

gave 90 per cemt control. Against San Jose scale tar oils gave as

good results as lime sulphur when used at 10 per cent. Barko used at
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7% per cent gave good control of oyster shell scale. Leafroller,
plum curculio, spple seed chalcid were not controlled by any of the
tar oils used. Mixtures of over 8 per cemt were quite destructive
to swelling buds. Mixtures of Jeas than 8 per ceant tar oils varied
in destructiveness to buds according to dillution and variety of
apple, but in no instance was the damage severe as regard to the

set of fruit.
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Disoussion of Materials and the Methods used in the

- Preparation of Wood Creosote

The oils used in the mamfacture of wood oreosote are formed
during the destructive distillation of hardwoods. The main hardwoods
used are the oaks, beech, birsch, and maple. There are a considerable
number of other hardwood trees growing that could be used but the
ones mentioned above are principally employed. The materials used
in this experiment both base oil and emulsions were as followa;

A. Base oil, Base oil A and B - unemulsified.

B. TEC spray oil Numbers 52, 524, 115, 117 and 123 -

emulsitied.

C. 7TEC termi A and TEC oil No. 5.

D, Heavy wood o0il - for banding purposes.

E. Vood oreosote oll Number 35.

All the emlsions used in this project were emlsified by the

mamafacturer.

Process employed in the destructive distillation of woods:
Hardwood Distillation (1)

Most of the hardwood distillation factories now employ
similar plants and carry on their processes adcordlng to similarx
operations. Vely likely mo two factories condusct all their operations

in the same way. However, in modt cases the end products are calcium
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acetate, wood alcohol, charcozl, and wood tar oils. The calcium
acetate is known as "grey acetate of lime" or "brown acetate of
lime" according as the pyroligneous acid from which it is teken is
somewhat free from tar, <1he grey acetate is much the purer of the
two. The wood alcohel is a mlihzre consisting of methyl al&ohol,
acetone and weter, vith very small amounts of aldehydes, ketones,
and other impurities.

In Figpre 1 a flow sheet for the modern hardwood distil-
lation fectorks is showms This flow sheet is used mainly by
those plants producing charcoal, pyroligneous acid, and wood oils.
The wood after being delivered to the fastory is stacked for sea-
soning, After it has thoroughly seasoned, the wood is placed in-
to the ratort. The distillation heat is obtained from a furnace,

using coal, coke or wood.
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Trees in forest

Cutting, forest seasoning (cordwyod)

I:'::ﬁ'amhzfoim. Stacking in factery atmofghoro
Wood carriages
Weighbridge
Puel =% RETORT e clo ratort fornaos ol
[ < ->-
Charcoal Vapours and gases
Coolers Condensers
Charcoal shed
Soreening, bagging Crude pyroligneous liguor (!ms'l
Settling vats Water » Sorubber
Crude pyroligTous acid Settled tar Serubber Gnlu
Primary still ‘ ‘liquol g
l |
Pyroligneous acid Dissolved tar

Settling vats

Pyroligneous acid Vood oil

Water _, Wash vat

Wood olls Wash ligquor

Figure l,—Flow sheet for hardwod distillation.




The gases and vapors that are seocured from the decomposition

of the wood pass through watercooled condensers, where the va-
pors are condensed to orude pyroligmeous liquor, which runs

into large wooden vats, where it is allowed to settle. Tlhe un-
condensible gases leave the condenser and are sorubbed to remove
vapors of acetic ascid, methyl aloohol, and acetone whioh have
eacaped from the condenser. The gases are usually burnt in the
retort furnace, being by-passed into the air if not required.
When the material has settled, the crude pyroligneous liguor has
deposited a layer of tar and olls; most of these are drawnm off
after settling to the bottom. The pyroligneous acid now free
from settled tar is distilled. Many types of plants are used for
this operation, the main object of which is to remove dissolved
tar. The distilled liquor is now nearly free from any form of
tar, but on further settling allows the oils to be separated off.
The oils and tar often contain slight amounts of acetioc acid and
methyl alcohol. The tar 1s subjected to steam distillationm and
the oils are washed with water. The distillate from the former
and the washings from the latter are then added to the settled
liquors. The wood oils are worked up separately or added to the
tar when the latter is worked up for the mamufacture of oils,
orude wood oreosote, heavy wood oils and pitch. On completing
the distillation of the wood, the retort is opened and the char-

coal left in the cars 1s run into the coolers, where it is al-

lowed to cool before being stored.



Figure 1 shows two kinds of tar produced by the distructive
distillation of wod; namely, (1) settled tar and (2) dissolved
tar. As wood creosote is only made from settled tar, the writer
shall confine his discussions to this one type of tar.

Settled tar is usually subjected to a process of distilla-
tion for the manmufacture of wood oils, wood areosote, pitch, and
for the recovery of acetic acid and methyl alcohol. No two fac-
tories follow the same plan and there are not any set rules and
regulations for the mamufacture of these materials., Some fao-
torles only produce crude creosote, while others recover only the

acetic acid.
The Produstion of Wood Creosote (1)

When a good quality creosote is desired only the heavy oils,
especially those that are collected between 190 and 240°, are em-
ployed. A dilute solution of caustic soda 1s given the oil; as a
tirst treatment in a container provided with an agetator, as it
is very important to produce through stirring during the process
of solution of the phemols. When allowed to stand, a layer of
neutral oils separates out on the surface of the alkaline solution.
These oils are poured off and the alkaline solution is subjected
to a steam distillation to take away any oils that are left, air
‘being passed through the boiling alkaline liquor in order to re-
move impurities. When the distillate is free from oil, distilla-

tion 1s stopped, the liquor is allowed to cool and is neutralized



with di lute sulfuric acid, The phenols are given off in the form
of an oil. 7The oil is whshed with water and distilled until only
a tarry residue is left in the still. ihe entire operation just
described 1s reneated twice more. The final o0ll obtained is then
fractionally distilled from a copper still, provided with a short
eopper plate column ani reflux condenser. There are three frac-
tions taken; namely, up to 200°, 200-220°, and 220° upwards. The
200°-220° fraction 1s a partially refined creosote.

Collecting between nurrower temperatures ranges givea a
more distinet separation of the individusl phenols. The best
grades of creosote give a large fraction distilling between 200
and 210°, Hawley suggests on partial solution of the phemolis with
cauatic soda in order to obtain a high quality creosote. There-
fore, 400 parts by volume of heavy oils are treated wi th 500 parts
of caustic soda solution of specific 1l.06, this amount bdeing = le
to dissolve about two-fifths of the total phemols pmresent. This
beio the case about 270 parts of oll remain undissolved. 4he
alkaline liquor is distilled and air dblown. The distillation is
conti med until 250 parts of distillate are obtained, which con-
tains apout 10 parts neutral oil. After neutralization, the resi-
due ylelds zbout 90 parts of oll, which is washed with an equal
volume of water and then redistilled. The distillate is again
treated wi th 2 sufficient amount of caustic soda to dissolve all

the phenols, which is about 280 parts. The same operations are

then repeated and this is followed by a third complete treatment.

The first distillation should have a maxilrum temperature of about



-1l

235%; in the second 230°, and in the third 220°.

Characteristics of the Wood Oils

Chemically they are a complex mixture of phenals, cresals,
gualiacols, xylenols and ethers of pyrogallol. In their crude form
they are brownish black in color and have a characteristic, burnt
phenalic odor. At 15.,6% C the specific gravity varies between
1,060 and 1.090. (6).

Toxicity ~ poisonous if taken internally but no hirmful effects
will result by handling the oila.
Moisture Content - Free from water.
Miscibility - Miscible with alcohol and ether but immiscible
with water.
Viscosity - 120 seconds at 100° F.

Caustic solubility (indiocates phemol content) 46.60%

Chemical Compounds associated with Vood

Creosote are Listed Below

Alcohols.—Isoamyl and isobutyl alcohol.

Fhenols and derivatives.--FPhenol, ortho cresol, meta cre-

s0l, para cresol, 1:3:4 xylenol, 1:3:5 xylemol, guaiacol, cresol,
ethyl gualacol, propyl guaiacol, dimethyl guaiacol, catechol,
methyl catechol dimethyl ether, pyrogallol dimethyl ether, methyl

ryrogallel dimethyl ether amd propyl pyrogallol dimetihyl other.
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Aldehydeg.—Propaldehyde and valeraldehyde.

Ketones.~lethyl N-propyl, methyl N-butyl Ketone, diethyl
Ketone, cyclopentamone, cyslohexanone, amd methyl cycloheptanone,

Agidse—Palmitic, oleic, sbletic, arachidic and ligmocerioc.

Bases.——Beta-methyl pyridine and dimethyl pyridine.

Bydrocarbons.--Benzine toluene, mota-xylene, cumene, oymene,
and retene.

Parnags.—furan, 1 methyl furan, 2 methyl furan, dimethyl

furan and trl methyl furan.

Experiments with Wood 0il

Base 01l Applications on Apple Irees

Base oll or arude wood creosote is a very strong unemmlsi-
tied liquide 1In order to deteymine 1tas effects on the functlons
of spple trees several applications were made while the trees were
in their rest period. |

This material was sprayed on six apple trees at full
strength during the dormant sesason in order to determmine whether
or not it is harmful to the tree tissues. It was applied by means
of a compressed air sprayer. Observations mide several days after
the trees were spraoyed indicated some burning where only the trunks
were treated. iHowever, where the entire tree was givem an appli-
cation of base oil, more pronounced results were noted. A large
majority of the buds were killled and the wood tissues were slight-

ly injured. The rest period of the tree was prolonged, conse-



quently causing dlooming to be greatly retarded with those buds
.that were mot actually killed. ‘“he following tabulated facts show
the effects of base oil on apple trees when examined microscoplcale
ly.
Tregted.—1, Coloring matter absent,
2, Canmdbium slightly browned.
3e Pith rgys and plth somewhat discolored.
4, Phloem slightly colored.
5. Little or no change in starch content.
Untreated.~-1l.  Collenschyma contains reddish coloring matter.
2. OJamblum 1ight healthy colored.
3. Pith rays and pith mitural (unchanged).
4. Phloem normal color (not browned).

5. Starch storage unchanged.
Base N1l Applications on Peach irees

The same investigations were carried out with peach as with
apple trees, All the applications were mcde with full strengih oil
while the plant was in complete dommanoy. The conclusions with the
peach show even more marked results than does the apple. <ihe buds
of the peaches were practically 1007 killed and the wood tissue
severely injured. This particular oil seems te have great pene-
trative power and when 2ppliec to & tree goes irmediately into the
tissue. 4 microscopic examination of the wood resulted in the fol-

lowing observations:
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Treateds—1le No ocoloring matter presemt.
2. Cambium browned.
3. Pith rays, pith and phloem browned.
4, Starch stormge same,
Untreated.-—1. Cnllenchyma contains reddish coloring matter.
2. QCarbium 1light healthy colored.
3. Pith and pith rgys unchanged.

4, Phloem and starch storage normal,

Figure 2.-Showing injury caused by full strength base oil
when applied to peach trees during the dormant season. Showing
contrast between a sprayed 2nd unsprayed peach twig.



dhese two comparisons between the sprayed and umsprayed trees
olearly indicate that base oll has more injurious effeots on the
funotions of tree tissue on the peach tham it does on the apple.
The very few buds that survived the base oil treatment came out h
an exceedingly weakened condition. 41he blooming period of these

buds was greatiy retarded.

Greosote Emulsion on aphis kggs Sprayed in the

Laboratory

Apple twigs oontaining aphis eggs were collected in the
college orchard, taken to the laboratory, and prepared to spray.
After the eggs were gathered,they were carefully examined with
the aid of binoculars anmd all injured or dead eggs were removed.
“he twigs were then out into lengths of about three or four in-
ches and fastened on cardboard by means of pins. Each board when
filled had approximately ten twigs. The eggs were then sprayed
with different strengths of creosote and other standard materials
used for the control of apple aphis eggs. After the spraying was
oompleted the twigs containing the eggs were placed in the in-
sectary to awaitv hatching., ‘hree difterent lots of egges were
sprayed at three different times. When hatching was completed
the twigs were brought into the laboratory ami each twig was oare-
fully examined to determine the number of eggs deaa, living and
hatching. 41l the eggs were oollected at apout the same time dut
were sprayed at different intervals. 1able 1 shows the results

of the first lot of aphis eggs sprayed.
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lable le—ioculls of first lot of aphis eggs sprayed at
Blaocksburg, Virginia. 1933.

Spray Used : go. egas r' Ilt'». i?gl s #0f eggs
scoprayed 3 Hatohine : Hatching
Tarpline 5.5 108 8 7.4
0il 3%, Cresylic acid &7 111 33 29,7
Lime Sulphur 1-8 121 2 1,5
Niocotine 1-800
2% Creosote 108 13 12.0
5% Creosote 124 7 5.6
8/ Creosote 212 2 0.94
12% Creosote 218 6 2.7
Check 203 95 46.7

Both § and & per cent creosote emulsion gave foirly good
controls Vith 5 per cent we notice 5.6 per ocent of the eggs
treated haiched. the egge sprayed with 8 per cent had a much
lower Latohing percentuge which was only 0.94 per cent. These
two strengths proved tn be the most effective of the crecsotes
useds <he 2 per cant twigs had a rather high hatching percent-
age In 12 per cent. Of the other materials used only lime sul-
pmar 1-8 combimed with micotine 1-800 gave satisfactory results.
{his cowbination had 2 hatching per cent of only 1.5. 01l 3%

and oresylic acid 37 gave the noorest results of the standard ma.

terials used by allowing 29,7 per cent of the ezgs to hatch.
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Table 2.-~Results of second lot of aphis eggs sprayed at
Blacksburg, Virginia, 1933,

: Sprayed Februery 11
Spray Used : No. eggs : No. eggs : % :: oges

Taroline 136 6 4,4
0il 3%, Oresylic acid % 134 38 28.3
Lime sulphur 1-8 112 4 345
Nicotine 1-800

2/ Greosote 106 10 9.4
5% Greosote 159 10 6.2
84 Greosote | 139 3 2.1
12% Greosote 118 6 4.2
Emiso 4354, Base oil 3/ 111 16 14.4
Cheok 9% 59 61l.4

In Table 2 the results of the second lot nf aphis eggs are
given. These eggs that were sprayed on the 23rd of February,
showed thaf 8 per cent was the best nf the creosntes useds The
other creosote sprays, as the tsble shawﬁ, falled to effectively
control the hatching of aphis eggs, Of the other materials ap~
plied, lime sulphur and nicotine used at the same strength as in
Table 1 again proved %o bde very sffective, Taroline used at 5
per cent was not far behind, getting about 96 per cemt control,
while with lime sulphur amd nicotine only 3.5 per cent of the eggs

hatoched. In this lot of ezgs 4} per cent emulso, a summer oil,



was combined with baio 0il with the result that 14.4 per cent of
the egzs sprayed hatohed.

The third and last lot of aphis eges were saprayed on March
23. In this application 8 per cent oreosote azain proved to be
very good, for only 1 per cent of the egzs hatohed., Table 3 shows
that lime sulphur 1-8 and nicotine 1-800 were effective as no eggs
hatohed. Emulso 4% and Base o0il 37/ were again combined in this
lot with practiocally the same number of eggs hatohing as in the
same spray of the second lot. A combination of 4% per cent emlso
and 37 oresylic acid was applied and resulted in only 1.6 per cenmt
of eggs hatohing. Cresylic acid has often been used as insecticide
for the control of aphis eggs duringz the dormant season. @(ood re-
sults were obtained by ita combination with emlso. The checks
of all three of the lots were handled in the same manner as the

other eggs except they were mot sprayed.

. Table 3.—~—Results of third lot of aphis egos sprayed at
Blacksburg, Virginia, 1933.

——Sprayed March S

4
Spray Used : Ho. eegs : No. ezas : % of egge

iz Spraved 3 Hatohing 3 Hatohinsg
Taroline 51 0 0.0
011 34, Cresylic acid %% 82 17 20.7
Lime sulphux 1-8 71 0 0.0
Hicotine 1-800
2% Sreosote 85 18 - 2140
5% Creosote 64 3 4.6
8% Greosote 96 1 1.0
12% Creosote 76 3 3.9
Bmlso 4:4,Base oil 35 110 16 14,5
Emlso 4274, Cresylic acid 65 1 1.5

%7

Check 8l 45 55.0




Effects of Creosote Emilsion on Oyster Shell

Soale,

Pirat application.—Some willow trees very heavily loaded
with oyntoi shell scale were sprayed on two different datss. Table
4 shows the results of the first application which was made on Jan-
uary 30, The twigs that were sprayed were so heavily infested that
an accurate sount was madoy practically impossible, therefore, only
an estimate could be made. Three different strengths of creosote
emlsjion, along with lime sulphur 1-8, nicotine 1-800 and oil 3
per cent and oresylic acid % per cent were used.

With 2 per cent creosote a majority of the scales were alive.
On the 8 per cent trees most of the scales hatohed and the larva
escaped. With 12 per cent oreosote most of the scales were dead
with some few living., The nicotine and lime sulphur combinations
proved very ineffective, for practically all the scales were alive
and healthy when examinei. Cresylic acid and oil allowed the

scales %o hatch and consequently the larva escaped.

Table 4.-—-Result of one lot of oyster shell scale sprayed
at Blacksburg, Virginia. 123,

Late spraveda SLIay usgy 3 desul ts
sipuary 30 Nicotine 1-30U .nd lime alive
sulphur 1-8
0Ll 3,y uXesyiic acid Fu datohei, larve essaped
2% Creosote emulsion Alive
8 Oreosote ewulsion Batohed, larva escaped.

124 Creosote emmlsion Mostly dead, some alive
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S a cation.~iable 5 gives the results of the second
apraying for oyster shell scale. daroline 5 per cent, and 7EC spray
0il 52 were used in the place of oresylic acid and creosote emlsion
respectively. |

ihe results show that with 2 per oent iEC oil most of the in-
sects hatched with only a very few being killeds On the 5 and 8 per
cent trees a large number of the insects were also alive. However,
where 12 per cent TEC 0il was used much better control was secured.
Only a few of the insects were alive with a majority of them being
dead. Nicotine-lime sulphur and taroline were not effective in the
least. Whtﬁ the twigs were examined almost all of the scales were

found to be alive and in a healthy ocondition,

iable S.-Besults of second lot of oyster shell scales
sprayed at Blacksburs, Virginia. 1933.

date spraved: _ Sprav used 3 Aosults
April 5 Nicotine 1-800 and Many alive
Lire sulpmr 1-8 '
5p laroline Many alive
2% TBC spray oil 52 Mostiy hatched, few dead
5% 1EQ spray oil 52 Many alive
8/ WK spray olil 52 Many alive

12% YEC spray oil 52 Mostly dead, few alive
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Oyster shell scale 1s very hard to kill with any type of
spray meterial. The insects seem to be able to develop a covering
that is impregnable to most liguids. However, when 2 toxic spray
material gets into the scale the insect is usually destiroyed. In
regard to the materials used in these two tables, it seems that of
the creosote products used only 12 per cent proved to be any where
near effeative. a4nything less than this strength allowed a too
great a per cent of hatching. Of the other materials used not any
of them were effective in ocontrolling scale. In each case the in-

sects were either alive or they hatched and the larva escaped,

Wood Creosote EHmulsion on San Jose Scale

Several Pyrus  Japonicae or Japanese flowering quince bushes
were sprayed with different stremgths of oreosote to determine its
effect on San Jose scale. Due to the exceedingly scaroity of this
kind of scale only a very limlted amount of work was donme. The
shrubs that were sprayed were looated on the Virginia Polytechnioc
Institute campus. Table 6 shows that three applications were made
and where 2 per cent ocreosote was used, 89 per cent of the insects
were killed. On the 3 per cent bushes, 97 per cent of the scales
were found to be dead when examined. A still stronger application
was made when 6 per cent ermlsion was used and resulted in 97 per
cent of the sc2les being destroyed. On the 3 and 6 per cent bushes

the oheck wood was so heavily infested with scale that the wood



failed %o live. lowever, on the 2 per cent shruba the check wood

lived with 31 per cent of the scales belng desiroyed.

Table S.~RBoesults of San Jose scale sprayed at Blackahurg,
Virginia. 1933.

¢ ¢ Living 3 Dead 3 Per cemt
Rate Sprayed: Spray Used s Scale 3 Scale . Dead
March 18 2% Creosote emulaion 7 61 89.7
Cheok 24 11 31.4
Mareoh 28 3% TEC oll 52 3 138 97,87
Oheok Viood died
March 18 6/ Creosote emulsion 1 42 $7.67
Check : Wood died

San Jose scuale is somewhat less difficult to controel than
oyater shells Lhe coating of the former is mot a§ repulsive to
liquid materiale ac the latter, therefore, mmuch better resulss are
expected, The cpplications of these creosote materials were msde
wher the plants were coming into foliage. On the 2 per cent shruds
no injury was noted from burning. Where the 3 per cent material
was 2pplied some burning was noted 2s Figure 3 indisates., Ihe
amount of buranlpg was not severe emough, however, %o cause the

pleab 40 be retirded iu ils growhis
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Figure 3.-~Pyrus Japoniocase leaves showing amount of injury
when sprayed with 37 oreosote emulsion.

Effeoct of Vood Creosote on Pear Borer and Trunk

Tissue

Effect on FPear borer.
A number of different creosote materials used at full strength
were tried on this insect. This particular borer is one that dur-

rows into the trunk or limbs of a tree and eats the wood tissue. In
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Table 7, results of a few of the olls applied are tabulated. The
bark of the tree was not soraped off, Wherever the bark was re-
moved and the worms exposed, all the borers were killed when covered
with any of the materials mentioned in Table 7. The worms throw out
a frass material when they bore their way into the bark and wherever
this was notioced oll was applied. 4fter these various materials had
been put on for some time, the trees were closely examined to de-
termine the mumber killed. Where the bark was not removed and base
0il applied, two larva were found to be living with none dead. TEC
0il A when sprayed on under the same conditions killed one with two
remaining alive., Number 5 oil destroyed 2 worms with four remaining

alive when applied with bark not exposed.

Table 7.--Results of apple trees treated with oreosote to
kill pear borers, Andrews orchard, Hollins, Virginia. 1933.

s H $

Date applied :  Material msed 1 living :Dead

¥ay 11 Base oll 2 Bark not ex-
posed

TEC oil A 2 1 non w

Ho. 5 oll 4 2 noonow

These o0ils did not penetrate very deeply into the trunk
tissue. In a large mumber of cases the worms pupated and escaped
after the oils were put on. Vhere the bark was removed and the

larva exposed all the worms were killed, while on the other hand



where the bark was not rc@oved a very small number of the larva were
des troyed.
Effects on trunk tissue.

A mumber of applications of these oils were made on trunk
tisaues not infested with pear borer to determine their effects on
the tissue. As far as the writer has been able to observe no det-
rimental effects resulted where these materials were applied to the
trunk tissue only. However, when base oil was applied to the dor-

mant buds as it has been shown resulted in some injury.

Creosote 0il Emulsion on Apple Foliage in the

Greenhouse

In order to determine just what strengths of creosote emlsion
that could be used on the follage with a minimum amount of burning
several applications were made on apple leavea in the greenhouse. A
number of different strengths were used including 1, 2, 3, 4, 6, and
8 per cent., The results of these applications are ahown below,

17 - Did not produce burning.

2% - No noticeable burning.

3% - Showed some injury at base of leaves. Small brownish
dots were noticed scattered throughout the leaves., The majority of
the burning ocourred along the midrib toward the base of the leaves.

4/ - A large amount of burning along side of leaves and at
the tips. Much more injury resulted with this strength tham did

with 3 per cent.
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6% - Gonsiderable burning along outer edge of the leaves.
A few veyry young leaves were browned all over and curled.

8% - Leaves practically killed. All had a dark brown color
and were very much distorted. These leaves were so severely dame
aged that they soon dropped off,

From these results it can be readily seen thét any strength
above 2 per cent 1s undesirable and stremgths bdeyond 3 per aent are
dangerous. Leaves aprayed with 3 per cemt showed some injury but

those above this strength produced too mmch injury to be considered.
Effect of Oreosote EHmulsion on Apple Follage

A large group of apple trees were sprayed with different
strengths and with different materials to detemine its effeat on
the foliage. All the trees were sprayed with 2 double action

sprayer, capable of producing 400 pounds pressure.
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. Flgure 4—Apple leaves showing amount of burning camsed
by 2 4 TW0 oil 524,

TR0 Spray Oil 524

TEC spray oil 524 was used at 1, 2 and 3 per cent. The trees
that were sprayed with 1 per cent did mot show any burning whatever.
However, with 2 and 3 per cent a very decided amount of injury re-
sulted as Figures 4 and 5 indicate. The 3 per cent solution pro-
duoed a large amount of injury; on one of the leaves over one-half

was completely browned. The damage was less asgvere with 2 per cent
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only the tip end shows any appreciable amount of injury.

, HMgure 5.——Apple leaves showing amount of burning caused
by 3% TEC oil 52A.

TEO Spray Oil 52

Ihis material did not produce any injury to the leaves when
used at 1 per cent. This group of trees was heavily infested with
caterpillars and when the applications of oreosote were made the
worm development was checked., The 2 per cent trees were slightly
damaged by this product but the damage was of no consequence. On

the 3 per cent plots a2 more pronounced amount of injury was produced as



Flgure 6 lndicates, Where 3 per cent oll emulsion was applied to
trees infested with caterpilliars, they were completely repelled and

were not seen on the trees any more during the season.

Figure 6.—Apple leaves showing the amount of burning caused
by TEC spray oil 52 whenm applied at 3.

TEC Spray 0il 115

This material which is slightly di fferent from any of the
other amlsions used, in that it contains sulphur compounis with
82 per cent total oil, when used at 1 per cent caused oniy a very

slight amount of burning. Where 2 per cent was applied plots
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showed a considerdble amount of injury due to burning. Figure 7
indicates the amount of injury that is produced when trees are

sprayed with a 3 per cent solution of this material.

Figure 7.——Apple leaves showing amount of injury caused
by burning when sprayed with 35 TEC spray oil 115.

YEC Spray 0il 117

This particnlar oil emulsion contains copper compounds, com-
bined with 2 total of 76 per cent oil. Only two strengths were
used; nsmely, 1 and 2 per cent. On the 1l per cent trees, 2 small

amcunt of injury was caused by burning, however, not enough to



cause any serious damage to the plants. Vhere 2 per ocent emulsion
was applied, considersble burning resulted. Ihere was more burning
than an ordinary apple tree,growing under average conditions, could

8 tand.

Figure 8.—Apple leaves showing amount of burning caused by
3% TEC spray oil 123,



P83 Spray 011 123

This oil was applied t a group of trees during the latter
part of the summer. 4n spplication of three di fferent strengths
was made. The 1 per cemt plot showed only a trace of injury caused
by burning. Where 2 per cent was used a few burned leaves were
noticede On the 3 per cent trees a great deal of injury was pro-

duced. Figure 8 shows the amoumt 0f damage done t the leaves.

Figure 9.——ipple leaves showing amount of injury csused by
burning when sprayed with 27 TEC spray oil 125.



TEC Spray 0il 125

This o1l which was aprlied at the same time as oll 123 was
also used at three different strengths. The injury caused dy 1 per
ocent was only very slight but with 2 per cent a more promounced
amount of injury was noticed. Where 3 per cent was used the leaves
were severely burned. In Figures 9 and 10 the amounts of burning

prodused by 2 and 3 per cent 1EC spray oll 125 is shown.

Figare 10,-Apple leaves showing amount of burning caused
by 3% TEG spray oil 125.



the Effect of Urensote Smilsion on Living Aphis

on Foliage

Two mock orange bushes very heavily infestel with living aphis
were located and sprayed. One was sprayed with 1 per cent, while
the other received an application of 2 per cent. This material was
applied when the shrubs were in full foliage. The 1 per cent so-
lution killed approximately 50 per cent of the imsects with no foli-
age burning. While 2 per cent destroyei about 95 per cent of the
living aphis, but a considersble amount of burning was noticed. This
strength was entirely too sirong for the plamt. 1he two plants were
80 heavily loaded with the insects that the majority of the stems

were a black mass,

011 Bmulsion on Potato Beetle

Since the potato beetle was one of our most common insects, it
was decided to try several different emlsions on this insect to de-
termine its killing power, and to find out whether or not burning
wuld result, OSeveral rows of healthy looking potatoes heavily in-
fested with beetles were seleated. Table 8 shows that four differeat
emulsions were used at the same strengths. One type of olil was ap-
plied to each row, which was about 150 feet long. 4is the table in-
~dilocates these results were not very satisfactory. TEC oil 524 pro-
duced some burning of the fnliage and did mot kill the insects. THC

oil 52, 115 and 117 all showed the same results as did 524. All of
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these materials were used at 1 per cent.s anything above this
strgngth is lisble to prove very harmful to the plant because of
burning, Potatoes seem % be very sensitive to creosote materials,
and strengths stroug emough to kill the insects wuld injure the
potato plant entirely itoo much to be of any value for tae coantrel

of this insect.

Table 8.—kesult ol potatoes sprayed at Blacksburg, Virgin;a,

1933,
s tStrength:
-Rate spraved : Spray used 3 used 3 Results
June 8 TES spray oll 52A 15  Follage slightly burned.

No insects killed

TEC spray oil 52 14  Some burning. No insects
killed

TEC spray oil 117 17  Slight burning. MNo change
in number o0f insects pres-
ent

TEO spray oil 115 14  Slight burning. No in-
sests killed

0il Emlsiona on the Mexican Bean Beetle

Wood creosote emlsions were used on beans to secure data on
its value as a control measure for the bean beetle. Four different
materials were sprgyed on the vines using them at strengths of 1, 2,

and 3 per cents. All the emulsions were applied by means of a oome



pressed air sprgyer when both adults and larva were present. Each

row which was zbout seventy-five foet long was sprayed with one

gallen of spray solution.

Q2ple Ye—lesulis o2 Beans sprayed at Blasksburg, Virginia,

1633,
: Strength;
Bate spraved :  Spray used 1 used Hesults
June 7 TEG spray oll 524 14  Leaves severely burned
Bean beetle killed
TEC spray oil 52A 2%  Majority of plants killed
TRC spray oil 524 34  All plants killed
TEC spray oil 52 1%  Leaves badly burned.
Bean beetle killed
TEQ spray oil 52 24 Majority of plants killed
TRC spray oil 52 3%  All plants killed
TR0 spray oil 117 14 leaves severely burned
Bean beetle killed
TEGC spray oil 117 25  Beans killed
TEO spray oil 117 3%  Beans killed
TEC spray oil 115 14  Severely burned. Bean
beetle killed
TEC spray oil 115 25  Beans killed
TEC spray oll 115 3%  Beans xilled

In Table 9 the results nf these various materials are given,

Each strength for different oils produced about the same results.
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In the 1 per cent rows the bean beetles were killed but the leaves
wore severely burned. With 2 per cent mnst of the plants were
killed and with 3 per cent all the plants were destroyed. There-
fore, it i3 nmot likely that wood creosote can be used as a means of
controlling the liexican bean beetle becamse of the injury the oil

prodnces to the plant,.
The Use of Vood Creosote as & Pungicide

A group of trees that had not been sprayed for several sea-
sons were selected for this experiment. Trees that were known to
have been previously infested wi th frog eye and scad were sprayed
with several different emulsions. These spplications were made
with various strengths usually 1, 2 and 3 per cent. The results
of three appliocations of TEC oil 524 used at the above named
strengths show that the control for beth scab and frog eye was
only very slight. There was a considerable smount of scad and frog
eye present, and on compzrinz these sprayed trees with the unsprayed
ones the difference was hardly noticeadle. IEC spray oil 115 and
117 when &pplisd to apple trees also failed to control these two
diseases. f©he spring of 1933 was 2 most favorable aeason for the
develcpmeﬁt of s303b, with plenty of moisture a2t about the time

soab spores began tp shnot.



Wood Greonsnte cn 0ld Houss Borer

Some joists infested with old house borer (Hylotrupes pa-
Julus Linn) were given an application of cressote oil No. 35, ‘the
0il was put on damaged wnod and also wod that had not been infes-
ted. The borers before the oil was applied made a great deal of
noise inside the wood tumneling their way through, and after the
0il was applied no further noise or damage was noticed. The oil
seemed to have penaetrated .through the wood and either destroyed or
repelled the borers, for no further trouble resulted from these

wood eating iusects.

The Use of Wood Creosote for Banding Purpnses

For the past several years banding apple trees for the pur-
pose of combating the spread of the sodling moth has proved to be
very popmlar. There are a number of chemically treated bands on
the market for shis purpose which are definitely known %o be ef-
feotive in killing the vorms.

4 large mumber of corrugated bands about three inches wide
were treated with heavy wod oil and base oil., ihese tands were
dipped in the oll by the writer and put on apple trees located at
different places. In conjunction with these 12 nds chemically
treated ones were used % serve as a check. Wherever the bands
were uzed, care was taken that all loose bark de scraped off and

that the band be fitted tightly around the trunk of the tree. The
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resulte of these bands are givea in the following tables:

‘cple l0—kesults of one lot of bands on apizle trees for
codling moth larva in the Broce Orchard, Blacksburg, Virginila, 1933.

daterial bandsiNo. treesgbate put: Date ;No. dead:Ho.living;;s dead

freate 3 1agy

Base o0il 4 June 30 Sept. 21 0 2 0.0
Heavy wond o1l 7 June 30 Sept. 21 3 2 60.0
Bata-napthol 12 June 30 Sept. 21 13 3 85,0

Taple ll.~Results of one lot of bands on apple trees for
codling moth larva in the college orchard, Blacksburg, Virginia,
1933, :

Material bands :No. trees:Date put; Date sMo. dead;No.llving:’ dead
Sreated with ; handed : on aremoved: larvg . larva  ;l2yvs

Base o0il 2 June 22 Sept. 21 6 3 66.67
Heavy wood uli 2 June 22 Sept. 21 4 2 66.67
Base o1l B 3 June 22 Sept. 21 14 2 87.50
fexrmi A 2 June 22 Sept. 21 15 2 88,24

Ho. 5 oil 2 June 22 Sept. 21 18 27 40.00
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Table 12,-~Showing results of one lot of bands on apole trees
for codling moth larva ir FNiningers Orchard, at Cloverdale, Virginia,
1933,

Haterial bands : uo. treoa-na%e put.Date :No. doad;ﬂo.living:% deadsLoaation

Hecvy woed cil 4 Septe 14 Nov. 22 2 37 513 @above
Base oil 5 Sept. 14 Nov. 22 17 83 17,00 above
Heavy wood oil 3 Sept. 14 UNov. 22 8 23 11,54 YDbelow
Base oil 7 Septe 14 Nov. 22 13 . 79 14,13  Ddelow
Bata-napthol 4 Septs 14 Nov. 22 236 2 99.16

* . Whether sbove or below chemically treated bata napthol bands,

Zable 13.-=Ehoving results of one lot nf bands put on appie trees
for codling moth larva in the Dove Orchard, Cloverdale, Virginia., 1933.

Miaterial bands:No. trees;Date put: Date ;No. dead:No.living:% aeadsxoeauen

ireated with s panded : _ on i 8 ;. la a

Heavy wood oil 1 Sept. 14 Nov. 20 1 5% 1.85 above

Hoavy wood oil 2 Sept. 14 BHNov. 20 0 5 0.00 below
_ Base oll 10 Sept. 14 Nov. 20 4 172 227 Dbelow

Buase oll 5 Jept. 14 Hov. 20 8 118 635 above

Bata napthol 1 Septe 14 MNov. 20 149 71 67,73

* . Whether sbove or below chemically treated Bata napthol bands.
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Table 14,~~Showing results of one lot of bands on apple
trees foxr codling moth larva in liorkley's Orchard, Salem, Virginia.
1933.

Material bands ;No. treces:Date put: Date :No. dead:No.l

-

iving i dead;Location
. *

= H

Hesvy wood oil g8 Zept., 14 Nev. 22 0 2 0.0 above
Bese o0il 46 Septs 26 MNov. 22 10 1044 11,21 no other
BWnds on
tree
Heavy wood oil 32 Sept. 26 Nov., 22 3 228 1.29 no other
bands on
tree
Base oil 4 Septs 14 Nov, 22 4 142 2.74 delow
Base oil 10 Sept. 14 Nov. 22 0 42 0.0 above
Bata-napthol 6 Septem.14 Nove 22 179 5 97.28 bdelow
Bata-napthol 2 Septe 14 Nov. 22 207 1 99.52 above

* .. Whether shove or below chemically treated bata-napthol banis.

Teble 15.--hesults of ome lot of bands sprgyed in Markley's
Orchard for the ocontrol of codling moth larva, Salem, Virginia. 1933.

Material bands:No. trees:Date put: Date No. dead:!o.livingzﬂ dead
dreated with : lLanded : on ;removed i Jlarva : Jlarva alayva

Wood oreosote No. 10 Octe 24 Dece, 2 365 2 99.46
35
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Figure ll.--Showing burlap band infested with codling moth
larva before it was sprayed with oreosote oil 35.

These bands which were sprgyed with creosote oll No. 35 were
made of ordinary burlap sacks. The oil in order to reach the trnnk
0of the tree had to penetrate through three thickness of this sack.
Many of the bands were lined with paper. The oil was applied with
a compressed air sprayer. The only tw imsects that survived were

located where the oll did mot penetrate. Every worm that the oil
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touched was killed. Where the creosote was applied to the trunk
of the tree there was apparemntly no harmful effects. Figure 1l
shows a bani infested with codling moth larva before it was sprayed. |
Some bands in this orchard were found to contain as high as 1500

worms.
General Discussion of Results

The future of wood oreosote as a spray material seems to
1ie in its possibllities as a domant sprsy. Very good results
wore secured when this oil was applied at strengths of 5 and 8
per ocent for aphis and 2 and 3 per cent for San Jose scale.

Base oil appl'iod'at full strength to aspple and peach trees
during the dormant season severely damaged the wod tissue.

Creosote emlsions when applied to trees infested with
oyster shell scale gave very poor results, Only those trees
that were sprayed with 12 per cent gave effective control. A
mach weaker solution of creocsote emulsion was applied on San
Jose scale with satisfactory control. This imseot 13 much easier
to kill than oyster shell scale.

Various oils spplied at full strengths to the bark of
apple trees did not satisfactorily control the pear borer. How-
ever, vhen the imsects came in contact with the oil they were
killed.

All the 0il emlsions beyond 1 per cent strength used on

apple trees while they were in follage showed considerable burn-



inge It is very evident that .aolutiens stronger than 1 per cent
are undesirable for the foliage sprgys.

0il emulsions of 1 per cent sprayed on potatoes resulted
in considerable burning. The insects were not killed. The same
emulsions with strengths of 1, 2, and 3 per cent applied to beans
caused a large amount of burning. 7The injury due to burning was
80 severe on the 2 and 3 per cent rows that it was necessary to
replant the entire rows.

Wood oreosote sprayed on apple trees to oontrol scab failed
to satisfactorily control this disease. The various emmlsions
used at 1, 2 and 3 per cent did not prevent the development of
the disease.

Wood creosote oil showed some merit when it was sprayed
on burlap saék:s to kill codling moth larva. This oil was vcrj
toxic to the wims and destrcyed practically 100 per cemt of
the larva. This samé oil whexs spplied to joists infested with
old house borers completely checked the advancement of this in-
sect. Before the 0il was applied the borers could be heard work.
ing inside the wod, but soon stopped their tunneling after wood
oil 35 was put on.

Bands treated with creosote oil and when placed onm apple

trees failed to control codling moth larva,
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Conclusions

Base 0il when applied during the dormant season injured both
the buds and the wood tissue.

Base 0il severely injured both the bark anml buds of peach
trees when sprayed while dorment.

Both 5 and 8 per cent oreosote emulsions gave falrly good
results when sprayed on aphid eggs during the dormant sea-
son. '
lime salpmr 1«8 combined wi th nicotine 1-800 produced the
best results of tl;o standard materials used.

Only 12 per cent oreosote gave anywhere near satisfactory
results in controlling oyster shell soale,

San Jose scale was effectively controlled wi th el ther 2 or

3 per cent,

Wood oreosote was not effeotive against pear borer larva
when applied to trunk of trees.

The creosote applied for Pear Borer did mot injure the trunk
tissue.

The creosote amulsion sprayed on apple folliage in greenhouse
gbove 3 per cent severely burned the leaves.

TEC sprsy oil emulsion sprayed on apple follage produced some
burning.

TEC oil at 3 per cent strength cansed a considerable amount
of injury.

Any emulsion asbove 2 per cent burned the leaves ® o much to

be used as a foliage spray material. -
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Three per cent oreosote emilsion effectively contiolled livipg
aphis on folliage but severely burned the foliage.

iwo per cent did not caase burning but onmly killed about 50
per cent of the living aphis.

All oil emilsions used at 1 per cent on potatoes failed to kill
the insects and injured the foliage.

01l emulsion sprayed on beans did mot control the beetle.
Strengths of 1 per cent severely injured the bean follage.

Wood creosote emulsion did not ocontrol apple sacab or frog eye.

- 0ld house borers were effectively eradicated by creosote oil 35.

Neither wood oil nor base oil effectively controlled codling
moth larva when used o treat bands.
Woud oil 355 gave excellent results when sprayed on burlap

bands infested with oodling moth larva.
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