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BULLETIN No. 53,

[. SPRAYING For CobLING-MoTH.

BY H. GARMAN, ENTOMOLOGIST AND BOTANIST.

In Bulletin 44 of this Station, published in January,
1893, was given the results of experiments in spraying
apple trees to check the destructive rots to which the fruit
is subject in this region, and incidentally some facts were
elicited concerning the injury from codling-moth that
determined me to experiment with reference to the in-
sect injury alone when opportunity offered. The com-
plete failure of the apple crop in 1893 prevented the
realization of this intention during that season, and it
was not till the summer of 1894 that a chance came to
test the use of arsenites for the codling-moth injury.
Two janet trees were selected in June for this purpose.
They set a fair number of apples, whereas the fruit of
but few other trees in the orchard escaped late spring
frosts. The trees stand side by side, the sprayed tree
being somewhat the larger, but having a branch in 2
dying condition which tended to make the two more
nearly equal, supposing that the size had any influence
on their bearing capacity. The tree to be sprayed was
numbered 499, the check tree received the number 500.

On July 11, No. 499 was sprayed with Loondon purple
mixture (1 1b. to 160 gallons), 714 gallons being applied
to the leaves,

On July 30, August 6, and August 13, this tree was
SPrayed with Paris green mixture (1 1b. to 160 gallons), 10
gallong being applied on each of these dates.

August 20 and August 27 the tree received 16 gallons
of Parig green mixture, 8 gallons on each date.

No. 499 thus received during the summer six appli-
Cations, aggregating 5314 gallons, and containing, as I
Caleulate, ahoyt 2.6 ounces of arsenic.
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The fallen apples were gathered under both trees at
intervals during the summer, and were examined both
with reference to the injury by codling-moth and also as
The Paris green mixture is not recognized as
ecking the fungus diseases of
plants, although from the effect of the arsenites on the
spores when applied directly, in the laboratory, one would
expect it to have a very decided effect when sprayed upon
the plants. The results, however, show that it did not
have any effect in checking the rot, a statement which it
will be seen is more than borae out by the data given be-

to rotting.
having special value for ch

low.

No. 499.

Fallen Apples. 'The apples which fell to the ground
were picked up on five different dates, as follows:

July 30, 167, of which 163 (98 pr. ct.) were injured by codling-moth
¢

1 v ik s 4

STl e s (18 )
E i Auglg.;), 231’ 14 (43 156 (b’? 113 ) (X3 (13 (13 (13 13
E é Sep. 15,203, ¢ ¢ 97 (48 “ ) ‘6 T "3 f3 ‘¢
m,_q Sep. 29’ 5‘-,1‘ 13 23 (41 (1 ) 13 [13 (13 (13 (13
Tota'l (;7_;, (13 13 g; (“7 13 ) 113 (43 (13 13 (13
38 July 30, 104, of which 98 (94 pr. ct.) were injured by codling-moth.
S: J \A‘HO‘. 9 11 13 13 10 (()1 113 ) 1 13 13 1 '3
Z iz Bl 2 ;
e i
28 Ibep. 155 19; 3 (16 )
::m \b'ep. ‘29,—,‘_51“ (¢ —1_(33 “ ) was { gt : s
MTotal 160, ¢* * 13L(82 ¢ ) were ESnibs s s

A total of 834 apples was thus gathered and exam-
ined from the sprayed tree, and only 19 per cent. was free
from the rot fungus. It is interesting to note that the
proportion of not rotting to rotting apples gradually di-
minishes during the season notwithstanding the spraying.
On July 30, 38 per cent. were free from rot; on August 22
the proportion had sunk to 9 per cent., andon the last
date of examination, Sept. 29, only 5 per cent. of the
apples gathered under the sprayed tree were free from rot.
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It is very evident from this result that spraying with Paris
green alone cannot be expected to check the rotting of
apples.

On the other hand the effect on the codling-moth in-
jury was evidently beneficial. Of the first lot examined,
on July 30, 98 per cent, was wormy, and on subsequent
dates the percentage declined steadily in both not rotting
and rotfting apples until September 29 when 41 per cent.

of the rotting apples was found affected, and 33 per cent.
of the not rotting fruit.

Picked Apples. On September 29 the apples were
picked. 213 apples weighing 20 pounds and 1% ounce
were without rot, and 83 (39 per cent.) of these were af-
fected with codling-moth. 104 apples showing a slight
trace of rot weighed 9 pounds 324 ounces, and of this lot
40 (38 per cent.) showed the characteristic codling-moth
injury. s5s7 apples taken from the tree were rotting and
useless, and of these 471 (84 per cent.) had been mined by
the insect. The entire yield of the tree, including sound
and useless fruit, weighed 4024 pounds. The result of the

examination of the picked apples may be summarized as
follows :

Not rotting 213, of which 83 (39 percent.) were injured by codling moth.
Rotting e sl o g

Total 874, ¢« 5;)4(63 percent.) ¢ “ 1 1

No. 500 (Check).

Fallen Apples, The apples which fell from this tree
were gathered up and examined on the same dates as
were those under the sprayed tree, with the following
result ;

(J“]y 30, 87 of which 87 (100 pr. ct.) were injured by codling-moth.

B Al]g 9, 81 ¢« 26 ( 84 1 ) o “ “@ 15 7
E :‘ Aug_ 22 28]. N € 257 ( 91 1 ) [13 113 13 113 13
E ; /U'ep. 15185 ¢«  « 165 ( 89 ‘« ) IT; 1] ‘c « o
o] (Sep. 29, 14¢ 13 (93 ‘“ ) « ¢ « T I

TOtal,Of 59_3-“ € 5_4;( 92 6y 1] “« 1] « I3
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(July 30, 133 of which 131 (98 pr. ct.) were injured by codling-moth.
g( ; gAug' 9’ 26 113 ¥4 24 ( 92 13 ) ol . L € 13
i % /Aug. 22’ 51 ‘“ 13 49 ( 97 £ ) 1 [ 113 “" 13
S E Sep. 15, 8 & « 8 ( 75 u) 1 <« 13 1 [
apg Sep. 297 9 & 113 2 (100 13 ) 1 13 ¢ 113 113
<

Total 220 ¢ & 212. (96 ) 4

It will be observed in comparing these data with those
pertaining to No. 499 that the percentage of injury does
not here become gradually less and less toward the end
of the season. In both rotting and not rotting apples the
percentage remains high, averaging for the rotting apples
92 and for the not rotting 96. This fact tends to show
that the gradual decrease in the percentage of injured
fruit from No. 499 was the result of the Spraying.

Picked Apples. The apples were picked from this tree
September 29. The whole yield weighed 29 pounds. 176
apples free from rot weighed 12 pounds, 2 ounces, and of
these 110 (62 per cent.) were injured by codling-moth.
94 apples weighing 6 pounds, 1t ounces showed only
slight traces of rot; 68 (72 per cent.) showed the work of
codling-moth. Of 546 rotting and useless apples taken
from the tree, 483 (89 per cent.) were injured by codling-

moth. The summary of the examination of picked apples
from this tree is ags follows :

Notrotting 176, of which 110 (62

percent.) were injured by codling-moth,
Rotting 6:40)dieaice

551 (86 per cent.) el AL 44

Total 816, snes s ey (81 per cent,) ¢ (TT} ‘@

Summary.

T
the two
effect in

A comparison of the results of the examination of
trees shows that the spraying had a beneficial
checking the codling-moth injury, though it was
ot as marked as was expected. The total number of
apples from the Sprayed tree was 1708, of which 1177
(69 per cent.) were injured by the codling-moth, while in
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a total of 1634 obtained from the check tree 1421 (87 per
cent.) showed the effect of codling-moth work, leaving a
difference of 18 per cent. in favor of spraying. 'The
sprayed tree yielded nearly twice as many sound apples as
the check tree.

». The effect of spraying on the rotting of the fruit
was imperceptible. The sprayed tree was in fact slightly
more affected by the rot than was the check tree, the
former having 78 per cent of all its fruit more or less rot-
ting, while the check tree had 76 per cent. attacked.

3. The relation of codling-moth injury to the rotting
of the fruit is not, judging by these exp'eriments alone,
very clear. On the sprayed tree 43 per cent. of the rotting
fruit was injured by the codling-moth, while of the fruit
not injured by rot 57 per cent. was attacked by the insects.
On the check tree a reverse result was obtained, 83 per
cent. of the rotting apples being attacked by insects, while
only'81 per cent. of those not rtotting was so attacked.
When, however, the rotting apples of both trees are taken
together and compared with the not rotting fruit from both
it is found that the rotting apples show a smaller per-
centage of injury from the insects. Taken with the re-

sults of examinations of apples made in 1892 the evidence
still favors the conclusion reached at that time, viz. that
the codling-moth avoids rotting apples.

4. 'The question so often asked as to the probability
of arsenites sprayed upon apples inj uring the health of the
consumer has as often been answered in the negative, but
it can do no harm to repeat the answer to a question of so
much importance. The tree numbered 499 in these eX-
periments was sprayed more frequently than is customary
among orchardists and so received a larger quantity of
arsenic, yet chemical analysis of a half dozen apples
from the sprayed tree showed 1o perceptible quantity on

the fruit. The copper obtained by Dr. Peter was doubt-
less derived from tlie barrels and the tank of the sprayer,
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these having contained at different times during the sea-
son mixtures in which copper sulphate entered as an in-
gredient. The statement of the chemist js given below.

LexiNgron, Kv., Dec. 18th, 1894.

Prof. H. Garman,
Division of Entomology and Botany,
DEAR SIR

The apples which
following manner :

The six apples were peeled carefull
stem-and blossom-ends of the appl
chloric acid and potassiiim chlorate in
obtained was treated thoroughly with
sulting precipitate examined for coppe
treatment to destroy organic matter. No reaction for arsenic was ob-
tained, but a very satisfactory test for copper was shown. The quantity
of copper, however, was exceedingly small and was not weighable,

The meat and cores of the same apples, treated in the same way,
gave no reaction for either arsenic or copper.

you brought to the laboratory were tested in the

y and the peelings, including the
es, were digested with hydro-
the usual manner. The solution
hydrogen sulphide and the re.-
r and arsenic, after appropriate

Very respectfully,
ALFRED M. PETER.

I. THE USE OF ARSENITES ON TOBACCO..

BY H. GARMAN.

The practice of spraying orchards with Paris green
and London purple appears to have become a permanent
acquisition to the intelligent orchardist.
years since this treatment of the trees was assailed by
cautious writers and workers as dangerous to health, and
by some as of doubtful benefit. Nevertheless it appears
to have come to stay. It was shown at the Illinois State
Laboratory that a much larger quantity of the poisons
could be applied to apple trees than is necessary to check
the injury of codling-moths, without leaving a quantity
on the ripened fruit sufficient to affect the health of

“The greater part of this article was presented recently before the

EUtOIHOlOglcal Section of the Association of American Agricultural
d Experiment Stations.

It is not many
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those eating it. To the objection that stock might be
poisoned by eating grass or clover under the dripping
trees, Prof. Cook of Michigan replied that he had dem-
onstrated by giving such food to his horse that it would
do no such injury. When it was objected that bees
might be poisoned by sipping the poisoned fluids from
the blossoms, it was shown that the spraying could be
practiced successfully after waiting until the petals of
blossoms had fallen. With the cheap and excellent
spraying machinery now on the market, there would
seem to be no further reason why every one owning an
orchard should not increase his profits by spraying.

It is not very generally known, perhaps, that Tobacco
is being sprayed with arsenites quite extensively.
The same objections to the practice are being urged as
were formerly used against spraying apple trees, and I
think with greater show of reason in this case. The
tobacco leaf when alive is provided with large numbers
of glandular hairs which catch the spray and retain the
residue from it with temacity, so that at the end of the
season there is likely to be a considerable quantity re-
maining on the leaves. Is it not possible that this arsenic
will injure the user of such tobacco? The danger in us-
ing sprayed apples, it may be urged, is lessened by the
fact that generally the skin is not eaten, and that even if
this is done the possibility of being poisoned can be ob-
viated by first washing or rubbing the fruit thoroughly.
Such treatment is not practicable with the tobacco leaf,
hence the increased danger. Notwithstanding such ob-
jections the practice seems to be growing steadily, as will
be appreciated when I say that a single firm at Lexington
sold during the past spring and summer 500 sprayers to
be used for tobacco.

Now I take it that if spraying tobacco is injurious to
health the fact should be demonstrated and published at
once. If it is not calculated to affect the user of tobacco,
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The Use of Arsenites on T obacco.

orious process of
“worming.” Tt can S€tve no useful purpose to conceal

the truth of the matter. Indeed Seécrecy practiced in
Spraying may justly be urged as evidence that the grower
using arsenites knows that he is doing wrong. “The actual
truth appears to be that those who are unwilling to have
it known that their tobacco has been sprayed are not
afraid of the injurious consequences from using it, but of
an unthinking prejudice which knowledge of the fact
might excite in the minds of lovers of the weed.

Spraying tobacco can only be made a legitimate part
of farm practice by a demonstration that the arsenic left
on the plants will not injuriously affect health.

With a view to throwing some light on the subject,
a preliminary experiment was tried at the Kentucky Ex-
periment Station this Summer, the results of which are
herewith presented.

Five plots of 1-10 acre each had been planted by Di-
rector Scovell for a fertilizer test, and after the worms be-
ga1 Lo appear in July we began to spray with Paris green
and London purple. ‘The first application was made July
27, when two rows in each of four plots were sprayed
with Paris green in water (1 pound to 160 gallons), 34
gallons of this being applied to the eight rows. The
plants were thoroughly wetted, the Paris green being per-
ceptible on the leaves afterward. At the same date two

rows of the fifth plot were sprayed with London purple
i ons being employed as in the
preceding experiment, and 915 gallons being used on the
On August 3 three of the plots which 1
th Paris green mixture were sprayed again, the same
PTOportion of poison to water being used, and 25 gallons
being applied. The two rows previously sprayed with

1ad been sprayed
wi
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London purple were at this time treated to 10 gallons of
the London purple mixture.

It was intended to spray some of the rows a third,
and still others a fourth time, but the weather subse-
quently proved sodry that the tobacco * fired”’ badly and
ceased to grow. Under the circumstances it was thought
best not to make further applications.

All the spraying was done with the Nixon Com-
pany’s cart-sprayer, and one of their climax pumps.

The Effect on the Worms.

It was no part of our original purpose to determine
by this experiment the usefulness of the practice. This
had already been settled by the experience of practical
growers. The sprayed plants were however closely
watched and comparisons made between them and the
unsprayed rows, the latter being carefully ¢ wormed”
throughout the season. Unquestionably more worms ap-
peared on the unsprayed than on the plants sprayed with
Paris green. Throughout the summer the plants sprayed
with this mixture were at least as free from injury by
worms as were the others.

The rows sprayed with London purple mixture did not
seem to me as completely defended against the worms as
were those sprayed with Paris green, and I thought they
were not quite as good as the unsprayed plants of the
same plot. My experience with the two arsenites was il
this case in accord with results of other experiments on
other insects. Whenever the two have been carefully
compared by me the Paris green has proved most effec-
tive. Since the greater costof Paris green is not an item
of much consequence, considering that the amount re-
quired in spraying tobacco is small, we may I believe re-
ject London purple for tobacco spraying in fayor of Paris
green. The color of thke latter making it less apparent
on the leaves gives it the preference of growers, and as
far as I can learn it alone is used by them.
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In our experiments we sprayed two times, it wili be re-
membered, the last one being August 3. The tobacco was
not cut until Sept. 7, thus leaving a month between the last
application and the time of cutting. During this time the
total rainfall, as I learn from Professor V. E. Muncy, the
local weather observer, was 367 inches, the greater part
of which fell on the 12th, 19th and 26th. This is not far
from the average* rainfall for this month at Lexington,

There was thus ample time for much of the Paris

green and London purple left by the Spraying to have
been removed by winds and rains.

The Arsenic Left on Tobacco.

The important thing to be deci
quantity of arsenic left on the pl
Without giving details, I will state that if all the fluid
used had alighted on the plants and none had dripped
from the leaves there would have been after the single
Spraying of July 27 on each plant of rows 1 and 2 of plot
I, 2.0659 grains of Paris green, and as about 50 per cent. of
this was arsenic each plant would have borne 1.0329 grain
of this poison, This is a liberal estimate of the quantity
of arsenic which these plants received, for probably not
more than four-fifths of the fluid used alighted and re-
mained upon the plants. :

On rows 1 and 2 each of plots 2, 2

2, 3 and 4, individual
Plants received 40913 grains of Paris green in the two

Sprayings given these plots, about half being applied
July 27 and the remainder August 3. Each plant is esti-
mated to have received 2.0456 grains of arsenic.

The two rows of plot 5 treated with London purple
received 4.7395 grains of ILondon purple per plant, or
1.8957 grain of arsenic, considering that the London pur-
Ple contained 40 per cent. of the poison.

LRI éxamination of the report of Dr. A. M. Peter on

ded is of course the
ants at the time of cutting,

*Prof, Muncy’s record_.s_'?ér 97;ears give an average of 3.78 inches,
the highegt being 8,78 in the year 1888, the lowest 0.62 inch in 1875,
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the chemical examination of sprayed tobacco will show that
whatever the original quantity left on the plants, but a
small part of it remained there at the time of cutting.

The largest percentage he recovered by analysis was
from Plot 4, rows 1 and 2, from which arsenious oxide at
the rate of .329 grain per pound of tobacco was obtained.
Considering each plant as producing 16 usable leaves, and
four plants as producing a pound of tobacco the poison
obtained by him is the equivalent of .0822 grain of arse-
nious oxide per plant. Since each plant of these rows re-
ceived in the spraying 2.0456 grains of arsenic it follows
that on the usable part of each plant there remained at
cutting time only about 4 per cent. of the arsenic origin-
ally applied to the plant.

The plants of plot 1, sprayed but once, on July 27,
retained on usable leaves only 1.8 per cent. of the arsenic
left by spraying.

The arsenic recovered from plants sprayed with Lon-
don purple amounts to about 3.2 per cent. of that applied.

When it is remembered that but little tobacco is
swallowed by the user it seems that the small quantities
recovered by Dr. Peter show that spraying once or twice,
as practiced by us, would not render tobacco in any way
injurious®, but I ,would add that I do not think mixtures
much stronger than those we used should be employed,
and that not more than three applications should be made
during dry seasons.

Suppose we had used three pounds of Paris green in
forty gallons of water. With one application each plant
would have received 12.3958 grains of arsenic, and if 1.8
per cent. of this quantity remained on the usable leaves at
the time of cutting, analysis would have recovered from one
plant .2231 grain, which is at the rate of .8924 grain per
pound. Iftwoapplications of this strength had been made,
calculating from the results of our experiments chemical

#2.3 grains of arsenic constitute, it is said, a fatal dose for an adult.
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analysis might have recovered -9819 grain from the usable
part of a plant, which is at the rate of 3.9277 graing per
pound of tobacco. This is a large quantity, and while these
estimates must be considered only as approximations they
demonstrate clearly enough the general and essential
truth that a quart of Paris green in a barrel of water is
more tham should be used. If last season had been very

€r cent. of the poison would
of the season, but the part of

ng mixtures, since the weather
cannot safely be counted on to remove the excess.

Apparatus for Spraying Tobacco.
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2. Gould’s Handy Kna

. psack-Pump. Price with 33 feet of ¢ inch
ose

and vermore] Dozzle, $15. A stirrer or agitator is furnished
for 50 cents extra. Capacity about five gallons. The tank is made
of heayy Copper and the working parts largely of brass.

most used in Kentucky are what are
ravitational sprayers. That is to say

The sprayers
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they are not sprayers at all, but knapsack-sprinklers. A
form now in the market consists of a galvanized iron tank
with a capacity of six gallons, so constructed that it can
be strapped to the back while in use. At the bottom of
the tank on each side is a spout to which a short piece
of rubber tubing is attached, bearing at its free end a
wooden handle perforated for the passage of the tubing

through it and bearing in turn a fine rose of the sort used
&7

rayer. Price x;vithVermoreI

Fig. 3. Stahl’s Excelsior Knapsack-Sp
nozzle, $12. Capacity about five gallons. The tank is made of copper

and the pump and nozzle of brass.

on ordinary watering-cans. The quantity of water ad-
mitted to the nozzle is regulated by a wire clamp which
compresses the tubing. The idea prominent in its con-
struction is to sprinkle two rows of tobacco or potatoes as
the operator walks between them. This knapsack-sprink-

ler is a great improvement on the perforated tin can dus-
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sprinkler cannot. It permits rapid work, and although
usually provided with but a single nozzle I believe can be
made to spray as many plants in the same time as the
sprinkler. Its main advantage is in the superior quality
of the work it permits.

In our use of the knapsack-sprayer, however, omne
serious defect became apparent, and it is one which char-
acterizes most of the knapsack-sprayers: The weight of
Paris green causes it to settle rapidly to the bottom of the
can and as the outlet to the nozzle is here the poison is
soon discharged leaving the last fluid which emerges with
but little Paris green in it. I know the claim is made
that the motion of the man using a sprayer keeps the
mixture stirred. But in practice I have found this not to
be sufficient. The defect was so marked in the case of
the sprayer used by us last summer that after spraying
grapes and other plants with it, it was rejected for the
tobacco spraying in favor of Nixon’s cart-sprayer. ‘This
latter consists of a wooden tank, with force-pump attached,
mounted on wheels and provided with a handle so that it
can be hauled about. It has a large dasher which is so
connected with the pump that it moves and stirs up the
mixture with each stroke of the pump-handle. It is an
excellent piece of apparatus for many purposes, notably
for spraying orchards, and served our purpose well in
Spraying tobacco. But it could not be used in ordinary
tobacco fields because of the closeness with which the
Tows are planted. Inourexperimental plots it was hauled
along the paths between the plots.

It seems therefore that the knapsack form of ap-
paratus is best suited to the work of applying poisonous
mixtures to tobacco, and of those in the market the force-
PUmp sprayers seem to me much to be preferred. Several
different makes are advertized which appear to be about

equally good. “T‘he following firms are known to me as
dealers in these sprayers:
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ter sometimes used, and is much superior also to the
whisk-broom and bucket. But its only advantage over
the improved, copper, knapsack-sprayers containing a
force-pump is in its cheapness. It sells for about $4.00,
whereas the force-pump sprayers cost from $12.00 to
$18 oo.

Notwithstanding this I believe the copper knap-
sack-sprayer must eventually supplant the sprinkler, and
that the former is, all things conmsidered, the cheaper.
In the first place it economizes material, and enables one
to apply mixtures thoroughly and uniformily. It can be
used for spraying the copper mixtures so useful for the
fungus diseases of plants, which the galvanized iron

Fig. 4. Drake’s Champion Tobacco-Worm Destroyer.” The tank
iz made of galvanized iron. Capacity about six gallons. Sold by E. B.
Drake, Lexington, Ky,

e
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The Deming Company, Salem, Ohjo,
W. & B. Douglas, Middletown, Conn.,
Wm. Boekel & Co., 518 Vine St., Philadelphia, Pa.
The Goulds Manufacturing Company, Seneca Falls,
NV,
William Stahl, Quincy, Il.

Nozzles to be Used in Spraying Tobacco.

The nozzle for distributing the fluid is scarcely less
important than the pump. There is in some quarters a
notion that the rose of 2 watering-can will do ag good
work of this sort as the improved nozzles constructed for
use with a force-pump. Where the material applied to
plants is not poisonous and is very cheap a sprinkler may
safely be used, although even here the force-pump and
special nozzle would do the work better in less time It
should be clearly understood by those contemplating the
purchase of sprayers that the rose of a watering-can, no
matter how fine the apertures may be, will not make a
$pray such as is produced by a good nozzle. The fluid is
expelled through the rose solely by the weight of the
water in the tank, It spreads somewhat as it emerges be-
cause of the convexity of the punctured disc, and the small
Streams become more or less broken up by friction against
the air, but with such a means of distributing the fluid one
mustalways spray, in the main, downward. With the force-
Pumps on the contrary one can turn the spray in any
direction, and with the form represented in diagram at A,
Fig. 5. the underside of the leaves of many low-growing
Plants can be sprayed almost as readily as can the upper
side,

The nozzles usually sold with knapsack-sprayers are
called cyclone nozzles and are so constructed thata small
stream of flyiq is Projected against the inside of a round
chamber anq emerges through a central opening with a

Whirling motion that causes it to spread in the air in the
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Fig. 5. Thestream of water is forced by the pump through
a small openingat the base of the nozzle and finally strikes
a wire gauze at the extremity which breaks it up into
Spray as it emerges into the ajr, For ordinary spraying I
know of nothing better, but am not aware that this form
of nozzle has been constructed for use with the knapsack-
Sprayers, though doubtless this could be done.

The Time to Spray Tobacco.

As the time of appearance of the first worms varies
with the season, it can only be said that the plants should
be sprayed as soon as the worms are observed, or just
before they appear. Promptness in making this first
application is of the greatest importance, and all mate-
tials and appliances for the work should be secured some
time before they will be needed, so that the pump can be
attached to its tank and tested and everything else be in
readiness when the Proper time comes. ‘The winter
months are the best time to arrange these matters,

The worms begin to appear in June. Qp July 3,
1894, a few nearly grown worms were found on tomato
plants, and on the oth they had gone into the ground for
bupation. The adults appear to be somewhat irregular
in time of appearance, and probably the process of egg-
laying extends over a considerable period of time. Moths
are abundant from August 9 to September ». The worms
became mogt abundant on tobacco in August, but a small
brood matureq last season in the latter part of July. The
second brood were first observed August 9, when the
Wworms were 24 inch and less in length. For a season
like that of 1894 it would appear, consequently, that
Spraying should begin about July 4, a second application

Shpuld be made about the middle of July, and possibly a
third aboyt August 1.
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The Preparation of the Mixture.

The importance of having a uniform mixture of the
Paris green makes it desirable to measure out the poison
the night before it ‘s to be used and put it away to soak
in a little water. All that is then required when ready to
spray is to stir this into water. It is notmnecessary to
use hot water. What is wanted is a mixture, not a solu-
tion, and this can be secured with cold water.

The Quantity of Paris Green Required for Tobacco.

Our experiment shows conclusively that the propor-
tion of the arsenites employed (I pound to 160 gallons of
water) will answer the purpose of killing the worms, and

Fig. 6. 'The Galloway Knapsack Sprayer, made of copper and brass.
Capacity, 5 gallons. Price, with Deming Nozzle, or the Bordeaux
Combination Nozzle, $15.

will not injure the plants. I judge, however, that grow-
ers sometimes use more, and I have learned of some in-
stances in which the poison was used wastefully, not to
say recklessly. In this connection the following quota-
tion from a letter received by Dr. A. M. Peter of the Sta-
tion will explain itself. The writer, a careful and intelli-
gent observer, says:
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“The tobacco 8Towers of this county (Shelby) are us-
ing Paris green (£ quart Paris green to 1 barrel water) for
tobacco-worms. Several have told me that they were

secretly at that. What must be done? It may result
seriously.”

A quart of Paris green to a barrel of water means
approximately 3 pounds of the poison to 40 gallons of
water, a mixture sufficient, one would think, to kil]
pPlants as wel] as worms, certainly unnecessarily strong,
From inquiry amonug growers I am satisfied that jt is not
commonly used as strong as this, Very frequently the
mixture employed is about that used for orchard spray-
ing, viz, 1 pound of poison to 160-200 gallons of water.
In a letter recently received by me from a tobacco
grower of extended éxperience, the writer says: ‘“To
those who wish to use poison I would advise the use of
(@) Paris green, % pound in a 40-gallon barrel of water,
with a little whitewash well stirred in. (4) That the
mixture be kept well stirred in the barrel and sprayer.
(¢) That applications should begin by the 1oth of June
and be repeated every two weeks to topping, and #az o
applications should be made afler that time.’

Another correspondent writing from another part of
the State, Says:  ‘““Paris green has been used by some of
the growers of tobacco for a number of years (on the
quiet), unti] within the last two years when it has been
used by a majority of growers openly. The use of Paris
STeen upon tobacco for the destruction of worms has
been a great saving to the grower in time and labor, and
at the same time making a better article of tobacco, the
leaves being free from holes. As to the quantity of Paris
green used to the acre, this is a very hard question to
Answer. Where one farmer may use a tablespoonful to
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the pail of water, another may not think it enough.
There should not be more than two or three applications
during the seasomn, the last one some two Of three weeks
before cutting time.”

Another gentleman to whom I applied for informa-
tion as to the practice among growers of his neighbor-
hood, writes under date Nov. 8, 1894 :

« Tn answer to yours of a few days ago, I would say
that the spraying of tobacco with insecticides to destroy
the tobacco-worm is in very common use, but not univer-
sal; about all tenants that are working on shares use it,
but the best raisers of this crop who work their own land
abstain as yet from the practice. Still the custom is

growing. S0 far as I can learn the only poison used is

Paris green. The quantity of this used at any one appli-
cation is about the ordinary formula for its use on any
other plants. If the worms are pot bad for a time they

are hand-picked. As soon as they increase the poison is
resorted to. It is usually applied by using the kmnap-
sack sprinkler, with two nozzles covering two rows at
each crossing of the field by each hand at work. Others
use hand sprinklers, or comimon garden sprinklers with
very finely punched holes in the nozzle, the pot holding
about three gallons of the fluid. ‘The large nozzle enables
the hand to cover an entire plant by walking along slowly.

Ordinarily the application of the poison is made only
two times, if worms are bad three or more times, the last
use of the spray not to be nearer than two weeks to the
cutting of the plant. Rain will generally relieve the plants
of the visible effects of the spray. Tobacco is not readily
affected by this application. It does not readily buri.
The cost of production of the crop is somewhat lessened
and it has fewer holes alohey

These quotations will serve my purpose of present-
ing the practice among growers

Dr. Peter’s report on the chemical analyses follows:

e
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LEXINGTON, Ky, November 8th, 1894,
Prof. H, Garman,

Kentucky A gricultural Ezxperiment
DEAr Stz :

Seven samples of the cured tobacco were taken for analysig from
the barn by Prof, Scovell bersonally, The samples consisted of about
10 leaves, each leaf being taken from a different plant, from about the

After drying in the Iaboratory, the sampleg

srams, or about 8 ozs. each. The whole of each
sample was finely grcund and 50 grams taken for uantitative determi-
g q

nation of arsenic and Copper, small amounts of both of which were ob-
tained in every instance, It was found, however, that the chemicalg
used contained 3 small amount of arsenic, sufficient to account for that
obtained when working on the unsprayed tobacco. Asthere is not now
time to repeat the analyxis, it ig thought best to make a preliminary re-
bort of the results, just ag they were obtained, making a correction for
the arsenic contained in the reagents, and leave the question of whethey
there really were traces of arsenic anq copper in the unsprayed tobacco
for future investigation,

A blank experiment
quantity of argenic whie

Station,

with the reagents used in the analysis gave a

h, calculated on 5( grams of tobacco taken,
would correspond to .0015 per cent. This is a trifle more than was ob-

tained in the cage of unsprayed tobacco from plots 1 and 5, No weigh-
able quantity of Copper was obtained from the reagents,

As the same quantities of tobacco and of reagents were uged in all
the tests and a]] Wwere made in exactly the Same way, it is believed that a
fair approximation to the amounts of arsenic and Copper remaining on

the tobacco may be attained by subtracting from the total amounts the
largest q uantity obtained from any of the unsprayed rows, In the case of
the arsenic, this ig gjj

tained in the blank experi-
meant but may he considered to represent what could pe recovered under
the given conditions, The fact that a very much smaller quantity wag
recovered in the cage of the sample from Plot 4, Row 4, is probably to
be ascribeq to experimenta] error, which ig necessarily large under the
conditions obtaining ; i

Samples gre;
No. 2100. §
Was said to hay

ample of tobhaceo raised in Shelby County., The crop
than the time o

e been thoroughly treated with Paris green not later
f topping, My informant states that the growers of hig
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(Shelby) county use 1 quarts of Parig green to a barrel of water and
claim:that it will do no harm if not used after topping, when the leaf
begins to gum.

No. 2117. Tobacco from a crop on which Paris green was used,

No. 2118. Tobacco from a crop on which no Paris green was
used.

These two samples were collected by a tobacco buyer who remarks
that the tobacco on which Paris green had been used was much better
or more free from-worm holes than the other, The exact history of
these two crops is not known and the statement that no Parig green
was used on one of them rests entirely on the testimony of the per-
son who sold the erop and who may not have been correctly informed.

No. 2332. Tobacco grown in Shelby county and thoroughly
treated with Paris green as a test. The gentleman who sent in thig
sample states that it came from two plants that were set apart for ex-
periment and, after the rest of the crop had been sprayed, these two
plants received the thick residue from the bottom of the can, thus get-
ting much more Paris green than the rest of the crop.

The following are the resultg obtained, calculated on the tobacco
dried at the temperature of the laboratory :

Laboratory number ............ 2100. 2117, 2118. 2332,
Per cent. of argenious oxide ob-

fained eSS e .0010 .0158 .0028 .0072
Equivalent in grains per pound.. 07 1.11 .20 50

Per cent, cupric oxide obtained.. not weighed. .0058 .0008 .0006
Equivalent in grains per pound.. 41 .06 04

.The reagents used in these analyses were found to contain no
weighable quantity of either arsenic or copper.
ALFRED M. PETER,

F16. 7. Nixon’s Cart Sprayer (The Little Giant). Price, with sixteen
feet of hose and two nczzles, $35. Capacity of tank, 40 gallons:
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THE USE OF BISULPHIDE OF CARBON AND
HYDROCYANIC ACID GAS FOR THE
INSECT ENEMIES OF LOW-
GROWING PLANTS.

—

BY H. GARMAN.

It is often difficult to reach and destroy small insects
which prey upon the low-growing plants by the use of
sprays or powders, and especially so when the insects feed
by puncturing the plants and abstracting the sap, as is
the case with aphides and other insects of the same order.
These insects cannot be poisoned because they do not eat
the leaves, and it often happens that with the best of
spraying and dusting apparatus they cannot be cleared
from the plants they infest. My attention was especially
directed to this difficulty in the course of attempts made
in 1892 to exterminate the melon-louse on vines growing
in my own garden, and the results were briefly mentioned
in the course of a discussion of a paper on bisulphide of
carbon read at a meeting of the Association of Economic
Eutomologists held at Madison, Wisconsin, in August,
r893. The statements made by me at that time appear
in the journal, Zzsect Life, and are as follows : :

“Mr. Garman reported having found it [bisulphide of
carbon] effective in destroying the melon louse. His
method of applying it was to roll the vines up in a heap,
then invert a tub over them, and after placing a saucer
containing a tablespoonful of bisulphide under the tubits
edges were pressed down into the soil or the earth was
drawn up when necessary. He had tried the fumes of
burning sulphur and tobacco, but the former injured the
plants and the latter did not kill the plant lice, many of
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them gradually recovering after being stupefied by it.”

The matter is referred to again in the Annual Report
of this Station for 1893 (published in the spring of 1894)
in the following words:

“The melon-aphis is a small dark green insect like
the rose-aphis of hot houses. It is extremely abundant
here, and collects in large colonies on the under side of
melon leaves, causing them to curl up in such manner
that the insects cannot be reached by employing the
usual sprays. ‘The knapsack-sprayer made by Wm.
Boekel & Co., of Washington, was used first, the under-

sprayer being attached with the idea that the under sides
of the leaves could be reached with its help. But it was
found to be impracticable, because of the time required in
passing along each: vine and spraying every leaf. I'obacco
smoke was next tried, the melon vines being rolled up
and covered with a wooden box, or tub, then puffing the
smoke under the edge with a bee-smoker. By this treat-
ment the aphides were stupefied fora time, butif watched
afterward for several hours were found to recover. Bi-
sulphide of carbon was next employed, a tub being in-
verted over the vines and a saucer containing a table-
spoonful of the bisulphide being placed under its edge.
The fumes of this substanze were found to kill the aphides
campletely, and if not applied too long will do no injury
to the vines. Since the aphides usually appear on one or
two vines in a field and spread from these as a center, it
should be possible by means of the bisulphide to check
the injury of the pest.”

While engaged in this work several insecticides, not
mentioned above, were tried without obtaining results of
value excepting in so far as they were demonstrated to be
ineffective for the destruction of this insect. Pyrethrum
Was applied by dusting, by spraying, and by burning,
without Success, owing to difficulties of a practical sort.
Kerosene emulsion was also used, The chief difficulty
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with these preparations was to reach and destroy all the
lice. This defect will be better understood when I say
that the under side of a single leaf often bears enough
lice to stock and destroy all the plants of a garden. If a
single leaf therefore, of all those infested, is not thoroughly
sprayed, though most of the aphides may be destroyed,
the mischief will will soon recommence. The fumes of
the bisulphide properly emploved can be made to destroy
everything on the vines except mites. These small
creatures are wonderfully tenacious of life, and I have
found that to kill them with bisulphide of carbon requires
an exposure so prolonged as to destroy the plants on which
they live™*.

Since my test of bisulphide of carbon was made I
have experimented with hydrocyanic acid gas, which
proves in some respects even better than the bisulphide
for destroying the melon-louse. The experiments were
suggested of course by the practice of western fruit grow-
ers, and the gas was applied by covering the plants with
a small cloth tent and generating the gas under it. The
tent made by me is about three feet in diameter across
the bottom and when distended will measure about three
feet in height at the center. The top is rounded so that
it would enclose just about half of a sphere. It is made
of stout cotton twill and was given a coat of unboiled
linseed oil containing * Japan,” to make it gas tight. It
can be supported over the plants undergoing treatment
by means of stakes driven into the ground, or a moveable
frame can be constructed to support it.

*In the course of some recent experiments in this direction the
bisulphide was found to be of no value for the red spider on house
plants, a conclusion at which I arrived after fumigating a valuable
plant until most of its leaves dropped off, but it was discovered that this
pest could be very quickly destroyed by inverting an infested plant
under a water tap and wetling it thoroughly, then while still inverted
dusting the under sides of the leaves, and afterward the upper sides,
with pyrethrum.
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My procedure for melons is as follows: After plac-
ing thejtent over the vines, secure its lower edges by
placing on them short pieces of heavy wood, leaving
however one portion unfastened. Now place a saucer
under the tent passing it beneath the stil] unsecured part
of the lower edge, and pour into it 9 cubic centimeters of
water and to this add 3 cubic centimeters of commercial
sulphuric acid. Finally add quickly 3 grams of cyanide
of potassium and close the tent. There will follow a
sudden liberation of gas, filling the tent, and destroying
every living insect in it (excepting mites). The length of
time required to accomplish this varies of course with the
size of the tent and the quantities of materials used. For
a tent of the size described, and using the above quanti-
ties of materials, 4 minutes will suffice. Three minutes
will answer if the lower edges of the tent are completely
sealed. In my tests a few aphides were found to have
recovered at the end of twelye hours, after an expostre
of two minutes. With an exposure of one minute the
lice appeared dead when the tent was removed, but a
good many eventually revived.

Fie, 8. The Success Bucket Pump, made of brass, Price, $6.00,
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As illustrating the usefulness of this gas for destroy-
ing aphides on other plants T will give here the results of
some experiments on the rose-aphis. This insect appeared
in large numbers on ‘the terminal parts of a thrifty
young bush in my yard last spring and stopped its growth.
The seriousness of the attack was not at first realized, and
without intending to make it an object of further experi-
ment the plant was sprinkled with a watering-can and
then dusted thoroughly with pyrethrum. This destroyed
a good many of the lice, but left others concealed under
the leaves and elsewhere, and the injury was soon under
way again. On June 20 this bush was sprayed with the
preparation known as antinonnin, T gram to each quart of
water. One gallon was applied in the evening. On June
51 the plant lice were greatly reduced in numbers, but a
good many still occurred on the under sides of the leaves,
though special pains was taken to reach this surface. The
application was made with a very useful little bucket-
pump (the “Success'’) made by the Deming Company, of
Salem, Ohio. The antinonnin remained upon the leaves
and proved very injurious to the younger terminal
growth, so much so that I was obliged to wash it off
again by spraying with clear water. On June 22 I noted
a good many plant lice on the bush, and it was evi-
dent that the insecticide, although one of the best I
have used for such work, could not be depended on to
free the bush from its enemies. On June 25 it was decided
to use the hydrocyanic acid gas, and the bush was en-
closed in the tent for the purpose. Under the edge of the
tent was slipped a dish containing 34 fluid ounce of water
and 4 ounce of sulphuric acid. Then Y ounce of cyat-
ide of potassium was added. The fumes of the gas were
kept about the plant ten minutes, when the tent was 1€
moved. Every insect was killed. At 8 o'clock the fol-
lowing morning the tender growth of leaves and twigs
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were found to have been badly injured by the gas. No
living aphides could be found, but the twigs and leaves
were studded with their dead bodjes,

In the above experiment the quantity of material
used was too large and the éxposure too long. Four min-
utes would have been ample time to kill the aphides.
Notwithstanding the injury to the twigs the bush quickly
recovered and subsequently made a fine growth, whereas
it had previously ceased to grow, and would probably not
have increased in size at all if the aphides had been al-
lowed to remain,

I believe from my experience with it that this gas
treatment will yet commend itself to gardeners as a means
of checking the spread of injurious insects from infested
centers. It is certainly the quickest and most effective
method known to me of exterminating the insects infest-
ing single plants,

Both bisulphide of carbon and hydrocyanic acid gas
are injurious to man, and in using either one must be
very careful not to inhale the fumes. “The fumes of both
éscape quickly, hence it is necessary to shut the tent or
box promptly after introducing the substances producing
the gases. The bisulphide, it must be remembered also,
is inflammable,

The bisulphide of carbon is slower in accomplish-
ing the destruction of insects than the other, and must
be watched to make sure that treated insects do not
escape after being simply stupefied. Under a tub of
medium size g tablespoonful should be allowed to act for
an hour and a half, Two tablespoonfuls may be made to
do the work quicker, but this quantity can be left, as I
determined in 1892, about enclosed vines for an hour
and a half, without doing the plants any injury,




150 Kentucky Agricultural Experiment Station

Bisulphide of carbon is commonly bought in pound
bottles and costs about 22 cents for this quantity.
Larger quantities may be bought for less. Cyanide of
potassium costs about 45 cents per pound. The sulphuric

acid should not cost more than 3 cents per pound, and in

large quantities may be bought for as little as 2 cents per

pound.




