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INSECTIOIDES AND FUNGICIDES.

During the last nine or ten years an increaséd interest
has been manifested in the practice of spraying as a means of
holding in check certain insect pests and diseases of plants,
especially those due to fungi. In this work wonderful improve-
ments have besn made eépecially in this country where it has
been stimulated by the general and state government, and the
agricultural and horticultural press.

The beneficial effects of spraying, so far as a preven-
tion of injJury from fungi and the attacks from insects are
concerned, are now so well recognized that 1little indeed need
“be sald on the subject. Many of the most destructive diseases
of our crops may be readily controlled at a comparatively
small expense by the proper apprlication of certain fungicides.

Besides preventing the inJury done by fungi and insects
there is still another phase of the spraying question which,
although as yet has received very little attention, is of

great importance. This is the effect of certain fungicides
on the growth of plants independent of other considerations.
Almost from the beginning of the work :Ln this country it wes
observed that when certain preparations were used as fungi-
cides the plants made a better growth, yislded a better har-
vest, and in some cases gave an earlier product than those
untreated even though they had no disease present or any in-

sects upon them.
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The effect of spraying in this direction has been es-
pecially marked in the case of the potato, and also where
nursery stock has been under treatment. The yield of pota-
toes has been frequently increased f¥om 26 to 650 % quite in-
dependent of any erffects produced on the plants by holding in
check.fungous diseases and pest. Ve thus see the great im-
portance of spraying.

While a number of preparations and solutions used as
Tungicides have given promise of value none have heen found
which filled so marny requirements as the Bordeaux Mixture,
and it 1s probably more generally used today than all other
fungicides combined. The chief points in its favor are:

1. Its thorough effoctiveness as a fungicids.

2. Its cheapness.

3. Its safety from a hyglenic standpoint.

4. Tts harmlessness to the sprayed plants.

6. Its beneficlal effedat on plants othér than those re-
sulting from ths mere prevention of the attacks of
paracites.

The use of Bordeaux Mixture originated in France in the
neighborhood of the city of Modoc, which 1s situated on the
banks of the river Gironde. It was first used as a paste and
sprinkled on vines and trellises near highways to keep boys
from pillaging the vineyards. Prof. A. Millardet professor
of botany in the Acadamy of Scienoes at Bordeaux France, in
a visit to this region in 1882 found that the vines where
this solution had been applied did not suffer from mildew.

He ocarried on sxperiments to test its value with fairly good



results, until in 1884 he published an account of wrat he
had done. From that time it has rapidly come into general
use.

All things considered we belisvs that the best results
will be obtained from the use of a mixture made by the follow-
ing formula:

Oopper Sulphate (Cu S 0 4) 4 pounds.

Fresh nslaked lime (Ca 0.H2 0) 4

Water 40 gallons.

This can be most easily mixed by placing six gallons of
water in a tub or barrel and in this hang four pounds of cop-
per sulphate in a burlap or other course sack. Slake the lime,
being careful not to add the water fasgster th:n the lime will
take it up. Strain the lime to remove any lumps that may not
have slaked. Pour together and dilute to forty gallons.
Enough lime should be added to neutr®alize the free acid for
if this is not done it will injure the foliage. A good way
to test this is to add a few dArops of ferro-cyniade of pot-
asium to the solution before it is diluted and if it turns
brown the lime 1is deficient and more should be adued until
the ferro-cyanide shows 1o chanfe in color.

Certain chemical combinations take place from the mix-
ing of the copper sulphate and the 1ime =olution. The copper
is precipitated as cupric nydroxide forming at the same time
a slightly soluble sulphate of 1lime. These two salt: toge-
ther with an excess of lime remain in suspension in the Bor-

deaux Mixture. The reactions are simple and are expressed






by the formula CusSlO4. BH20+Cal0. H20sCu(OH)2+4CaSC4+6H20. From
this formula a simple calculation shows that to precipitate
four pounds of copper sulphate there would be required but
.89 pounds of lime. However as the 1lims is usually very im-
pure it has been found by carsful experiments that we heed

a much greater amount than this and that equal parts of lime
and copper sulIphate give the best results.

It will be noticed that this preparation although not
a8 complex and not as difficult to prepare as many, taxes
considerable time and more or less experiencs which probably
has much to do with its not being used.more gecnerally by mar-
ket gardeners and those who have bput a small number of plants
that would be benefited by its use. To overcome this some-
what serious objection it was thought best to experiment with
one or nore solutions which could be easily and rapidly pro-
pared with comparatively little care.

As Bordeawx Mixture contains as much if not more copper
sulphate than lime and it has shown such remarkabie raocults
it was thought best to experiment with crystals of corper
sulphate dissolved in water. The experiments with this were

carried on along several lines. First. A number of differ-
ent kinds of ordinary flowering plants were sprayed with
three daifferent strengths of a solution in which the copper
sulphate had been dissolved for the purpose of ascertaining
at what strength it could be safely used upon the plante.

Second. A similar experiment was tried with soft water
being used instead of hard water to sec 1f there was enoufh

lire in the hard water to make an appreciable difference in






the two, it being remembered that copper sulphate added to
lime makes Bordeaux Mixture.

Third. Zenoleum, a waste oil product, was used on simi-
lar plants to find how strong it could be used without doing
injury to the plants.

Pourtn. Both Zenoleum and the soft water solution of
copper sulpnate were used on a large number of trees and
shrubs also on five fruit trees, to see if the strength not
injurious to the flowering plants were injurious to these.

Fifth, Different vegetables and berries were sprayed
with the soft water solution of copper sulphate of a strength
one part of copper sulphate to one thousand parts of water,
and a Zenoleum solution of one part of Zenoleum to sixty
parts of water.

Sixth. The soft water solution of copyer culrhate and
Bordeaux Mixture were used side by side on raspberries,
ctrawberries, pears, apples, and carnations to see their rela-
tive merits as fungicides.

Seventh. Zenoleum was used on a number of plants having
scale, red spider, thrip, aphis, and fungi on them tc see if
these were killed.

Following are the tables of the experiments and the
results reached from them.

Experiment I.

This experiment consisted in spraying 12 varieties.of
"the following plants with three different strengths of a
hard water solution of correr sulphate. The plants were di-

vided into four lots, cach lot having the ssme mumber of






plante and of the same variety. Lot 1 was sprayed with a so-
lution 1-260. Lot 8 wacs sprayed with a solution 1-500. Lot
3 was sprayed with a solution 1-1000. Lot 4 was not spreyed
at all but was simply used as check upon the work of the other
three lots. All plants were sprayed five times at intervals

of one week. Notes were taken the gsecond day arfter each

spraying.
Table 1.
Geranium Lot I. Lot II. Lot III. Lot IV..
Sprayed on
April 6 0.K. 0.K. 0.XK. 0.X.
] 13 | ] | ] [ ] | ]
| ] 20 | ] n | ] ]
| ] ’8 ] " L] | |
M’w 4 | ] ] [ ] "
Stock.
April 6 Greenhouse smoked which made all plants
» 13 gickly until by April 20th they were
w230 disregarded on account of being prac-
* 28 tically dead.
May 4.
Begonia.
Sprayed on
April 6 Greenhouse smoked which wilted plants considerable.
* 138 Plants in same condition today as on April éth.
" 20 Same Same Looks bettexr.Looks better.
v 28 Not as well * * much * * much *
as on Apr.20.
May 4 8till warse *® Practically Practically

todsy . recovered. recovered.
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Cinneraria Ilot I.
Sprayed on

April 6

May 4
Primla

Spreayed on

April 6

May 4

Carnation.
Sprayed on

April 6

May 4

Petimia.
Sprayed on

April 6

* 28

Lot II. Lot III. Lot IV.
Tips of Tips of Tips dried 0. K.
leaves dried lesves as bad as
some . dried very those of
1little. Lot I.
Little more About the Looks worse. 0. K.
80, same.
Same as on Looks better. ® gtill® Ieaves dried
13th. vory little.
Same as on * gtill * No change. ILeaves look
13th. better.
Same as on 0. K. " " 0. K.
13th.
Looks some- 1L,ooks some O. K. 0. K.
what sickly .better than
Lot I. .
Same. Same as on " "
leaves dry- Improves Leaves Aried ¥
ing up. some . very little.
Leaves dried Same. No change. "
mich more.
Leaves dried " n " "
still more.
0. K. 0. K. 0. K. 0..X
[ ] " [ ] "
] ] | ]
| ] ] L ] ]
| | ] ” n
0. K. 0. K. 0. K. 0. K.
| ] ] [ ] "
[ ] | ] | ] | ]
” ”» | ]
| ] | ] L ] ]
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Stroblian- lot I. Lot IT. Lot IIT. Lot IV.

thes Dyer-

ianius.

Sprayed on

Apl‘il 8 '11t°d cm- 00 Ko .O. .Ko 0. K.
siderably.

v 13 Same . . Wilted some L

Not as dbad
Lot I éth.

T 80 Little better.® Better. "

s 28 0. K. . 6. K, .

w ‘ [ ] " ” [ ]
Ageratum
Sprayed on
April 6 0. K. 0. K. 0. K. 0. K.

* 13 " " L L

" a0 L n " "

? 9g L L . L
w 4 ] " L] ]
Achyranthes Leaves dried.

Emersonii. some.
Sprayed on
April 8 Looks better. 0. K. 0. K. 0. K.

T 18 0. K, b " "

2 30 | [ ] n [ ]

T 98 L] L] " "
w 4 [ ] L ] 1] 1]
Achyranthes
Lindenii.

Sprayed on
‘pnl 6 0. K. O. Ko o- Ko o. Ko

T 18 " " » "

] 20 ”n | ] ] [ ]

* 93 u " " n

m4 " » L] "
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Achyranthes Lot I.- Lot II. Lot III. Lot IV,
Hoveyii. '

Sprayed on
April 6 0. K. 0. K. 0. K, 0. K.
» 18 " " ] "
v g0 " " " "
" gg " " " "
May 4 " " . u

It will be noticed that there are some inconsistencies, es-
pecially in case of the Primula and Strobilanthes Dyerianius
which may have been caused by a difference in individual
plants.
Experiment II.

This experiment was similar to the precedlng one with
the exception that soft water was used and that but nine
varieties were sprayed but three times.

Table 2.
Petunia Lot I. Lot II. Lot III. Lot IV.
Sprayed on
April 30 Looks quite Not thor- 0. K. 0. K.

sickly. Not oughly heal-
good color. fthy.

® 28 No change. No change. n "
May 4 n Li ] ] L] "
Cimneraria.
Sprayed on
April 80 Tips of 0. K. 0. K. Looks about as
leeaves dried bad as Lot I.
some .
* 28 Dried up ' n " Look worse.
more today.
May 4 Ro further b " 8t111 worse.

change .
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VeTrbena. Lot I. Lot IT. Lot IIT. Lot IV.
Sprayed on

April 20 lLeavem drised Same as Not quite 0, K.
some. Lot I. as bad as
Lot I.
T 28 Looks some No change. Looks much v
worse. better.
May 4 No change. " " 0. K. "
Helliotrope.
Sprayed on
April 230 ILooks some- O. K. .0..K. 0. K.
what siekly.
Pooxr color.
* 28 No change. . . "
May 4 Improved " " "
some .

Coleus Verischafelteii, Ooleus Yellow Verischafelteii,
Achyranthes Lindii, Geranium, and Primula were also treated

but with no ochange showing in any of the plants. This table
is somewhat more satisfactory. The unsprayed Cinneraria evi-

dently suffering from gome outside influence.
Experiment III.

With this experiment 1968 lots of six varisties each
were sprayed with Zenoleum of three strengths five times.
Lot I with a solution of one part to 20 of water.

* TT n | ] " | ] ] n | | 40 L ] "
"TTT " L] n | ] | ] | ] T 80 * ]
* IV was not sprayed at all.
It was noted that the plants in Lot III of the 8tock,

Cinneraria, Begonia, and Ageratum had been more or less affect-

ed 8o two more lots of these were secured and sprayed with a

solution of one part to 80 of water and I.ot VI with one parst

to 100 of water.
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Geranium.
Sprayed on
April €

v 18

" 20

v 28
May 4
Achyranthes
Emersonii.
Sprayed on
April 6

v 13

" 20

" 28
May 4

Stoeck.
Sprayed on

Lot I. Lot
0. K. o.|
Has very L
little good
color.
Leaves start-®
ing to dry up.
Much worse. *
Many leaves *
falling off.
0. K. o.
" n
" "
|
" L] ‘
L] L]

April 8 Bottom leaves Vex
yellowish. lea

* 18 Little worse, Nea
flowers wilt- of

ed some. lea

* 230 Much worse. Lod

* 28 ©No change. No

May 4

yel

not
as
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Begonia.
sSprayed on
April 8

" 18

* 20

" 28

May 4.
Ageratum.

Sprayed on
April 6

w13

" 20

v 28
May 4
Cinneraria.
Sprayed on
April 8

L ]

" 20
" 28

Vay 4

Lot I. Lot Ii

Top of plant Not q
and tips of as ba
leaves black.Lot I

Most of Plants
plant turn- ed bad
ing bvlack.

Leaves and Leaves

tips of tips £

branches fall- of
ing off.

Dead. All 1e
dead a
tips.

-— Plant

Tips of plant Wilte
wilted and tips.
dried up some.

Mueh worse. Tips w

and dr
some.
Plants wilt- Much wi
ad.
Dead. Still
—-— Dead.
Tips of Tips o
leaves dried leaves
some . very 1
Ieaves worse,lLeaves
flowers more.
dried some.
Worse. Leaves
1y wil
Bad. Whole
wilted]
Dead. Almost
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Experiment VI.

This experiment was the spray.ing of the following shrubs
and trees with a soft water solution of copper sulphate strengtl
1-1000 and Zenolevm 1-80 on April 20th, 28th, and May 4th.
Hard Maple. Soft Maple. S8ycamore. White Pine. ILilac.

Cork Elm. Arbor Vitae. Honey Suckle. Norway Spruce. Box
Elder. Buffalo Currant. Sumac. Golden Elcer. Ampelopsis
Veitchii. Virginia Oreeper.

No effect was noticed from the copper sulphats sol.tion
but the Zenoleum kKilled the leaves on the Ampelopsis Veitchii
and the Virginia Creeper.

At this same time I sprayed the peach, pear, plum, apple
and cherry with this same solution of Zenoleum and with a
corper sulphate solution of twice the strength as used on the
other trees, that is a solution 1 to 5°0. Here too, there
was no effect except in the case of the pear. Here the leaves
wore badly injured espccially the smaller ones. The older
ones dried up in spots but were less seriously injured.

Experiment V.

This experimrent oconsisted in spraying strawberries,
gooseberries, blackverries, raspberries, currants, potatoers,
peas, beans, lettuce, cucumbers, and radishes with copier
sulphate 1-1000 and Zenoleum 1-60. The ooprer sulphate did
not affect any of the plants but the Zenoleum affected the
lettuce, oucumbers, peas, and beans in order named. All re-
covered however and there was no epparent difference excepting
these plants wers somewhat later in maturing than those not

sprayed.
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Experiment VI.

In this experiment I endeavored to find the relative
values of Bordeaux Mixture and Corper Sulphate as preventives
of Anthracnose, Apple Scab, Pear Leaf Blight, and Rust on
Carnations and Strawberries by spraying five times (on June
23, July 2, 9, 13, 21,) with a soft water =olution of copper
sulphate 1-800 and with Bordeaux Mixture.

The young shoots of Cuthbert Raspberries wers sprayed
for anthracnose but as so little anthracnose showed itself on
either the sprayod or tnsprayed plants no conclusion could be
drawn.

Pears were spreayed in a 1like manner for Pear Leaf Blight.
It was found that the Copper Sulphate was injuring the foliage
to such an extent that it would be impracticable to use 1t
longer. Belleving that possibhbly some mistake had been made
Peas, Apples, Flums, and Chorries were sprayed with solution
1-800 and 1-1200. These were sprayed but twice but the sane
inJurious effect was noticed on the peas sprayed with the so-
lution 1-80C, while those sprayed with the 1-1300 solution
were not arfected at all. The other fruits were not hurt
in the least by this spraying. No leaf blight has shown 1t-
gelf on any of the trees cprayed or unsprayed.

A Famaense apple tree was sprayed in a similar manner and
the results were very marked. The Copper Bulphate solution
diminished the number of cases of scab very much, also the
severeness with which it attecked the apple.

The Bordeaux Mixture was even more beneficial than the

Copper Sulvnhate. It ic safe to say that it diminished the
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number of scai'y apples at least one-half. It also made the
gcab very much weaker than those where there was no cproyving
done. Two varieties of strawberrises (Pawnce and Swindle)

were sprayed in a similar menner for the fungus Sphaerothica.
Here the results were very apparent indeed, the sprayed plante
in many cases being almost free from the fungus. The Copper
Sulphate seemed to be somewhat superior to the Dordeaux Mix-
ture in this experiment as those sprayed wit: Copper Sulphate
geemed to be somewhat freer from the fungus.

Spraying showed a decided improvem=nt in the amount of
rust on carnations. The Copper Sulphate was fully as good
here as was the Bordeaux Mixture.

It is thus shown that the Copper Sulphate is of consid-
erable value for spraying apples for scab, of equal value
wvith Bordeaux lMixture on earnations, and fully as valuable,
if not more so, than Bordeaux !idxture on sirawberries.

Experiment VII.

This evperiment consisted in spraying different plants
five times at intervals of about one wrek to see if a solu-
tion of Zenoleum would kill various insect pests. By a pre-
vious experiment it had been found that Zenoleum could not
be safely used on plants stronger than one part to sixty of
water, so this strength was used. Begonias were sprayed for
the scafs fecaniun hesperidum; Crotons for the Mealy Bug
(Dactlopius), Red Spider, Thrip, and the fungus Fumago-vagans;
a Sago Palm for the sca‘i éeeaniim olea; a Spiral Pine for
the fungus Fumago-vagans; Chrysantheums for Black Aphis;






Cactus for the secale (Aspidiotus cacti); and an apple tree
Tor the scale knowvn as Mitalispis pomorium.

It was shown very conclusively that thlis solution wiil
not kill the rumago-vagans fungus, the mealy dug, red spider,
and bvlgck aphis. It did however kill the thrip and the doc-
anium olea scale, and greatly reduced tlie scale on the cactus
and apple. However it seems to be impracticable for those
two scales for it was not effectual enough to compensate for

the time and expense of spraying.
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