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>

Ume-Sulphur Wash.

By H. L. Fulmsk and Lawson C«sa>.

INTRODUCTION.

The Lime-sulphur wash has been used in Ontario for about twelve
years, and, although it is a disagreeable material to work with, it has
proven to be so useful that it has steadily gained in popularity, until to*
day it is the standard remedy for the San Josd scale. The wash is also
useful in destroying other scale insects, and, furthermore, it is recoff'
nized as a valuable and efficient fungicide. In fact it is without doubt
one of the best all-round spraying materials at the disposal of the fruit
grower at the present time.

This valuable spraying mixture was first used by the California fruit

growers, who accidentally found that the Lime-sulphur sheep dip of Aus-
tralia would destroy the San Jos^ scale. When the scale spread to the
Eastern part of the Continent, the California remedy, or Lime-sulphur
wash, quickly followed it. At first it was used entirely to control tfie

ravages of the San Jos^ scale, but it was soon found to destroy the
Oyster Shell Bark Louse and other forms of scale insects, and, quite
accidentally, it was discovered that it controlled the Peach Leaf Curl.
This suggested that the Lime-sulphur wash had fungicidal value. Up
to this time the wash had always been used on trees in the winter or
early spring, and was of a strength only suitable for use on the wood
in the dormant condition. If, however, the mixture was to be useful as
a fungicide for more than the Peach Leaf Curl, it must be sprayed on
the trees during the growing season.
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The commercUl Lime-sulphur lolutions next appeared on
market. They are concentrated solutions, which do not crystallixe 1

!E. "T"??.* .
j*"''^'*' cpn"<i"*"*'y' ^^^y "" ^ ^^ ^y length

time and diluted as required for spraying purposes. These commen
washes were at first viewed with suspicion, but it was soon found tlwhen properly diluted they gave excellent results both on dormant wc
and on tender foliage. The foliage of the peach tree is an exception.
It was found that even with what appeared extreme dilution the co
mercial washes still burned the leaf. In the endeavour to get a fun
cide to control the Brown Rot of the peach tree, the self-boiled Lin
sulphur wash was introduced and has given excellent results. Tl
latter material and the diluted commercial solutions are now being si
cessfully used as Summer sprays without russeting the fruit or oth<

Eure"""*^
" '"' ^°"*^' *' '°'"**''"«» happens with the Bordeai

With regard to the composition of the Lime-sulphur wash. It h
always been evident that there were wide variations. Sa!t was a co
*: JJ^\.°^ *'I*

original sheep dip and was retained, with the idea th
It added to the caustic qualities, and particularly to the adhesive natu
,

the wash. In practical experience, however, the salt seems to hai

^^L^MJI *"*''.*• i"^ "' therefore, omitted in all the formulse nogiven. The formula have varied from time to time and in differei

n^J'^K!;'*"!.'*""!
'"***"«" very excessive quantities of lime have be<

used, but the nature of th'- compounds found did not vary with tl

?J.^'7"iP'°P°'^'.°? °! J*?^
ingredients. In all cases the mixture coi

IXht.?*»?th'"»
*' "iilphides of Caldum and some thiosulphates an

sulphites, with traces of sulphates. The amount of these latter conpounds was dependent upon the length of time the mixture was boileand the vigour with which the boiling was prosecuted. Indeed it i

quite probable that the rate of boiling has been respomjble"0?^^
variations m the strength of the home-made wash than any other on
factor, for. while 45 - to one hour's vigorous boiling has bee

feTJ^*"Jm. o/".?'*' >

' ' ^''""^ °' '''"'' '^"•"S will frequenti
leave some of the & .

r combined or in tiie lower forms of th
sulphides, and, hence - nferior wash.

.««i^*l!* ^'tlf^'H'^^^H'l" '^*''*='' '=*"»*'<^ soda and sal soda wer
^!!it

."^ the action, which were advocated at one time, gave fairl
satisfactory washes but so much depended on having a fresh quickslaking hme that the results obtained were not uniform and they an

itt^Ur
":*^%"?^- 7''«

'i^-^^^,^
washes now advocated contain mucl

smaller quantities of combined lime and sulphur and are purposeh
arranged to make weak washes for Summer spraying.

P»nx)sei3

fh. J!ll.?^"'-*'''''fi
L'me-sulphur solutions whtch have been placed orthe market during tiie last few years have some decided advantages ove^



the home>inade article. They are clear lolutions containing a larger pro-
portion of the sulphur in the form of the higher lime sulirfiidei, and, be-
cause of the absence of large quantities of free lime, they do not crystal-
lize. Consequently, they can be diluted to the required strength and
applied at once, doing away with the rather disagreeable work of pre-
paring the wash. However, it is very doubtful if these" commercial
articles will ever replace the home-made material for Winter spraying,
unless they can be sold for less money.

The most recent advance in the preparation of the Lime-sulphur
wash is the introduction of a method for making the home-made con-
centrated solution. The method is simple and consists essentially of
boiling together lime and sulphur in the proportion of i : a. allowing the
residue to settle and drawing oflF the clear supernatant solution. A wash
can easily be prepared in this way. that is 8 or 9 times as strong as that
made from the old formula for home-boiled mixtures, and, as it does
not crystallize, it an be made during the slack time in the Winter and
stored ready for dilution when required.

The difficulty in handling both the commercial solution and the
home-made concentrates is to know how much they should be diluted
before applying. The solution prepared from the old formula, lime,
20 lbs., sulphur 15 lbs., water 40 gals. (Imperial), may be taken as a
fair standard of strength for spraying dormant wood. But, so far as
we know, no analyses of these washes have ever been published To
"™*"* !,^" ^*** w« collected and analyzed a large number of samples,

ru!^l-i *' ^*' *° ^ expected, there is a wide variation in the strength
of die diiferent samples, an average should give a fair standard. Know-
ing, then, the strength or density of the wash required it is a compara-
tively simple matter, by use of the hydrometer, to dilute any concen-
trated solution to the desired strength, either for a winter or summer
spray. Thus a fruit grower may make his own concentrated solution or
purchase the commercial article and dilute to a definite basis and apply
a wash of a uniform strength, or, he may dilute to the strength desired
foi the dtfterert kinds of fruits he wishes to spray.

R. Harcourt,

Frof. of Chemistrx.



PART I.

. CHEMICAL STUDY.

By H. L. FutJUEH.

N«o o» A Study oi* thk CoMPosmoy oi» Limk-«ulfhui Wa«iThe L me-iulphur wash has no^v becom \ i^puir^n«v .nJ

we are Often unable to answer, except In a eeneral wav Thf. i«m,

oTwSrarrkil" tll^
emphasised ,o US sSTc^itrentTnt od„*

were usilL .r^i,
"

^'if
Commercial Lime-sulphur solutions. Farmwere usmg and knew the value of the Home-made wash hr» thi. «

theS vfar
"^7 '"^'^^t*'''.*.''*". >ed "s to gather JSnie data duri

ho^r^adra^d^l^olerdr''?rgeff^^^^^
^^'»'-'

^

oi tne I rovmce. We endeavoured a so, in collecting our samni*.. 5
^5;iT'''%rV':i.'-°

^"^'^ '^'"^ ^""" ^" parts of the SSa, far

P^ 'teraJ cCZiH"''Tr°"'^ P."""* ««"••" which wo„M Spr
'

Slfd.^
compos tion of thesr they are being made and applied

nl«, S!h. }^a
*"!'^'" °^*'' "P'" °' washes collected; we ha

?hr««,1f/
?"^yoj. »««"«. other points in connection with the wr^, «

ttseTnVfo'^er""""" "" *"" "°* ^"^ »- '"^'"<'''' «'«"? w"

c i,?v-"^'°''r°^.
^:^.»'P«S- ^^i"- samples of washes were all collectithe Niagara fniit district, with the exception of a f^/renreseSr

Aen agam n May (13-14), and the territory covered extend? f^



twcntV'four were of the hoine-made variety, and the remainder repre-

MHted commercial brands. Considering, in addition, the fact that lix

of the aamplea of home-made wash were takeit from steam boiline pUnts
that were supplying a large number of orchardists in their vicinUv with
the spray, namely, two at St. Catharines, and one each at St Davids,

Homer, Grimsby and Winona, it will be seen that we have secured
ramples which will give a thoroughly fair representation of the nature
and composition of the home-made Lime-sulphur washes being used
over the greater part of the Niagara fruit belt for Winter spraymg.

When collecting the samples notes were kept regarding the methods
pf manufacture. Ijiis includes data as to whether steam or direct heat
were used for boilmg; kind and quality of lime and sulphur used*,

length of boiling period , etc., and these, where useful, will be introduced
into the general discussion.

METHODS OF ANALYSIS.

The various determinations which wc have made in our study of
the composition of the Lime-sulphur washes include the following:

(a) Specific gravity (commercial washes),
(b) Sulphur in solution,

(i) Total sulphur,

(aS Sulphide sulphur,

(3) lodme sulphur,

(4) Sulphur in other forms.

(c) Lime in solution.

Solutions Required:

(a) Ammoniacai Zinc Chloride: Made according to Sutton (Volu-
metric analysis, p. 323, 7th Ed.).

(b) Bromine Hoiution. Made by saturating a 20 per cent, solution
of potassium bromide with bromine.

(c) Barium Chlc'de: A 20 per cent, solution.

(d) Methyl Ora^ ge indicate,

(s) Nickel Su' late indicator.

(f) Decinormai Iodine.

(^) Starch solution.

SULPH
Preparation of Sample:

(a) Homemade Washes: The
cases where orange crystals had fomu
70* C. in a water bath until the crysta -

c.c. were then taken (when the wash was
tionately less quantity was taken) and pa«

with the aid of the pump. This removed

'.^i5 thoroughly mixed. In
. \\hole was first heated to
lad dissolved. One hundred
'^t at full dilution a propor-

thmnsfh an asbestos filter

of til* residue or "mud.'"



to ; vott of is c c •*• ^'^ *^ "™""^ "^ "

^o«.sl J! ?**/*™*^. **y *•» manuftcturer, filtering of the umicarried on jtiit m with the homemade wadie«. tie whoIeTJmade up to a vohime of 500 c.c.

Ottermination:

to a wJfhLSit'rr;"/ , *°'-;l°' '^ »"«"*"• •°'"«<« *««
. *. 5*** C.C. Deaker cmuaininfr about aoo c c of water m^A *!*»•

°' *«>^«n« *» *''*" removed by evaporaHon 10 Vc ol

wa^^r'' '^ Nickel Sulphate a. aif Vxumal "indkaSr "^^was tfien removed by heating on the steam bath. The predpitaS

SrJ? r^^i
"!''*• '""'^ thoroughly by decantation and tm^ Se

Xrscrof^hvd^;- " ^2."/' = '>' "^'"'''^ °" ^^rstSTn

Sr? /«V;k I.W^?v peroxide for 30 min., slightly acidified

"Sll^ay
"'*'"«^ ^^* precipitated with Bad. and Estimated

1 .J'^L '°°"*'' Sulphur: These forms of sulphur were deterIn the filtrate and washing, from the precipitatedTubhides Tht

Hn" wftf^h5 SJ- "^l:"'!^
^**'''' °""^ aslTator, SS,

^en Thi r!^ij^^'Ti.*''*="'*""*"' » ""'« •»*":»' solution addei

SutiJi tJ; ~5 ""''*"';
t°'"I^""l» t""t«J with dednc.mal i

(7< <J^J!-
''"""^

'"'P'"ir **' '*^''*<* « thiosulphate -sulpl(d) Sulphur m other Forms: Obtained by subtractine thtof sulphide and iodine sulphur from the total sulphur
*^

Liiu.

fh,*'?* *°*!S.' J'*"*
J" ?*'"*'°" ^»» obtained from the i^ne samithat prepared for the determination of the sulphur. A 25 cc^was oxidued with bromine in the same way as for tot,l suiphu.

InH tL r **''""'*'i "^^y evaporation, 10 c.c. of HQ introd

and ^hJITm ^^*^****^^'''' '°"'' ammonium oxalate and amnand estimated in the usual manner.

MlatioD u to b* nrtllriblt.
»«mtone» ii praMnt In inch •mall qa&nUtr in limi-i



Valuation ov a Uuwtvt.f»v% Wash.

Before m idea of the efficiency of lime-sulphur with can be

gained from • table ihowing us comooeition, a knowlerlge regardinK the

value of the variout compoi.ndt mentioned at occurring in it must be

had. Valtic relktet to the power which is possessed for killing insects

or fungi, or preventing '
I atta'*k, d-rredations or growth.

The value of the different ^r.'ou'tds is in the main only comoara-

tive, and in practice is either uigh, r edium, low or nil. Thus of two

compounds A and B, both intended to be used for the same purpose. A
may be stated to be more valuable than B for that purpose. Both may
accomplish their work, A more quickly or thoroughly than B. Both

may fail in their work, B more completely than A. A may accomplish

itt work. ^ .-iiay not, and yet it cannot be stated definitely just how
y»luaf' ther one of tfiem is when either be thought of apart from the

othe; v' we can say is that the value of A is higher than that of B.

T..V- above outlines the position we are in when we come \o treat

of the value of the various compounds which occur in lime-sulphur

washes. We know that when the wash is well made and thoroughly

applierl it forms a very effectual treatment for San Josi scale and many
other small insect pests, and also for many fungus diseases : but we do
not know Uie definite value of any of the compounds of which it is com-
posed. The comparative value only of these substances is known.
Thus, the most valuable of the constituents are the sulphur compounds;
and of these the most valuable arc the sulphides. Then, in order of merit,

come the " thiosulphates. sulphucH (both reported, combined, as Iodine

sulphur in solution) and sulphates (reported as Sulphur in solution in

other forms "). Outside of the sulphur compounds we hstve the " lime in

solution," and the residue or " mud." These mates iais are practically

inert and useless. It must not be overlooked, however, that the former
is very important indirectly, in that the existence of the sulphur com-
pounds depend on it; and that the residue is also useful in that it acts

as a marker during the spraying operation, and that it also is claimed

to increase the length of time that the wash is active on the tree, and,

further, that it improves the sticking qualities of the wash.

Since the sulphur compounds are the most valuable constituents of
the wash, we must use them as a basis for valuation. Sulphide sulphur
is the most valuable sulphur compound present, therefore in placing
value on two washes, we value that one the higher which has the
greater quantity of sulphide sulphur per unit volume. This method
does not take in the factor of economy. A wash may be so strong to

be applied at a great waste. The matter of correct strength is a pro^ .em
by itself and depends on—purpose of application, time of spraying,
degfree of infestation, etc. In the present discussion we wish only to
discuss the washes themselves, as the practical application of them has
received no attention at our hands.
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HOMC-MAOS WaSHSS.

MmnW^^lTu*^ " * ?"* '''°*''"« *« composition ot the twentv-f<Mmples of home-made washes which we collected in the NhSf
SS; n?*.Sr'«^*'"^'"«;

*°^"'*' '^•"<'» °f l™^ and sulphur fs^dmethods of boilmg are also included.
^ '

the homtma^e'wa"sh%S;'l- * ^"^**^°^ ^°"""'* "« "'^^ in maki

MurSr!^ ?!,- 1 u .
'""* ^*"*' >" amo""* from i6 pounds topounds, and the sulphur from 15 pounds to 10 oounds rh^r»^^^^

lar formula is 20 pounds of lime' ^nd 15 ^unTof .dphJr
' """'' "^

quality\^!e1tv"airr'rH "f^^^
^' *?'"'* > ^^°"'' °f Sulphur i

Al
"""d by all; the kmd of lime used varies with the locality.Une hour is the favourite boiling period, but some boil as l!«l*

40 to 45 mmutes and others as much as i^ to i^Tours and il^n ,to a-a hours. The common way of boiling is by means of steanJ T» b^";e steam is much more convenient^to us^ Sin dilfhe"i.
^

ine strength of the washes varies markedly The tntai «,,i«i,.

totti mlphtir, and 1041 pounds of snlphid. sulphJr per!tolXS. i

,^?^of^^.r-'oj;Tu,SotJ:?,rr„V5s^^'„r^^^^^
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«,lnW* ^-JJ-"*
Sulphur makes up quite a large proporHon of the to

S ?urDh.Ja!,H'",?th"''.'' T^' T °' thiosul^atSTS a small quant

?ct h imSrt, In ^""^m""^"^"'^ »° '''»'"^"« " the sulphide Julph>yet It imparts considerable efficiency to the wash.

in kI 'u ''r'r
'" °^^^^ ^°""' « "mostly sulphate. It is of no valin the wash, but. except in three or four cases, it occurs in such Tmquantity as to be negligible. The main point to be^Tembered i„ Snection with this substance is that it is present as tJ^e result of ?

SurinrLr'^" V^,' "'°? ^*'"«'''*^ »"'Phide and thiosuljhate sSph
fore th.^il"^V,?'°'T^'*^

or over-boiling increases its aSiount. t^e,
^°"i.''* f«"-ability of controlling the boiling process.

'

lotai lime -in solution is not important, excent that it i« an Jn^.vhor as to the amount of sulphur in solutio^ The pJ^^^^^ot lime, the greater the amount of sulphur. This is fhown ouit* rT^r.n he column, "Ratio of total lime to total sSjhur " whe?e U i, ?«that the proportional amounts of lime and sulphur are fairly cMstarThatcher states * that lime and subhur dissolve n the proSri?^ of

sX!nn*r° J,;^
P'^rt sulphur; and that after allowing forTe°?meisolution (m the wash) as calcium hydroxide, the ratio of IhS

wa£";irier&om'°.":fi' ' ^'"^ 7^' ^""""^ °* '™« '" "^"t^^" "^hewashes vanes from 5.76 pounds to 10.72 pounds per 40 gallons.

CoMMERCiAi, Washes.

«,uiJS^°^^ u!
.*''*j commerdal washes are made up of the clear liauiwhich IS obtained when a wash is allowed to settl^ Th. t;« -J -^^l

very closelv to the <^A * ^^^^^^ffth of these washes corresponds

reason tl^S^ i^anufrciure™ of^f'^^^^^^ "t,*^' "^'^' ^^'*y- ^^^ *i
trolling the sJreSTthel nrnH ""f't' "•'

*^t
Urometer for con-

attains^a certaKnskv it win Hnc. '

"""^'"^ *^* *'''" '^'^ ^''"tion
.

^'n aensity it will closely approximate a certain strength
Jour. Amer. Oh.m. Society : Vol. 80, p. Uuir^. " ^^"^
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Most makers aim at a density of about i.agA.6 (*%' m) When !,• „
.s left m the wash, however, asin No. i^the amoS of^S^ed^phur per unit volume is greatly decreased Consequently thffactoonly apphcablem the case of the clear solution. Ku ^nneSmight be stated that the hydrometer could be used to gre?t advinSm controllmg the strength of the home-made wash. rKstrumentcheap, and very easily manipulated, and its use would tend to reduce 1makmg of the wash to a system, and lead up to the making of amuniform product, and to a greater intelligence in its applicl"fon

Home-made and Commercial Washes Compared.

There is no doubt but that the commercial lime-sulphur solutio

Jr.n^lif.v'""'*'
'" «very way with the homemade solutions b so

°

Sp^ctTa wLn%'TT''^L""^' *''"*^°"' '* " *!"'*« reasonableexpect that when applied in the same strength as the home-made wathey will be just as efficient. There are some differenSs kthe tvw«hes, however, which might affect the comparison, vTz, the fhio

ffim. Z^t^
be present in greater quantity in the home-made wash thome-made vvash is applied hot, and the commercial brand does not cotain the residue or " mud." It is hard to judge just what wo«l3 be ?!extent of difference caused by these factors. Thiosulphate Ts a mo^less actwe constituent in the spray, and therefore the hom"marwawould be somewhat more valuable for that reason. By sprayii?hot

IS likely that the spray will spread much better, and a vSrimporta.factor m determining the results of spraying is the thoroughies^wh

atls totSe'SJ'o? °.' ' *T " ''''''' '^'^ P«--«-« of fhe^'mSadds to the life of ?he wash, causes t to adhere better and in ?f«*.lf iT-an msecticidal value; and, further, it gives a meanTW <in?ro l?„e Ih

?^Zl^rT' -1 '^^ ^hitewashing%ffect which it ha?o„ the freeThe absence of residue in commercial washes, which do not contain ican^however, be controlled to a great extent by the additSn of lim" !

Most of the manufacturers of commercial washes rerommend thei

TTht'n*°>^-ut''^ °"\*° ^'^^^"- ^'°'" *he next to lasT^o"umn

'

-f
.•»•'•'* "^'^ ^^ '^*^" *^^* °"'y °"e wash can be diluted to thatTxtei

thSe n^nJwc • T^
Satisfactory way for an orchardist to dilut

Ur^-? r I •
'" °''''"

,*° ^^* *^^ P™P" strength, would be to controthe dilution by means of an hydrometer. A commercial Lime-sSnh^
o^Z' T^T ^"y.t'^^'"'"^"*'

^''"' ^^'''«" diluted so lit itS contai..260 pounds of sulphide sulphur per gallon-the averaee of L hm^Jmade wash-have a specific gravity of about 1028 Therefore iThd utmg. water be added until this density be resichc/tZ ZnJl
dilution which the sample can sustain winVdeterSSitS. * °
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Residue ob " Mud.'

When the home-made wash is allowed to stand quiet'o for a short

time till it has had time to settle, a large quantity of material gathers at

the bottom of the container. The amount and nature of this residue

will vary. Under ordinary conditions it will consist largely of the

excess of lime which has been used in making the wash, together with a

certain amount of the impurities of thai material. But in case of the use

of large quantities of sulphur in the formula or in underboiled washes,

due to either too short a time or too slow boiling, a great part of it may
consist of free sulphur. Some decomposition products, such as calcium
sulphate and calcium sulphite, may also be present.

To gain some idea as to the nature of this " mud " in a well-made
wash, we analyzed a sample of it. The following are the figures:

Lime (CaO) 54-513 per cent.

Sulphur (S) 793 per cent.

Carbon dioxide, etc. (by difference) .... 44.694 per cent.

j

; 1

100.000 per cent.

Besides the Carbon dioxide, the 44.694 per cent, will consist of vary-
ing small quantities of iron, magnesium, etc., depending upon t!ie nature
of the lime which has been used.

It will be seen from the above figfures that the residue from this

particular wash will possess very little, if any, more virtue than ordin-
ary lime when applied alone. Where much free sulphur is present, then
the residue would be more valuable, since sulphur is quite an active fungi-
cide. Outside of what has been said elsewhere, then, it will be noted that

the liquid part of the wash is really the active part, the residue being
merely an adjunct.

Crystals.

When the wash cools it slowly deposits beautiful orange red needle-
shaped crystals. These will be found mixed throughout the residue.
They probably consist of a combination of one of the sulphides of
calcium with lime. According: to some authorities,* they have the fol-

lowing formula: sCaO CaS^ .lalijO. The formation of these crystals
goes on at the expense of the strength of the wash, and this is one reason
why it is advisable to spray while hot, or at least before cooling has
continued long enough, usually about 12 to 24 hours, to allow crystal-
lization 'ake place. Free lime is essential to their deposition, and
thus it i. it we do not find them to any extent in commercial solu-
tions, wh. the only free lime present is that which may be held in
solution in the liquid. It is also saidt that air is necessary to their

• W«tt«* Dictionary of Chemistry. Vol I., p. 667.
t Bull. No. 9S, Penn. Kxtwriment Station.



ihese crystals will dissolve readily in water h<»**,i *« /;«• -«.

Tota Sulphur (8) in iMolubteimri.. ^^-^
Total Lime (CaO) in iMoiubie part .::..:;:::;;:. aJ.SS ••

or,
'

69-863 "

TotalSttlphor ,. „^
ToUlLime... 18.622 percent.
Water of crystaiirMtion'.'.;.;;;.;;;;;;;;

" ;
; • •• •

^-^f
',',

100.000
According to the formula ^CaO Ca«5 t«H n *i.wouM be as follows: * laHtO, the compositu

Sulphur (S)

.

^
Linie(CtaO) ,..' «.19 percent.

waterofcrystaiiitttion.:::::::::::::::::;::::::
SiSS ••

Subtracting '^. H ,«• 87 of oxfKer

100.00

Cb,„,st,v o, the Sui.ph„. Compotods » Liu^sotpHo, W«,

JI/anM/arfwr^;

(1) 3Ca(0H), + 12S - r.o n »
Slaked* SulXr "

Si^fSi
^ p^CaS + 3H.0

lime, i.h iT. Calcium Water
thiosulphate penuFulphide

Harnrnrxt .Journal Ampr. Oh(>mie»I Snr v^t o- 771 '
"^

Soc. Vol. SO. pp. 6S-««.
'"™"*' ^°'=- V"'- =^- fP- ««-=»«. Thatcher Journal Amer. Chemic.
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»g the coo- pliide and . ' iosulphalte. The following Mcondary reactions wiU also |

Kposed sur. proceed:

(2) CaS. ••- M) CaS.O, + 88.
or 70* C, Caleinm ozygm Calcium sulphur.

crystalltza- peatMulphlda thiMulphato -

r deposited
(8) CaS.O.

Calcium
CaSO.

. Calcium
+ 8

i
sulphur. 1

' following thiosulptiate sulphite

(4) CaSO. 1-

Caloium oxygen
CaSO.
Calcium

ent oli^ta sulphate.

But.

imposition

of oxjTffen.

>n is that

olution a

R Wash.

foes dur-
•ee* :

—

3M,0
Water.

goes on
pentasul-

>r. Chemioil

showing the further formation of thiosulphate, and also the formation of

sulphite and sulphate. The free sulphur liberated in (a) and (3) a^in
takes part in reaction (i). Thus a sort of cycle is maintained, during

which a gradual increase in the amount of thiosulphate, sulphite and
sulphate takes place. When all the original sulphur added has taken

part in reaction (i), then the valuable pentasulphide begins to suffer

rapidly, and thus it is that undue prolonged boiling when making the

wash is objectionable.

On the Tree:

The reactions given in (2), (3) and (4) represent what takes place

after the wash is on the tree. Thus, it will be seen, the final products

of the wash are free sulphur and calcium sulphate (gypsum).

The residue will also be present, and will now consist largely of

calcium carbonate.

Theories Regarding the Action of the Wash.

Nothing definite is known regfarding the action of the Lime-sulphur

wash which causes it to be so effective in destroying the San Jos6 scale

and the various other insects, and fungi; but some knowledge of the

properties and actions of some of the constituents help us to formulate

some theories as to the probable cause of its effectiveness.

(i) Caustic Action. All who have ever had anything to do with

the manufacture or application of the wash know how very disagree-

able it is to handle, on account of its very corrosive or caustic action.

The exposed part of the person must be protected from tlie wash, as

well as horses, harness, and other perishable parts of the s; raying outfit.

It is reasonable to expect then that if the tender body of an insect or

the mycelium or spore of a fungus, be exposed to this sort of dosage,

destruction or at least a very considerable check in growth and increase

will be effected. To this action of the wash a great deal of its effect

must be attributed, and it is to the sulphide that this caustic property of

the wash is due. The sulphides are aided to a considerable degree in

their work by the free lime which is present, by the somewhat appreci-

able caustic action of this material also, but more by reason of the fact

that lime will tend lo loosen the protecting scale of the scale insects



m\

J

SliSJiSr ^' "H^ •'^^ ^ unprotected body of the inmate to t

Qyrter SheU JlriTlS^
lune w the aecret of its value in combating t

(a) F«t SuiPHui. Sulphur hai long been known to be valual
for combating fungus and insect pests. Years ago it was used wi
great success for controlling the powdery mildew of the grape
France, where that pest was the great scourge of the wine industry. F(
this purpose the sulphur was merely dusted over Uie leaves. Accormg to reactions a to 3 under " Chemistry of tiie Sulphur Compounds
sulphur IS deposited from the Lime-sulphur wash. This occurs throuj
the decomposition of the sulphides and tiie thiosulphates, and this sulpht
will have a marked advantage over sulphur tiiat would be dusted on i

the original form in that it is in a very much more finely divided cond

covered with'^'
'"'"^*" °' **** **"** *°^*' ^ """^ ptritcti

Just how this fine sulphur acts U not known. It has been suggested
by some that its action is due to the fact tiiat it becomes changed to sulphur dioxide through the heat of the sun and the oxygen of the air. am
that It 18 this rompound or the sulphurous acid into which it woul(

IuSLc^^J^ *''* presence of the moisture of the air, which effect
the benefits. Haywood,t however, partly disproves this, for he found ii
bis expenmenU that total and free sulphur on the tree did not decreaw
in amount even after the end of four weeks, which could not possibb

^Sfrfjfn^j/^'PM' ^^Z?** °'i'^"^*^'
^°' ""'*«'• *»»"« conditions I

^^l
*^«^o'«* would voiati ize. As Haywood states, however, it is nol

disproyen that the sulphur dioxide does not form in quantity appreciableenough to be of great value, but only that this compound is not account-
able lor the major action of the wash.

»n^ »i if"Jir***J^** J^^^ compounds are quite active as antiseptics,

^c1h°?*^
*?*"'°'"* ^y

"^"^V*
*** **»» P-'oP^rty act as fungicides ©;

hfS r',i^
* ^Tu^ °'

I"' *^!8r««-
.During the decomposition of

lit*!^ I
Calcium sulphite is formed in quite large quantity, the thiosul-

phate final y all changing to this compound. Such a theory as thiswould explain why the action of the wash extends over such a lone
period, for it takes several weeks for the decomposition into sulphite to

^owTVf^P*?' ^i^^"Iphite in its turn becomes changed to the more
stable but inactive Calcium sulphate; still, as long as thiosulphate is

SrSfsul hite"*'
decomposition will present considerable quantity

.^•,I''T .u^''^ i'l'.f""*' ^^?"' *^'="' •* w°">d appear that the caustic

f;Sf.°*
** sulphides, aided by the free lime, a^ free sulphur and

i^X.T*!''^^ ? decomposition of the sulphides and the thiosulphates,

Z^r«i if H'"*^;'"'Pu.''
washes their efficacy for insect and funguscontrol wo;k A drenching rain right after spraying would greatiylessen or perhaps destroy the effects of a wash, for the sulphidS and

Tfj™** Am«r. Chemical Society. Vol. «7. p. m.
~ ' ~

T iDta p, Xe.
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thiotulphates, the mother substances of the sulphites, and free sulphur,
are readily soluble, and therefore would soon be washed off the tree.

And frequent showers throughout the life of the wash would also be
quite harmful, because of the constant removal of the thiosulphate. A
period free from heavy showers during the praying season would be
ideal for obtaining the maximum effect of L,ime-sulphur wa^cs.

Manufactuhx op Homs-madk Washes.

A great variety of methods are in vogue for the manufacture of the
home-made wash. The appliances used, especially for boiling 'vith direct
heat, are often very ingenious, and a visit to a fruit district wl .et spray-
ing is quite general shows the length to which orchardists will go in
order to get the spray when they have once wakened up to the fact
that spraying must be practised if orchards are to be maintained on a
paying basis.

Judging from the great variety of practices followed and opinions
held in regard to the making of the wash, there seems to be a great lack
of definite knowledge as to the principles underlying the manufacture of
the mixture. Some of these differences relate to the kind and quantity
of materials to be used, others to the method of boiling and the length
of time necessary for complete boiling, and others to various minor
details in the process of making and applying.

In view of the above, we have carried out a few experiments on
the manufacture of the wash, in order to obtain some figures bearing on
these points. The nature and discussion of these experiments follow

:

ExPERiMKNT I.—Different Kinds of Lime for making Lime-

sulphur Wash.

In this experiment we aimed to find what influence limes of various
degrees of purity would have upon the strength of the wash. Four
limes were tested which in composition are representative of all lines
that will be found on the market in Ontario. They include the pure
lime of Beachville and the dolomite of Guelph, and also the limes of
Port Colbome and Caiedon, which latter are depressed in purity on
account of the presence of such substances as iron, aluminum, silica, etc.

The following figures will show the purity of these limes

:

Beachville 99. 4 per cent. CaO
Port Colborne 86. 4 " "
Oaledon 91.6

MgOf
Gtielph (dolomite limestone) { 37"

I
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WMhct w«r mMk from nth of these liaet, and aiulyMd. P(
laming U a ubie Mowing their compotition. Formula : Ume jo poani
•ulphur 15 pouml% water 40 galloni. Method of R ling: By stoun.

TiflMboikd.
Bin.

Sulphuru
alphidM.

lb*.

BMohTilla M
Port Colbomti ao
C»i«i0D 00
OMiph

I ao

12.19
IS. 77
12.00
11.10

SiilphwM Amonni 1

thkMttlphatM ralphor
ud anlphltM. MlutioD.

liw. lbs.

7tf1

1

1.10
1.66

16.96
14.60
14.66
14.76

Here we have the rather unexpected phenomenon of obtaining tl
•tronfett waih with the wealcett lime, there it a diflferenceof
pound! of total sulphur in solution between BeachvUle and Guelph lin
in favour of the Guelph; and further, Beachville, the purest lime, hi
given the weakest wash all through. All these washes are good, hov
ever, and none of them but would give satisfactory results in sprayini
leaving out of consideratic . the amount and composition of the residu

An interesting point brought out in this experiment is the fact <hj
twenty i»unds of lime in the case of those of a high purity gave a grei
excess of CaO over that required to bring fifteen pounds of sulphur int
solution. Twenty pounds of Guelph lime will furnish 9.77 pounds c

f^' )!^""*.„ ^J*"* amount of Beachville lime will contain 19.88 pound
of CaO; still, Guelph lime furnishes enough of the oxide of Calcium t
bring into solution a maximum amount of the 15 pounds of sulphui
Arguing from this, ao pounds of Beachville lime must furnish at leas
10.1 1 pounds of CaO in excess of that required. In other words, 2
pounds of Beachville lime are sufficient to dissolve over 30 pounds
sulphur. ** "^

From the relation which exists between lime and sulphur in solu
tion, in Lime-sulphur wash, i part of CaO will combine with 1.94 part
of S. It appears then that 15 pounds of sulphur actually require abou
".73 pounds of CaO to bring it into solution. From this even 20 pound
°! £**# '""*• ^'**' '** 488 per cent, purity, will furnish 2.04 pound
of CaO in excess of the necessary amount.

In view of the foregoing facts, it can be safely argued that th(
formula 20-15 will in all cases furnish sufficient lime for making a satis
factory wash; and further, that judging from the table of analysis, dnlo
mite limestone, such as is found in the Guelph formation, produces lime
suitable for the manufacture of the Lime-sulphur wash.

L



ExPgUMKNT II.—To COMPAU Pu>UB OV SUbrHUI, AND Fu>W«M i f

SULPHUI fOI MAKING Ll>fS>tUI.PBUI WaSH.

14.60
14.86
14.7ft

Lime used: BeachvUle.

Formula: Same at in Expt. I.

Method of boiling: By Meam.

Kind of Snlphnr.
TiiuboUtd.

i mla.

Sulphur a*
Hulphoru

ulpblda. , "'i{*"}'i!^>

lbs.
IW.

I

Flowan of Snlphrr.

II 11 .

Floor of Snlphnr. .

.

ao
40
00
ao
40
60

ft. 07
11.88
11.62
10.94
12.87
12. 1»

1.06
i.m
1.89
1.48
1.62
1.70

Amuoat of

sulphur in

13.16

ii.4ft

12.43
il.W
iS 9ft

The above results •how that Flour of Sulphur combin>nt more --m^
idly and more completely with lime than do the Flowers of SulpA .r.

The difference between the two, however, is not so greaa but that iit

matter of choice between the two forms would rest rather on cost * n

on form. From Table I. it is seen that Flour of Sulphur called No. *

or A) is used altogether in the Niagara district, due to jte fact ?»t »•

is cheaper, and als" that it is found to be just as satisfg^tory.

The completeness and rapidity with which sulpl will

combination with lime depends on its fineness. Haywcx i cites ai < «r
ment which he performed with a sample of coarse, dark colour*^'' ->• -

stone sulphur in making limc-suli>hur wash. He found that n(

ment would cause this sulphur to combine with lime rapidly, or ,.i.

near completely, until it was powdered finely, after which it was t^...

as satisfactory as Flour or Flowers of Sulphur.

Given several varieties of sulphur, then, the finest and pure* r one
shouV! be chosen as the most suitable for making the Lime-sulphur
Wash.
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BxrnncsNT III.—Unotb of Time NicinAay to Boil in onOwAiM TBI Maximum Oommi tion ov Umi and Sutraui

FoHnpU: Bune m in Expt. I.

Method of boiling: By steam.

BwwhTili*..
•

* •

PtOBUnrM'

OMiph.

TtiMboUad.
mlB.

SolphnrM SalybUM
thkMiilpteta
and ulphit*.

Ibt.

Amoa
nipt
OlB

III

» 10.04 1.48 12
40 ia.i7 1.63 18
60 la.io 1 76 18
ao 11.04

Ja.n
1.27 12

40 1.04 14
60 12.n 1.88 14
ao 11. ao 1.48 12
40 11 07 1.60 18.
00 12.80 1.76 14.
ao 0.41 1.00 10.
40 11.40 1.41 12.
60

. [

ia.io 1.66 14.

Maximum combination hat taken fiact practically in every ca
the expiration of one hour; and in case of fte Beachville and Pt.
boroe I., .cs we have indeed a maximum sulphide content after
i'-ity mmutes of boiling.

From the figures shown, it is clear that one hour's boiling is sufR
for prepanng the wash, regardless of the kind of lime used; and fur
that some limes unite more readily with sulphur than do others. II
boiling penod be pushed past that time necessary for maximum (

bination, the cost of manufacture increases ; and further, the effec
ness of the wash decreases, because of the breaking down of the >
able sulphur compounds into less valuable ones: viz., sulphides into 1

sulphates and sulphites, and also sulphites into sulphates. In fact,
.onged boiling will actually reduce the amount of total sulphur in (
bination, as IS shown by the Beachville lime in the above table.

'

last would happen more readily when direct heat is used for boilingm the pot or pan method. ^

It must be borne in mind, however, that the raie of boiling
determine the length of time necessary for maximum combination,
the above experiment vigorous boiling was maintained throughout
boihng period. Although the strength of the wash will var^ in r
to the amount of lime and sulphur used, no quantity of materialsgve a wash of maximum strength if the boiling is not properly d(Weak, slow boihng on account of a small fire or low steairi pressure
never give a good wash even after prolonged boiling. If Table I
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14.N
10.47
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Table I. be

examined, some interesting points will I noticed regarding the strength

of the various washes. Although the formulx vary consideraMy ytt we
do not find that we always get the ftttXtr quantitv of sulphur in solution

where we have the laiger quantities of materials used (compare Noa.
laj and ia8 or 132 and 131, Table I.), nor the same amount where we
have the same Quantities of materials (compare Nos. lao, 130 and 13a,

or 140-146, Table L). There is not a formula there indicated but would
give a splendid wash if the boiling be properly done, yet there are some
of them that are remarkably low m comlHned sulphur and show a great
waste in uncombined sulphur. All such have been underboiled because
of • slow fire or low steam pressure. Sulphur left uncombined will

probably be no more effective than sul|diur that is merely mixed with
water and then apolied.

Boil vigorously and then any of the average formutse will give •
gCKxl wash, without the boiling period leing longer than from forty- five

minutes to one hour.

ExptUMtNT IV.—Th( Erncr or Incmasinr the Propoktion ov

Sulphur to Limk.

Lime used: Beachville.

Water: Forty gallons.

Method of boiling: By steam.

Amount of

lime.
lbs.

Amount of

ulphar.
Ibo.

ao
ao
ao

16
20
20

Time of

boiling.

min.

Sulphur aa
anlphidea.

lbs.

00
00
120

12. 8B
18.00
16.18

Sulphur aa
thioaulphate

Iba.

1.76
2.64
2.68

Amount of
aulphnr in

aolution.

Iba.

14.66
18.64
18.86

The main effect observable in the above table, caused by increasing
the proportion of sulphur to lime, is that the amount of total sulphur
in solution is increased. This is what we would expect to happen so
long as the lime is present in sufficient quantity as to be in excess. Since,
as stated elsewhere, i pound of lime (CaO) is a sufficient quantity to
dissolve a pounds of sulphur, then 20 pounds of Beach\i*le lime

(99.4% CaO) will be sufficient to cause about 40 pounds of sulphur to
go into solution.

The amount of sulphur which goes into so! ition, however, does not
bear a direct ratio to the amount which is used. According to the
figures, 15 pounds of sulphur with 20 pounds of lime furnish 14.65 pounds
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ExPER,ME,.T V.-To Compare Steam and Direct Heat Methods
BOHINC.

Lime used : Beachville.

Formula
: Same as Experiment I.

£ t

•lli

Li

Method of boilinv. TimeNoiled, Sulphur as
I sulphide,

lbs.
min.

Direct Heat.
• • • <

Steam Heat.

Sulphur as
thiosulphate
and sulphite.

lbs.

20 10.94
1 40 12.37

60 12.19
20 10.94
40 11.86
60 12.62

i

1.48
1.62
1.76
1.13
1.69
1.69

Amount
sulphur
solution

lbs.

12.42
13.99
13.96
12.07
13.65
14.21

«riva a wast, of rf.Vhtlt. Cir valnJ Thi r«
°" "««""' k"'. bi

"- no. ^v. any Lided Xi^^'S?' nS^od^'^SS^^ri'S
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convenience of boiling by steam, it is perhaps the most desirable way to

prepare the wash; still there are many small orchardists who have not
the facilities at hand to boil by steam, in which case its preparation by
direct heat may be conveniently and cheaply employed.

A point which has been mentioned before and which can here ag^in
be emphasized is that the results nf boiling and the strength of the wash
depend more largely on the vigour with which the boiling is carried on
than on any other one factor, other conditions being equal. Slow boil-

ing, no matter what the source of heat be, will always give weak, unsat-
isfactory washes.

In view of the more rapid combination of the lime and sulphur, and
also of the tendency to decomnosition after a certain point is reached,

it is recommended that the boiling period be confined within the limits

of 45 to 50 minutes when direct heat is used.

Experiment VI.

—

On the Development of a Green Colour in thb
Wash During Boiling.

It is thought by some who make and use the Lime-sulphur wash
that the development of a green colour is a good indication as to when
boiling is complete. We found this colour formation to be due largely

to the presence of iron in the lime, or to that derived from the vessel in

which the boiling is carried on, or from the pipes conveying the steam.
The fact remains, at least, that in the absence of iron or some other
similar metal, such as copper, lead, nickel, etc., this colour does not
develop, even after prolonged periods of boiling. Hence the colour
change cannot be used as an indicator. The length of time it takes for

the colour to develop depends upon the amount of iron, etc., which is

present. With some limes with which we have worked the colour
appeared about the time that the maximum amount of sulphur is in

combination, viz., one hour, and therefore in such cases serves as an
indicator ; but with other limes it did not develop until long after that
period; while with others it developed within 20 minutes, at ,hich time
only about three-quarters of the sulphur is in combination. Plainly,
then, the colour change is an indication of the completeness of boiling
only in cases where those limes are used which contain a certain amount
of iron or other like metal.

Port Colbome lime, which is used extensively in the St. Catharines
district, always produces the green colour, and at the end of about one
hour; but Beachville and Hamilton limes do not produce it.

Experiment VII.

—

On the Depreciation of the Wash ip Allowed
TO Cool.

When the Lime-sulphur wash is allowed to stand for some time a
large quantity of orange red crystals form in the residue at the bottom

r 11
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value, and were rather conservative in their use of them, but in the light
of experimental work that has been carried on with them, both by prac-
tical men and Experiment Station workers here in Canada and also in
the United States, their usefulness and similarity in composition and
source with the home boiled article are now apparent.

These factory boiled Lime-sulphur solutions, for obvious reasons,
could not compete successfully with home-made washes if the latter
could be stored for any length of time without deteriorating considerably
in quality. The home-made wash could be made in quantity during
the less busy times of the winter, and be ready for use as soon as the
spraying season opened up in the spring. But its crystallizing property
and, what is more important, the fact that it would require an immense
amount of storage space, puts such a procedure out of the question.

Recently, however, it has been demonstrated that it is quite possible
to make a home-made concentrated Lime-sulphur solution that will com-
pare very favourably with the concentrated commercial solutions.* If
this can be done, then the main difficulty in the way of preparing the
season's wash during the winter, viz., the lack of storage facilities, will
be largely overcome. The principle on which the concentrate is made
does away with the excessive crystallizing tendency, i.e., as elsewhere
stated the use of a large quantity of sulphur in proportion to the lime,
so that very little uncombined or free lime is left at the end of the
boiling period.

If the maximum quantity of sulphur to lime be used, i.e.. with a
lime like Beachville 99.4 per cent, pure, 40 pounds of sulphur, to 20
pounds of lime (or 2 to i), and the quantity of water used be kept within
minimum limits, a very strong Lime-sulphur solution can be manufac-
tured, and a solution which on cooling will not deposit crystals. This
is the basis on which a home-made concentrate can be made, suitable
for storage.

A formula for preparing the concentrate and directions of procedure
are given by Professor Stewart.^ of Pennsylvania Experiment Station,
which is very suitable for making about 40 gallons of mixture at a time,
an amount which will give from 32 to 35 gallons of clear liquid concen-
trate similar to the clear commercial brands.

His formula and directions are as follows:!

50 lbs. best stone lime (not over 5% impurities).
100 lbs. sulphur (flour or flowers).

40 to 45 gallons of water, at finish.

" Put 8 gallons of water in kettle and start fire. Place lime in
kettle. After slaking is well started, add the dry sulphur and mix thor-
oughly, adding enough water to maintain a thin paste, which requires
about 5 gallons. After the slaking and mixing is completed, add water

•Penn. Bulletin No. 98.
i Penn. BulL No. Ha. p. 13.
t The author'^ ficures for volume have been changeil to Imperial mpMurc.
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Hydrometers for heavy liquids, ranging from 1.000—1.400, can be
obtained from any chemical supply house in Toronto or elsewhere for

75 cents to one dollar. They can be had showing both the Baum6 and
Specific Gravity scales, but if an instrument is obtained showing only
ore of the scales, the latter is to be preferred as it gives the most ready
means for dilution unless a conversion table for the two standards be
at hand.

A.M0UNT 0? Spray Supplied by thb Homf.-maoe Concentrates as

Given in Table III.

When the home-made concentrates—as gfiven in the table—are
diluted to winter spray strength, the following amounts of spray will be
obtained.

Sample No.
Diluted on sulphide basis—
10.411bs. to 40 gallons.

Diluted on specific grsrity basis
—1.028 for average sprar.

US

ISO

299 gallons
276 "
318 "

294 gallons
267 ••

269 "

One hundred pounds of sulphur, as in the ordinary home-made
wash, of the formula 20-15-40, will make about 266 g^allons of spray.

The dilutions in above table are all figured on the volume of clear

liquid which would be furnished as indicated in Table III. This
amount would vary for different limes and different concentrations, but
would be fairly constant when these factors are constant.

If all the concentrate be used, both miid and liquid, then the amount
of water added to each gallon would have to be lessened in proportion.

The retention of the mud in the spray might be advisable. It does not

disturb the keeping qualities of the concentrate, and further, it possesses

considerable merit, as elsewhere mentioned.

Quality of Lime Useful for Making the Concentrate.

Lime of g^d quality should be used in making the home-made
concentrate. Beachville lime (0.6% impurities) is of ideal quality, but

Port Colborne (13.6% impurities) is also suitable according to Table III.

The purer the lime the greater will be the quantity of strong liquid

obtained. Beachville gives 2.8 gallons more than Port Colbome per 40
gallons. Caledon lime with its 8.6 per cent, of impurities would also

be suitable. Guelph lime which has 51.2 per cent, of impurities, is quite

unsuitable. With it a wash ranging only from r.ioo to T.126 sp.

gravity could be obtained hy using the proportion of 1:2.
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could bring about would be practically insignificant ; but tome quantha-
tive cstimationi were made in order to gain tome information on this

pdnt. A wash was prepared and divided into several portions. To a
separate portion one each of the more common arsenicals was added and
then each portion was analyzed for total sulphur in solution. The plan
was as follows

:

To portion No. I. was added Lead Arsenate, at the rate of 3 pounds
per 40 gallons.

To portion No. II. was added Paris Green at the rate of i pound
per 40 gallons.

To portion No. III. was added Calcium Arsenite at the rate of J4 lb.

of As,0, per 40 gallons.

To portion No. IV. nothing was added.

After the arsenicals were added the mixtures were agitated every
few minutes for an hour and then at the end of that time analyzed.
The following figures show the results:

No. Arsenical added.
Total snlphur in solution.

Lbs. per 40 gallons.

I {Lead Arsenate . . . .
|

II jParis Green !

Ill Calcium Arsenite.
.

;

IV Check
I

12.587
12.149
12.653
12.654

Amount of sulphur removed
from solution.

Lbs. per 40 gallons.

.087

.606

.001

It will be seen that the amount of sulphur removed from solution i.«

very small when Lead Arsenate or Calcium Arsenite are used—it is re-

moved in insignificant amounts by the latter. But Paris Green causes
considerable destruction, slightly over one-half pound of sulphur being
destroyed, an amount which would represent from 10 to 40 per cent, of
the sulphur which would be present in summer sprays.

There is no reason why arsenicals such as Lead Arsenate and Cal-

cium Arsenite should not be used along with Lime-sulphur washes,
should no foliage injury result. Calcium Arsenite would be preferable

as it is cheap and effective and can readily be made at home.

SUMMASY.

Data secured in regard to the home-made washes reveal a larg^e

number of different formulae and decided differences in the strength of
the wash as applied. Sulphur in the formulae varies from 15 to 19
pounds, and lime from 16 to 24 pounds to 40 gallons of water. The
popular formula is the old 20-15-40 one. and the favor *» boiling period

i> one hour.
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m

••^udK 2^.£.W?' '*«P?»*^«'y. ?«• 40 gallons. The residue ormud U compoMd of lime and very sntll aniounu of free and com-

™y»««. «nd other impurities in the lime used.

guV^i^'K ?rf."Sis%£lJcfis"°arn-;^^^^

^ra~:!rlS*
°''"'°"" "^'^ ^«*'**^ '°™"'* and methoi of

th« iS^^fS'*'
Lime-sulphur solutions contain the same constituents u

Sev ^« 8 J .of ^' ^''*^ *" therefore of similar origin and^lue

bv m^n, n^rS*!^?' ~'"7'««=«1 Limcsulphur solutions is controlled

dLStTof th?Hl?r''^i P'^'*^/ .

°'' •* ''*" *^" '°«"d th>t strength anddensity of the clear solution of lime and sulphur vary in nearlv directproportion. Specific gravity can readily be determined bv SSns of an

utilized by any one after a little experience.
Further, the hydrometer can be used for controllinir th* «trM<T»h ««

?lS!!rto«Xr'r^ "!r^T^' ?"^ -luSTwhlfht^ StaJc
ehhe?tL?S a?t.r of'/"'' »l"'P''"'' '"• .**'" *''*°«t th* addition,eitner before or after, of any other material such as soda, salt, etc

I JV* J*'!'*^*^^
constituent of the Lime-sulphur wash is SirCalciumsulphide (sulphide sulphur), but its el .-ct is ^y cZ%„ted by S^

thJ S/cZ^'v'' P'^r*- ^^ ^'"^"t =»'d, hoover, is obtained fZthe decomposition products-free sulphur and calcium sulphite.

r,n^^^
Normal limes, ranging from 48 pounds and upwards J oureCaO per 100 pounds, are suitable for makil^g Lime-suIphuT wSh with aformula of 20 pounds lime and 15 pounds^ sulphur (or anrfoTZlahavmgtheproportions. 4 lbs. lime ioV lbs. sulphur).

(2) F/o«f and flowers of sulphur are of eaual valnii for mai,j«» tu
wash provided they possess an e'qual degrJeTfinrnest tTp'SSl?.

*'

(3) Forty-five minutes to one hour is a <iiffin>n* i«,»»u -* *• .

boil the wash, provided the boiling i!ZgorouT ^ °^ *""* '^^
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(4) Incretfing the proportion of rolphur to Hme up to i
:
i. or even

higher in CMt of the UM of a pure lime tudi ti Betchville, will increaie

th* strength of the waih and decrease the cort of production.

(5) Steam and open fire are of nearly equal value a« tourcea of

heat energy for boiling the wash.

(6) The development of a green colour during boiling cannot be

Uken as an indication of the completeness of boiling with all limes.

(7) If a wash cools and crystallir-cn before it is applied it is not

valueless. Heating up to 60' or 70* C. (
140' to 158* F.) and stirring to

break up the sediment and crystals at the bottom till the crystals dissolve

will render the wash practically as efficient as before.

Experiments carried n in regard to other points show the following:

(a) Home-made concentrated Lime-sulphur solutions comparing

favourably with the commercial solutions can be made on the farm and

(b) Lead arsenate and calcium arsenite can be added to Ume-

sulphur washes without causing any appreciable depreciation in the

strength of the latter.
,

.

. , . . . ,

,

(c) The formation of crystals in Lime-sulphur washes is mainly

due to an excess of free lime, but contact with air will also cause con-

centrated Lime-sulphur solutions to crystallize. If lime be added to

concentrated Lime-sulphur solutions, they will suffer extensive crystal-

lization at once. Lime added to diluted concentrates will soon cause

appreciable crystallization. Concentrated Lime-sulphur solutions should

be diluted first and then the lime added just imm 'diately before spraying.

Recommendatiok.

It is very desirable that extensive orchard experiments be carried

on, in connection with chemical analytical work, in order that some

standard formula for making and preparing a Lime-sulphur wash could

be settled on which would -t various dilutions cover all cases in question.

\t the present time there is a great lack of unity and definiteness con-

cerning evervthing in this connection. Formula vary, directions for

preparation vary, and even closest ncighb "s are at variance over the

question. There is no doubt but that a standard formula, with specific

directions attached, can alwavs be made to produce a wash of constant

strength. The flagrant latitudes which are now so general are only pro-

ducible of constant misunderstandings and controversies which are hard

to explain awav.
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PART II.

iiij

PRACTICAL AND POPULAR TREATMENT.
By L. Caesar.

In discussing tne lime-sulphur was^ iron tlie practical and popular
standpoi-t attention will be given fir to the diften .. forms in which
the wash may be used, the proper me hod of preparl .g each of these,
the use of arsenicals with the wash, p or>,r spraving outfits, and hints
on spraying. After these subjects have bcui 'iC cussed the remaining
space will be devoted to an account of the diflFerent insects and funeu^
diseases which experience has shown may be controlled by the wash.
and to specific directions for the proper treatment of each.

The Different Forms of the Wash.
1. Home-boiled lime-sulphur.

2. Self-boiled lime-sulphur.

3. Home-made concentrated lime-sulphur.

4. Factory-made or commercial lime-sulphur.

«,«„i^^ ^^T^ ^?r^J ^°\} ^"'^ -^ ^'^ ^* P'"«s«"t by far the most com-monly used in Ontario. No 2 is beginning to be used a good deal, butNo. 3 IS still in the experimental stage. It promises, however, tobecome the most popular of all in a few years when further study and
experiments will have shown the best method of preparing it, and of
determining the proper strength to use in each particular case.

H0ME-B0II,ED LiME-SUtPHUR.

This form of lime-sulphur is meant to be used on the trees onlvwhen they are dormant or before the buds have actually burst. It is
often however, used without injury when the tiny leaflets have pro-
truded nearly half an inch beyond the bud scales, but it is not safe to use
It later than this as it will usually burn the leaves after they are once

liTcir- A^"" ^^",^ * n" :^^^^ ^^' ^'" ^"y P°P"'ar in the Niagara
district and m nearly all the states across the border

The Proper Formula. There have been many diflFerent formulae
for making it some much stronger than others. The one most popular
to-day IS 20 lbs. fresh stone lime, 15 lbs. sulphur and 40 gals water.
If a few trees very badly infested with San Jos6 scale are to be treated
the proportions are sometimes changed to 25 lbs. lime and from 18 to
20 lbs. sulphur to 40 gals, water. For all ordinary purposes the former

34
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strength is sufficient. In very dry climates still weaker formula may be
used satisfactorily but it is not advisable to use them in Ontario.

Devices for Boiling. Many different devices are used for boiling
the mixture. It is not at all necessary to have an expensive outfit. A
cheap simple one will give as good results. A kettle holding from 20 to
25 gals, water will serve the purpose.

Kettle used for boiling the lime-sulphur wash.

Fig. I shows a kettle that was used I)v a successful fruit-grower
last spring and that gave satisfaction. .\ liiore ecoiinmica! device !•.

shown in Fig. 2.

Fig. 2. Wooden box with sheet-Iron bottom
used for boiling tho lime-sulphur wash.
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This consists of a stout, close-fitting box with wooden sides andends and sheet-iron bottom. This box is usnally made large enoneh

nches dfeo The 'L'.
°"^^

^'a
^" ^ ^ 1''' ^^""^^ ^"^^ ^-^ ^ to iS

fitted tn^^Lr.^t' ^""^
^""'L^'"

""^^^ °f2 inch planks closelv

S Ihfl!T ^ *u
^''^ ?"'""'• ^^^ sheet-iron bottom Lhould extendslightly beyond the p anks to protect them from the fire. It is nailed to-them by ordmary w.re uails. The box thus constructed is placed oniron bars .Iretched across a roughly made brick or stone fotmdation fromt4 to 20 inches high with one end open for throwing in fuel, and th^other provided w,th a couple of lengths of stovepipe t? create aSSand carry off the smoke. It is found verv 'convenient to plac"

A small steam-generator used for boiling the llme-sulphur wash.

enable the operator to draw off the wash when ready. If this faucet
.s situated about one-half inch or so above the sheet-iron hnttom it wniprevent any coarse sediment from passing out, and will thus make themixture easier to strain. Before using the box it should be filled withwater, and let soak a few hours. It is fo, 1 that the mixture can bemade very rapidly in these boxes because o. ...e large amount of surfaceexposed to the flames. To prevent unnecessary loss of heat there shouldbe a wooden covering made of three or four boards runnin^^ len%hvv" eand astened together by crosspieccs near the ends. An opening nmst
«";« /hrof r'" ?^*'''° '""Id'e boards wide enough for a hoe handle torun through easily to permit the necessary stirring.
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Instead of boiling by direct heat from the fire many prefer to use
steam. This is the most pleasant method and the most convenient,
especially where a large quantity has to be prepared each day.

If it is desired to boil only two barrels at a time Fig. 3 shows a
very convenient little team generator costing about sixty-five dollars.

Fig. 4 shows an ordinary steam engine of about 12 horse-power
which is used to boil from eight to ten barrels at a time.

Fig. 5 shows a still larger outfit where the mixture is boiled in large
ianks, each having a capacity of several barrels. The tanks, it will be
observed, are placed on a platform, which is a few feet higher than the
spray tank, and the wash when ready can flow through a tap and large
hose into the screen and be strained directly into the tank, thus avoid-
ing the rather unpleasant task of dipping it out with pails.

A threshing engine used for boiling lime-sulphur.

It is perhaps necessary to repeat that, although boiling by steam is

a very convenient and satisfactory way, it makes no better wash thar
can be made in the kettle or box or sorne other cheap device.

Whatever style of boiling plant is used it should be situated in some
I>lace that will be dry, easily drained, and yet very close to an abundant
water supply. Many persons select some suitable spot near a large
(!=tch or pond where there is usually plenty of water in spring, the time
V. hen the boiling is done.

How TO Makk the Wash. Having decided upon a satisfactory
formula and outfit for boiling, the next thing to consider is hnw to per-
form the task itself. Let us first suppose that we are boiling a barrel
by steam from an engine or other steam generator. First fill the barrel
about one-third with either hot or cold water, as is most convenient, and
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h^J^ZZ^^ '*pT *° !^ ^***\".« *'» *•>••« *« lin»« and sulphur are

v!.^i ^A^A^y- ^'l"
^^"^ '5 lbs. sulphur in a large pail ofsimJarvessel and add enough water to make a thick, not sI?ppV, paste St"well to have all the sulphur moistened and the lumps so'^Sr « Lsible

^if^T^-
Tfien weigh out 20 lbs. good fresh li^me. Drop thTs

'
nto

^?«I r/.r'*'','?
"'" ^^"'^' ^"^ ^^hen it has begun to slake vigor-ously add the sulphur paste. During the slaking the steam from Sieengine should be turned off for a few minutes until the v^ry vTolln?k„hng ceases sufficiently to allow its being turned on again^ wThou

nST ° T'^ °^ '^'. '''!"''' '"^ ^P^^^h °"* °f the barrel.^ The™ngniust be contmuous and very vigorous throughout. Frequent stirr nf
.s necessary to help the sulphur to combine with the lime and to prevem

Fig. 5. An outfit for boiling tlie lime-sulphur in large
quantities.

^

wmrionfenoSTis " ''^'""•"^"
'^. ^'^^^^^ '-^'y-^^<^ -'""tes

ho r Ton ,3^^ ' '
'"'''' ^^o^v*^^'^"-. i" most cases to boil for one

vSorous boi inl T/'^"'"
""

T^'^^^^'
'^^ ^^'''^ "P°" ^^e necessity fo'

fons for the ex=,c. amount of water to use, but the prmcipte
* wh£
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to go is, that the imaller the amount of water the aooMr the boiling will
be done. There should always, however, be at least I3 gals, water for
each 40 gal. barrel of diluted spray. In the box, on account of the large
amount of surface covered, a considerably larger quantity will be found
necessary. The very rapid evaporation from the kettle or box will

require the addition of a little extra water from time to time. If the mix-
tur threatens to boil over add cold water.

As soon as the wash has been boiled sufficiently long it should be
diluted to the full 40 gals., or whatever multiple of this is required.
This may be done with either hot or cold water. If cold water is used
it is better to pour it directly into the vessel in which the boiling is being
done, so that the heat of the vessel itself may be utilized in maintaining a
higher temperature. A hot or fairly hot spray passes through the
nozzles better than a cold one and seems in a number of cases to have
given considerably better results.

As soon as the proper amount of dilution has been made the liquid
should be strained through a wire screen of not less than 20 meshes to
the inch. The wash should then be applied to the trees at once.

If for any reason it is necessary to allow a barrel to stand over
until the next day it should be re-boiled for a few minutes until all the
little orange crystals are dissolved. These crystals form as soon as the
wash gets cold, and if not brought into solution they would by clogging
the nozzles make spraying almost impossible and would weaken the
wash by separating some valuable substances from it.

The Cost. The cost of a 40 gal, barrel of this wash is not very
•^reat. If a number of men in a district club together and buy their lime
fid sulphur in large quantities they will get the lim^ for about 25 cents
a bushel and the sulphur for about $1.50 per cwt. jr ij4 cents per lb.

At these prices the cost per barrel apart from the labour and fuel would
be about 9 cents for lime and 23 cents for sulphur, a total of 32 cents.

Sei,f-boiled Lime :,phur.

This wash has been brought •'-'> prominence lately by Prof. W.
Scott of the Department of Agn>_„.ture, Washington, D.C., who has
used it chiefly on peach trees to control the Brown Rot and Scab. He
advises using the formula 10 lbs. good fresh lime, 10 lbs. sulphur and 40
gals, water. His directions for making the wash are as follows :

" The
mixture can best be prepared in rather large quantities—say 20 lbs. or
even 40 lbs. at a time—so as to get enough heat to produce a violent
boiling for a few minutes. Place the lime in a barrel and pour enough
water (about 3 gals, per 20 lbs.) to start it slaking and to keep the
sulphur . the bottom of the barrel. Then add the sulphur whidi
should first be worked through a sieve to break up the lumps, and finally
enough water to slake the lime into a paste. Considerable stirring is

necessary to prevent caking on the bottom. After the violent boiling
which accompanies the slaking of the lime is over the mixture should be



ff^ito^ plvfU^Sf;
"^ •*.'*"* *"««'• ~^^ '^'t*' 'dd^d to .toptnt cooking. Five to fifteen minutes are required for the oroM«according to whether the lime is quick acting or sluggish Onfy JSlpercentage of the sulphur-enough to improve theSsiveness of the

rS!r"^r'.J"*°rv!"*'°"' ^"^ '^ ^he hot mass isSd ?o stand 5a thick paste the sulphur continues to unite with the limeT and at Se endof thirty or forty minutes enough of the reddish liquid is produced to

nJcT^r'.^ ^""^'T
"".^ *X^" ^PP'« ^°"*g« i" some^ cases ^ Hence the

cffiS Mi'nT ?K?°,- •°°' ** '"°"«'" X- *« "P "» thatSno
irif .,.^,j S*'' ™J """",? ™»' "<" hegin mitil slaking has totWat a?SfA"af !o ,ri/Si?

"'^- '"'"- '^ "-'^

sort of screen may be used as for home-boiled wash
^"e same

taken^o^-ee^ffi it^sXTt,;^^^^^^^^ "^^ ^----^ ^^-'^ ^
The cost per barrel at the prices of the materials given is verv low-hme 5 cents, sulphur 15 cents, total 20 cents.

^

Home-made Concentrated Lime-sulphur.

sulphlV«Kra^^„T:t iSatS^^fd^Se'c°oS^/?°"^^
"-^-

crystals form in large numbers and make Tt ne™ to re SV""'"^'ture to dissolve them before it can be aoDlied tn ft/. °/ ^^,^ "''''•

results. That a concentrated wa7h ran^a .^ ^""^^ ^'^^ ^^e best

tallization and thatT^T irpracti^aS^^
^•^'?°"* "y^'

lungicidal value as the home )^ElTuL l^*"^
'"^'^ msecticidal and

sprays put on tL marketTy s^^^^^^^^ L^if'"-'f°^" ^^ ^^' lime-sulphur

mercial washes are, however Sl J^^ZT^
companies. These com-

quently efforts have'E ';;;adffe exS^n "aK^'^n''
'°"^"

satisfactory formula for making = t,^.!,- j
stations to discover a

will be of as hTgrmSit S lose rrH'T'^'.,?°"^?2'''^*«'^
^^'^ that

and very much cheaDer Several fnr^ u^ *r^
'^'^"^"^ companies,

proposed. Prof J P Stewlrt JT"'* J'*^^-
^'""^ *™^ ^o time been

last year and tested many foJmute unTE T'"' '"^^ "^
*l!^

P''^^'^'"
to be quite satisfactorv Th^Tfl 1 ^ discovered one that seemed
lime, so lbs. sXhu^and i'lTwL^rS I' '''"'

X' '^ 'bs.
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of the devices for boiling mentioned in describing the Hom«.bofled Lime-
sulphur may be used. The general mefhod of procedure indicated theremay also be followed. Care should be taken to stir very frequently and
to see that whatever water has evaporated during the hour's boiling is
replaced by the addition of fresh water. A measuring stick is a con-
venient guide. As soon as the wash is boiled, it should be strained
through a screen of 30 meshes to the inch and stored in barrels which
should either be conoletely filled and tightly covered or have oil poured
over the surface of tne liquid to the depth of one-eighth of an inch tokeep It froni exposure to the atmosphere; otherwise it gradually deterior-
ates. The barrels must of course be stored in some place where there
is no danger of freezing.

For use on trees before the buds burst, it is claimed that a wash of
this strength may be diluted about seven times; that is, to every eallon
of the wash seven gallons of water may be added. Of course it may beused stronger than this, and in the case of trees badly infested with

^?! I! !;-w'^ *^"V ^° ^""*« '* 0">y five times. For use on foliage itmust be diluted much more than this. Apple and pear foliage will prob-

Sn5,'?A r
'*''"^^ °

,
' P'-

°^ '^' '"''^^"''^ to 24 gals, later; other
kinds of foliage especially the peach, are tenderer. These rules for dilu-
tion are not to be rehed upon implicitly, but rather taken as suggestions.Each fruit grower is advised to test different strengths and find out for
himself the ones that are safe and give good results. Prof. Stewart
.strongly advises that instead of determining the strength by any such
rules as those given, an instrument called the hydrometer should be used
Ihis gives the specific gravity of the wash and thus enables one to be

Zl'"
each case of the exact strength of every barrel that is beingmade ready for spraying. Directions for using the hvdrometer will 1^

fZVuH} I

Chemistry part of this bulletin. There is very little doubt
that before long it will be considered almost indispensable, and will be agreat boon to the fruit growers in helping them to obtain uniform results.

fi,» u
^'^' ^/ *^^ ^"*^'" h^^ "°* h^^ ^" opportunity to test for himselfthe home-made concentrated wash, and as it has been very little testedby anyone in Ontario he will, when describing later how to treat the

hJlT^ 'T^f
and diseases, confine his attention to the washes that

mlL^Z. fiu 'w *"''^- ^' ^""^'^ h°^^^^^' t'l^* ™anv persons

^Sn/fhf 1,^^
mformation given above will co-operate with him in

mfv Ll; ""'^'^u f^
'^"'^ '" '^P°'^' °^ *^^ ^^^ee of success which thevmay have, so that m a year or two the joint information gained will

mfxtuJe^'tiie'V^-r'
reliable directions f!,r the use of the cSce^raTeSmixture to the fruit growers of the Province.

Commercial or Factory-Boiled Lime-sulphur.

Very little need be said about the commercial or factory-boiled lime-

ttte nt'L'nT- fll^" K''^''"^ *° ^^*^''-"«y later^ Whin fir tthe different brands of this wash were put on the market it was doubted



lS.^i fi, ? ^ would g^ve satisfactory results, but numerous tests haveshown that many well-known brands are washes of eenuine merit Thevare gaimng nopulanty very rapidly. No wash could be in a much morJ

them with water to the proper stren8:th. Directions for dilution arepven on each barrel. When applying the wash before the buds Wst it

ta?e e"s,;SKTfS."'^"•'°T^'^':^''^y »*™"Ser than the directions

T?i'sciS fh. ,HH-*P*'* V"^"^
^* " * ^"y «"°"'' °"«^- 'ike the San

baJrel of th.TSw.H
*'°"»,°^ ^'°'"

/° *° ^ ""' °f ^'^'^ "«"« »« every

u,h.« o«
the diluted wash is an advantage in many cases, particularly

s^Se^abl/mi^ft °J
'"'

• '"!:•*•? ''^'"/J'-^ted. as the lime itself has con-

tSs hLTin t '"»f*^"='^'e and helps to show clearly whether the

iT^^^i^^XJ^?''^^^^^'*'''''-''^.
^'^'^ '^' '^P^^y- The lime should

musMh^ tti}!^J°? P""'"«f •* '"*" *h^ dilutt-l wash and the latter

S.Wriort^t^^'^
**

°-*'f
°'

°J"*"?*
"y'<^'' ^''" ^°""- The one real

tS ?Ll *'^«. '=°'"P'e7«l washes is the cost. If home-made concen-

iTl i Z; K
P**"' ^•''^'' r' '^'^P^^tations there is little doubt that it

wonSSiiS ^ """^ '" preference to the commercial as very much more

The Usb op ARSENiCAts with Lime-sulphur.
Every fruit grower will aim at spraying his trees just as few times

f„Jc7,"orT"^ *^-"P *«^'"„heahhy and the fruit free from injury byinsects or fungus diseases. When using Bordeaux mixture to control

Sad'Slrc'n'rr'^^ '^f
^^^ saf^ combine ,:;i;?ra;senaTe*?leaa, rans grtm or arsenite of lime, and thus control at the same time a

lir Motf
1"J""°"' 5 ting insects, such as Canker Wonns and the Cod!

isfen^the oLT ^'l
epmbination of an insecticide and fungk^eessens the total amount of spraying by nearly one-half. Consenuentlv it

In/^^^'T"^^"* *"?"" *° "^"^^ whether any or all of S no ons

tTnfff.'i^^J^'""^*^^ '"'"'J'"^^
^'^'^ t''^ same degree of safetTwiththe different kinds of lime-sulphur washes. With the self-boiled washnumerous ests prove that any one of the three poison re erreT o

7/6 ^flttr?- ^'^^ '^' home-boiled wash, ,Jhich Is onlv to beused before the foliage appears, there will seldr i be anv need of' adding

fJ^'T',,""'' ir^^""' 't should arise what is said aC commeShme-sulphur will apply to it also. The main question thenTs-wha

dSs n'ot seem''d«?r S T''"'!"^*''
'"^^ ^°"""'^^'^' lime-sulphur? Idoes not seem desirable to use Paris green, because, while a few have

conTidSaWv TsenaT. '1VJ""
'"''^ °'- ^'•^^^' others liave sufferedconsiderably. Arsenate of lead seems to be much safer. It has been

Sfmaee " InT^'f
'"'*'""' f^ "^^"'^ ^'"^^^^ ^'^^out anv s gn of

«f« cf-nc-l? ^^"^ '^^^^ "^here it has burned the foliage the iniurv

l«J«.n fkT i- ™?x*°
"*=^ ^'''^t^d barrel just before spraying would

ItS^^i Z/"^*'- " ^.l"*"***^
''^ '«*d » used it should be ar hestrength of from a to 3 lb., to every 40 gals, of the dilu?ed mixture.
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Our chemists, however, tell us that the chemical reactions that take
place when arsenate of lead is added to limc-suIphur in all probability
make its sticking qualities no better than those of arscnite of lime. In
this case it is wise to use the latter, especially as it is only about one-
quarter as expensive. In limited trials tnadc with it at Guelph on apples
and pears it showed no signs of btirniii},' the foliage and controlled Cod-
Img Worms very satisfactorily. Prof. tScwart strongly urges that it be
used in preference to arsenate of load as equally eflfective and also
cheaper and safer. The following is the substance of his improved
method of making it.

How TO Makr Arsk.vitb of Limb:

White arsenic, 2 lbs.

Sal soda crystals, 2 lbs.

Water, i to iH gals.

Add the white arsenic and sal soda to the water and boil with frequent
stirring until all the arsenic is dissolved. This usually requires about l<;
minutes. Then add three or four pounds of good fresh lime and boil afew minutes, letting the lime slake in the boiling liquid. After thisremove the ves.sel from the fire and add enough water to bring the totalup to 2 gals. Each quart of this mixture, if thoroughly stirred, will
then contain one-fourth pound of the white arsenic or one-eighth of the

y?^u A 1 T-"'
*^"""* '' ^'"P''^ ^""^ 40 gals, spray for CodlingMoth and other biting insects, in fact where drenching sprays are used

It would be better to use a little less than one quart. As much of this
arsenite of lime as is likely to be required for the summer's work may
ri"l ilu^u* °",^.*'^;^;],"'^ ^^1'^'^ '"''"'y- ^'''^ »""«* of course be taken
to label the barrel " POISON." and to see that the white arsenic itself is
not left where it may he mistaken for some other substance. Serious
accidents have occurred from carelessness of this kind. The barrel
should be kept tightly covered, lest the stored liquid evaporate and thusrender it impossible to determine the proper strength to use. Always
stir thoroughly before measuring out the quantity desired.

Hints on Spr.wing Outfits.

o.nfr?f/°ri ''i.'^"^s'"& tJie. different insects and diseases that . becontrolled by lime-sulphur it seems advisable to devote some attc„>,on tospraying outfits and spraying itself.

i «.i.>.un 10

The first requisite for good spraying is a satisfactory r,prav machine

tre?s"]r.T
1,'','^°:"

't'
^"^ '^•'^^ '''''' '^'- ^^^" f°^ medium sized

hv mplnc
f^.'^^os^ tofther, traction machines which furnish the power

thev Hn no/.^^''
wheels are not satisfactory. The reason is simpl^thatthey do not keep up sufficient pressure to permit a thorough job to bedone m every case. No machine should be purchased which will not^Uow the operator to remain as long as he desires at any tree ant} which



)!!l'^:')f*
*"'**'* '''!"/° maintain a uniform pressure all this time Theconditions are satisfactorily met where the pressure is JencratH' eitheJby a ha.ul pump or gasoline engine, or by one of the ncvfstyles .fSn

ffic n^h/'n"^"f ^^''^ ^^l^
««n"y been introduced into a few

X

tricis in the United States and arc said by good authorities to he likelvto become very popular in a few years.
'

followin-*^
^^' ^'^ ''"''"'" "'^""^•'"^^"'•e" of spraying machinery arc the

The Spramotor Co., London, Ont.
The Goulds Manufacturing Co.. 91 Fall St., Seneca Falls, N.Y.
I he Friend Manufacturing Co., Gasport. Niagara Co., N.Y.

h.rJ°' f.*"!*"
orchard of not more than five or six acre's the sininlcbarrel outfit wth the best quality of hand pump that goes witl it Ss

??nfmir"o • fa?""- ?"? ''"^?^ ^'^°"'' -' co^t^ore than'S
lime.

" "^ *°^'"'" ^"^ P"''^'^''*" ^^'"^ at the same

with^w^rfSrdnnht"':*^"'"
''°''^'"«^

.'f
'"^ "^ ^^"°"'' a"^' ^q^ipp*-^

A iJS JL; •

^°"ble acting pumps or with gasoline engines are requiredA good gasoline engine m a large orchard will pay for itself in a coiinleof years by the amount of hand labour it saves
' ^

lines of hos°/UH''7
"'*»'' 'P">' "1*"^'"*= ''^°">'' be provided with two

Thp nnl V Ti ^"^^ extension rods with their complement of nozzlesThe one line of hose is used by a man on the ground, the other by a man
?t i? Z"\ ^"' '""^^ **""' °'" °" '^' t^""^ i^^^lf for mediu i'Jd tr^esIt IS not always necessary to use both lines of hose hut thev should he

;an;hf%''^r" ""^^''- '^^' ^^'' ^bould be o grid qualitycapable of standing a pressure of 200 lbs. The one for the tower sho Idbe from 10 to 12 feet long, the other from 20 to 2; feet
Bamboo extension rods are the most common kind.' It is dcsirible

TJt'Vrrr-
"^
n"^'T*

''"^'^^' °"^' ^^""^ 6 '^ 8 f-t. the othe 8 to 10feet. Occasionally, where an attempt is made to do without a towerrods of from 12 to 14 feet in length are purchased.
'''

The selection of the nozzles is a vcrv important matter The most

dXtnf'^'"^ ""^^T'
'' P'""^^'^ "^"^ "^ the Friend tvpj Pllte' wUldifferent sizes of holes may be got for use in these noizles and thiTs a

cSts sr:x> oEt'fs" '/-"'v^'f
'' "•"• ^'^'^ -"'^ ortiirkind

o?the exTensi?n r^d.'
" ''""'^^ *° "" ^""^ "^^^'^^ ^ ''' ^^ ^^ *be end

.•ozzlts"?o'''t5,e^Hncr'''"Tl''^
"""'' ''

^t'
""^ ">"^*" ^^^^ ^^ther 4 or 8i.ozzles to the ring. These give a beautiful mist spray but are too

Ihetash '
'° ''°^ '^ ''"^ '^ "'^^ ^PP'-^^'^»''^ ^--'"* °f sidiment in

A cluster of Vermorel nozzles also gives a good mi«t snnv but is

lT''"\u ^""'"'l
*^"" ?^ ""^ ^'"^t^^ «"d •« inclined to g? eianeVd
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In most canes it is a grnt benefit to have the noirles set at an anele
of about 45 to the extension ro<l. This enables the operator to control
the dircctton of the spray, and is especially important when sprayine for
the Codhng Moth as it makes it possible to send the sprav directly into
the open calyx, thus coating every part of it with the 'poison. The
Spramotor Co., London. maniifatHircs a small brass elbow (Fie 6) cost-
mpr 20 cents, which is very light and convenient an.l can be inserted in ammnte or two between the extension rod and any kind of nozzle Rinc

eltow*"
"°"

"''
'^^'^^'^^ *** "* "" *"*^'*' "*"'' "'' ''° "°* ''^l"''"* *"

A good strainer is another imi>ortant part of the outfit. This is
nsiially nia.lc of brass wire, h.it a choapor kind will do as well for lime-

Fig. 6. Friend t.vpe of nozzle, and a small elbow
found very desirable In spraying. Both natural

I

SMlphur though not for Bordeaux. Usually a strainer is purchased withhe spray maclnne. Tney are of various shapes, some having the w rein the form of a cone ,n an ordinary galvaniVed-iron pail with a Cefunnel fixed m the bottom for the liquid to pass through inro the sprfytank; others have a sheet of v.ire fastened obHquelv across the lowerpart of a nearly rectangular vessel of at least a pail's capacity the hSpassmg out through a funnel; others are made bv merely attaching "heNv.re close to the bottom of a small hopper with' sloping^ides thS fits^ghtly mto the openit.g in the spray tailk. The sieve should have atleast 2o meshes to tl,e mch. and if the liquid is fairly free frorn sedi^nt
40 meshes or even 50 ,nay be used. Wire-cloth of any required nuSof meshes to the inch may be purchased from the WiJe Goods S



«Hii» William StrM. Hamilton. Ont, or from oth« man.ifacturm.

iJJ:.'?.T.;';°'a';"'£c's,i':.'i::'
""- "

"
""-• -"

"
•• -" •'

Ihc^ who .ntend ptircliasing a spray outfit shoiilrl write for cat;.-logUM to an) of the companies mentioned above, or to otheri and inhew they w.Il see goo<l i^I^.strations of all the .liflFcront paS 'reterredto^bove. and of others that it would rcq..irc too much space to discTss

!<.,. tl^^ ^* r*""!.* *°. ""*
i'

* *'"P"**^'' f^'"*- No one advocates
less than too lbs and a few advocate as high as 200 lbs. With mostpray pumps .t .s found fairly difficult to maintain a steady pressut^e of ,^
lbs., but whenever it is possible without excessively hard labour tosecure a higher pressure the spraying can be done more thoroughly and

Fig. 7. Tower and spray-tank with
gasdline engine.

rapidly, especially on large trees after the foliage has appeared Inpurchasing a gasoline engine it is well to stipulate that it r.hall be able to
furnish 200 lbs. pressure if .iesired. Of course high pressure reauires
a good strong hose but this can be obtained. The writer used 2(5) lbs
pressure for several days this summer without any sien of the hose
giving way. *

Hints on Spraying.

If spraying is to pay well it must be done with the right mixture
properly prepared, at the right time, and thoroughly. In the paees that
follow the different insects and diseases for which lime-sulplnir is a
fairly satisfactory remedy will be meinioned. The proper time andform of the wash to use for each of these will also be stated, so that we
shall confine our attention here to the thoroughness of the work
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It should Karccty be necessary to say that unleu the farmer haa a
very intellig^ent and relialle assistant he should himself oversee the
spraying and make sure that the work is being well done.

There are certain occasions wh^n it is unwise to spray: Lime-
sulphur should not be applied when the temperature is below freezing
point, or while the trees arc wet with rain or dew. Moreover, if a ram
follows in a few minutes after spraying and before the mixture has time
to dry it will wash the spray off and the operation will have to be re-
peated. Ordinarily the wash dries in about an hour so that it is seldom
necessary to respray because of rain. Liing continued and frequent
rains, of course, gradually wash the spray off, and are sometimes the
cause of poor results.

Spraying should in nearly every case be done with the wind.
Hence, one side of the trees will be sprayed first and as soon as the wind
changes, the other side. A wind is often of decided benefit in applying
the wash, especially to large trees. A very strong wind will doubtless
waste a little of the mixture, but it is very seldom that there is any need
of stopping operations because of its violence.

When spraying the first side of large trees stop the waggon just as
it comes within a few feet of the tree and do the nearest side as far in
.n the spray can be driven ; then drive directly opposite and spray all the
central part thoroughly; again move until just past the tree, and now
spray this last part as far in as possible before leaving. In this way
nearly two-thirds of the tree will have been covered, and when the
wind changes it will be easy to make a good job of the rest. A tower
is always necessary to do the topmost parts of these large trees.

As it is very important to cover every twig and branch many fruit
growers take some of the wash a couple of days after the orchard has
been done, and go up and down the rows touching up places that have
been missed. This is a most desirable practice in the spring application
and serves also to show whether the work has been thoroughly done.

In spraying after the foliage has appeared many are misled by the
advice that is often given to stop spraying just before the leaves begin
to drip. It is impossible to spray a large or even medium sized tree
thoroughly without a considerable amount of dripping. Hence the first

rule to follow is, Make sure that every leaf and fruit is covered, and
second. Try to do this zvith as little material as possible. We cannot
expect the spray to keep scab off our apples unless the apples are first

covered with the spray.

As spraying apparatus is costly and easily gets out of order, if

neglected, it will be wise to wash the tank out each night with clean
water and also to pump some of this through the no/zles. Unless
washed out in this w.ay lime-Milphiir corrode? the brass. Many make
a practice of unscrewing the nozzles each night and putting them into
kerosene or some other oil to keep them from getting set so firmly that
they can only be moved with a wrench.
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Pr-^^-"^!****!
™*"" '•^"'""K attention is the packing of the pump

wS? elf/ ^t^^"*" r™ \"^ '''^" **= P°*" <=»"^t be kept up! oronKwith extra labour. In such cases new packing must be put in Thfsevery fruit grower should learn how to do. and if ToSlishomd
3h''SiL'..'°"'P^"^

from which he buys the outfit to send a man oteach him the proper way before he begins to use the pump at allAs hme-sulphur is quite caustic and will soon make one's handssore It ,s miportant to see that all connections are tight so thS Jhere maybe no leakage to <^use the hands to become wet with the liqu d Theordinary clamps often fail to give as tight a connection litween thepump and hose, or hose and extension rod, as can be got by usine tou^h

W toe' wiVelfn/'' 'T °^^*"" T' *«d tightening ft up^M^tHi^^^SIt «ie wire is of good quality, and two or three separate bands are put

keeS Z\'"rV°'T'°" ^?y ^ "^^^- V^««»"^ i« »sed by some^okeep the hands from being injured; leather gloves are used by othersA few use rubber gloves but they are too expensive. The horse andharness may be protected by a light cover.
me norse and

INSECTS THAT CAN BE CONTROLLED BY LIME-SULPHUR.
Having discussed the different forms of lime-sulphur the methncUoi making each, the use of arsenicals with the wa ^and'a fm tSnts

,fT/P'T"^
°"*fit^ and spraying itself, let us now turn ourTttemion

San Jose Sc.\le.

(Aspidiotus perniciosus, Comst.)

lar^e^rt°h?L!l!f.^/"
Jose scale is a very tiny insect, not nearly solarge as the head of a pm. it is capable, if not kept under control ofcompletely destroying whole orchards in a very few^^eS Forti?'many of our best fruit growers in districts where this scale has been formany years have learned how to keep it so thoroughly in check that theldo not fear it at all, and even think it a blessing in diTgufse becausehas forced them to use a wash which has greaSy helped thdr trees inother ways than merely by destroying the scale^ Of'^he man spravmixtures which have been tried against the scale none has Sven souniformly good results as lime-sulphur; so that it is to-dav alS theonly wash used to any extent for combatting this pest

Treatment: Spray very thoroughly in spring, as late as time oermits before the buds burst with either home-boiled lime-sulphur or withcommercial l.me-sulphur. If the latter is used it is often necessary oS '>i ^°"«'f"^»>ly stronger than the directions state, and it " wK toadd about 20 lbs. of fresh lime to each 40 eal barrel nf th^ Hn„fo!i •

ture. The lime should be slaked, preferably wti t^wS^^^^
adding It to the wash. Of the two forms of the wash th? preference
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should still be given to the home-boiled, although in many cases the
commercial wash has given very good results. It has, however, tw.
defects, first, it cannot be applied hot. and second in a wet spring it
washes off the trees much more quickly. It is believed, and apparently
with very good reason, that the persistence with which the home-boiled
remains on the trees is no small factor in the control of the scale

Very badly infested trees should receive two applications. Thesemay both be made in the spring with an interval of a couple of days ormore, or one may be made in autumn, as soon as the leaves have neariy
all fallen, and the other in spring. Very large apple trees are hard to

Fig. 8. San Jos6 scale on Pear, showing full-grown and Immature scales. Natural size.

keep free from the scale, much harder than smaller or medium-sized onesTo make it easier to treat them thoroughly fruit growers infested dStrie s are heading the trees back severely. In doing this care sfio, Mbe taken to make a sloping cut in large upright branches so thS .h.rain will run off, and to sec that the wound"^ is tLrrghlyV^nted oferto prevent disease getting in and destroying the trees.
^

It nSdscarcelvbe said that all the pruning of trees slioukl be done befor? sprSand that all prunmgs should be burned, not thrown into brus^-heapTandallowed to remain there. If the loose bark be scraped off with a Searly ,„ the season it will allow the spray to reach Vcales thaTotherwi«
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might escape. Careful cultivation and a liberal use of manure
assist the spray m giving renewed vigour to badly infested trees

There is no insect, m Ontario at least, that requires more careful
and thorough work on the part of the sprayer if he is to get good
results, because if even a few infested twigs are left unsprayed, there
will frequently be enough scale on them to produce great numbers by
autumn. Hence, after spraying both sides of the trees carefullv it is
always advisable to take an extra tankful of the mixture in a day or two

Fig. 9. Oyster-shell scale. Nat-
ural size.

and go up and down the rows touching up any poorly spraved places and
seeing that every part of the tree above ground is white with the wash.

Oyster-sheij. Scale or .^pple Bark-louse.

(Lepidosaphes ulmi, L.)

_ Though not nearly so destructive an insect as the San Jose, the
Oyster-shell scale is doing nearly as much damage to the province as a
whole, because it is found in almost everv orchard, whereas the San
Jose scale is still almost entirely confined to a few south-western
counties.
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Treatment: Spray in spring, as late as convenient, uciore the buds
have actually burst, with home-boiled lime-sulphur. This wash has
given the writer very much better results than the commercial lime-
sulphur applied at the same date, though a number of persons claim very
good results from a spring application of the latter. If it is used do
not dilute to the full amount, and add lime as recommended for San
Jose scale.

u 1^/^^°]^^,. ^P'*^y'"S early in June when the eggs are seen to have
hatched and the young creamy white insects are observed running about
on the twigs, branches and trunk will destroy great r^.nbers of these
for this purpose use commercial lime-sulphur about i gal to 30 of
water, or as strong as experience shows the foliage will safely stand
Lime may be added or not.

Though lime-sulphur is an excellent wash for the Oyster-shell
scale it IS seldom that any ^ne application will kill more than about 80
or 85/0 of the eggs, but orchards that are sprayed two or three years in
succession with the home-boiled mixture become at the end of that time
almost entirely free from this insect.

The commercial wash applied just as the young had all hatched
gave unexpectedly good results in the writer's experiments this summer
Ihis treatment would, however, often mean making an extra sprayine
soon after the regular one for the Codling Moth, and so the spring
application with home-boiled lime-sulphur should be relied upon in
most cases. '^

It ought to be kept in mind that this scale is usually much more
abundant on trees that are not thrifty; consequently by fertilizine and
cutivating orchards the trees will become more vigorous and better
able to resist attack.

Other Scale Insects.

There are a number of other scale insects that attack orchard trees,
such as the New York Plum scale (Eulecanium cerasiftv, Fitch.)
Lurtis Scale (Asptdtotus ostrcacformis. Curt.), Putnam Scale (Aspi-
dtotus ancylus, Putn.), and Scurfy Scale (Chionaspis furfura. Fitch )The same treatment as for San Jose or Oyster-shell scales will keep thti^
in check Hence it is clear that lime-sulphur is a good remedy for
almost all kinds of scale insects.

Leaf Bmsteh Mite.

(Eriophyes pyri, Scht.)

The Leaf-blister Mite is a very tiny insect, so small that unless arumber are clustered together they are invisible to the naked eve In
spite of their diminutive size they make their presence very noticeable
on both apple and pear trees by causing numerous spots on the leaves
These spots are ofen confused with fungus diseases, but can easily bedistinguished by their being slightly raised beyond the lower surface of
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tl t^!' 1^' *«"»>"« indicates they are blisters or swellings in which

Ihl Sr%\l'
^"'^ reproduce. Affected leaves are quite conspicuous i"

reSn S K
' •^^"\ °" ^^' -^^^^ '"*^« ^t '^'' t^e the blisters aJereddish brown m colour and visible on both the upper and lower surfaceOn the pear leaves they are usually more clustered along the mid-rib

t^rv Tr *M^
^PPj^,^""^ '^'

•l.r
"'^"^y ^^''^^' °^t«" disfiguring the foliagevery greatly and being visible several rods away.

^
The Blister Mite has gradually been spreading all through the pro-vince, and IS now found in numerous orchards. It does not, so far as

Fig. 10. work of Blister Mite on leaves of apple and pear. Natural size.

we know, cause \e tree to die but weakens it greatly bv interfering

bud .scales. Here they may be destroyed bv either home-boiled or com!mcrcial lime-sulphur applied in the spring perferablv just as thi budsare almost ready to burst. The writer spraved very bad"v infested peatrees last spring after the buds had burst, but before the ?eaflets had
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opened up. Every mite was destroyed by the one application. It is
seldom possible to get so good results as this, especially on apple trees,
but thorough work will give excellent results.

Pear Psyli.a.

(Psylla pyricola, Forst.)

The Pear Psylla is also a tiny insect but larger than any yet
mentioned. The adult is about one-quarter of an inch long, measuring
from the head to the end of the folded wings. It is reddish crimson in
colour and has clear wings. The eggs are orange yellow, and are laid
on the twigs m .spnng before the leaves appear. It is the little nymphs
which hatch from these that do most of the injury by sucking the juictJ
from the leaf-stems and leaves. As they work they exude an enormous
amount of honey dew.

A few years ago this insect threatened to cause much damage to
pear trees in the Niagara district, but since the use of lime-sulphur has
become common it has ceased to give any trouble in sprayed orchards.

Treatment: Use either home-boiled or commercial lime-sulphur in
spring, at the same time as for the San Jose scale.

Aphids.

Most kinds of fruit trees in the early part of the season are subject
to attacks of Aphids. Apple trees were severely attacked this summer
by one or more species of green Aphids. These and many other kinds
of Aphids deposit eggs late in the autumn on the twigs and smaller
branches. It is from these eggs that the next season's insects come.
Hence, if the eggs, which are very tiny and usually glossy black, can
be destroyed we may hope to be very little troubled" by the Aphids the
succeeding season.

Treatment: The writer has not yet entirely satisfied himself that
the eggs can nearly all be destroyed by lime-sulphur, but other ento-
mologists who have experimented much more extensively assure us that
the hme-sulphur is a reliable method of control. Weak washes, how-
ever, are not reliable. Home-boiled of the strength of 25 lbs. lime and
18 or 20 lbs. sulphur to 40 gals, of water is preferable to the ordinary
20, 15. 40 formula. If the commercial wash is used it will require to
be proportionately strong. The spraying should be done shortly before
the eggs hatch. This takes place usually about a week before the buds
burst.

In cases of severe infestation the lime-sulphur should be supple-
mented by a spray of kerosene emulsion of the ordinary strength
applied just as the buds are about to burst. Some fruit growers claim
that if the watersprouts and suckers are sprayed with kero$ene emulsion
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Ta^SeS «« t^T"^^' '* ^'!! ^"*™y '^^ Aphids before they a'ay their eggs, and so will secure their control for the following season
can

Spruce Gall-louse.

(Chermes abietis, Linn.)

for the Sst" remedv lor SfJI:
'°'"' ^°„*!'" department of Entomologyloi ine Dcst remedy for the Spruce Gall-louse that it seems desirahle ti

^X^ior^V^:i^^X'.'^ '\^'%'^. expectatforone thortg°
Snof.^ 1 "°'"«-l«''led wash applied the first week in May ex-

t^eToVtS: sprlyin"^:*^
"'"" °' *'^ '''' "^^"^ '" ^P"' '^ ^^e pfoper

Ret Spiders.

(Tetranychus sp.)

leaves"and'^suckw'tfS''^ -^^'t" ''I
^°'"'^'"^ °" ^^e underside of the

various kinH«^ i ^""=? ^'°"\ *^''" ""^« """ch injury to plants of3 rlaso^ ;n M-
^""'^ "''*

*"*'x^
ime-sulphur for this insect but have

^^:^ia?K-K —->jHat a weak wash

::rayTe °u*ed tZ cS^^
'"^'"^ ^'^^ ^'^-^^^"^ ^ ^^^ "^^

^ - ^^

FUNGUS DISEASES THAT CAN BE CONTROLLED BY
LIME-SULPHUR.

For most fungus diseases of plants Bordeaux is orobablv thi- h^<:fspray mixture that is known to-day but in a n un^r'^ of cases Hmfsuphur ,s g,vmg just about as good results andTrfe^ perhaps even

with ;erl tenir/r'' ,"! "i^^
^''^ '^^''y '" "'•^^'" fo^s 0^%;::'

when ^.Hv HM ;°^'^^V'''^
*^^ P^^"^ '''^^'^ Bordeaux mixture, evenwhen greatly diluted, often causes serious damage FurthermoVrisome seasons Bordeaux causes a good deal of rusSing of S whic

t:^^tl^:-^ .etting^^'?J:Sts Yrlr^^sT
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Pbach LtAt Cum.,

(Bxoascus deformans, (Berk.) Fckl.)

cause1"a?hk!;eS'r'"/''%-^"''"f .*'*^ ^^'' ^""Si«s disease which

«S^n
*/'''<*5j""» and curhng of the leaves in the early part of the

SeTo" dS^ag^
"*' "P""^^ ^''^ ''''''^'' '» ^"y '-»« -d d'oe, a great

rr«ra/m*«/; Spray with lime-sulphur, either home-boiled or com-

T^A^'tir^^'f}^^''"'''-^}^''^' ^^«" '^ "^"ds are just beginning to

eady' to bu„rti.e dul«
'P''^'?-^ " '*^^* "'^ ""^" ''« bud, a« alm^o t

resuUs follow
sometimes gets a start and unsatisfactory

Bordeaux applied at the same time of year also gives good resultsbut, of course, has no insecticidal value.
* * resuiis,

Brown Rot op Peach.

(Sclerotitiia fructigena, (Pers.) Schrot.)

H„„T)'^^'°'^"i^°u°^*''^
P^^*=^ *s the same disease as causes the rot-ting of plums and cherries. It is so familiar to every peach erower thatrt requires no description. The disease is apparent^ not s? srverrfn

c^ufesTYo";,"?''^' V""
^^"^ ^'^' °^ the'Lited'sta°L butTtTft ncauses the loss of a great many peaches in the province ProfessorScott s experiments have shown that it can be controlled

^"^"^^^^"^

.1. ^If"'*"^"'" (^) "the Plum Curculio is abundant use for its

stnTtTeSt s°e '"t^'
•' ''^- *? ^° ^^"""^ °' -^*"' -d%pp[v ":

?h^ Rroi„ p^r *•
r
^* " ''^ry

important to control the curculio as

makfs
'^''' °'''" ^'* '"*° ^"^^ ^^"'t through the punctures it

fortniui ^Thf fi!!]r 1^'f- ""'^ll
^.«"-bo"«d lime-sulphur, 8, 8, 40tortnula. The first application should be about four weeks after theblossoms fall the last about the same length of time before the fruitripens, and the middle application about half way between these two
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Fig. 13. Mummied fruit on plum and peach due to the Brown Rot
About one-hi^lf natural size.

Fig. 14. Apple Scab.



PiACR Scab.

{Cladosporium carpophilum, Thum.)

The Peach Scab disease causes little black spots on the fruit ; some-
times when it is very severe the fruit is cracked.

Treatment: By using the self-boiled lime-sulphur for the Brown
Kot the Scab is also controlled. If it is desired to spray for it alone a
single application of this wash applied about four weeks after the blos-
soms fall will be suPkient.

I

Apple Scab.

(yeuturia inaequalis. (Cke.) Aderh.)

Apple Scab is the main disease in Ontario attacking the fruit of the
apple. It also attacks the leaves. The disease begins to appear on the
leaves about the time of the earliest blossoms, hence to control it we must
spray once a little earlier than this date.

Treatment: Use either commercial lime-sulphur i gal. to 30 or
even to 40 of water, or self-boiled lime sulphur ( 10, 10, 40), or Bordeaux
(4- 4. 40). Spray three times, first a little after the leaf buds have

°?*u* ,.,
'* ^ ^""^ *^^ blossoms appear, second when most but not all

of the blossoms have fallen, and third about three weeks later. A poison
should be used with at least the first and second applications, especially
with the second as this k: the proper time to spray for the Codling Moth
hor what poison to use sec discussion under " The Use of Arsenicals
with Lime-sulphur."

Pear Scab.

(Vciitiiria pirina, Aderh.)

The Pear Scab is very severe on some varieties, especially Flemish
Beauty. (F'g- 15") It produces dark blotches here and there over the
surface of the fruit, often causing it to crack and become quite unfit for
market. The leaves are also attacked. It is more difficult to control
than Apple Scab.

Treatment: Spray four times as follows: first, before the leaf buds
burst

;
second, just after these have hurst but before the flower buds have

quite done so
,
third, as soon as most of the blossoms have fallen • and

fourth, two weeks later. The application before the buds burst seeiiis to
be necessary for the control of the disease. Either home-boiled or com-
mercial lime-sulphur may be used for the first application and commer-
cial for the other three at about the same strength as for apple foliage.
Ihts method of treatment gave absolutely scab-free Flemish Beauty
pears at Guelph this year in the vvritcr's experiments.



Flf. 16. Pear Scab.

Bordeaux 4, 4, 40 used at the same dates has frequently given good

A poison should be combined as in the case of Apple Scab with the
>econd and third applications.

..

Black Rot Cankkr of Apple Trees.

(Spltftropsis maloruin, Pk.)

Much of the dying of branches and trees usually attributed to
wmter killing is really due to a very destructive fungus disease known
as Black Rot. This disease attacks the leaves, fruit, trunk and branches
of apple trees, and less frequently of pears. On the leaves it causes
small circular spots about one-eighth of an inch in diameter and usually
with a purplish border; on the fruit it causes a firm, not a soft, brown
rot which turns black late in the season ; on the trunk and branches it
causes dead areas, called cankers, some of these often of large size The
disease on the leaves and fruit is seldom serious, but the cankers pro-
duced on the trunk and branches often do very great damage The
disease is worst in the counties east of Toronto, where it is a very com-
mon sight to find numerous branches or even whole trees killed by it
The fungus usually finds an entrance through some wound, such as those
made by boots when climbing trees or by whiffle-trees when cultivating
the orchard. It often, however, follows sunscald, and on the branches
frequently begins in the cracks caused by the bursting of the bark due
to the very rapid growth in spring.



of hJ\Ari K »• **'*^ doM not di. out in thcM eukm tt th« end
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''"^ cotrtmow to extend in every direction year aftw year

SZ/hJ"- ;f i°»"P'««|r
»i''d>- the trnnlTor bran^« and WlirSI

There is no diseaie in Ea»tern Ontario that rcouircs more car..fiil
altent.cn than this Ulack Ko, Canker since it threSnlnoHhe quality— of the fruit, but the very hfe of

the tree. Experiments in New
York State in previous yean and
by several persons in our own
Province this season show that we
may hope for complete conlrol by
following the metho<Is oatlineil

below.

Treatment: Spray thoroughly
with home-boiled lime-sulphur or
Bordeaux mixture in spring be-
fore the buds begica to burst, tak-
ing special pains to cover the bark
of the tree and brandies. This is

to destroy the spores which Wgin
to spread early in the spring.

Mr. l-rank Dempsey, of Alburv,
and Mr. Charles Dakin, of Red-
nersville, both in Prince Edward
county, have been testing the
home-boiled lime-sulphur wash this

year for the control of canker,
which is specially severe in that
county. They report excellent re-

sults and predict that the w isli

will be used very extensively
throughout their district next year.

The second, third and fourth
sprayinj? should be at the times
indicated .ihove for controlling
Apple Scab. In tliese sprayings
one man sliould always remain on
the groiind with a rather si,..rt

extension rod, and have as his

chief duty the spraying of the
lower branches and trunk. Eit ler

Bordeaux aiixlure (4, 4. 40) or
commercial lime-sulphur, .djout i

to 30 or 40, may be used for these
sprayings.

Pig. 16. Black Rot Canker on apple
ttraneb. About two-tbirda natural slie.
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Whenever the cankers on the trunk or main branchet can be cut
out this should be done early in spring and the wound thus made disin-
fected with corrosive sublimate of the strenfj^th oi i part by weight to
1000 parts of water, and then thoroughly painte<l over with white lead
free from turpentine. The corrosive sublimate is very cheap and can be
procured in the form of tablets, one of which is sufficient to use with a
pint of water.

Caution: Corrosive sublimate is dcaelly fioisrn if taken internally.
Tt corrodes iron, so should he carried in a wooden or glass vessel and
applied with a sponge nr swab on the end of a stick. See that the vessel
is thoroughly washed before using it for any other purpo<*e.

In cutting out the canker the writer has found a drawknife very
satisfactory. Care must be taken to cut back to the perfectly healthy
bark on every side. Some have failed to do this, and consequently did
not get good results.

This cutting out should be done before the spraying bcjfins.
r.ranches with far advanced cankers should be sawed off and burneil.
Scions from desirable trees may then be grafted on to tike their place.

It is found that some kinds of trees are much less subject to canker
than others. Pcwaukee. Tolman Sweet, and Mr^Tahon White seem to
be the least subject; consef|uently if these are planted and then top-
grafted with other more desirable hut less resistant varieties an excellent
hardy stand of trees shoiil<' he the result.

A'ote: Anything that tends to mako trees more thrifty helps to
ward off canker, hence orchards should be fertilized and cultivated up to

J"'y.

Brown Rot oi" Ci rrv and Plum.

(Schlerotinia fructigcna fPers.'), Schrot.)

As mentioned above this is the same disease as attacks the peach
and is so well kn^wn that it need^ no description.

Treatment: As the disease often attacks the l)lossoms the first

spraying should he shortly before the luids hurst with cither home-boiled
or commercial h'me-sulphnr C'-pring strength") or Rordeau.x (4, 4, 40).
The second spraying should Ik- very .soon after the blossoms fall. The
third spraying should be about three week later. Plums may be given
n fonrth spraying two or three weeks after the third. For the second,
third and fourth spraying use either commercial lime-sulphur i to 40
(if there is any sign of burning dilute still more) or self-boiled lime-
sulphur do, 10, 40) or Bordeaux mixture (2, 2, 40"). With the second
and third applications from 2 to 3 lbs. arsenate of lead or i quart of the
stock solution of arsenite of lime should be used to every 40 g,i!1nn

barrel of the mixture. This is to keep the Curculio in check.
In dealing with Brown Rot it is alv 1p tn pninr the t^^ces

sufficiently to let in plenty of sunlight '. to

destroy any mummied fruit that may '



Chkrsy Leaf-spot or Shot-hole Fungus.

(Cylindrosporium padi, Karst.)

Fig. 17. Cherry Leaf-spot or Shot-hole Fungus.

boiJ'liSriJjihuyaoT'Tot^r^^ ' -'^ '^^ - SO or self-

spray first aboJt fou weeks' afte^ L lZT'\'T'''! ^'' '' ^°) «"^
ately after the fruit is Sed or

* 1 °,f
"""^ /?"' ^"^ ^"0"^ immedi-

weeks later may bi necSsary '

°'"^'°"«"y ^ ^^ird spraying about two
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the

Powdery Mildew of thb Gooseberry.

(Sphaerotheca mors-uvae (Schw.) B. & C.)

Imported or English gooseberries are usually so si;verely attacked
by the Powdery Mildew that it is seldom profitable to grow them. The
disease attacks the shoots, leaves and fruit. Currants are also attacked
but not so frequently nor severely. At first the disease appears as a
whitish powdery covering of the affected parts but later on this develops
into a thick felty brown coat that is especially noticeable on the fruit.

Treatment: Spray about the time the buds are ready to burst with
home-boiled lime-sulphur, covering every part thoroughly with the wash.
Commercial lime-sulphur does not seem to have been tested but woultl
probably give the same good results. Mr. Joseph Twe<ldle, of Stoney
Creek, Mr. E. D. Smith, of Winona, anrl several other fniit growers
have informed the writer that the above treatment has given them excel-
lent results, and that they highly recommend it. It is probable that a
second treatment just after the fruit has set with either self-boiled or
weak commercial lime-sulphur would assist in the control of the disease.

Other Kinds op Powdery Mildew.

There are many kinds of Powdery Mildew besides the one men-
tioned; for instance, one kind attacks the foliage and twigs of the
cherry, another attacks in a similar way the peach, another the grape.
As sulphur is the standard remedy for all of these it is almost certain
that lime-sulphur would be equally efficient and probably more so.

Treatment: As soon as the first sigr; of the disease appears spray
with self-boiled lime-sulphur or the commercial wash diluted to the
strength the foliage will endure. On peaches the self-boiled should be
used.

The above are all the important insects and fungus diseases of
Ontario for which the writer feels it safe at present to recommend lime-
sulphur as a means of control. He has tested to a limited extent both the
commercial and self-boiled washes on potatoes, but found Bordeaux mix-
ture superior to either. On grapes he has been unable to test any form
of lime-sulphur, but Washington reports seem to indicate that for the
Black Rot of Grapes, the worst grape disease in Ontario, Bordeaux mix-
ture is still to be preferred.
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