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A STUDY OF THE EFFECT 0F ACCESSORY SUbSTANCES ON THE 

ADHERENCE OF i1E SWFUR SPRAY TO 'iH NnIHGU 

iENTS OF iNSECTS. 

The importance of the physical properties oÍ contact 

insecticides is fully recognized,arid such forces as sur- 

face tension, interfaciál tension,viscosity,absorpti on,ad- 

sorption,cohesion,adhesion,and others have been rather ex- 

tensively investigated.Vater alone and also many spray so- 

lutions do not spread or adhere well either to the waxy 

coating of leaves and fruits or to the bodies of insects. 

To overconie this,sundry materials have been added to sray 

solutions.The addition of such supplementary materials al- 

ters many of the physical forces,and may also increase or 

decrease the toxicity of the spray.These studies on thA 

inhluence of spreaders and adherents on contact insectici- 

des may be classified rathAr broadly under five heacis;1-A 

study of the innerent physic1 forces of the spray solu- 

ticn;2-Influence of accessory materials on the chemical 

composition and reactions;5-The nature and quality of the 

film obtained ori plant surfaces;4-A study of the spray so- 

lut.ion in contact with the insects ' body both as to exter- 

nal covering and internal penetration;5-The influence of 

the added materials on toxicity values.ìost of the inves- 

tigations are not confined to a single study,but in their 

natural scope may include several of these allied fields. 

Aitho contact insecticides and. the use of accessory sub- 
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stances have received consideraLle attention from exper 
mental worers,there still remain many unsolved problem 

connection with their use.The reactions are so widespre 

and the varying factors so many,that the problem become 

intricate one,The nature of the spray;its chemical corn 

sition and concentration;the kind and amount of materia, 

used;the plant surface and the insect to be killed or c 

trolled;and environmerAtal factors such as seasonal growth, 
ternperature and humidity all have a part in aetermining the 
final results secured. 

Scope of This Investigation. 
Very little experimental work has been unuertaken con- 

cerning the actual amount of spray that adheres to treated 
surfaces,especially the iriteguinents of irisects.In this 
study the amount of sulfur residue has been determined 

quantitatively on the integumerits of two Uliferent insects 
and ori the surface of clean glass,using lime surfur spray 

with and without the addition of varying amounts of the 

several ingredients.It was not expected that such data as 

could be secured with this type of an experiment would 

solve the problem as th the advisability of using accessory 
substances with lime sulfur solution.This problem is too 

complicated to ue so easily disposed of.A quantitative 
laboratory study such as has been undertaken should prove 

of value in showing the relative values of the various 
substances,and the importance of the amount used on the 



-3- 
film obtained.Sprays when applied to insects leave resid- 

ud amounts as external deposits, and often as internal 

penetrants.No attempt has been made to differentiate be- 

tween surface film and penetrated spray,for the reason 

that with present analytical methods,it is impossible to 

determine accurately the one and not include the other. 

The data submitted are a measure of total spray residue 

left on the insects'body with the treatment Liven. 

In order that a contact spray may Kill it must at least 

be in close contact with the insect,This intimate relation 

between spray and insect is in turn dependent upon the op- 

eration of several physical and chemical factors. O'Kane 

and Conklin (8) have stated this relationship very aptly, 

"It is manifest that a liquid which is to kill an insect 

as a so-called contact spray,especiaìly if it is to exhib- 

it its efficiency in the liquid phase,must to some deLree 

wet the insect to which it is applied.It is true,aiso, 

though not always fuily recognized,that the ability of a 

contact insecticide to wet an insect is dependent in 

marced degree on its chemical and physical properties, 

especially as these properties relate to the chemical and 

physical nature of the integument of the insect,the lin-. 

ing of the tracheal tubes and such other parts as the 

material may reach.uite apart from the intrinsic toxic 

qualities of a given spray,performance will Le profoundly 

influenced by physical properties." 
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This work is concerned only with a measure of the spray 

adhering to the surfaces studied,and the conclusions will 
be based on these figures.However the author is riot unrnind- 

fuloí' the worth of the many othere factors involved and the 

performance of liquids on solids,or of the probable effect 
of certain spreaders and adherences on the toxicity of the 
resultant solutiorì.In a final evaluation of any spray solu- 
tion all pertaining factors must be consiöered.lt is con- 

sidered that the film obtained and the amount of spray pre- 
sent on the insect is of importarice,especia.ly in those 
sprays that kcill by contact,and that the magnitude of this 
coverage will be of value in determining the relative value 

of different spray combinations. 

Consideration of the Literature. 
A large number of references are found in the literature 

that pertain to solutions in general and also to particular 
spray solutions.A knowledge of the fundamental laws that 
govern the physical and chemical changes occurring,either 
in the spray solution befare application or after it is 
applied,is necessary as a background for this work.Among 

the references available are numerous ones that relate to 
the spreading and adhering properties of various substances 

when used in different spray solutions.any of these refer- 
ences have been read but no attempt will be made here to 
give an extended historical review of the subect.Èoore(6) 
and more recently Q'Kane and coworers(7)have puiished ex-- 
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tensive reviews and bibliographies,and for relerences on 

phases 1' the problem not covered herethese may L$ consult- 

ed.Only references to the literature acttAally quoted from 

are included in the bibliography attached to the end of this 
paper e 

Terminology and Definitions. 

The science and study of spray materials have developed 

a certain terminology.The terms spreaders,wetters,aciherents, 

and even emulsifiers have been used in spray work to convey 

different meanings.Their reactions on spray materials are 

also not the same.The word,spreaders,has often been used to 

include any harmless substance added to a spray solution 

that improves the physical qualities of the solution,and 

results in the formation of a more continuous uniform film 

of poison on the surface to be covered.Iinder tuis term are 

often included certain materials,that are not in the strict 
sense of the word spreaders,but substonco3 that may Le of 

value in increasing the amount of spray retained on the 

sprayed surfaces3oodman(12)has differentiated and defined 

a wetter as a substance causing the apray fluid to wet the 

surface spr&yed so that it does not collect in drops; and 

a spreader as one causing the film to expand or extend over 

the part of the surface not directly hit by tne spray. 

oore(6)deuined spreading as denoting the formation or the 

maintenance after being formed of a continuous film over 

the surface of the leaf;and adherence as applied to the 
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resistance to the action of rain,dew,and wind,exhibited 

by the spray material after it dries.He definea wetting, 

as the slight chemical or physical affinity between the 

liquid and solid on which the spray is applied.O'Kane(7) 

gives the term,extension,to the spread of e. liquid on a 

solid,and draws attention to the fact that the term, 

spreading,is not applicable in the same sense as when 

one liquid spreads on another liquid. 

We are using the term,spreaders,here to indicate a 

group of substances that are usually considered or used 

for their ability to give improved film coverage; and 

adherents,to include those substances that are primarily 

valuable for adhesive properties.No attempt is made to 

classify the materials used either before they are used, 

or on the basis of the results secured.The terms,spreader 

and adherents,are employed to indicate groups of substan- 

ces,not as verbs indicating any particular action, if a 

spray is deposited or remains on the surfitce to be exam- 

ined,and the amount quantitatively determined,this depo- 

sited spray is taicen as the relative value of that sprea- 

der or adherent when combined with the insecticide used. 

Experimental nata. 

1.-Spray 5olutions,preaders,and idherents. 

Lime sulfur was selected as the contact spray because it 

is one of the most universally used materials,and one to 

which spread.rs are added either to improve its adhes- 
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ive and fi1rnorming qualities,or to improve its compatibil- 
ity with other spray ingredients.i high grade commercial 

brand of lime u1fur was selscted,and this same material 
was employed in all the experiments.The original lime sulfur 
tested 3 degrees Baume.A standard stocK solution was pre- 
pared by adding water to reduce the density to 31.5 degrees. 
øaurne.This stock solution was then further diluted to a i 
to 10 solution in ail combiriations,This final dilution was 

prepared fresh for each test and used as soon as possible 
after preparation. 

The numuer of substances that may be used as spreaders 
and adherents is very large.lt is obvious that only a corn- 

paratively few could Us selected for trial.The niteria1s 
selected for trial are listed in Table 1,together with the 
amounts used,source of supply,and certain other pertinent 
data as regards their use or reactions.Liost of the substan- 
ces selected are commonly used,and have a certain known 

value.A few materials were tested because of specific re- 
quests from other departmental woricers.The selected mater- 
jais cover representatives of most of the classes of corn- 

pounds usually used in spray soiutions.Iíore casein spreaders 
were tested than any other Kind of substances,and this 
class o material is also more universally used than the 

others.Tests also were carried out with materials not usu- 
ally used with lime sulfur because of certain physical dis- 
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advantages or chemical reaction.A few commercial spreaders 

were tested out.The aim of many of the commercial manufact- 

urers in more recent years,has been to place on the marr.et 

a material that combines spreading and adhesive properties. 

The material selected represents several types of commercial 

spreaders,both solids and liquids. 

The amount of the various spreaders to use is important. 

The author consulted the literature and recommendations put 

out by other men and the commercial manufacturers.in most 

of the commercial material the recommendations given by 

the manufacturers have been followed.As the work progressed 

the importance of the proper strength of each spreader un- 

der test was very striKingly brought out.lt would have been 

very desirable to extend the list so that several concentra- 

tions of each spreader might have been tested.The dilutions 

selected for study are the ones the author considered best 

for the particular conditions of the experiment.He is aware 

that. certain of these may be open to criticisun.The aim has 

been to deep the amount of the various accessory substances 

used,as uniform as possible. 

The non-homogeneous rnïxt're obtained with the oils and 

lime sulfur was a decided drawback in their use.ln a large 

container with high agitation better mixtures probablr 

could os obtained,h.ut with the small lots used in the lab- 

or3tory they coui<i not os satistactorily handled without 

first emulsifyin.For malcing these emulsions O.O5i zayso 



Table I-Spreaders and Adherents Used in Experimental 1iork. 

Material :Dilutions ¡Source of Supply : Remarks 
a1cium Casemate O.5-O,i :Prepared froip(Tech.rade)Casein and hyurated urne in 

: : a ratio of 4 to i 
Dried Skim iiik O.O57 

:O.1 ;Lab.supply : Original source uncnown 
Skim Milk :i.O :Fresh locel supply O.O5 hydrated lime used with it. 
iilood Aibu:iin :0.5-0.1 & :Lab.Reagent : Tech.rade 

: O.O5% : 

Dextrin,white :1.0 0.5% : 
" U 

; 
I II 

Soluble Starch :1.0 & O.5 : : 
" 

Gelatine :0.5% : 
" " 

: 

" 

Saponin :0.5 & O.O5: " I' 

: C.P. " 

Hard Wheat Flour :l.O-Q.5 :Cornmercial product: 
Kaolin(acici washed) :l,Oo :Lab.Beagent 
Pipe Clay :1.0% : 

" " 
: A finely divided pottery clay. 

Sodium Silicate :l.O2 : 
" " 

: Tech.grade 
Ferric Hydroxide :0.2% :Freshly prepared from NaOH and FeCL3.6H20 Sulfite Residue :1.0% :Residue from waste sulfite liquid obtained from Paper 

: : Mill. Acid reaction-lime water used in mixing. 
Cottonseed Oil :l.Oio :Lab.heagent : Used with O.O5 Kayso 
Linseed Oil,Raw :1.0% :Commercial product: " " " 

Fish Oil :1.0% :i3lumauer-Frarikc Co.: " ti ti 

: : (Supply on hand and used in spraying byEnt.Dept.) 
Resin-Fish Oil :Q,5 :U..i.uree.0 Punt : ¿pts.Ftesin,lpt.fish oll,lpt.water 

Spreader : :Path.,Corvaliis : and lpt.&tOh. 
Kayso Spreader :0.5 O.O5>;Unopened picg.of : A commercial spreader of Golden!3 

; 
: 1931 stocK : States Company Ltd. 

Leffingweil's XXX :O.5o :Supply on hand : ifg. by Leffingwell Rancho Co. 
Penetrol :O.5 :Furnished by Co. : " " Kay iaboratories. 
Fluxit-Ore.jtl :O.l, : 

" " " 
¡ 

" " Colloidal Products Cor 
Fluxit-Ore.2 :O,l : 

" " 
: 

" II ti ti 

Fluxit-Formula il87l:O.l% Unopened pkg.1931 stock: " " 
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was used.These emulsions were not very pertnanent,but were 

sufficiently so to make a workable mixture of the combina- 

tion. 
II- The Amount of Lime Sulfur Found Adhering to Pine Leaf 

Scales. 
Chionaspis pinifolioe(Fitch)was selected for these tests 

instead of either the common oyster shell scale or San Jose 
scale.These insects are not only larger,but their location 
on the needles of coniferous trees permitted them to oe 

handled and removed from the needles without extraneous ad- 
hering bark.A supply of fresh scales was also availaole at 
the time of year when the tests were macte(late fall and ear- 
ly winter).etcalf(5)has studied the nature of shells of 
several scale insects.He reported that the pine leaf scale 
covering contained 4O'o of wax,while that of tne oyster shell 
scale contained 35, of wax.The wax of ooth wets a mixture 
of several ingreuients.It is therefore evident that there 
is considerable similarity in tho coverings of the two 

scale insects. 
Scale infested branches of sutar or yellow pine were 

brought to the laboratory and needles carrying an excess of 
fifty scales were tied at one end into loose bundles.Attem- 
pts were made to use only full grown live scales,without 
having to spend an unreasonaLle amount of ti;ne in makcing 

the examinations.The various spray solutions were freshly 
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prepared in 100cc lots and a medium sized test tube nearly 

filled with the soiution.The tied bundles of needles were 

then immersed in the liquid,immediately removed and hung 

on a rack to drain and d.ry.Fifty scales were then removed 

singly and cleanly from the needles and brushed into the 

container used for the chemical determinations. 

The amount of sulfur ahering to fifty scales was too 

minute to deterlLuine accurately gravimetricly.So a micro- 

chemical or colormetric method was resorted to.The oriirial 

method came from the laboratory of the National Canners' 

Assoc.and was one D.E.bullis o the Agricultural Chemistry 

Cept.of this Station,had modified and used to determine the 

residual sulfur left on fruits that were to e canned (un- 

published data),It was further modified by the author to 

adopt it to tais worK with insects and s finally used was 

as follows: 

The fifty treated scales were brushed into a 100cc test 

tube and 10Cc of 2cc caustic soda solution adcied.The tubes 

were placed in a water bath and held at boiling temperature 

for a half hour or loner,The solution was cooled and 40cc 

hydrochloric acid(1 part conc.acid. to 4 parts water)added. 

This was followed by approximately 2 grams of sulfur free 

granulated zinc,and the tube immediately connected up by 

means of suitabie stoppers with a modified Qutzeit tube 

and acid catch tube(the whole setup being similar to that 
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used in determining small anounts of arsenic).The upper 
tube was of 1/8 inch bore and in it was placed a strip pf 

hardened filter paper sensitized with 5j lead acetate so- 
lution.The reaction was allowed to proceed at room temper- 

ature for a tirne,arid to finish it,the tubes were placed in 
a hot water bath,Several hours or over night was allowed 

for complete evolution of hydrogen sulfide. 
The reactions in the above determinations are that first 

the sulfur compounds are brout into solution with the 

caustic.This sulfur in solution is then reauced by the nas- 
cent hydrogen evolved in the reaction between the zinc and. 

acid,and the hydrogen sulfide gas prouuced reacts with the 
lead acetate in the paper to produce a characteristic black 
stain of lead suluide.Standard stains were prepared using 
known anounts of sodium thiosulphate.lan determinations 
were run on the reagents and fifty scales.Waste sulfite re- 
sidue and the Penetrol both contained sulfur and special 
blank determinations were necessary on these.At the start 
of this experiment rather erratic results ere secured,but 
as the woric progressed a better unuerstanding of the under- 
lying causes of these inconsistancies resulted. in very 

acceptable checc determinations being finally secured.Sotne 

of the deter:Ainations had to be rejected because of uneven 

stain.Spray solutions containing the oils proved aitficult 
to work with.It was hard to remove the insects and not rub 
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off the oil deposit,and the duplicate determinations o not 

checic any too well.In a majority of the tests,the duplicate 
determinations were made on two or more diUerent days.All 
tests were made in an upstairs laboratory and both tempera- 

ture and humidity varied within a narrow range.hecords were 

kept of these,but as no correlation appeared to exist be- 

tween variations and results they are not reported here. 
The results of the tests on fifty leaf scales are repor- 

ted in Table II.The average for each solution is corrected 
for blank and these figures both as to length of stains and 

milligrams of sulfur are diagrammaticly presented in Ghart 

l.Thirty-.four separate tests were made using various corn- 

binations and including all the substances listed in Table 

I.With over half' of these only one strength combination was 

tried out.On five,two concentrations were tried;while on 

two,namely,calciurn casemate and blood albumin,three solu- 
tions using varying percentages of spreaders wore tcted.ì. 
study of the table and £raphs show that eighteen o these 

combinations gave more residual sulfur on the tifty scale 
insects than lime sulfur alone.even gave approximateiy the 
same amounts and eight gave less.The oils and sodium silic- 
ate combinations gave the highest deposits of sulfur on 

those materials where only one strength was tested.iarced 
spreader 

differences were secured with the samelllime sulfur combin- 

ations by varying the concentration of the accessory mater- 
ial.For example calcium casemate at O.5i0 gave iess residual 



sulfur than lime sulfur alone,but at O.1 it gave more, 

and when the amount used was further reduced to O.O5 the 

deposited sulfur was still hiher.The last dilution gave 

a 57.5 increase in deposited sulfur over and above that 
obtained by using O.57 calcium caseinate,blood albumin 

used in the same amounts as the calcium casemate not 

show such extreme variations.However O.5,,, proved too much 

to uso to et a maximum deposit,and while O.O5io gave more 

sulfur residue than the higher strength it gave Less than 

the 0.1% cornbination.Other combinations tested,where libre 

than one strength of the material was used,further mai- 
cate the importance of the amount used.This is especially 
shown with Kayso,where reducing the amount of spreader lO 

or from 0.5 grams to 0.05 grams per 100cc increased the de- 

posit approximately 100%;and with saporiin,where a 64 in- 
crease was obtained,Small increases were also obtained by 

reducing the amount of dextrin and soluble starch. 
These results are with a certain peculiar surface,but 

also one that is sinificarit,as lime sulfur is widely us- 
edin the control of scale insects,The exposed surface of 

a scale insect is not a hard surface to wet with lime sul- 
fur as it has a certain undetermined absorptive or adsorp- 

tive power.The physical forces were not measured,but ob- 

servation would indicate that where the leaves were immer- 

sed and the scales drenched with the solution,ttiere was no 

creeping of the spray away from the margin of the insect 



Table lI-Results of 3uliur Determination on Fifty Pine ieaf ca..es Using Various 
Spray 5o1utins. 

Spreaders or Adherents Used :A'mt :Duplicate Deterrnination:Ave. :Stain cor-:'mt sul- 
With 1. to 10 Lime Sulfur :used :length of stain in mm. :Stain :rected f or:fur in 

: : :jn mm.:blank ¡ms. 
: : 3.5 

Lime sulfur only : : 45.0 : 38.5: 48.0:7.0: 41.4 : 40.1 : .08 
lanic on reagents plus scales : 1.1 ; 1.6: 2.0 : 1.4: 1.3 : : .00Z66 
Lab.prepared Calcium 0aseinate.5i; 41.0 ; 33,0: 33.0: ; 37.3 : 6.0 ; .0793 

't t, n it :0.1k : 52.0 : 51.5; : : 51.7 ; 50.e : 

't t, t' t, :0.05; 46.0 : 70.0: 56.0: : 58.0 ; 56.7 ; .116' 
Dried Siim Milk :0.1 : 45.0 : 50.0: 52.0: : 49.0 : 47.7 : .0979 
Fresh Scim Milkc :1.0 ; 42.5 : 40.0: 57.0: : 46.5 : 45. : .09Z6 
1ood Albumin .0.5,'o . 38.5 . 7.5. 3.0. . 3.0 . 3i.7 . .065 

t' 't 

.0.»o . 43.0 . 55.0. 44.0. . '*7.3 . 46.0 . 

'I ti 

.0.05k. )8.0 e s5. . e 4l. . '*0.0 . .08e 
White Dextrin .1.O, . .9.0 . 36.5. . . 6.7 . 7.4 . .07ó6 

t, II :0.5a : 57.0 : 55.0: : ; 56.0 ; 5"e.7 Z 

Soluble 5trch .1.0 . 6.0 . 37.5. 26.5. . 36.q . 3,Q . .0656 
" 'I 

.0.54, . . 59.5. .5.6; . 49.6 . 48. . .099 
Gelatine .0.5 . 3.0 : 37.0: 39.5. . 39.6 . . .079 

Saponin .0.5% . 34.0 : 28.0: 35.0: : 3.3 . 31.0 : .066 
I, .0.057e. 8,7 . 51.5. 68.5; . 5.9 . 51.6 . .1058 

Hard ùheat Flour .1.0 . 48.0 . 50.0; 40.5: : 9.5 . 8.Z : .099 
t' t, 'I 

;0.5; : 41.0 : 41.5: : ; l.3 : 40.0 : .08 
Kaolin :1.0% : 55.0 : 51.0: 40.0: : 48.7 : 7.4 : .0972 
Pipe Clay (potters) .1.0o . 5.0 . 52.0 40.5. ¡ 48.5 ; 47. : .0969 
Sodium Silicate :1.0% : 78.5 : 79.5: 59.0: ¡ 723 71.0 : 155 
'Ferne Hyciroxiue (freshly :0.2 : 50.0 : 41.0: 40.0: : 43.7 : 4.'e : .087 

prepared). ¡ ¡ 

aste Sulfite Liquor ¡1.0k 26.0 z 25.6: 41.5: z 31.1 ¡ 27.1 z .0555 
Residue ¡ 

(Table contirìed) 



Table II-(coritinued) 

Spreaders or Adherents Uset :A'mt :Duplicate Deter:ainatiòn:àve. :5tain cor-:A'rnt sul- 
?iith i to 10 Lime Sulfur :used :length of stain in ram. :tain :rected for:íur in 

: : ¡in inm.biank :mgs. 
Cottonseea Oil plus.O5v(ayso.l.O . 53.5 . 57.0. . . . 54.0 . .1108 
..inseed Oil plus .O5y r.ayso .l.Oyo . 61.5 . 82.0. 7'e.O;44.O. 65.4 . 6'.i : .l15 
Fish Oil " " " :l.O : 42.0 : 9.5: 75.5:75.0: 58.0 : 56.7 : .1l6 
"Fish Oil Resin Spreader :O.5 : 28.5 : 24.0: 2.O: : 28. : Z6.9 : .055Z 

Commercial Spreaders 
Kayso :O.5c»: 31.5 : 30.5: : : 1.O : 9.7 : .0609 

tt .0.O5: 61.0 : 70.5. 59.Z: . 6..6 ; 6Z.3 ; .i277 
Leífingweil XXX,Liquid :0.5% : 2.0 : .5: 8.5: : : O,Q : .0615 

Spreader : : : : : : : 

#Penetrol :0.5 : 5.5 : 59.5; 47.5: : 55.5 z 51.0 : .1046 
Fluxit 0re.]. .O.l . .0 . 5.O. . 4.O . Z.7 . .0671 

ff2 ;O.l . 35.0 ; 'e.O; ; 8.9 ; Z716 0771 
9 Formula 1871 :O.1 : 54.0 : 52.0: : : 5.0 ¡ 51.7 : .106 

'"A chemical reaction between spreader and urne sulfur. 
plank for this was 2.5 :rn. 

ti i II it 

4 , 0 mm. 
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covering as reported by O'Kane and ConAclin(8) in their 

single drop studies on the angle of contact. Individual 

scales seemed to vary in adsorptive or retentive power. 

On the same twig some would show the lime sulfur over all 

the scale covering,while in others none could be detected. 

This phase of spray coverage was not followed up,and the 

above phenomena are simply presented because of their 

possible bearing on the subject. 

lii- The Amount o Lime Sulfur Found Adhering to the 

Integument of the iox Elder aug. 

The common box elder btg,Leptocoris trivittatus (Say) 

(Lygaeus),was the second insect to be used in this irives- 

tigation.This insect is a flat elongated species from 10 

to 13 mm.long.The wings are held closely to the boa.y and 

cover the abdomerì.both wing covers and exposed part of the 

body are well chitenized,shiny,nd viterous.The insects 

were available in numbers at the time of year when the 

work was being done.They proved excellent specimens to 

worc with as the dorsel surface proved difficult to wet 

and consequently contrasts between good and poor spread- 

ing solutions were more rnanfest.In solutions with poor 

adherence the triangular area on the notum at base of wi- 

ngs was the only portion to retain the liquid.Improvement 

in the physical properties of the spray resulted in the 

wing covers and other portions of the dorsei. surface hold- 

ing films of the solutions.As spreading qualities were 
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improved,the area covered W35 increased by firt,the li- 

quid adhering on mid dorsel line where wina covers meet, 

arid this followed by adherence to the membraneous por- 

tion of the wing.The thicKened basal part of the wings 

was generally the hardest to wet. 

Preliminary trials were made t determine the bcst way 

to handle the insects.Trial was made by inìiiiersing the in- 

sect,either with legs arid antennae clipped,or without re- 

moving appendages.The prcedure finally selected was to 

use five uniform insects,anesthetize them with ether to 

render them in.ensible and motionless.With a pair of for- 

ceps,the insects were grasped by the legs and. gently plac- 

ed on their bacKs upon the surface of the liquid uner 

test and allowed to float undisturbed for 30 seconds. If 

any of the appendages came in contact with the fluid,they 

were clipped off.This method of handling proved very acc- 

eptable and uniform results were secured with different 

lots of insects.This was not true however where the insec- 

ts were completely wet as it was found that the legs and 

antennae retained varying size drops which invalidated the 

results,Solutions that showed tendencies to settle or sep 

arate were well stirred before each insect was floated. 

The above method of handling the insects worxced very well 

with all the combinations tested except tUe one containing 

Penetrol.ln this one the insects would not stay on their 

baccs,but turned either on their sides or ventral surfaces, 
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and submerged immediately.Evidently the surface tension of 

this combination was so completely modified that the liquid 

immediately crept over the entire surface.With this mixture 

all legs and antennae were clipped.The results secured are 

probably higher than warranted,as they represent spray de- 

position over a greater area than with the other combina- 

tions,and for this reason are not strictly comparable with 

the rest. 

y using five insects for each test, a weighaeÏe amount 

of ia SO wa obtained, and the gravirnetric deteriiination 

of the sulfur residue was resorted to. The five insects af- 

ter floating were placed into 30cc of a 2 l/2io caustic soda 

solution and boiled for a few minutes to bring the sulfur 

into solution.The insects were then filtered out,and to 

each solution was added 5cc of oxidizing solution(lOcc li- 

quid bromine,20 gr.br.and 200cc water) and 5cc 0f conc. 

nitric acid.The covered bea1ers were then set in a warm 

place over niht.They were evaporated to dryness,then about 

20cc of water and 5cc of hydrochloric acid were added and. 

the solution again brought to dryness,and finaLly baked 

over a free flame to remove the last trace of nitrates. 

The residue was brought into solution with 50cc of water 

and fewcç.nui,filtered,and the sulfur precipitated and weigh- 

ed as barium sulfate following the usual accepted procedure.. 

blank determinations were made on the recgents ana iive 
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insects.Also separate blanks were run on the Penetrol and 

waste sulfite residue-combinations.These insects were found 

to contain appreciable amounts of sulfur,and the blanks 

were subtracted from the results. obtained.The data are re- 

ported in Table iII,and after correcting for the blank are 

diagrammaticly presenteá in Chart iI, 

Not all the spreaders and adherents listed in Table i 

were tested with these insects,as worr with the scale in- 

sects had shown the inadvisability of further considera- 

tion of' some.As wus to be expected with an insect more 

difficult to wet,more of the tested materials gave an in- 

crease in lime sulfur coverage than they did with scale 

insects,Of the 21 combinations tested all but five save a 

mariced improvement. 

The importance of' using the proper auount of a substance 

with the spray solution is again demonstrated with these 

insects.The differences in the two surfaces treated,narnely, 

the integument of scale insects and box elcier bugs,and 

their influence on the amount of a spreader necessary to 

show improved coverage are shown by macing a comparison of 

the results secured with blood albumin.With the scale in- 

sects O.5 gave less deposit than the O.O5;but on the box 

elder bug,an insect more difficult to cover,the 0.5» stre- 

ngth gave the best film.The oils,sodium silicate, and cer- 

tain of the commercial spreader combinations all gave very 



Table 3-Results of Sulfur Deterriinations on Five ox Eider bugs Using Various 3pray 
Solutions. 

Spreader or Adherent used :A'mt mater-:Duplicate betermina-:Ave.Besults in r.of S. with i to 10 lime sulfur :ial used :tion ìvígs.Of Sulfur Corrected for blank. 
Lime Sulfur only : 0.673 : 0.742:0.673 :0.696 : 0.394 
blanK on Reagents 5 insects :0.330 : O.33: 0.234: 0.302: 
Calcium Caseinatleb.pre-: O.5 :0.618 : 0.563: 0.632: O.60; 0.302 

p, n Jpared : 0.05?, :1,443 : 1.51 : : l.77: 1.175 
Dried Skim Milk : Q.ly :1.03 : 1.136: : 1.083: 0.781 Fresh Liquid Scim Mi1c : J..0 :0.934 : 0.989: : 0.961: 0.669 
blood Albumin : O.5' :1.25 : 1.278: : 1.264: 0.962 

t, t, 
: 0.05 :0.700 : 0.645: O.62 0.692: 0.390 

White Dextrin . 0.5 .1.11 . 1.11 . . 1.11 . 0.808 
Soluble Starch :: 0.5% :0.714 : 0.783: : 0.748: 0.'46 Gelatine : 0.5% ¡0.535 : 0,576: : 0.555: 0.253 
apon1n . 0.5% .l.0'*3 . 1.167. . 1.105. 0.803 

Hard Vheat Flour : 0.5% :0.851 : 0.947: : 0,899: 0.597 
Kaolin : l.00' :1.098 : 0.824: 0.920: 0,947: 0.65 
Sodium Silicate . 1.00% .1.415 .. 1.305. . 1.360. 1.058 
¡,Waste Sulfite Residue 1.O0 :0.947 : 1.03 : : 0.988: 0.562 
Cottonseed Oil - .O5 Kayso: l.00 :1.758 : 1.675: : 1.716: 1.414 
Linseed Oil Q5 Kayso : 1.00% :2.265 : 2.390: : 2.377: 2.075 Fish Oil - Kayso : 1.00% :1.84 : 1.785: : 1.812: 1.510 
Kayso Spreader : O.05 :1.126 : 1.1208: : 1.167: 0.665 
Leffirìgwell XXX Spreader : 0.5, :1.552 : l.63: : 1.60 : 1.2.18 '2-Penetrol : O.5 :1.799 : 1.896: : 1.848: 1.491 
FluxitSpreader Formula : o.io; :1.387 : 1.442: : 1.414: 1.112 

#1871 
# 8lanic on this including insects ws 0.426 mc. S. 
/- t, ti il ti ii t, 0.357 mg. S. 
.ZSee text for tehavior of this solutin. 
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high spray coverage. 

1V-The Amount of Lime Sulfur Found Adhering to a Clean 

Glass Surface. 

It has been pointed out by Robinson(9)and also others, 

the cind of surface to be covered is important in any at- 

tempt to evaluate spreaders.The use of clean glass micro- 

scopie shoes would be another surface.In usilag such a uni- 

form area and surface,a determination couict be macis of the 

residual sulfur without the introduction of the several 

variable constants that are unavoidable when insects are 

used.Even with careful election,insects will vary as to 

size,age,placement of body parts,motion within the body, 

variation in composition and surface contour of the integ- 

ument,etc.None of these variations would be encountered in 

the use of a glass surface. 

The use of a glass surface has been resorted to by others 

in their studies with spray solutions-O'Kane(8),Hamilton(3), 

and. Woodman()ahl used a glass surface in studying inter- 

facial tension,angle of contact,and other physical forces. 

Woodman presented data to show by means of a comparison of 

surface tension and. angle of contact measurement,obtained 

with the Searles Torsion iialance,that the magnitude of such 

measurements on chemically clean glass was on the average 

nearly the same as that secured on heavily waxed leaves of 

the cherry-laural. 
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In this experiment shellaced glass slides were first 
tried,but viere unsatistectory due to the iifficulty of get- 
ting a uniform coating;and what proved more objectionable 
was the trouble of removing the sulfur spray from the coat- 
ed slides without dissolving off certain portions of the 

coating.Goated slides were therefore discarded in favor of 

the clean glass surface.The procedure used was to clean mi- 

croscopic slides(75.5 x 25.5 x lrnm)and then zeep them in a 

strong chromate solution until desired for use.They were 

then removed with forceps,held under the tap and washed 

free from the cleaning solution,and then submerged in a 

beakcer of distilled water.The various spray solutions were 

then prepared the same as was done in the previous experi- 
ments,and two containers(lOOcc cylinders cut-off) were 

filled.The slide was then plunged into the first receptacle 
to wash off adhering water,and finally into the second us- 
ing a slow in and out immersion.The slide was then suspended 
by the forceps,(grasping the slide at extreme correr) to 
drain at an angle with the lowest corner touching the sicie 

of a beaKer,and allovied to drain for 10 rninutes.it was then 

boiled up with 30cc of 2.5, caustic soda solution to bring 
the sulfur CortìpoUfldS into soution,final1y removed ano. scru- 

bed with a policeman,if necessary,and washed.The liquid was 

transferred to a Z5Occ ueacer,and from here on the method 

followed in determining the sulfur as barium sulfate was 

the same as used in the preceding experiment. 



Table 1V-Resulte of Sulfur Residue Adhering to a Clean 
Glass Surface. 

Glass microscopic slides 75.5 by 25.5 by i mm were used.) 

Spreaers Adherents : Am't :1gs.of Sulfur: Ave.Àm't 
Used With i to 10 : Used ¡Dupiicate De- :oí' uifur" 
Lime Sulfur : terrnination. :ftj.. 

Lime Sulfur only i to : : 2.24 : 2.35 : 

10 solution ¡ : : 

Calcium Casemate : 0.5% : 2.33 : 2.6 : 

(Lu.b.prepared) : : : 

Sicim Milk plus Ca(OH) : i.o : 2.17 : 2.225 : 

¡ilood A1bunin 2: o. ; 2.84 : 2.75 : 

White Dextrin : 0.5k : 2.2 : 2.29 : 

Soluble Starch : 0.56 ; 2.02 : 2.10 : 

Gelatine : 0.5 : 2.6 : 2.6 
Saponin : 0.5 : 2.9'e : 2.97 : 

Hard Wheat Flour : 0.5k . 2.40 : 2.49 
Kaojiri . i.o . 2.50 . 2.486 
Sodium Silicate : 1.0 : 2.95 : .06 
Waste Suiuite Residue: 1.0% : ¡ 2.97 
Cottonseed Oil plus ¡ l.0 : 2.57 ; 2.55 

0.OSgr kayso ¡ : 

Fish Oil pius 0.OSgr ¡ 1.0% : 3.38 : 3.27 ¡ 

Kayso : : 

Linseed Oil plus : 1.0 : 2.855: 2.87 ¡ 

0.O5gr Kayso ¡ : 

Kayso Spreader : 0.05%: 2.06 : 2.14 : 

2.237 mg 

2.345 

2 20 
2.805 
2.30 
2.06 
2.36 
2.955 

2.493 
3.005 
2.63 
.56 

3.325 

2.862 

2.10 

b1anAç contained 0.357 milligrams of sulfur-subtracted 
from average. 
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The results secured are presented in Table LV,and dia- 
4. i 

granìmaticaly presentedChart Iii.This surface was a much 

harder one to wet than the iriteguments of the two insects. 

It required more of several of the spreaders and adherents 

to get a good coverage on the glass surface.All but two of 

the fifteen materials tested gave more deposited sulfur 

than did the solution containing only lime sulfur.With the 

calcium casemate-lime sulfur combination on the two 

insects,less deposited spray was obtained than with lime 

sulfur alone,but here this combination cave a slight in- 

crease.This is no doubt due to a greater resistance of the 

glass to the liquidconditioned by a high interfacial ten- 

sion between the solid and liquid.The combination contain- 

ing O.5 Of saponin and blood albumin also save a larger 

sulfur deposit on the glass slides,while dextrin,solìthle 

starch and Kayso spreader combinations gave iess.it is evi- 

dent that on a surface difficult to wet,as represented by 

the glass,more spreader or adherent will be reqAired than 

on a more easily covered surface,such as the scale insect 

integument. 

General Discussion of Lxperimentai kesults. 

Certain of the outstanding results of the three separate 

experiments have already been mentioned.It is apparent,how- 

ever,that the accumulated data must be considered as a unit, 

and any deductionL made must be based on an analysis of all 

the experimental evidence secured.There are three premises 
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that are regarded as significant in these stuaies.None of 

the conclusions arrived at are original,but the accumula- 

ted data does more fulLy establish the importance of cer- 

tain underlying factors upon which the spreading and adher- 

ing of spray solution combinations depend. 

The major premise is that generalities as to the value 

of any spreader or adherent cannot be made unless due con- 

sideration is given to the surface to be covered,and to the 

amount of the substance that is used in the spray combina- 

tions,Sorne materials,of course,are of little or no value 

either as spreaders or adherents,no matter to what cind of 

a surface appliect,or in what aiounts.The performance of any 

accessory substance will vary in the several sprays,or they 

may be added to a spray solution for some other purpose 

than to improve the physical properties as these are reiaied 

to spreading and adhering.In some cases chemical reactions 

may takce place that may invalidate any other derived advan- 

tages.The conclusions arrived at here apply more str.ictly 

to reactions occurring in lime sulfur sprays,but the prin- 

ciples involved would probably be nuch the same with other 

spray solutions. 

The first consideration of importance is that the sur- 

face to be covered will greatly influence the behavior of 

any spreader-spray combination.Cooper and Nuttal (9),Bob- 

i.nson(9),Moore(6),Woodrnan(12),and also other workers have 

all given attention to this subject.iuch stress has been 
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laid on the relationship between the surface tension of 

the solid and the liquid and the magnitude of these forces. 

Moore says,"It appears that spreading can be obtained only 

by lowering the surface tension of the liquid or the sur- 

face tension of the liquid solid interface,since the sur- 

face tension of the solid cannot be increased".More atten- 

tion has been paid to these forces than to the influence 

of the surface on their modiuications.Robinson(9)has call- 

ed attention to the iiiportance of a consideration of sur- 

faces in his work with spreaders.In a discussion of the re- 

quirement of spreaders he says,"The difficulty in selecting 

a spreader with these requirements is increased by the fact 

that the plant may have several different kinds of surfaces. 

For exarnple,the apple tree has the smooth upperleaf surface, 

hairy underleaf surface,and the waxy surface of the parti- 

ally developed fruit,and in addition it may have the smooth 

bark and the wrinkled bark of spurs,and the young and old 

leaves may offer resistance in various ways to the spray." 

In an other place he says,"It has also been noticed that 

age and exposure of the leaf to the sun's-ray influences 

the degree of spreading." Robinson reported on work with 

spreaders applied to several fruit tree foliages anci fruits 

and found considerable variation resulted from the various 

contacts. 

but little worì has been cione on the spreading and ad- 

herence of spray solution on the integuments of insects, 
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and that which has been reported was either in connection 

with studies on tracheal or wax penetration,or studies of 

certain physical factors.Viilcoxon 1-iartzell(11)and O'k(ane 

(7)report angle of contact studies using several insects. 
s y s 

Lefroy(4)n regard to the acti3n of insecticiaes on the in- 

sect that there are three points to be considered- mere 

spreading over rnechanically,wetting with spreading,and tox- 

ic action after wetting.However he was more interested in 

the relationship between wetting and spiracle penetration 

than in the other phases of the quostion.e have actually 

determined quantitatively the amount of spray residue left 

on two widely different insect integuments.lefore any very 

definite conclusions are drawn,several other integuments 

should be studied,however we have at least shown that there 

is a difference in the ease of wetting the integuments of' 

different insects,and furthermore there is also a differ- 

ence in the wetting of the different portions of the same 

integument,It was found that the hard shiny chitiriized in- 

tegument of the box older bug was harder to wet than the 

scale insect and that the body regions on the dorsel sur- 

face of the box elder bug varied greatay in their resis- 

tance to wetting.Considering the resuits secured with the 

insects and also on the more resistant giass surface, the 

necessity of a consideration of the surface to be covered 

is very clearly indicated. 



These experiments have clearly shown that the amount. 

ofa substance used in any given spray solution is very 

important.The results secured by varying the amount of 

calcium caseiriate and blood albumin from O,O5,to O.17o to 

have alreaciy been pointed out,as has aiso those se- 

cured with more than one strength of several other sub- 

stances.,aterials chiefly valuable for their spreading 

properties will undoubtedly have more eifect on a spray 

soiution,when the amount used is variecl,than those sub- 

stances that are primarily aahesivos.üoodman(l2)has gone 

into this question of the influence of accessory substa- 

nces in spra' combinations rather exterisiveiy.He aei ines 

as the "critical surface tension",the point where the 

surface tension of the liquid has been reauced,anci the 

maximum amount of e spray fluid is retained by the leaf. 
Failure to reach this point results in imperfect wetting, 

and after it is reached the surface tension ceases to be 

a dominating factor influencing the volume of licjuid re- 
tainoi by a surface,and the important factor governing the 

increased retention is the viscosit" of the liquii. 
H.H.5mith(lO)has shown the effect of certain spreaders 

ori the fiim obtained and that certain materials so lower 

the surface tension that the resu'tant coating of spray so- 

lutiori is too thin.I-Le calls attention to the ciesiraiiity 
of combining suitable adhesive qualities along with sprea- 

ding abiiity.Dorrnan2)shows that some spreaders do not 
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improve the insecticidal value of lead 
less poison is actually left deposited 
says a film is necessary and spreaders 
result in an improvement even if sorne 

this is not carried too far. 
The results reported here show that 

arcenate spray and 

by their use.He also 

that give this may 

arsenic is lost,if 

there is a point, 
corresponding to the critical surface tension point of 

Woodman,where the amount of material used results in a max- 

imnum deposit of spray,and that if more spreader is used not 
only is no additional deposit secured,but the amount of de- 
posited spray will actu*ally be decreased and the surface 
will carry less spray solution than if none had been used at 
all.The use of the correct amount of any spreader gave a de- 
cided improvement in the amount of deposited spray.This work 

has also shown that this critical surface tension point will 
vary and will be dependent upon the surface to be covered. 
This is brought out by the fact that the blood albumin gave 
a maximum deposit on scale insects at O.l concentration, 
while on box eider ougs the O.5 concentration gave the best 
results.These satne relationships were established when more 
than one strength of several other combinations were used. 
It is doubtful whether the point of maximum efficiency of 
any of the substances was actually reached es only a limited 
number of strengths were tested outbut this is not of great 
importance due to extreme variation in surfaces that will 
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be encountered in ctua1 spray practices.A secondary de- 

duction of practical importance that might be rnede is, 

that in actual spraying operation,the use of too little 

spreader from the standpoint of maximum covering obtained 

would not bs as Lerious a mistake as the addition of an 

excessive amount. 

It hardly seems conceivable that the adherence obtain- 

ed and the amount of residual spray left ori the surfaces 

studied were entirely due to the surface tension phenorne- 

rAa.The influence of viscosity as mentioned by Woodman was 

not tested out.It was noticed that the parts of the integ- 

ument of the box elder bug varied in their ability to re- 

tain the spray.This appeared to 0e aue chiefly to irregu- 

larities in surface contour.Ïf so adsorption would be a 

factor.With the oils and also possibly certain other mat- 

erials tried,wetting as defined oy wioore,or where there is 

a slight chemical union,would partly explain the increase 

in residual spray.Adsorption of the spray solutiQn around 

particles of inert material in certain of the spray corn- 

binations,such as kaolin,depositect ori the surface as a 

residue might also increase the coverage.The drops of oil 

appear to hold a certain amount of spray solution either 

by emulsion or adsorption,and these oil drops are in turn 

adhesive to the surfaces studies. 

hi the light of the significance of surface phenomena 

and the importance of the correct auount o spreaaer to 
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use,and due to the fact that only three surfaces were us- 

ed and in many cases only one dilution tried,it would not 

be fair to try to evaluate the various substances tested. 

Undoubtedly sorne of the materials that gave poor results 

at the percentages used,at a higher or lower concentration 

would have given more dherence.Certain results can be 

pointed out but these must not be considered as final or 

absolute. 

In general the several casein spreaders when used in 

correct amounts gave good spray adherence.These included 

the laboratory prepared calcium caseinate,the commercial 

product,Kayso,and both liquid and dried sicim rnil. The 

dried skim milk at 0.1% gave approximately the same results 

as l.O of liquid scim milk.blood albumin did not appear 

to be equal to calcium casemate at the same concentration. 

Dextrin,soluble starch,hard. wheat ulour,arid Kaolin occupy 

ratherintermediate place.When used in proper amount they 

possess a fair spreading and adhering value.Saponin also 

gave a good film on pine leaf scales when only .05% was 

used,but not so good at O..Ce1atine,the waste sulfite 

liquor,the fish oil resin spreader,and ferric hydroxide 

did not prove of much value at the concentrations tested 

out.The last two gave a chemical reaction with lime sulfur 

and for that reason are not practical solutions to use. 

Sodium silicate and the oils gave the highest average 
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amourts of residual sulfur.With the oiis,the drying lin- 

seed oil ranked above the semi-drying fish oil and the nOn- 

drying cottonseed oil in the average deposit obtained.The 

fish oil proved better than cottonseed oil.Most of the 

commercial spreaders gave satisfectory results in the li- 

mited number of tests made. 

Conclusions. 

Twenty four accessory substances were tested out with 

lime sulfur spray on the pine leaf scale for their effect 

in increasing or decreasing the amount of spray retained 

by the integuments of the insects.A portion of these were 

also applied to the common box elder bug and a clean glass 

surface.Several of the substances were used in two and 

three different dilutions. 

The method used in estimating the relative value of the 

various combinations was to determine quantitatively the 

residual sulfur left adhering to the integuments of the 

insects and to glass slides. 

The resuts secured emphasize three points: 

(i) Generalities as to the value of a spreader or ad- 

herent cannot be made without due consideration being gi- 

ven to the amount of substance used in the spray solution 

and to the surface to be covered.Such other factors as the 

kind of spray,concentration,chemical reaction,etc.that 

were not tested out here would also have to be considered. 

(2) The surface to be covered has a direct and impor- 
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tant bearing on the effectiveness of any spray solution. 

Surf8ces more difficult to wet will require more spreader 

or adherent than those easily covered.Insect integumerits 

vary in their ability to retain the spray fluid both as 

found on different species and also as to different body 

portions of the same integument. 

(3) The quantity of the material used in any spray 

should be given serious consideration.Too much spreader 

proved to give less adhering spray than no spreader at all. 

This work shows that there is a point,corresponding to 

Woodintn's critical surface tension point,where a maximum 

film ori the surface studied was obtained,The correct arnou- 

nt of a substance to use to obtain maximum efficiency will 

vary with the surface,and the more difficult a surface is 

to cover the more accessory substance will be required. 

The data secured are too limited in scope to permit any 

very definite conclusions being made as to the relative 

value of the various spreaders and adherents.A more extend- 

ed study using more dilutions and surfaces would probably 

result in several changes occurring in the order of ranring 

the materials as to effectiveness. 

The use of an excessive amount of certain accessory sub- 

stances in the spray solution has been found to result in 

a reduction in the aiìount of deposited spray.From an eco- 

nomic control standpoint,it is evident that the use of an 



exhorbitant amount is a more serious error than the use 

of an insufficient quantity. 
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