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THE DEPOSIT OF AQUEOUS SOLUTIONS
AND OF OIL SPRAYS"’

W. M. HOSKINS® anp Y. BEN-AMOTZ*

INTRODUCTION

THE VALUE OF A SPRAY OIL &8 an insecticide is largely dependent upon the
amonnt of oil deposited when an emulsion eontaining the oil is sprayed
upon an insect or upon the surface of a plant infested by the insect. Care
regarding the quality of the oil, uniformity of the emulsion, and thor-
oughness of application is obviously of little use if the deposition of oil
over the sprayed surface is insufficient, excessive, or uneven.

Previous workers who have studied the behavior of spray-oil emulsions
have laid emphasis upon various properties, such as surface tension of
the aqueous phase, interfacial tension between the two phases, stability
of the emulsion, size of the oil droplets, angle of contact formed when the
emulsion or its aqueous phase is placed upon a solid, and other analogous
properties. The experiments which have been in progress in this labora-
tory for several years have led to the opinion that the chief importance of
these properties for the deposit of oil lies in their effects upon the relative
ease with which the aqueous and the oil phases make and maintain contact
with the surface sprayed. During the application of an oil emulsion to a
solid, and for some time thereafter, there is competition for room upon
the surface of the solid. If the aqueous phase either makes contact every-
where first or is able to displace oil which has reached the surface, the end
result will be little or no deposit of the oil. On the other hand, if all the
oil makes contact ag fast as the emulsion is applied, the deposit will be pro-
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will be left on various regions according to how theapray is applied.
desired condition lies between these extremes, and the possibility of .ob-
taining a satisfactory deposit of oil depends upon the correct adjustmant
of the ability of each phase to make the necessary contact with the solid
which is sprayed. The object of the work to be reported here was to
acquire information concerning the effects which certain water-soluble
substances have upon the behavior of the aqueous and vil phases of spray
emulsions as they are applied to the standard surfece of b which
has been used in previous studies in this laboratory (Hensill and Hoskins,
1935 ; Ben-Amotz and Hoskins, 1937).°

The theory that during the application of an oil emulsion each liquid
phase is acted upon by forces which result in displacement of one by the
other to varying degrees and that the final amount of oil left as a deposit
upon the surface is a resultant of the action of all the components of the
emulsion has not been stressed by either physicists or entomologists who
have worked with oil emuisions. More particularly, the behavior of the
nonoil components of emulsions during the act of spraying has been neg-
lected. Since the final result is necessarily infinenced by the behavior of
each part of the emulsion, a desirable means of study is the examination
of the separate components under conditions which resemble a8 nearly
as possible those which prevail during application of the whole emulsion.
Such a plan was followed in the present work.

This paper includes an account of what happens to the water and the
emulsifying and wetting agents in oil emulsions as well as to the oil itself
during and shortly after spraying. From thig information, an attempt is
made to interpret oil deposit in terms of certain properties of the com-
ponents taken both separately and together.

For both theoretical and practical reasons, measurements of the prop-
erties of spray liquids under static conditions are of little value as com-
pared with measurements made under the conditions which prevail
during application of the sprays, that is, under dynamie conditions. This
prineiple cannot be consistently followed in studying all the properties
of sprays: for example, no truly dynamie method for measuring the sta-
bility of emulsions is available as yet. Asfar as poagible, the experiments.
with spray liquids reported in this paper have been conducted usider
conditions which at least approximate those of actnal nse. In certsin
cases, the corresponding behavior under static conditions wnmdmi h
comparison.

® Bee “Literature Cited” at the end of ﬂmmtawbkdahhm
which are roferred to in the text by author and dase of publication,
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e gesioral soupe of the investigation covered the following points:
behavior of water and of aqueous solutions of the accessory substances
when sprayed upon a surface, the amount of each deposited, the amount
of ory subst deposited, their distribution in the system, the
mammmm.tmm&zeamdmmm
behavior of oil emulsions when sprayed, the wetting and spreading of
themphnu,theeﬂmofcompehtwnfonpaeenpomthuohdsurfwe,
and other factors infiu the t of oil deposited

THEORIES OF BEHAVIOR OF LIQUID SPRAYS

The theoretical basis for interpreting the behavior of two liquids sprayed
together upon & solid surface lies in the magnitudes of the various inter-
facial energies and in the mechanical effects resulting from violent im-
paet of the liquids upon the solid. The behavior of a liquid upon s solid
horizontal surface has been discussed in detail by so many writers—for
example, Rideal (1926) and Adam (1930)—that only certain special
features need to be mentioned here, In applying an insecticidal or fungi-
cidal spray, the intent is to reach all parts of the solid surface concerned;
as far as this objective is achieved, the surface, at least while the spraying
continues, beeomes eovered with a film of the liquid.

1If the lignid is either a pure compound or a solution, its behavior after
spraying has ceased depends upon whether the sum of the liquid-surface
energy, v, and the solid-liquid interfacial energy, y:, is smaller or larger
than the solid surface energy, vs. If yi + 712 <7», the liquid will remain
in a film over the surface of the solid ; but if yi 4+ y1s>>7,, it will recede
from the sarface and gather into drops, whose area will be subject to the
equilibrium condition that :

=t e, 1

in which 6 is the equilibrium angle enclosed by the liquid at the edge of
the drop. In spraying natural surfaces, variations in behavior are often
noted between different regions of the same leaf or fruit. These are vome-
tmssdnewmddxﬁammthemunofthemﬂmatdﬁmt
points and times to the p of foreig such as.dust
Uﬁwﬁmm'huhuwnbﬁwbbythwnmm
surface, real contact may not be made with the sarface ; and the liquid
WNMWWMmmthMMm
When y; 4 y1: == 7, the extent to which the liquid flm extends will be
Ppartticnlarly sensitive to mechanieal disturbances. This condition is likely
tommb'mmrwmhuthnmwmmm
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The introduetion of a second liquid phase into the spray leads to
greater or less contact of the new liquid with the solid surface and hence
to competition for space between the two liquids and ultimately to par-
tial or compiete replacement of one liguid by the other. The energies con-
cerned in these processes are those residing in the surfaces of the two

Fig. 1—Displacement of one liquid from a solid surface
by & second liquid.

liquids, in the interface between the Hquids, and in the interfaces between
each liquid and the solid. In figure 1 are shown diagrammatieally certain
of the situations which have been observed when limited volumes of oil 4,
and agueous solution B, were applied gently to adjacent areas of a sur-
face. In section I, the advancing front of Liquid A, which makes a small
contact angle, d,, wpon the solid &, meets liquid B, which is advencing in
the opposite direction and which makes a larger contact angle 8s. In
section II, the depth-of both liquids at the line of contact has increased,
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and the interface between the two lignids bas been established so that
it makes the angle #,p with the solid surfsce. This usually is not the
equilibrium angle, and the system will change to a condition such as
IIT or IV. Sinee liguid B has been replaced by liquid A, the ehanges in
energy per square centimeter of solid surface in IT1, as in region a-b, are
{ya + vsa) —(y8 + ven), which may be called the “replacement coeffi-
cient” for any case in which one liquid is pushed back by another and the
one which is replaced does not spread over the other. Since limited vol-
umes were assumed for each liquid, obviously the one which spreads will
soon be in a very thin layer while the thickness of the other will become
greater. At length an equilibriam will be reached whose geometrical
characteristics will depend on whether contaet is made upon a flat sur.
face, within a trough, within a capillary tube, etc., but which will be
characterized by an equilibrium angle 6.» between the solid and the plane
of contact of the two liquids where it meets the solid as at point Q. When
equilibrium has been established, the relations at the line of maximum
extension of liquid A will be expressed by the equation :

Y8B =~ ¥sA + Yan COS Oas. 2

The situation in which the displaced liquid spreads over the other is
represented in section IV of figure 1. The energy change per unit area
iS v <+ yaB -+ ysa — (y8 -+ ¥s8), OF Yan -+ y8a — vss. The equilibrium con-
dition will satisfy equation 2 and ¢ will have the same value as 6 in IIT
unless the layers of liquid are so thick that gravity has an appreciable
effeet. Liquid B may not spread entirely over liquid 4 but instead may
assume an equilibrium angle, 8., upon it. The equilibrium conditions at
R may be expressed by the same kind of equation as for a liquid spread-
ing upon a solid, in this case:

Ya==yas -+ y5 " €08 Opa. 3

Only under certain conditions is the above discussion rigidly valid for
the behavior of an oil emulsion applied to a solid. The more important of
these eonditions are: (a) the surface is horizontal; (b) the effects of
gravity are negligible; (c) the foree with which the liquids strike the
surface can be neglected ; and (d) the effects due to emulsifying and wet-
ting agents present in the emulsion are those for equilibrium eonditions.
Obviously in many situations none of these limitations hold. The numer-
ous discrepancies between theory and fact in the use of sprays are largely
due to the false assumption that an ideal system is being studied. In later
sections, the practical effects of certain of the factors listed above will be
discamsed in detail.
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b , the last-named may obvionsly exert:ixeﬁoeutwunﬁﬁue
of the poasible interfaces—(a) water-oil, (b) water-solid, and (¢} ¢il-
solid. As a matter of fact, any actual substance of this nature tendsto
collect to varying extents at all three iuterfaces, but a distinction may be
drawn between emulsifying agents, which primarily affect interface g,
and wefting and spreading agents, whose chief effect is upon interfaces
bandc.

The difference between wetting and spreading agents has been &is-
enssed by numerous workers, but the terms have not always been distin.
guished clearly. The various points concerned are covered satisfactorily
in the following three sets of definitions: (1) A wetting agent is “any
substance which causes a spray fluid to wet the sprayed surface so that
‘running up’ into drops on the surface is avoided ;” a spreading agent is
“any substance which tends to canse Jenses of spray to spread over those
portions of the plant surface which have not been hit directly by the
spray” (Woodman, 1930). (2) “A wetting agent is any substance whick
inereases the readiness with which a liquid makes real contact with a
solid;” “a spreader is a material which increases the avea that a given
volume of liquid will cover on a solid or another liguid” (Hensill and
Hosgkins, 1935). (3) “Wetting properties are defined by the ability to
form & persistent liquid-solid interface when excess of liquid ig drained
from the surface;” “spreading properties are defined by the ability of
the liguid to form a liquid-solid interface solely by surface activity over
the plane surface of the solid” (Evans and Martin, 1935). In order to
avoid the use of long and awkward expressions in referring to materials
added to the oil-water system for the purpose of altering its properties
in ome way or another, the term “gocessory substanos” will be used when
no particular funetion is being emphasized.

The oil-water interface may be affected by a third component whieh is
predominantly soluble either in oi} or in water. Hence, both the stability
of an emulsion and the relative ease of eontaet of pil and water with a
solid surface may be affected by both water-soluble and oil-scluble ae-
ceasory substances. The present work has been limited to those which are
predominantly water-soluble. Chemically speaking, sach substanees will
have an affinity for water, thatu,thephasemwlneb&eymm
highly soluble, but in order to be able to concentrate in the waterail
interface, they must possess a chemieal group or groups which aresolus
ble in the latter also. All emulsifying agents have an affinity for enchiof
the liquid eomponenta of the emulsion. Bimilarty, & subetanes whish sids
8 liquid to wet a solidl must contain groups which have su afaity for
+ L PR
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e similar in sonstitation to oils, a subetance which is & good emulsifying
agent for hydrocarbon oils will have different effects in promoting the
wetting of various solids biy water. A high emulsifying powes is not neces-
sarily accompanied by high wetting power and vice versa. Thus, proteins
are effective wetting agents for beeswax surfaces, but are relatively poor
emulsifiers for hydrocarbon oils, while soaps possess these properties in
the reverse relation.

The extent to which & substance may effect the emulsifying, wetting,
or spreading properties of a hqmd or mixture of mutually insoluble
liquids, such as an oil-wat il is dependent upon the time allowed
for it to migrate into the interfaces concerned ; for the over-all concen-
tration in the bulk of the liguid is usually low, and the marked effects
exerted by surface-aetive substances are due to their ability to beeome
concentrated in regions of transition from one kind of matter to another,
The importance of time as a factor in the behavior of oil sprays was em-
phasized by Ben-Amotz and Hoskins (1937) and will be further illos-
trated in subsequent sections of this paper.

MATERIALS, APPARATUS, AND METHODS

Three water-soluble surfaee-active materials, a soap, blood albumin, and
hemoglobin, were used as accessory substances. The soap was a so-called
“neutral” powder, U.S8.P. sodinm oleate. It was finely divided, slightly
yellow in eolor, and dissolved completely to give a practically colorless
opalescent solution. A stock solution of known strength, made up fresh
from time to time, was used in preparing the various solutions and
emulgions.

The blood al in was a cial preparation of dried blood pro-
teins hown a8 Mapco Blood Albumin. It was a brownish-red powder,
g approximately 3 per cent of insoluble material, A stoek solu-

tion was used for preparing the various dilutions.

The hemoglobin was prepared in the laboratory from fresh beef biood
according to the method of Morse (1927). Great.care was taken to avoid
conditions likely to-eanse chemical or: physical changes in the hemo-
globm,mdﬂevmmmmhommkeptutvcmmmm
tion. The ek stock solution was determined by analysis
fmnmmmmmhu&mmmmmudﬂ&ml
per cent,

The accessory substances were nsed at coneentrations varying from
zero 1000235 per-cent by weight. For conveniencs, actusl measurements
were wafle i nillligrams per gallon of spray snd sre so given ix the
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graphs. The relations of milligrams per gallon, per cent by weight, aud
ounces per 100 gallons are as follows:

i i Opnoes por
71 0.0019 A
142 0.0037 A
284 0.0075 1
568 0.0150 2
852 0.0225 3

The oil used in all experiments was a “white neutral” tank-mix stock
oil of 80 seconds Saybolt viscosity, 92 per cent unsulfonatable residue,
and 0.85 grams per cc density. It was secured from the refinery at inter-
vals and kept in closed cans to minimize the changes that take place dur-
ing storage. This oil was used at 2 per cent by volume in all the emulsions.

Phe water was ordinary Berkeley tap water whose pH is 8-9 and de-
gree of hardness 4550 p.p.m. CaCO,. The temperature of the spray
liquids when ready for nse was 16-20° C.

The surface to which the sprays were applied was a commercial white
beeswax, which, for application, was dissolved in carbon tetrachloride at
35° C to a concentration of 4.5 per cent by weight. Oil sample bottles
13.6 ¢m in height and 3.6 em in diameter (total lateral area 153 sq. em)
and glass plates 314 by 414 inches were dipped in the wax solution and
theu set on & rack to dry for 24 hours. A very thin hard coating was left
which appeared to be uniform in properties and whose weight was con-
stant thereafter. The bottles and plates were used as soon thereafter as
possible, for after a few days the surface became split by fine cracks and
behaved differently when sprayed.

Measurements Made under Static Conditions.—Surface tensions were
determined with the du Noiiy interfacial tensiometer. All measurements
were made by pulling the ring upward. In preparing for a test, care was
taken to disturb the surface to a minimum extent in order that the ex-
perimental result might be an accurate measure of the tension of & sur-
face of the given age.

Angle of contact was determined by placing a small drop of the liguid
upon a horizontal waxed plate and photographing it from the side.

Replacement of one liquid by another was studied by plaeing drops.of
each very close together and visually following the changes in position
after the drops touched.

"Ewmulsifying power was studied by agitating for 1 minute with a mitk-
shake mixer equal volumes of oil and a solution of the ch
substance. The Isions were then allowed to stand in tall cyhndeﬁ
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and the time required for 50 per eent of the oil to escape and collect at
the top was determined.

Measurements Made under Dynamic Conddtions.—The extent of wei-
ting of a surface as spray is applied to it was determined by taking photo-
graphs with 0.001 second exposure (Craig, 1936). By doing this at
intervals, the sequence of events can be followed as a spray is applied.

The shape assumed by drops as they roll down a vertical or inclined
surface was also studied by the photographic method.

Fig. 2—Apparatus used in spraying.

The important distinetion between the advancing and retregting
angles of contact made by rolling drops is brought out clearly by photo-
graphs.

The spraying apparatus consisted of a small gear pump attached to a
horizontal 2-gallon tank equipped with an agitator having long flat
blades of the ice-cream-freezer type, which revolved 240 times per min-
ute. The nozzle was of the Vermorel design with a disk opening ;. inch
in diameter, By ; % ng the pin, a solid cone of spray of uniform
density ean be secured. The ob;ecfs to be sprayed were placed in a hood
55 em distant from the nozzle and centered in the spray cone. The bottles
were attached by means of a cork to the lower end of a vertical iron rod
which rotated at 15 r.p.m. The entire apparatus is shown diagrammati-
cally in figure 2.
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The sprays were prepared by putting 1 gallon of water in the tank with
the required amount of accessory substauce. The agitator was set in mo-
tion and oil in the standard amount of 2 per cent by volume was added.
After agitation had continued for 5 minutes, the pump was started and
the emulsion was recirculated to the tank under a pressure of 80 pounds
to the square inch for 1 minute. Sufficient spray was then wasted to flush
out the pipes and the waxed bottles were sprayed as rapidly as possible.

The volume of spray applied to each bottle was regulated by catching
the runoff in a funnel and graduated tube set closely beneath the bottle.
Spraying was continued until the volume of the liguid was 20 ce. At a
pressure of 80 pounds per square inch very little liquid is knocked off the
hottle, and consequently that which drains from the bottom is a reliable
index of the total volume which struck the surface. By means of a shutter
set in front of the nozzle, the volume of the spray which reaches the bottle
can be controlled to within 1 ¢e. The corresponding variations in deposit
are negligible.

Four bottles were sprayed for each deposit test, and the fests were re-
peated several times for each condition.

The amount of oil deposited was determined by the difference in
weight before and after spraying, 48 hours being allowed for all water
to evaporate.

The amount of agueous solution or of entire emulsion deposited was
determined also by the difference between weights before and after
spraying, but in these cases the bottles were taken from the spray cham-
ber, placed for 5 minutes in a compartment saturated with water vapor
in order that excess liquid might drain off, and then weighed as rapidly
as possible.

For studying the amount of accessory substance left upon the surface
under various conditions, hemoglobin was used and estimated by analysls
for nitrogen by & micro-Kjeldahl method.

RESULTS

Effects of the Accessory Substances upon the Wetting and Depositing
Powers of the Aqueous Phase.—The study of the separate components of
the emulsions was begun with the aqueous phase since it is the only one in
which the surface-active added substances are soluble and which, there-
fore, may be expected to reveal most simply the effects of their presence.

In figure 3, 4, the behavior of water and of solutions of blood albu-
min, hemoglobin, and sodium oleate during application to waxed bottles
is shown by photographs taken with 0.001 second exposure according to
the methed of Craig (1936). When the pictures were taken, spraying had
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been in progress for 10 seconds, during which time approximately half
the standard runoff of 20 ce bad occurred. The appearance at correspond-
ing concentrations of the two protein solutions is somewhat similar and
is in sharp contrast to that prevailing with the soap. At equal concentra-
tions, hemoglobin gives somewhat better wetting than the commercial
blood albumin. The lowest concentration of each substance eauses the
solutions to wet but little better than water; but thereafter the proteins
cause the formation of broad shallow drops, which coalesce to run down
in streams. With the highest concentration illustrated (568 mg per
gallon), wetting is fairly well accomplished and broad sheets cover a
considerabie portion of the area. The soap solution at the highest concen-
tration shown forms oniy a few narrow sireams and no sheets, As a matter
of fact, comparable wetting scarcely ocenrs with solutions of sodium
oleate six limes as concentrated as those of the proteins.

The contrast between the effects of the two types of accessory sub-
stances is illustrated further by photographs taken several minutes after
spraying was completed. These conditions are shown in figure 4. The
transition from smalt hemispherical drops to broad shallow drops and
eventually to complete coverage of the wax surface by a continuous
sheet of solution is shown clearly for the two proteins. On the other hand,
even the highest concentration of soap causes only limited formation of
streams and no continuous coverage.

The observations and photographs made both during aud after spray-
ing leave no doubt that as measured under actual conditions of use, soap
solutlons are very poor wetting agents for beeswax surfaces, whereas the
two protein solutions, partieularly the hemoglobin, are excellent for that
purpose, '

A quantitative study of the amounts of solution left upon the surface
was made by allowing each tared bottle to drain for 5 minutes in 2 cham-
ber practically saturated with water vapor and then weighing it. Very
little drainage occurred after this interval.

The results are given in figure 5. They bring out the important faet
that whereas the formation of shallow drops tends to in¢rease the amount
of liquid remaining upon the surface, as soon as conditions are such that
complete wetting oceurs, the amount remaining is very greatly reduced.
This result is in accord with the finding of Evans and Martin (1935) that
the better the wetting the less the maximum amount of spray that could
be applied before runoff occurred. Although the conditions of their work
and thase of the present experiment were very different, in both cases
improvement in wetting led to decreased deposit. The soap solution,
which does not pass through the state of forming shallow drops but



Fig. 4—Appearance of bottles several minutes after spray
with aqueous solutions of the accessory substances
b—e, blood albumin ; B, hemoglobin; C, sodium oleat
aeeessory substances is in a series of inereasing concentration—
b, 71 mg per gallon; ¢, 142 mg per gallon; d, 284 mg per gallon;
€, 568 mg per gallon.




§:.?<Z§\\

§;. . \\Qum

E B\ ——

g,,,. ~

AEMOSLOBW

t m—l——lﬁ_—l—l—‘—_——l—‘#—&—-r‘—‘
g " 42 213 WA I5T 4 498 % Kz T~
Mat, or

CE PER GALLON

Fig. 5.—Total deposit of of the varions

ond exposure were taken of drops of the solutions as they rolled down a
wazxed slide set at an angle of 24° to the vertieal.

The results are shown in figure 3 B. Since the drops were made to fall
very rapidly from the tip of the burette, they were of nearly uniform
size, and several could be photographed at once as they moved down the
slide. The following significant differences in behavior of the solutions
magy be noted : moving drops of the water and of &} the soap solutions
assume approximately the same shape ; but with snecessivaly higher con-
centrations of protein, drops of these solutions flatten, and with the
greatest amounts present {fig. 3.B, d and g), a contimnoussbeet so thin
that it cannot be seen mm:«a»&mww ﬁwnc-

an inclined tube. Under those conditions, the dn
count of the shape of the solid. For this reason, the ;:
to approximate more elosely conditions of normal use of §
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lishsd -during movement of drops down a wax sorfaee is brought out
elmlyinﬁgmsB In the ease of water and the soap solutions, the ad-
angle hat g than 90°, whereas the retreating angle
i Tess. H , the important point is not the precise
mngmtudoafthue angles bat the fact that the latter have a finite magni-
tude, that in, the drops move as a whole and do not leave & layer of soln-
tion behind them. By contrast, the protein soluti particalarly that of
hemoglobin, form long tails and, with the higher concentrations, spread
from one drop to the next and make a zero retreating angle with the wax
surfaee.

Sinee this ability of the protein solutions to adhere strongly to the sur-
face is entirely due to the solute, it was of great interest to learn if the
proteins become eoncentrated upon the wax. This was done in the follow-
ing manner : bottles were sprayed in the vsual way, taken from the stand,
and shaken several times very vigorously. By this procedure most of the
liquid was mechanically removed, and & fairly uniform weight of about
125-150 mg was left as a thin film in all cases. The amounts of protein in
these strongly adherent portions of the spray solutions, as calenlated
from micro-Kjeldah! determinations of nitrogen, are given in columns
2 and 3 of table 1. From the original concentrations in the spray solu.
tions, the amounts of protein in this weight of solution may be caleulated
approximately, by assuming unit density, to vary from 0.0025 to 0.031
mg. Upon dividing the first and last numbers in columns 2 and 3 of
table 1 by these figures, it is found that the blood albumin is from 60 to
25 times as concentrated in the strongly adherent film upon the bottles
as in the original solutions and the h lobin from 140 to 20 times as
concentrated, depending apon whether the weakest or the strongest solu-
tions are compared. As is usual with adsorption procesees, the greater
relative effect is found with the more dilute solutions.

To gain further information regarding the eollection of protein at-the
wax-liquid interface, analyses were made to determine the amount of
biood afbumin in all the solutions which remained apon the bottles after
spraying, that is, those shown in figure 4. The amounis are given in sol.
umn 4 of table 1. Comparisoh of columns 3 and 4 shows that mest of the
the Jower concentrations a1 least B0 per cont of the adhering lighid was
shaken off. Hence, this experiment slso indicates that the pmm soon-
mulated st the solid-nolution interfase. . -

fhmdﬁamwbymwmmmmm-
Pm&nmamuuutmdﬂnm&mum
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properties of spray solutions, determinations were made of the snrface
tensions of the various solutions of blood albumin, hemoglobin, and wo-
dium oleate used in the spraying experiments. All measurements were
made upon surfaces 15 seconds old since this is about the least time in
which trustworthy tests can be carried out with the du Nofiy instrument.

The results are given in table 2. Apparenily the differences in bebavior
of the various solutions during spraying cannot be eorrelated with the
surface tension measured in this way. The tension of older surfaces, such

TABLE 1
WEIGHTS OF PROTEINS IN 8PRAY REMAINING UPON WAXED BoTTLES

Weight of protein on bottie

From solution

Coneentration of acceesory }
vibmtance in sprey Nquid N From emulsion
After shaking (not shaken):
Not shaken: hemoglobin
| blood albumin
Hemoglobin | Bloed albumin
1 13 ] 4 §
T e per gl mg mg mg mg
i1 0.85 0.15 0.25 0.2
2 a.41 0.31 0.41 0.3
P [ ¥4 0.47 0.8 0.2%
8. ! 0.5 0.68 14 0.30
882 . 0.6 0.70 .70 l 0.34

as are ordinarily used for such measurement, are even less likely to be
related to the wetting power of spray liguids during application.

Effects of the Accessory Substances upon the Behavior of the Ol Phase
and of the Complete Emulston.—The introduction of oil into an aqueous
spray liquid leads at once to the sitnation previously described, that is,
competition between the two phases for room upon the surface sprayed.
The extent of separation of oil and water during the time an emulsion is
passing through the air from nozzle to surface is apparently not known;
but since this period is very short with the arrengement nsed in the pres-
ent work, most of the surface of the spray drops is probably aqueous.
Accordingly, after impact of the spray, there is opportunity for migra-
tion of the accessory substance to the solid-aqueous interface, and wet-
ting oceurs to an extent dependent upon the tion of the wetting
agent and the nature of the solid.

Photographs of the behavior of various emulsions during spraying are
shown in figure 2 of the previous article in this series (Ben-Amotz and
Hoskins, 1987). Comparison of these pictures with these for the solutions




Nov., 1938] - Hoskins-Ben-dmots: DM of Solutions and O3 Sprays 9

containing no oil (fig. 3, 4, of this paper) reveals that the emulsions wet
thesurﬁeeluseasﬁytbnnthe orresp lutions of the 'y
‘When the aq phase wets poorly—~{or example, in the ab-

sence of accessory substances or with soap solutions—the droplets grow
in size upon the surface during spraying until under the influence of
gravity, they begin to move downward. Their shape is similar to that

TABLE 2
Burrace TENSION* or SBOLUTIONS OF THX Vumv,s
ACCESSORY SUBSTANCES
(All surfaces were 15 seconds old)

Acoessory aub [ i Surface
tenmion, vy
mapergal | dynes perem
None. . o . .| ouap waten 4.0
[ n 5.0
T 62.8
Biood alburuin 4 .5
) 5.5
| 882 58.4
7 705
12 67.4
Hemoglobin 284 B4
| 58 61.6
| 832 5.8
{7 0.9
t 1z b
Sodium olsate {om 8.5
508 5.9
. | 52 a0

are as read on the du Nolly tensiometer. 1o reduce them to
wbeclite Vol e eouteiels By tocton .50 cotoniatad b7 method of Harking
and Jordan (1930).
shown in figure 3, B, a, h, 4, and j. At no time is there a large area of con-
tact between the emnulsion and the surface, and consequently a com-
paratively small portion of the available oil ever reaches the solid. If a
drop of such an emulsion is allowed to move down the surfaee of a waxed
slide or bottle, the oil which separates upon the solid can be seen as iso-
lated spots. Complete eoverage can be secured only by allowing many
such drops to roll down a given portion of the surface,

When the aqueous phase has moderately good wetting power—for ex-
ample, with the protein solutions containing 35 to 142 mg per gallon—the
drops of emulsion elongate as they move and form long tails in which the
oil droplets congregate. Opportunity is thus afforded for oil to deposit
upon the surface if it is able, first, to make real contact, and second, to
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changes from the original solid wax to liquid oil. An'oll surfase is wet by
protein solutions much Jess readily than iz was. For this reason; the
emulsions have more difficnlty in remaining extended upon the surfase
as the latter is progressively converted to oil. At some characteristie eon-
centration for each protein, conditions will be snch that maximum eil
will reach the sprayed surface. With higher ious, the agueos
phase has so much wetting power that oil has exeessive difficulty in dis-
placing it from the surface; hence, less oil may be expected to be de-
posited.

Additional information concerning the phenomens which oceur dur-
ing the application of emulsions to wax surfaces was secured by & study
of the amounts of the various components deposited during the process of
spraying. The total was determined by allowing the tared bottles to drain
in the humidity chamber for 5 minutes before weighing, just as in the
determination of total deposit of the solutions. The results are shown in
figure 6. In this same figure are shown the amounts of oil deposited per
bottle from 20 ce runoff of each emulsion. The difference between total
deposit of emulsion and oil deposit is the t of aq phase left
upon the surface. Obviously the curves representing the deposits of the
aqueous phase are in general similar in shape and close to those for total
deposit.

As was mentioned above, the photographs of the spraying process show
that the various emulsions wet the surface more and more poorly as the
deposit of oil increases. The deposits of the entire emulsions and of the
agueous phases bear out this observation.

Thus the decided increase in total deposit with higher concentratmns
of blood albumin is consistent with the abrupt decrease in the amount of
oil deposited, for the surface is thereby wetted more essily. At the same
time, the formation of a thin film of the aqueous phase is not possible, so
that no decrease in deposit occurs from that cause as occurred with the
agueous solutions alone (fig. 5).

In the case of hemoglobin, the increase in total deposit with small
amounts of the protein is caused by increased ease of wettingeven inthe
presence of the oil ; but thereafter the uniformly large amount of il on
the surface causes the deposit of emulsion to remain uenb enmtnwu
the concentration of hemoglobin incresses, : &

The nearly constant small amonnt of emulsion ﬂepnmd inﬂn m-vt
sodium oleate may be explained as a q of the very poor welting
properties of this material over the atration umed; together with
the fairly constant deposit of oil.
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A contparivon of figures § sud 6 will show that with the higher conomn-
trations of seceasory sabstances, more of the aquecus phase containing
the proteins remaing upon the surface than when only the solutions are
used, whereas the reverse is the case with soap. This shows clearly that

i
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the greater diffienlty in wetting an ofl surface and q formstion
of drops instead of sheets ineresses the amount of the aquecus phase -
which adbieres $o the surface. Binee the soap solution is not sble to form
mmum&mmmaoﬂ,ammmmamu :
expeetéd; '
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spraying was obtained by analyses to determine the amounis of ascessory
substanee left upon the wax surface during the process of spraying. Com-
parison of the data in columns 5 and 2 of table 1, shows that hemoglobin
was present in amounts somewhat over half as great as when no oil was
in the spray. Thus less accessory substance was deposited from the emul-
sion than from the aqueous solution; but since drops of the emulsion clung
to the oily surface, this experiment shed no light on whether the hemo-
globin was still upon the wax, that is, beneath the oil, or whether it was
ull in the aqueous phase. In order to determine this point, two kinds of
experiments were performed.

In the first experiment, upon bottles which had been sprayed with an
emulsion containing hemoglobin, the locations of the adherent drops of
the whole emulsion were marked, and the spray was then allowed to dry.
The spot-test reagent of Lucas (1935) was then applied to various regions
of the surface. This reagent is a solution of sodium perborate and benzi-
dine in glacial acetie acid, and it changes from pale straw color to blue
in the presence of extremely small amounts of hemoglobin. The results
were very clear-cut; for even the smallest drop of the whole emulsion
gave an unmistakable response, but the rest of the surface gave no eolor.
1t is scarcely possible that the oil covered over any hemoglobin and pre-
vented a reaction; for after standing several hours, as in some of these
experiments, the oil enters into the wax layer and leaves the surface ex-
posed again, Furthermore, when a drop of hemoglobin was allowed to dry
upon the wax surface and a thin film of oil was added and allowed to
stand for a time, the test was very positive. This experiment indicates
that hemoglobin follows the aqueous phase and does not remam behind
when water is displaced by oil.

The second test of this theory consisted of placing drops of oil and of
hemoglobin solution adjacent to one another upon & waxed slide. The
areas in which the solution was replaced by oil gave no test for hemo-
globin.

No direct study of the behavior of blood albumin or of sodium oleate
could be made sinee similar simple tests are not available. There is every
reason to believe that blood albumin acts like h lobin. In fact, during
the replacement of their solutions by eil, botk proteins may be observed
to pile up in front of the ail as it advances. Probably not even a unimolee-
ular layer of the water-soluble proteins is left upon wax as the latter be-
comes covered by hydrocarbon oils. A definite conclusion can scareely
be drawn for soap, which has much more affinity for oil. However, the
very poor wetting power of soap solutions for wax is an indieation that
soap also will follow the aqueous phase. .
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A ber of experiment, made to study the digplacing power of
oil for the various solutions of 'y substances placed upon waxed
plates. In the case of water and of any of the soap solutions within the
concentration range used in the spraying work, displacement was com-
plete. The oil erept around and beneath the aqueous drop, which even-
tually floated upon the oil in the form of & flattened sphere. Probably
because water is heavier than oil, the latter was present beneath the drop
of water only in a very thin but continnous film.

‘When a protein solution was used, the initial rate of displacement was
slower, and equilibrium was reached in some one of the positions indi-
cated in figure 1. The higher the protein concentration the less the re-
placement and the more closely the equilibrium state resembled figure 1,
I1. On aceount of its great importance in connection with all oil emul-
sions, the replacement of one phase by the other merits further detailed
study.

DISCUSSION

In spite of the importance of the guantity of liquid left upon a plant or
other sprayed surface when an aqueous solution of an insecticide or fun-
gicide is applied, very little information on the subject has been recorded.
Emphasis is usually laid npon compiete wetting of the surface; and of
course the importance of reaching each part, at least during the applica-
tion of the spray, cannot be denied. Unfortunately, however, as shown
by Evans and Martin (1935) and in the present investigation, the state
of complete wetting is also that of low retention of liquid. The discovery
that dissolved proteins become concentrated in the adhering liquid sug-
gests that toxic materials, for example, nicotine or polysulfide, may be
held in a similar manner, If this should prove to be the case, then wetting
agents would probably affect such behavior, and the possible helpful or
harmful effects in this respect of various accessory substances wounld
offer a fruitful field of investigation.

Difficulties in Ezperimental W ork.—Efforts to gain information about
the behavior of sprays during actual use must be made under two kinds
of handicap. Theory has been developed extensively for static but not for
dynamie conditions. At least two additional faorces must be introduced
into the expressions for the behavior of a liguid sprayed against & solid,
that is, gravity and impaet pressure. The steady increase in the pressure
under which sprays are being applied as more powerful pumps are de-
veloped eauses the latter factor to be of more and more importanee. Until
such theoretical advances are made, recourse must be had almost entirely
to empirieal methods. Here the second difficulty arises ; for the necessary
technique has been developed but slightly. The complete failure of the
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drop method for measuring dynsmic angles of oaritaet was Mm‘
by Ben-Amote and Hoskins (1937) and illustrated by photograybic. The
rotating cylinder method of Ablett (1923) is undoubtedly an improve-
ment and merits trial with spray solutions. The crdinary method of
ehanging the angle of incidence of a slide introdueed into the liquid
been shown by Evans and Martin (1935) to give results suitsble for sor-
relation with deposit of solution £ d by their special method of spray-
ing only up to runof, but it does not apply to the method of overspraying
ordinarily used.

Importance of Dynamsc Retreating Angle and Static Advancing An-
gle—A distinetion must be drawn between the sitnations in which the
advaneing angle and those in which the retreating angle is of prime im-
portance, When the degree of wetting achieved by a liquid over the
surface sprayed and the amount of the lignid retained are the chief eon-
siderations, as in the present work, the retreating angle is a controlling
faetor. Contact having been made with the surfaee by spraying under
pressure, the behavior of the liquid thereafter d ds upon its tend
to draw back and roll off. Contact brought abont in this way may not be
wetting at all in the sense of a meeting of molecules which have a marked
degree of affinity for each other.

If the spray is a pure liquid or a solution, that is, eonsists of one phase
only, the amount which will remain upon the solid will not be inflaenced
seriously by the manner in which excess liquid leaves the surface during
spraying, but it will be affected greatly by the behavior of that which is
present just as spraying is stopped. For this sitnation, the best eriterion
is the retreating angle of contact measured under dynamic conditions
simulating those prevailing at the time concerned. The migration of sol-
ute molecules to an interface and their orientation there are functions of
time. Hence a measurement made after more or less prolonged contact, as
is the usual method, does not represent the behavior of a spray in ordi-
nary use ; for drainage under the influence of gravity oceurs rapidly.

The spreading of a spray beyond the limits to which it is driven during
application may be of great importance, for example, in reaching be-
neath the covering of & scale insect or between the petals of an unfolding
bud. Snch extensions of a ligunid usually occur rather slowly. Hense

of the ad ing angle of contact made under static eon-
ditions may be entirely appropriste for study of sach béhavior. . = 7"

Inghort, the static advancing angle is a valuable menmire of the ability
of a liguid to spread, and the dynamic retreating aighe is‘an aqrially val-
nable eriterion of its ability to wet. In each-ssse the indieation v valil
only for the solid upon which the measurement was made, though spread:*
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ing ismore sensifive to surface conditions than is wetting (Bartell-and
Wooley, 1938). The rapidity ‘with which a liquid changes in shape or
position is, of course, dependent also upon its viscosity (Woodman, 1924;
R h Staff of G i Bleetrie Comp j,1922) :

Effect of Stebility of Emulsion—The foregoing discussion of the be-
bavior of liguids spplies to any single-phase spray, though, in the present
work, interest was centered in the aqueous phase largely because it is the
carrier for the emulsified oil. The introduction of a second, finely divided
liquid, such as oil, broadens the range of variation in the system by st
least three additional factors: stability of the emulsion, competition for
space upon the solid, and alteration of the surface as oil increases in
amount upon it. Of these, the first was discussed by Ben-Amotz and
Hoskins (1937), who showed that the more stable an emulsion, other
things remaining equal, the less oil will be deposited from a given volume
of it. As the stability inereases, the individusl oil droplets make contact
with the solid gurface with greater and greater difficnlty and fewer of
them escape from the layer of emulsifying agent which has collected in
the oil-water interface. The ideal method of measuring stability in this
case would evaluate this ability of oil to escape from the emulsion to the
solid. Such a method, ted completely from wetting phenomena of
the aqueous phase, does not seem to bave been developed.

The arguments advanced earlier regarding the importance of the
dynamic retreating angle of contact as a factor whieh determines the
amount of a homogeneous liquid which will remain upon a sprayed sar-
face must be emphasized from yet another point of view in the case of

1si ‘When the aq phase has moderately good wetting power,
the drops elongate as they roll and in the tails the droplets of oil congre-
gate. They are thereby brought close to the solid, and their chances of
making contaet with it are enh d. As emphasized before, at some cer-
tain ation of each 'y suby which allows sufficient
wetting, maximnm oil will be left upon the surface. This condition is
realized with the two proteins but not with the soap ; for solutions of the
latter do not have pronounced wetting power except at coneentrations so
high that the deposit, because of the great stability of the emulsion, is
extremely low. How much the conditions of replacement of the aqueous
phase by oil are influenced by the pressure with which the spray liquid
strikes the sarface spparently has not been investigated. Until this in-
formaticn is #vailable, experitents on replacement under statie condi-
mmhnndfuqmmﬁemmdmmm
mwmmqmwm .
Primoty and Secondary Déposst—The gradual alteration in the
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sprayed surface from the original solid through spotted ltt,ehmenz and
spreading of oil droplets to the final continuous layer of oil affords op-
portunity for division of the process into steps. The terms “primary” and
“secondary” deposit were used by Smith (1933) and with slightly modi-
fied meaning by Hensill and Hoskins (1935). In the light of certain ideas
developed in this report, they may be further elaborated. The primary
deposit really consists of two parts. In the beginning, oil droplets are

TABLE 3
FRACTIONAL PART or Toran O DEPOSIT CONTRIBUTED BY BRCONDARY DxrosiT
Miniwum weight . | Minimum fraetion
Weight of squsous of ol 'rog.l oil ﬁ(:m;)mt o o sotal
£ corresponding to rom - o1l depasit from
? aqueous phase secondary deposit
C ion of
acoomory substance o 5 - -
€l =lg Y= €l .= B .=z
SHEEOIF I I I I
25152 5 EcRR Fo g9 g5 %s 25| 82 kg
m o = = 3 o =] o
mg per gol. mg m mg my my my mg mg mg per per per
cent | cent | cent
) o) 1o} M0) 24) 24! 24 280[20)280] 9| 9| §
T | 125| 0} 185 211 42| 26{s5.0|es0]mp! 4 [ 6 | 18
uz. o] 0| s00) 16| 31 51| 28/87.0(75(1086] 8| 8 [ 1
984 .1 20 330] 175 48) 58] 30;36.0/7m0)20] 8] 7] 15
568 4| 360 | 208 7.7| 617 3.5 10650 190 &t | o | 18
852, 80| 30| 30| 10| e8] 8115|5500 @ | 1|
i |

placed upon wax and in almost innumerable points a thin coating is
developed as the oil spreads. This may be called the first stage, during
which the wetting power of the agueous phase for wax determines the
manner and extent of contact between spray and solid. Displacement of
the aqueous phase by oil corresponds in general to that found when a
drop of oil and a drop of solution of the accessory substance are placed
adjacent to one another upon a waxed slide. As the surface becomes
changed from wax to oil, the first stage merges into the second, in which
the wetting power of the aqueous phase for a surface of oil determines
the degree of contact, Displ t of the ag phase by additional
oil from the spray is very rapid and complete. Hence the major portion
of the primary deposit is.laid down during this period. -
Secondary deposit is that part of the total oil which reaches the suar:
face from adhering drops or sheets of emulsion when the water in the
latter evaporates. The dats needed for determination of its magnitude
are given in figure 6, f the assumption s made that the agueous phase
which is left upon the bottles at the conclusion of spreying has the same
compostition as the original emulsion. The results are given in table 3.
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With low trations of the ¥ sub , only & small por-
tion of the total oil ig contributed by the secondary deposit; but at
higher rations, this is i ingly important, particularly in
the case of blood albumin.

There is evidence from visual observation that the assumption made in
these calculations is not valid in all cases; for the residue of emulsion
resembles the product formed by creaming, particulariy when the larger
amounts of accessory substances are present, That is, under the eircum-
stances in which the drops elongate as they roll down the surface, the
emulsion becomes enriched and more oil is left as a secondary deposit
than is calenlated from the weight of emulsion upon the surface. Hence
the data of table 3 on secondary deposit should be taken as minimal
values.

In general, high secondary deposit is undesirable, for such oil will be
left in very localized regions and can contribute to the general deposit
only by spreading upon the surface. While this may oceur to some extent
with oil, it is impossible in the case of a suspended solid such as bordeaux
mixture or iead arsenate. Consequently the secondary deposit of such
substances is of little value, except with such pests as are attracted to
spotty deposits of toxic material—for example, the walnut husk fly,
Rhagoletis completa Cresson.’

The nature of the curves relating total deposit with coneentration of
aceessory substance can be qualitatively explained for blood albumin,
hemoglobin, and sodium oleate in terms of the wetting power of the
aqueous phase, ease of repl t of the aq phase by oil, and sta-
bility of the emulsions. The characteristic differences between typical
wettihg agents and typical emulsifiers are consistent with their relative
abilities to deposit oil. The above properties, however, are complex in
nature and give no final answer to the problem.

The information gathered from these experiments indicates the possi-
bility of formulating a theory in terms of three fairly simple properties
of an oil emulsion :

1. The retreating angle of contact of the aqueous phase upon the chosen
solid. This must be determined under dynamic conditions, and at present
high-gpeed photography seems to offer the best approach.

2. Ease of escape of oil from the minute droplets of the emulsion onto
the surface. The difficulty in testing this property is separation of it
from wetting power of the aqueous phase.

3. Rate of repl t of the ag phase by the oil. Theoretically
this is involved in equation 2, yas==vas +- ys" ¢06 f45. Direct measare-

* Personal communication from Dr. A. M Boyce,
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cult under dynamie conditions, and the displacement method of Bariall
and Osterhof (1927) and Bartell and Whitney (1932) is complicsted in
the present case by the solubility of oil in the beeswax.

Wetting Agents as Spreaders of Oil—The gusation of the r8le ot
water-soluble wetting agents in promoting the spread of oil has been dis:
cussed by certain previous workers (de Ong, Knight, aud Chamberiain,
1927 ; Smith, 1933 ; Knight and Cleveland, 1984). Smith, who used the
term “spreader” in the same sense in which “accessory substance”. is
used in this report, said : “It app that one funetion of & spreader is
to cause the oil to spread on surfaces upon which it will not spread other-
wise” and “As the water evaporates, the spreader lays down a coating
over the surface over which the oil spreads in 8 uniform film.”

The truth of the second stat t i8 sut iated by the experimental
observation that oil spreads over a region in which & protein solution has
dried on beeswax several times as fast as upon the untreated beeswax.
The protein, however, must be dry. Hence the effect can occur with oil
emulsions only after the water has evaporated. The evidence from the
replacement experiments indicates that water-soluble accessory mate-
rials promote wetting by the aqueous phase only. But there are differ-
ences in the tendencies of proteins and of soaps to collect in the various
interfaces. Thus, sodium oleate has a strong affinity for the oil-water in-
terface and forms very stable emulsions, which wet wax but poorly
because the soap has less affinity for the wax-water interface. Blood alba-
min and hemoglobin promote wetting by water very strongly bui emuld-
sify oil poorly. Possibly an accessory substance somewhat soluble in both
water and oil would be retained sufficiently by the oil to promote the
spread of the oil upon wax during the time of spraying, but this would
necessitate the presence in the molecule of three groups having affinities
for water, oil, and wax, respectively.

SUMMARY

The application of a spray is a2 dynamic proeess, and henee attempts to
relate the deposit of oil obtained from various emulgions should be based
upon measurements made under conditions approximating those of use.
‘With a standard surfaee of beeswax as the solid sprayed and a standard
method of spraying, a study has been made of the relations hetwoen oo
centration of blood albumin, hemoglobin, or sodium oleste and ﬂaﬂ-
lowmg propertm amount of the aqueous solution and of the my

ited in the ah of oil ; depasit of oil, of agueons phage,
of aeoessorymbatanee, mdotnﬂmpommwbmmhmmﬂ ‘
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ease of wetting of wax by solutions of the accessory substances and by the
entire emulsion ;- replacement of agneous phase by oil ; and stability of
the emulsions,

The t of oil deposit ean be explained at least qualitatively as
follows : When only oil and water are present, the emulsion wets poorly,
and drops roll on the surface with minimum area of contaet. Addition of
a.protein promotes wetting and opportunity for oil to reach the surface.
Henee deposit is increased until formation of large sheets of the agueous
phase upon the surface and resi to displ t of the ag
phase by oil lead to a decrease in oil deposit with higher ration of
protein. Soap promotes wetting so little that a corresponding inerease in
oil deposit does not oceur. With all three accessory substances, the in-
crease in stability of the Isions diminishes oil deposit. Water-solubl
substances follow the aqueous phase and increase spreading of oil only
after the water has evaporated.




110 Hilgardia {VoL. 12, Ne. 2

LITERATURE CITED
ApLETT, R.
1923. An investigation of the ungle of contact between paraffin wax and water.
Phil. Mag. and Jour. Sei. 46(6) : 244-56.

Avau, N. K.
193¢. The physies and chemistry of surfaces. 332 p. Clarendon Press, Oxford.

HawreLy, F. E,, and H. 8. OsTeREOr.
1927.1 ination of the bility of a selid by & liquid. Jour. Indus. Engin.

Chom, 18:1277-80.

BarreLy, F. E, and C. E. WRITNEY.
1932. Adhesion tension. A receding angle, pressure of displacement method. Jour.

Phys. Chem, 36:3115-26.

Barrei, F.E, and A. D. WooLEY.
1933. Solid-liguid-air contact angles and their dependence upon the surface condi-
tion of the solid. Jour. Amer. Chem. See. 55:3518-27.

BEN-AMorz, Y., and W, M. HosKINS.
1937. Factors coneerned in the deposit of sprays. IX1. Effeets of wetting and emulsi-
fying powers of spreaders. Jour, Econ. Ent. 30:879-86.

Cratg, B.
1P36. A simple device for short photographie exposure. Science 84:296.

DEONG, E. R., H. K8168T, and J. C. CHAMBERLIN,
1827. A preliminary study of petroleum oil ag an insectieide for citrus trees. Hil-

gardia 2(9):351-84.

EvaNs, A. C,, and H, MaRTIN,
1935. The incorporation of direet with p icides and fungicides. I
The laboratory evaluation of water-soluble wetting agents as constituents

of combined washes, Jour. Pomol. and Hort, Sci. 13:261-94.

Hagkins, W. D, and H. F. Jorpax.
1930. A method for the determination of surface and interfacial tension from the

maximum pull on a ring. Jour. Amer. Chem. Boc. 52:1751-72,

Hexsnu, G. 8, and W. M. HosKINs.
1935. Factors coneerned in the deposit of sprays. I. The effect of different coneen-
trations of wetting agents. Jour. Econ. Ent. 28:942-50.

HERANGER, 8, F.
1936. La persistance des liguides et le mouillage des vegetaux. Rev. Vit. 85:449-53.

Hosxing, W. M., and E. L. WaxrLER,
1936. Factors concerned in the deposit of sprays. IL Effect of eloctrostatic charge
upon the deposit of lead arsenate. Jour. Econ. Ent. 29:134-43.

KXN16HT, H., and C. R. CLEVELAND,
1934, Recent developments in ol sprays. Jour. Econ. Ent. 27:269-89,



Nov., 1088] Hoskins-Ben-Amote: Deposit of Sotutions and Oil Sprays m
Lucas, A.
1935. Foreaxie chemistry and scientific criminal i igation. 376 p. Long!

Green & Co., New York, N. Y,
Mozrsz, W.

1927, Applied biochemistry. 2d ed. 988 p. W. B. Saunders & Co., Philadelphia.

RESEARCH Brary or THE GiNgsaLl ELEcTRIC Co., LTD., LONDON.

1922, A problem in viscosity : the thickness of liquid formed on nolid surfaces under

dynamic conditions. Phil. Mag. and Jour. Sci. 44(6) :1002~14.

RieaL, E. K,
1926. Surface chemistry. 336 p. University Press, Cambridge, England.

Syrre, ROH.

1933, The tank mixture method of using oil spray. California Agr. Exp. 8ta. Bl

527:1-86. Reviged ed.

‘WoonMAN, R. M.

1924, The physies of spray liquids. I. The properties of wetting and spreading.

Jour. Pom. and Hort. Sci, 4:38-58.

1930, Wetting and spreading and emulsifying agonts for use with apray fluids.

Jour, Boc, Chem. Indns. 49:93-98.






THE USE OF SELENIUM IN SPRAYS FOR THE
CONTROL OF MITES ON CITRUS
AND GRAPES

W. M. HOSKINS, A. M, BOYCE, 4ovp J. F. LAMIMAN



CONTENTS

Introduction.. .

Chemical propertms o!' selemum and ite compounds.

Belocide on citrusand walnuts. ... ..o 118
The citrus red mite. . . it
Other mites and muects on citrus. 126

Compatibility of Belocide with uther materials commonly used in Bprays

OM CIETUS. .. ... .ot e 121
Limitations to the use of Selocide on citrus.. ..
Effect of Selocide on the general vigor and produczxveness of cxtrus trm . -

Studies with Selocide on Persian wainuts 122
Effect of Seloride on spraymen. . 122
Belocide as a control for the Pa,clﬁc red spnder on grapes 123
Belection of samples and methods of mlysls 128
Collection of samples. . . 126
Review of methods of aelemum Bna.]ysls S e JU ¥4
Testr of analytical hods with pure seleni pounds........... ..... 128
Analysis for selenium in plant material . e 132
Analysis for selenium insoils . .. .. e R .. 135
Selenium in and upon citrus and grnpes PR T 136
Grapes. . . FE 138
Citrus. . 187

Effects of seveml years spray ing upon eelemum content of soil and frult 137

The natural oceurrence of selenjum. ... ......... .. ...
Abundance of selentum . .
Selenium in soils.
Selenium in water . ..
Selenium in plants. . N
Combination in which selenium occurs in plants.
Availability of selenium to plants. ...
Effect of adding sulfur.

Toxicity of selenium to animals a.nd man.
Proof that selenium is the cause of the disorders
Restriction of food.. ... ... ... ..
Effects on reproduction and the survwa.l of young animals. . ... .. . ... 159
Quantitative date on toxic effects due to selepium. ..
Excretion of selenium
Chronic effects of selenium upon humans

Discussion and conclusions

Summary

Acknowledgments.

Literature cited. ...




THE USE OF SELENIUM IN SPRAYS FOR THE
CONTROL OF MITES ON CITRUS
AND GRAPES'

W. M, HOSKINS, A. M. BOYCE? axp J. F. LAMTMAN*

INTRODUCTION

For SEVERAL YEARS it has been increasingly obvious that the standard
methods used for eontrol of several plant.infesting mites in California
are unsatisfactory (Boyce, 1936).° For this reason the California Agricul-
tural Experiment Station projects on the citrus red mite, Paratetrany-
chus citri McQ., and on the Pacific red spider, Tetranychus pacificus
Mc@., bave been carried on very actively. One feature of such projects is
the examination of new materials under both small-scale and prnctncal
cyuditions. In pursuance of this work, a proprietary selenmm-cont&mmg
preparation called Selocide was tested by Lamiman (1933) against the
Pacific red spider on grapes. This material had been used successfully by
Gnadinger (1933} for countrol of the common red spider, Tetranychus
telarius (Linn.), in greenhouses. The first small-scale field trials on both
grapes and citrus were of so much promise that a new project’ was organ-
ized in 1934 for the purpose of making a thorough study of the practical
utility of Selocide alone and in combination with other substances for
the control of mites affecting citrus and grapes.

It is an interesting coincidence that at about the time when the use of
selenium for plant protection was suggested, attention was first directed
to this element as a harmful ingredient of animal and human foodstufls.
Since'the first settlers went into the semiarid Great Plains region of the
United States, a livestock ailment of unknown origin has been noticed in
many areas of the present states of South Dakota, Nebrasks, Kansas,
Wyoming, and other neighboring states. The disorder assumed, in gen-
eral, either an acute or a chronie form, which became known as “blind
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staggers” and “alkali disesse,” respectively. The firet written sesount
seems to have been made by Madison (1860) and conceims an outhreak
among eavalry horses at Fort Randall, Territory of Nebrasks, the site of
which is now included in South Dakota. Madison attributed the trouble
to grazing of the affected animals in & certain ravine. Since that time,
oceasional references to the disease have been made in agricultural ex-
periment station reports, but little advance was made in determining the
cause. Among practical stockmen, it was attributed usually to alkaline
drinking water.

In 1928 Franke of the South Dakota Agricultural Experiment Station
began the first comprehensive investigation of alkali disease and scon
proved (Franke, Rice, ef al., 1934) that it invariably followed the in.
gestion of grains from certain distriets in the state. The discovery by
Robinson (1933) that selenium was present to the extent of 10-12 p.p.m.
in a sample of the so-called “lethal wheat” at once gave a new direetion to
the investigation and led to extensive feeding trials with both inorganie
selenium compounds and seleniferous plants in many laboratories, A
warning against hasty adoption of selenium-containing materials as
sprays was issued by Nelson, Hurd-Karrer, and Robinson (1933).

In the light of these conditions, the investigation of the California
Agricultural Experiment Station was designed to include, in addition
to a study of the effectiveness of the selenium preparation for control of
mites, determination of the amounts of selenium residue upon fruit as
the result of various spray programs, of the lation of seleni
in the soil beneath sprayed plants, and of the absorption of this selenium
from the poil. Also, preliminary plant-rearing experiments and feeding
trials of inorganic selenium and seleniferous plant materials were made.

This report includes accounts of the experimental procedures and re-
sults, as well as a summary of published information on the general oc-
currence and toxicity of selenium and a discussion of its probable health
hazard when used in the recommended manner upon citrus and grapes.

CHEMICAL PROPERTIES OF SELENIUM AND ITS
COMPOUNDS

Selenium (Se) has an atomic weight of approximately 79 and lies be-
tween sulfur and tellurium in the sixth group of the periodic tsble of
the el ts. Its closest neighb mthead;amtmuysmnrmud
bromine. In the uncombined state, selenium occurs in several allotvopic
forms, of which the more common are the grayish-black crystalline, the
black amorphous, and the red amorphous. The latter is formed when
selenium is reduced from one of its compounds, is mmmntom
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of elementary selenium, and under many conditions is converted to the
black crystalline state. The chemical properties of selenium are similar
tot.hmatm!fnr Baoth vary in valence from —2 to - 6. Typical com-
ing the vari 1 are: —2, hydrogen selenide,
H,Se, -+ 2 weienmm sulfide, BeS; + 4, selenium dioxide, S8e0,, which
unites with water to form nelemous acid, H,SeOQy; |- 6, selenium trioxide,
Se0,, which is known only in the hydrated form as selenie acid, H,8¢0,.
The two oxides and their corresponding acids and salts are strikingly dif-
ferent in behavior : the tetravalent state is readily formed when nearly
any ordinary oxidizing agent acts upon free selenium or its lower com-
pounds, but only the most powerful oxidizing agents—for example, per-
manganate—ean raise it to the hexavalent state. However, when fully
oxidized, selenium can be reduced only with difficulty. Hence the selenate
pounds are usually comp ively inert. On the contrary, the selenite
state is reactive and may be readily reduced to a lower valence.

Despite its close chemicsl relationship to sulfur, selenium until re-
cently aroused little interest as a material for plant protection. The work
of Lougee and Hopkins (1925) proved the toxicity of several selenium
compounds tocertain fungi, but damage to sprayed trees was severe.

A 30 per eent solution of & mixture of potassium hydroxide, ammo-
nium hydroxide, sulfur, and selenium in the proportions corresponding
to the empirical formula (K NH, 8); Se is the proprietary product called
“Selocide.” It contains 48 grams of selenium per liter, or approximately
6.4 ounces of seleninm per gallon. Dilutions of 1:100 and 1:1,000 give
sprays containing 0.0480 and 0.0048 per cent selenium respectively, and
other dilutions are of proportional concentrations. The first work done
for control of the common red spider was usually at a dilution of 1:200
{Guadinger, 1933) but Lamiman (1933) found much more dilute solu-
tions—for example, 1:600 snd 1:800—1to be effective outdoors against
the Pacific red spider on grapes, and these same concentrations have been
used widely on eitrus. For proper wai:hng of most leaf and fruit snrfaces,
a wetting agent, such as a soluble p is advisabl

The reactions which occur whena trated solution of Selocide is
diluted with water, as in preparing a 1:600 spray mixture, do not appear
to be known. Observation shows, however, that & large part, if net all, of
the selentnm is Hberated asveryfmely divided, dark-red particles, which
appear to be the red allotropic form of the-el ‘When finely ground
sulfur is added to Selocide, the residue has a persi effect which i
shown by neither component alone (see p. 119). There is no chemical evi-
dence that a eempound is formed, but the effect may pom‘hlyhedmﬁ:
SOTHE DEW m mach a8 seleninm sulfide.
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SELOCIDE ON CITRUS AND WALNUTS
The Citrus Red Mite.—The proprietary selenium preparation Selocide
has been rather extensively studied in connection with the control of the
citrus red mite (spider), Paratetranychus citri McG., in southern Cali-
fornia during the period from 1933 to 1937. This mite is one of the major
pests of citrus in many areas (Boyce, 1936). The total acreage of citrus
affected probably exceeds 125,000 acres.

Until the advent in about 1925 of the highly refined petroleum oils for
citrus sprays, sulfur in some form had been largely used for the control
of ‘the citrus red mite. During the past ten years, however, the use of
sulfur or its compounds for the eontrol of this mite has been very limited.
This fact is due principally to the following causes: (1) superiority of
oils for this purpose and the more general use of oils as a combination
treatment for control of seale insects and this mite; (2) the unsatisfac-
tory results in the control of this mite by sulfur as compared with the
results secured in former years; and (3) hazard of fruit injury caused
either by dry, hot winds in certain sections or by a sudden increase in
daily temperature after sulfur applications. Thus, at present, petroleum
oil is the principal material used for the control of the citrus red mite.

In many sections, under ordinary conditions, one application of oil
spray in the summer or fall affords satisfactory protection from injury
by this mite for about one year. However, after the use of an oil spray, if
climatic conditions are extremely favorable to mite development through-
out the winter and spring or throughout the summer, there usuaily
develops & need for mite control with & material that contains little or
no petroleum oil. In the coastal aress, there is commonly a necessity for
citrus-red-mite control in the spring or early summer, even though oil
spray was applied the preceding summer or fall. From the standpoint of
adverse tree reaction, more than one treatment of oil spray at full dosage
on citrus during a year is generally considered inadvisable. A large num-
ber of growers prefer to abstain from the use of oil altogether and there-
fore employ HCN fumigation in the control of scale insects. Fumigation
usually has no appreciable effect in citrus-red-mite control ; in fact, the
mite populations commonly increase more rapidly after fumigation than
otherwise, since many of their natural enemies ave killed. Evidently there
is an urgent demand for a material other than oil for use in the control
of the citrus red mite.

Many laboratory tests and several hundred control experiments in the
field were conducted in the various citrus-red-mite areas. These were de-
signed prineipally to determine the most effective (1)-concentration of -
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Selocide ; (2) adjuvant, such as lime-sulfur, wettable gulfur, or oil; and
(3) spreading and wetting agent. The data show that Selocide at 1:800
is as effective as any of the higher concentrations that are practical to use.
An adjuvant is essential for maximum efficiency, the most sstisfactory
ones apparently being lime-sulfur at 1:300, wettable sulfur at 1 to 2
pounds per 100 gallons of spray mixture, light-mediem mineral oil at
1:300, and a combination of the oil and wettable sulfur.

The Selocide-and-lime-sulfur or wettable-sulfur bination affords a
high degree of kill of the mites contacted. It kills only a small percentage
of the eggs; but a residuum is deposited on the tree that kills the young
mites shortly after they are hatched, even during relatively low tempera-
tures and under conditions when the residuum from a 2 per cent lime-
sulfur spray or regular sulfur dust is ineffective. Definite information
regarding the chemical nature of this residuum is not available. The use
of either of these Selocide-sulfur combinations may not effect satisfac-
tory eontrol when rains follow the application within a period of several
weeks and wash the residuum off the foliage and fruit, for under these
conditions the mites that subsequently hateh survive.

The Selocide-oil combination effects a high initial kill of the mites and
eggs contacted ; however, there is apparently no residual effect from the
use of this eombination, and, therefore, unless the application is very
thorongh, the results may not be satisfactory. A comparison of many
parallel field experiments with the Selocide-lime-sulfur and Selocide~
wettable-sulfur combinations versus the Selocide-oil combination shows
that the last-named has generally afforded a higher degree of control,
although in certain experiments the two sulfur combinations were su-
perior.

‘When it became evident that each combination possessed certain spe-
cific merits, tests were condueted in which both lime-sulfur and oil, each
at 1:300, and both wettable sulfur at 1 pound per 100 gallons and oil at
1:300, were combined with Selocide. Tree injury occurred under certain
conditions with the Selocide-lime-sulfur—oil combination. However, the
Selocide—wettable-sulfur-oil combination appears to be noninjurious to
the tree and has afforded very effective control of the mite. A fairly large
acreage has been treated ially with this combination with satis-
factory results.

Several spreading and wetting agents, such as sodium caseinate, cal-
cium easeinate, blood albumin, soaps, sulfonated plant oils, and sulfated
higher alechols have been used with Selocide in the several combinations.
Aceording to present information, sodinm inate is the most practical
spreading and wetting agent for use with Selocide. Blood albumin should
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not be used on citrus in any Selocide combination in whieh oif is in-
cluded, since extensive tests have shown that serious staining or spotting
of the fruit may occur from this combination of materials.

In summing up the field studies with Selocide on citrus, it may be said
that this material, used according to the following formula, has given
satisfactory eontrol of the citrus red mite and is the one suggested for
use where Selocxde is considered :

The regular dusting sulfur may be used in the same amount and ren-
dered wettable by mixing the caseinate with the dry sulfur in a large
bucket and then adding water under pressure with the spray gun antil
the gulfur is suspended in the water.

‘With regard to the choice of oil, the straight oil, as used in tank-mix,
appears to have certain advantages over paste emulsions or emulsive oils,
ginoe both of the latter types of oils contain wetting and spreading agents
which, when included with the caseinate regularly used with Seloeide,
miy possibly cause excessive runoff of the spray mixture. In commereial
practice, however, the paste emulsions and emulsive oils are used with
success.

The order in which the several materials are put into the spray tank
is of importance. The sulfur-casein, prepared as previously indicated,
should be put into the tank first, when the water is about level with the
agitator shaft. The Selocide should be added next when the tank is about
one-third filled, and the oil added last when the tank is about two-thirds
filled. 1f paste emulsion or emulsive oil is used, the recommendations of
the manufacturer should be followed with regard to when the oil is to
be added ; however, in all instances the sulfur should be put into the tank
before tha Selocide.

Other Mites and Insecis on Citrus~—The Selocide-sulfur-oil combina-
tion has afforded satisfactory control of the six-spotted mite, Tefranychus
sexmaculatus Riley, on eitrus. It has not been entirely satisfactory, how-
ever, in the control of the silver or rust mite, Phyllocoptes oleivorxs
(Ashm.), which is of importance only sporadically in limited aress in
San Diego County. Since this mite is readily and inexpensively. con-
trolied through apphoatwns of gulfur applied as a dust, Seloeide would
not be id in this ion unless the citrus red mite or the six-

'Umlfmhbhmd\mﬂﬂ cent; distillation range: 10 per coat at 557¢ ¥,
50 por cont at 638" F, 90 per cont st 708 F. e !
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spotted mite or both species were alao present. Under such conditions, the
silver mite eonld probably be sstisfactorily controlled by increasing the
monntofmbhnlhrfmmlpoxmdtoiorspaundcperlwmm
in the Selocide-sulfur-oil combi

Selocide a8 nsed, either experi Iy or ially, has not been
shown to possess measurable value in the control of any of the snseof pests
of citrus with the poesible exception of the citrus thrips, Seirtothrips oitri
{Moult.}. In this particulsr instance, those thrips that are contasted by
the Selocide spray mixture are killed ; and when either lime-sulfur or
wettable sulfur is included in the spray mixture, the residaum is effective
in destroying the newly hatched nymphs for a period of sbout 1 week
following the treatment. The Selocide-sulfur-oil combination would prob-
ably be of considerable value for the combined treatment of citrus red
mite and the eitrus thrips under eertain eonditions if the amount of wet-
table sulfur were increased from 1 pound to 4 or 6 pounds per 100
gallons, as recommended for the silver mite.

Compatibility of Selocide with Other Materials Commonly Used in
Sprays on Citrus—S8elocide may be used with nicotine sulfate for the
combined control of the citrus aphids, Aphis spiraecola Pateh, Aphes
gossypii Glover, and T'oxopiera aurantit (B. d. Fonse) and several q;eges
of mites previously mentioned.

‘Where zine compounds are used for the correction of mottle-leaf or
little-leaf (Parker, 1938) of citrus trees, either zinc oxide or zine sulfide
may be satigfactorily combined with Selocide in the spray mixture. How-
ever, the zine-sulfate-hydrated-lime mixture is incompatible with Selo-
cide.

Limitations to the Use of Selocide on Citrus—The use of Selocide on
Valencia oranges in the coastal sections of Los Angeles County and the
nortbern fringe of Orange County is attended with iderable d
of injury to the fruit during the period from late winter until the mtnre
frmtsareharvested,lneermnsemmmthxsp.rtwuluam, a rind

ops which is app. tly due to environmental eonditions.
‘When sulfur is applied, it ly a this condition, with the
result that one or more spots may develop on a fruit. Affected fruits
extherdropbefnrehrvmtorctberwuemmrketedmchelowetgndu.
The sulfur or-other of Selocide contribute to the ineidence
of this type-of fruit spot when other environmental conditions are fa-
vorable. -

In the Chuls Vista ares of San Diego County, the peel of lemons not
uncommonly bocomes stained in small aress, of spotted, ater use of SeYo-
cide, Affected fruits do not color uniformly ; and while their quality is
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apparently not impaired otherwise, they are not marketable in the higher
grades for this reason. In this particular ares, the cause of the stain on
the peel of the fruit appears to be related to the occurrence of relatively
large amounts of certain salts commonly present in the water that is used
for spraying.

A type of stain on the peel of Navel oranges similar to that deseribed
above on lemons occasionally results from the application of Selocide. In
the instances observed, however, the treatment was applied at the season
when the fruit was “breaking color.” Through further studies, the causes
of the stain on the peel of lemons and oranges may perhaps be deter-
mined, and the difficalty may be prevented.

‘When excessively high temperature conditions prevail within about
10 days after Selocide treatment, some of the fruit that is exposed to the
direct sunlight is commonly injured. The injury is typical of that due
to high temperatures after the applieation of sulfur,

Effect of Sclocide on the General Vigor and Productiveness of Citrus
Trees.—Thousands of acres of oranges and lemons have been treated
with Selocide during the past five years at different seasons of the year
and under widely varying conditions. A relatively large acreage has re-
ceived as many as five treatments and a smaller acreage as many as seven
or more treatments during that period. In no instance has there been any
observable adverse effect upon the general vigor or productivness of such
treated trees, nor has there been observed any impairment in the texture
or quality of the fruit other than the features previously mentioned.

Studies with Selocide on Persian Walnuts.—Selocide bas been fairly
extensively used experimentally and commerecially on Persian walnuts
in the control of the common red spider. One treatment annually of the
material used according to the formule previously given for citrus has
afforded entirely satisfactory control. While treatment for this mite is
necessarily applied in midsummer in the hot interior valley areas, no
evidence of injury due to the material has been observed.

Effect of Selocide on Spraymen.—Many spraymen have applied large
volumes of Selocide spray mixture to citrus over relatively long continu-
ous periods during several years without any observed deleterious effects
to date upon their health and with no more personal discomfort than
would be experienced through the application of light dosages of lime-
sulfur spray. More than 40,000,000 gallons of Selocide spray have been
applied in the United States, much of it indoors in greenhouses. Gnad-
inger (1937) is authority for the statement : “No workman engaged in
the manufacture or packing of Selocide has.experienced any illness or
injuryt ble to Selocide or remotely bling selenium poisoning.” -
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SELOCIDE AS A CONTROL FOR THE PACIFIC
RED SPIDER ON GRAPES
The Pacific red spider, Tetranychus pacificus McG., which has become a
serious pest of grapes in the grape-growing areas of northern California,
was first observed as a grape pest in 1928 in the San Joaquin Valley.

“The habits of this mite are such that a satisfactory control is very diff-
cult. In late summer and early fall, the adult females hibernate beneath
the bark of the grapevines, where they may be found in groups of a few
to several hundred. As many as 2,000 have been taken from the bark of
a single vine, with a survival of 50 to 80 per cent the following spring.
These overwintering females emerge in Mareh and feed on the opening
buds or may be found on various weeds, such as filaree, sheperd’s-purse,
and malva. The appearance of the mites is influenced by weather condi-
tions and during & cool spring may be delayed for two to three weeks;
thus the maximum infestation may be delayed until late summer.

Each female deposits from 50 to 100 eggs over a period of 2 weeksto a
month, and only 10 to 14 days are required for hatching and development
of the mite under summer conditions, with the result that several gen-
erations may be produced in a single season. The greatest populations
occur in late July or August, when infestations ranging from 600 to
1,400 mites per leaf have been observed on leaves showing severe mite
injury. The rapidity with which these mites may multiply is indicated
by the inerease in the average number of Pacific red spider per leaf from
18.8 on June 12 to 343.7 on August 12, with a maximum of 1,458 on
untreated vines ; and from 0.2 on June 12 to 192.1 on August 12, witha
maximnm of 296 on treated vines. A large population of mites in com-
bination with high temperatures and low humidity ther produces severe
vine injury by defoliation and reduces the quality of the erop by ex-
posure to sunburn as well as by lowered sugar content.

Early attempts to control this mite by means of the accepted methods
of red-spider control resnlted in a number of problems. Until about 1925,
when highly refined mineral-oil sprays were developed for summer use,
application of sulfur, in its various forms, was the recognized red-spider
control. Sulfur dusts are ineffective in controlling the Pacific red spider,
even though several applications are made in the same season. Lime-sul-
fur and sulfur sprays, the chief control before the advent of summer oil
sprays, were unsatisfactory due to the excessive injury to new growth
in early summer and to the blotchy residue left on the fruit by later
applications, Summer oil sprays, the method most widely used against
red spiders on deciduous trees since 1925, gave excellent initial results
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but did not prevent reinfestation by the few individusls essaping the
treatment. These sprays also removed the bloom from the grapes and
produced shiny, soft, flabby berries, and thus reduced the quality snd
market valae of the product. However, oil sprays can be used to reduce
the infestation of new growth by the overwintering females before the
blossoms appear.

Selocide,” a spray material developed by Guadinger (1933 ), while eon-
ducting experiments on the control of the common red spider, Tetrany-
chus telartus, in greenhouses, was used in 1932 (Lamiroan, 1933) under
field conditions. In these experiments, the Selocid trate, at a
dilution of 1:800 (1 gallon to 800 gailons of water), with a cocoanut-oil
soap spreader, was highly effective under field conditions, whereas a dilu-
tion of 1:200 had previously been recommended for greenhouse eondi-
tions, As these applications were made in July, the 95-100 per cent
control obtained on juice-grape varieties prevented serious reinfestation.

In 1933 the experimental work was extended to include the Thompson
Seedless variety, and applieations were begun as soon as mite damage
appeared in early June. Reinfestation of the vines became apparent after
about 4 weeks, even though the initial kill was high ; in many cases addi-

tional applications were needed to prevent defoliation.

During the same year, Gnadinger (1933) found that the effectiveness
of the Selocide spray in the control of the citrus red mite was greatly
jncreased by the addition of lime-sulfur (1:300) or a light medium min-
eral oil (1:300). Since neither of these combinations could be applied on
grapes, wettable sulfur’ in varying amounts was sdded to the Seloeide
spray in 1934 and 1935. Reinfestation was greatly delayed, and where
applications were made in late June or early July, the vines retained
thelr roliage and’ matured tiie crop, aitiough some mite damage oceurred
before the mites began to hibernate in August and September.

The effectiveness of the various concentrations of Selocide without
sulfur and of other materials is shown in table 1. While a dilution of 1:800
gave satisfactory results under certain conditions, s 1:600 or 1:500 dilu-
tion was more effective, especially on the Thompson Seedless variety with
its denser foliage. Table 2 shows the resulis obtained by the sddition of
varying amounts of sulfar to the different dilutions of the Selocide spray.
At the dilutions used, Selocide did not produece any m;uryiovma»’ut
fruit,

Themulbssbownmthehbleswmobumadbymﬂactmghsmﬂ
¢ The effect of Seloeide on is 4k in the previ mn,plﬂ. .
’Theweth.blenlturmpnpud yﬁdmgdtharhhoﬂ spreadst ot

cassinate spresder to ordinary Sne dusling sulfur; the combination was then mited .
into & paste and added to the spry tank. ’
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random in the trested aress ; from each group, 20 leaves were selected st
random. On these leaves, five areas (each 5 sq. em) were marked off with
a cireular rubber stamp. These areas were arbitrarily selected as being
those most Likely to be infested by the mites. Comparisons of the eount
areas with the remainder of the leaf showed that approximately one-

TABLE 1
I B, WITHOUT SULFUR AND OTEER MaTemats
ro THE CONTROL oF PACTFIc RED BPIDER ON GRAFES
Avu-ue popuhhm\ p-f lonf based on
mber in count sress
Matarials wed m
hon | Betore | Atter | Atter | Atter | After | Attar
treat- | 8 LRI EE.RK]
weot | days | days | days | days | days
Selocide 1:400-+4 os. blood-albumin spresder® to | Junem | 31 31 1] 3w
mnu ......................................... July 7 b 2l s in |8
% | 32 ]
W [ 13 3} 4|29
ol ® BEEE BE )
Selocide 1:600+12 Junes | & e 2] o u |
Selocide 1:00+8 as. blood-albumin spreader to
00 BRI ...t June® | 42 2] s
Selocide 1:600-+-8 os. Ortho cassin snd 4 os. blood-
albumin spresder 10 100 gals. . o | 1| 4| s
Light-medium tank-mix oil 155 per cent. ] 1] 4] ¢ ®
‘ '} s | 7|8 ..
Wettable sulfur 6 tbe. to 100 gals. s 11 fus s |
Wattable sulfur 634 Ibs. to 100 gals 37 | 13w |4 |7
Lethane} €29, 1:800 . @ 17| %0 | 6 | ..
Lethane 420, 1:300. . EZ 2 O T O
Ortho derria 4 Iba. o 100 gals. Ed 7| % | 87| .
1 3 | 48 | 98
COMTONted. . ...ove e {Jutl a Blule
mercial praduct sontaining 1 part powdered blood albuznin (b 958 per cent lubl

mdlwﬁhﬂh omrth.
1 A commarcial product ecnsisting chiefly of caleiom cassinate plus axoms lime.

third of ‘all the niites present oecurred in the count areas, which repre-
sented an average of 20 per-spnt of the leaf surface. This method made
pm&smmuammumfmmm
mentsl ares.

The results of the tests described above may be summarized an Tollows :
The Selocidé-wettable-sulfur eombination not only affords a high initial
kill of the mites-sontacted, but it also hasa lasting effect, for a residuum
is apparently ‘depogited which kills the young mites after they have
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hatehed out and the mites which were in the molting stage at the time of
the application. At present, the only satisfactory summer control for the
Pacific red spider on grapes is the use of this Selocide—wettable-sulfur
combination. However, oil sprays may be used in spring and early sum-

TABLE ¢
EPFECT oF ADDING VARYING AMOUNTS OF SULFUR T0 SELOCIDE IN THE CoNTROL
oF THE PACIFIC RED SPIDER ON GEAPES

Average population per leal based on.
aumber in sount areas
Date of
Materisls used applice-
tion | Before | After | After | After | Aftor { After

teat-| 8 | 10 | 30 | 50 | 70
ment | days | days | days [ days | days

Belocide 1:400+634 Ibs. sulfur and 12 ox. Fluxit}
t100gala. ............
Seloride 1:400+2 Lbs. sulfur lnd 6 os. blood—
albumin spreader * t 100 gals.,
Seloide 1:800-+2 Ibe. sulfur and 8 oz. blood-
albumin spreader to 100 gals. . Lo Jay 2] oM |2 o029 [m
Selocide 1:600-+2 lba. sulfur and 0 os. blood- {July W s o6 01]s .
albumin sprender o 100 gals. S \gulya) o3t | oe3] 10] 2
Selovide 1:600-+255 lbe. sulfur, § o8,
oz, blood-albutnin spreader to 100 gals.. -
Belotide 1:800-+6% Ib. sulfur and § os. Fluxit to

July 8 87 06| 00 02| 0.8

July 30 57 ¢.1 e 0.1

uxit, and 4
July 24 33 0.1 ....] 3

100 gals. Juyu| 4 | 0zj o8}z |=:

Selocide 1:600+3 Ibe. sulfur snd § os. blood- {June s u 1.0 1.0] 1.0{2 ..

albuimin sproader to 100 gals. s flJume2e [ 18 01| 10| 10{41 | &
Selocids 1:800-+1 Ib. sulfur snd 8§ oz. blood-

albumin apreader to 100 gals. . Jume S| 11 | 04 2 |98 s
Selotide 1:000-+55 Ib, sulfur and & os. blood-

albumin spreader to 100 gals...................... June 3| 13 | 1.0] 2 |2 &
Belocide 1:800+835 tbs. sulfur and § oz, Fluxit to

100 gals. . Jayu| s |...| 10} e s
Selocide 1:800-+5 Ibe, sulfur, 4 oz, Fluxit, and 4 os.

biood-albumin spreader to 100 gals. .......... doruye| s [ 103 |4 (4

Selovide 1:800+2 lbs. sulfur and 8 os. blood-
albumin spreader to 100 gals. ..
Selocide 1:800+1 1b. sulfur and ¢ os.

July 18 3 100 10f 18} 8 E-

min apreader to 100 gals.......................... Juyzs) 38 jo3l2 | s |9 | 2
Selotide 1:1,000+5 1bs. sulfur, 4 oz. Fluxit, and 4
os. blood-albumin spreader to 100 gals........... Julyizj ®8 {2 | 4 [26 |8

1 part Bblood albumin (aboat 98 per cent water-

*A ial produst ini
soluble) and 8 parts fuller's earsh.

t A commeeial product consisting chiefly of caleium caseinate plus exeess lime.
mer against the overwintering adults on the new growth before the
grapes develop.

SELECTION OF SAMPLES AND METHODS OF ANALYSIS
Collection of Samples—Fruit and leaves were selected at random, with
special care to disturb the surface as little ag possible. They were placed
in clean bags, packed in boxes, and taken or sent to the laboratory at once.
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Selenium adheres well and it is felt that no serious losses occurred during
the necessary handling. Four to eight fruits were used for each analysis.
Grape samples were composed of portions of several bunches from differ-
ent vines whenever possible.

Soil samples were taken by members of the Station staff at Riverside.
In order to obtain data for extreme conditions, the samples were taken
near the edge of the trees where drip of spray would be at a maximum.
Separate samples were taken in each case at the depths of (-6 inches,
6-12 inches, 12-24 inches, and 24-36 inches. In most cases these were
analyzed separately.

Review of Methods of Selensum Analysis.—Many methods have been
devised for the quantitative analysis for selenium. Those which appear
to have been most successful are based upon the following properties
of the element: (a) Se*® boiled with 3 to 12 N HC} is reduced to Se**
{Norris and Fay, 1896, Noyes and Bray, 1907) ; (3) Se** in the same hot
acid solution is reduced to free selenium by SO,, hydrazine, hydroxyla-
mine, ete.; (¢) metallic selenium reacts with strong nitric acid to give
only selenious acid (Lyons and Shinn, 1902) ; (d) selenious acid reacts
with iodide to liberate free iodine, which can be estimated with standard
thiosulfate solution. For large amounts, the weighing of free selenium
liberated as in b, is undoubtedly subject to least objection, but gravimet-
ric methods are not possible with the amounts found in a reasonable
sample of most plants or soils. The method used for many analyses in
the United States Department of Agrieulture Bureau of Chemistry and
Soils (Williams, 1937) depends upon the color developed when free
selenium is liberated under such conditions that it forms a comparatively
stable suspension. In the present work, fair snccess was had with this
method, but the tendeney of the suspended material to assume any color
from pink through brown to black made comparison with a standard very
uncertain, Addition of gum arabic (Association of Offieial Agricultural
Chemists, 1935) made no decided improvement. Other workers have had
the same kind of difficulties (Mathews, Curl, and Osborn, 1937).

Preliminary experiments indieated that the reaction, H,8e0, + 4K*
+41" + 4H*—> 8Se + 2 I, + 3H,0 + 4K, with eonsequent titration of the free
iodine with standard thiosulfate, is suitable for the iodometrie determi-
nation of small amounts of selenium. This method was eriticized by Gooch
and Reynolds (1895), who were unable to get plete reduetion in the
cold. However, Norton (1899) showed that a large excess of iodide in ap-
proximately 0.5 N hydrochloric acid gave excellent results except with
large amounts of selenium. Recently, Berg and Teitalbaum (1928) raised
two more objeetions : (1) the liberated iodine is al»” :bed by the colloidal
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selenium and does not react quantitatively with thiosulfate, and (2) the
end point is obscured by the color of the colloidal selenium. These com-
plications are serious when selenium is present in amounts of 500y (0.5
mg) or over ; but with 200y (0.2 mg) of selenium or less, no serious diffi-
culties have been encountered in several hundred titrations, though the
end point is decidedly different from that of an ordinary iodometrie
titration,

Tests of Analytical Methods with Pure Selenium Compounds.—~Sele-
nium dioxide was prepared by treating black selenium with rated
nitric acid, warming gently to remove most of the excess acid, and then
cautiously subliming onto the bottom of a cold porcelain evaporating
dish. The first crop of crystals was treated with a drop of nitric acid and
resublimed. The final product consisted of snow-white needles which were
somewhat hygroscopic. A stock 0.1 M solution of selenious acid was pre-
pared gravimetrically and diluted to 0.010 or 0.001 ¥ as required. The
reagents used were all of C.P. grade.

The purity of the contents of a stock bottle of sodium thiosulfate
crystals was determined by numerous titrations against a standardized
dichromate solution. The results were almost theoretical. Henee, for rou-
tine work, 0.05 M thiosulfate solutions were made at frequent intervals
by weighing out the crystals, adding to freshly distilled water, and there-
after protecting from light and air. Each morning a fresh 0.001 3 thio-
sulfate solution was prepared by dilution.

The usual precautions were taken to ensure that the potassium jodide
did not liberate free iodine when put into solution. From a bottle of satis-
factory crystals, a small volume of 25 per cent solution was made each
morning, A small pinch of sodium bicarbonate was used to stabilize the
solution, which also was protected from strong light.

The acid needed in the reaction proved to be the principal source of
trouble. With high-grade hydrochloric or sulfuric acid at approximately
1 N concentration, no difficulty was encountered in securing zero blanks
or stoichiometric reactions for a wide variation in the amounnt of sele-
nium. However, the reaction hed to proceed in the presence of nitrie acid
because that compound is the most convenient for oxidizing free selenium
(formed as in step b, p. 127) to the tetravalent form. Two separate eon-
siderations are involved: (1) the strength of aeid needed to enable the
reaction between selenite and iodide to proceed at a satisfactory rate,
and (2) the strength of nitric acid which can be tolerated by the exeess
iodide ion. These had to be studied together, for it was possible that the
colloidal selenium prpduced in the first reagtion had an effect upon the

d one. Complete expulsion of the exeess nitric acid by repested
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evaporation to dryness on a water bath, as suggested by Beath, Eppeon,
and Qilbert (1935), was tried; but in some cases loss of selenium securred.

It is well known that the lower oxides of nitrogen react with 1o(hde ion.
Her:ce, care must be taken to ensure their abs For micro-iodometrie
analysis, the color of nitric acid is not a safe guide. It has been found that
vigorous aeration for 1 hour of any high-grade nitric acid exeept very
brown lots suffices to remove the offending compounds. The distilled
water used must be of high guality. A blank containing nitric acid,
iodide, and starch should be tried each day in order to check the condition
of the acid and of the water.

The most suitable amount of nitrie acid for the iodometric determina-
tion of selenite was determined by adding 1.000 ce of 0.001 M selenious
acid solution (79.2ySe) to the indicated volumes of concentrated nitric
acid in a small Erlenmeyer flask and adjusting the volume to 10 cc;
(.25 ce of 25 per cent potassium iodide solution was added ; and the flask
was stoppered and allowed to stand for 5 minutes. The liberated jodine
was then titrated with standard 0.001 ¥ sodium thiosulfate solation.
Starch solution was used in the ordinary way. After titration, the solu-
tions were set aside and retitrated 10 minutes after introduction of the
iodide. The titrations of the solutions containing the different volumes of
nitric acid were as follows :

Thiosulfate solution, in ec

Nitrie acid, in cc 5 minuter 10 minutes
005, . ... 0.600 0.740
..... 0.680 0.950
..... 2.447 2.780
..... 3.700 3.850

4.078
4.175
4.222
140, ..o 4232 4.312
160..... o 4.380 4445

The results show that 0.60 to 0.80 ec nitrie acid give satisfactory re-
sults for the titration at 5 minutes and no serious error after 10 minutes.
The theoretieal volume of thicsalfate solution is 4.000 cc.

Since concentrated nitric acid is approximately 15 N, the desired con-
centration in the reaction vessel (0.60 to 0.80 ec in 10 cc) is about 0.9 to
1.2 N, Coneentrations of nitric scid much higher than this slowly liberate
free iodine from the excess iodide, as is shown by Ze data above.

The aceuracy to be expected from the direct titration of varying
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amounts of selenium was determined by titrating known amounts of
selenious acid solution. The average results were:

Be added, v Be found, v

4 H

7.9 8.4

15.8 16.9

31.6 33.8

475 49.8

83.3 66.1

79.2 82.0
158.4 161
237.6 241

With the proper conditions ascertained for the iodometric determina-
tion of soluble tetravalent selenium, the next step was to study the eon-
ditions necessary for the quantitative reduction of selenite, separation of
the free element, and its reoxidation to the tetravalent state. Noyes and
Bray (1927, p. 323) suggested the reduction of Se™* by hydroxylamine-
hydrochloride in approximately 5 N bydrobromic acid solution at steam-
bath temperature. Preliminary experiments with selenious acid showed
the same conditions to be satisfactory when hydrochloric acid was substi-
tuted for the hydrobromic. The characteristic brick-red precipitate is
obtained except with very small amounts of selenium or when interfering
substances are present. However, the ehange to the compact black form
may oceur very rapidly, so that the color is not a sure indication of the
true conditions. The procedure adopted after many tests was: The solu-
tion, held in a 25 X 150 mm test tube, is made 4-6 N with hydrochlorie
acid in a total volume of 15-20 ce. It is placed in a boiling water bath.
When it is hot, 2 ce hydroxylamine hydrochloride solution are added.
Heating is continued for 1 hour with the addition of 1 ce more of the
hydroxylamine solution. Centrifuging is done either at once or later.
Addition of a very little finely divided asbestos aids in eollecting the pre-
cipitate. If the asbestos is a thoroughly washed high-quality produet, it
does not affect the subsequent titration.

For the separation of the selenium from the liquid, two types of stiek
filter have been used with equal satisfaction. The first consisted of a
capillary tube, the bore of which was slightly enlarged at the lower end.
This swelling was filled with finely divided asbestos pulp. When con-
nected with a suction, the ashestos became very tightly packed but still
allowed liquid to pass with reasonable speed, 0.5 to 1.0 cc a minute. The
other filter had a larger opening at one end which was filled with finely
ground glass sintered in place. When a very thin pad of asbestos was
pulied over this by suction, rapid filtering was possible without loss of
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selenium, During the process of filtering, the inside of the test tube should
be washed down several times with water, so that eventually all soluble
materials are removed and the selenium is left with practically no water.

To oxidize the selenium, 0.8 ce of concentrated nitric acid is carefully
run down the inside of the test tube and the outside of the stick filter. The
tube is then placed in a steam bath for about 5 minutes and is turned
about until the hot acid has had an opportunity to dissolve all the sele-
nium present. The filter stick is put into a 125-cc Erlenmeyer flask and
washed inside and out with water. It is then laid aside, and the contents
of the test tube are washed gquantitatively into the flask. With the total
volume of liquid about 10 ce, the flask is placed on a sand bath and heated
just to boiling. Spattering must be avoided. Vapors are removed by blow.
ing out the flask two or three times with the breath. The flask is then
cooled in running tap water, the contents adjusted to approximately
10 ce, and a stream of nitrogen or carbon dioxide is bubbled through for
5 minutes ; 0.25 e of 25 per cent potassium iodide solution is next added,
and the stoppered flask is allowed to stand for 5 minutes. Titration is then
made with 0.001 M sodium thiosulfate solution and 1 per cent starch
solution.

The use of a very little asbestos to aid in eolleeting the selenium and
in filtering out the liquid does not interfere with the titration; larger
amounts obseure the end point. The color change involved in the titration
is somewhat different from that of an ordinary iodometrie determination,
for the liberated selenium gives a golden eolor to the solution which is
largely obscured by the iodine but becomes evident just at the end point.
The reason for heating the solution to boiling, blowing out vapors, and
flushing with an inert gas is chiefly to remove the reduction products of
nitric aeid, which react with iodide ion. Replacement of the air in and
above the liquid is advisable also because the liberation of iodine by
oxygen is thereby minimized. When the above process is carried out care-
fully, the amount of nitric acid finally left is approximately 0.6 cc, which,
as shown earlier, is suitable for the reduction of selenite and titration of
the liberated iodine.

The results of many experiments with different amounts of selenium
carried through the processes of precipitation, reoxidation, and titration
are summarized as follows :

Be found, v
Se added, v Bange Average
L X N 18.0~20.0 19.5
206 . e 38.2-41.8 395
£ 70.6~-78.5 76.7

£ 3 152 ~157 1546
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Recovery was satisfactory over the range studied, which covered poarly
all of the subsequent analyses on fruit and soils.

Analysis for Selenium in Plant Material —Before the accuracy of re-
covery of seleniom added to fruit could be studied, it was necessary to
decide upon a method for destroying the organic matter contained in the
skin and pulp of the fruits concerned without loss of selenium. The nu-
merour methods which have been described for wet (Robinson ef al., 1934;
Williams and Lakin, 1935) or dry (Mathews, Curl, and Osborn, 1937)
eombustion of plant material are time-consuming and are not without
objection when selenium is to be determined quantitatively, for the free
element and several of its compounds are readily volatilized. In an effort
to prevent such loss, attention was directed to the simplified Karns (1932)
apparatus devised by von Kolnitz and Remington (1933). In this, withina
closed system, a cartridge of the dried vegetable material is thrust slowly
into an oxygen flame and the products of combustion are absorbed in a
train of wash bottles. This proved so successful that most of the ma-
terials reported on below were burned by that procedure. Two 14 x 8
inch washing tubes containing about 4 inches of distilled water above
coarse Pyrex sintered glass filters fused in near the bottom were used to
eateh the products of combustion. Tests proved that most of the selenium
was trapped in the first tube and that none escaped the second.

Charring and volatilization of carbohydrates before they reached the
flame was a source of trouble with materials such as raisins, In seeking
to obviate this condition, & method of dropping separate pellets of the
material to be burned into a combustion dish was devised. It proved to
be so successful that the first method was abandoned eompletely. The
improved apparatus is shown in figare 1.

Fruit was divided as necessary, weighed, cut into thin slices, and dried
in deep porcelain dishes on & water bath until most of the moisture was
gone. The time required varied greatly, but 6 to 12 hours sufficed for most
materials. Drying was then completed by placing the leina
oven at 80°-90° C for a few hours. Nonhygroscopie material was then
ground through a meat grinder with the fine disk attached and pellets
weighing about 1 gram each were wrapped in onionskin paper. Ripe
grapes absorb moisture from ordinary air with great rapidity and be-
come sticky to handle. This may be avoided by grinding and wrapping
in a coldroom in which the humidity is low.

The process of burning dried material is described best with reference
to figure 1, which shows the main parts of the apparatus. A first pellet is
placed in the combustion dish A, and a tail of the wrapping paper is
ignited. Chamber C, with more pellets in the side arm, is placed in posi-
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tion and the oxygen flow and saction are started. These must be so regn-
jated that eombustion is clean, no gas escapes through the water seal K,
and frothing does not become excessive in the absorbers L and 1”. A fiow-
meter in the oxygen inlet tube is very useful. Each pellet should be
burned to a white ash before the next one is introduced. This is done by

Fig. 1.—App for ion of les: A, combustion dish; B, ring burner
made of Pyrex glasa; €, combustion cha.mber D side arm; E, cartndge holder; F,
rod; @, taube for mtroductmn of oxygen; H, ﬂowmeter 1, I, tubes for clrcuhtmg
water through outer jacket,J ; K, water seal; L, L', nbsorbers M M, traps; P, pellet
in holder.

pushing in the rod F until the next pellet drops into the dish. If one load-
ing of the side arm is not sufficient, more pellets may be placed in it by
withdrawing rod #. The temperature of the dish remains high enough for
some time to ignite the next pellet. Excessive heating of the water seal
and of the inlet and outlet tubes is avoided by maintaining a continuous
flow of tap water through the cooling jacket J, which is simply the upper
part of a large acid bottle.

The snccess of a eombustion is indieated by the color of the interior of
the flask and of the water in the absorbers. If these remain relatively
colorless, the organic matter is nearly all oxidized. On the other hand,
much tarry or resinous matter will prevent the successful isolation of
seleninm.
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When a burning is ended, the combustion chamber is allowed to eool
while the eontents of the absorbers are washed into 8 250-cc distillation
flask which conneets by means of a ground-glass joint to a condenser, The
inside of the combustion chamber C is rinsed with a small amount of kot
nitrie acid, then by distilled water, the combustion dish is dropped into
the distillation flask, any ash which adheres to the inlet or outlet tubes
is seraped into the water seal, and the tubes are washed with a very smail
quantity of hot nitric acid to dissolve any selenium on them. Lastly, the

TABLE 3
RECOVERY OF SELERIUM ADDED TO PLANT MATERIAL
Helenium added
Plant material Selenium Por cent
found recovery
Amount Form
M v per eent
2 Selocide | Grabes. .. | n >3
k2 Selocide Grapes 22 88
32 Selenite | Citrus pulp... 2 81
5 Selocide | Citrusrind. ... 58 105
a0 Selenite Citrus pulp. | 57 25
82 Selenite | Grapes. ... | 45 73
64 Selocide | Citrus rind .. ... | 57 80
43 Belenite Grepes.......... . | 52 8
4 Selocide | Citrus pulp... S 57 %
2 Selenite  { Citrus rind, R 81 &
76 Selenite Citrus rind... . k) 103
79 Selonite Grapes....... 69 87
™ Selenite | Barley straw... ... kit 87
82 Belenite . ki 87
& Sefenite I e 8 104
15 Selenite | Citrus pulp. .. . [ 148 ]

water seal with everything which has fallen into it is transferred to the
distillation flask. A little hydrobromic acid is added first to destroy the
excess nitric acid. Then bromine and hydrobromic acid are added, and
the selenium is distilled as in the method of Robinson ef al. (1934). The
distillate is treated with sulfur dioxide and hydroxylamine hydroehlo-
ride to precipitate the selenium. The rest of the process is as described for
the precipitation, reoxidation, and titration of pure selenite solutions.
The results obtained in sixteen runs with varying amounts of selenium
added to different plant materials are shown in table 3. The recovery with
grapes (average 84.5 per cent) was distinetly lower than with citrus
(average 94.5 per cent). This is due at least in part to the faet that this
portion of the work with grapes was done before the improved method of
combustion was used, and in several cases combustion was very poor.
While, on the basis of these results, correction factors might be applied
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to the analyses of material from the field, they would have no effeet what-
soever upon the significance of the results and hence are not used. Data in
the subsequent tables often is given to two decimal places as caleulated
from the titration figures. This undoubtedly exceeds the accuracy of the
results, but it is felt that they are known to the first decimal.

Through the courtesy of H. G. Byers, a sample of narrow-leaf milk
veteh, Astragulus pectinatus, from Kansas, was secured. The average
selenium content from several closely agreeing analyses was found to be
1,407 p.p.m. Byers (1936) has reported this sample to contain 1,750
p.p-m. Se. The finely ground sample had a very strong repulsive odor,
which is charaeteristic of plant materials that lose a volatile selenium
compound when dried (Beath, Eppson, and Gilbert, 1937) ; and since
about a year elapsed between analyses in the two laboratories, a decrease
in selenium content would be expected. The good agreement of the re-
peated analyses in the present work is an indication that the method is
applicable to highly seleniferous plant material.

Analysis for Selenium in Soil—For the separation of selenium from
soils, the bromine-hydrogen bromide distillation method of Robinson
et al. (1934) was used. Since this is a recognized method, only a few tests
with known amounts of added selenium were made to ensure that the
technique was correct. The distillate which contained selenium as sele-
nious bromide was put into a boiling water bath, saturated with sulfur
dioxide, and treated with hydroxylamine hydrochloride. The separation
of the free selenium and its reoxidation and titration were carried out as
described earlier.
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SELENIUM IN AND UPON GRAPES AND CITRUS
Orapes —Numerous sprays containing Selocide were applied to grape
vines during the months of May, June, and July. Fruit was harvested in
September and analyzed for seleninm content, The results indicated that
considerable variation occurred in the distribution of selenium. The fol-
lowing data cover the more important spray mixtures used. All results in
this section are expressed in terms of fresh weight.

Trentment Dueot  Seppm
Belocide 1:400 4+ 4 oz. blood-albumin spreader June § 0.5
t0 100 gals. .. oo July 7 25
Selocide 1: 600 + 4 oz. blood-albumin spreader June 23 0.3
to 100 gals S )July 7 18
Selocide 1:400 4+ 8 oz, Fluxi . July 7 0.7
Belocide 1:600 + 8 oz, Fluxit to 100 gals.. . duly 7 0.7
Selocide 1: 600 - liquid soap 1:400...... .. June 23 0.8
Selocide 1: 800 + tank-mix 0il 1:400............. May 22 1.0
Selocide 1: 800 + 4 oz. Fluxit, 4 oz, blood-aibumin
spreader, and 5 lbs. sulfur to 100 gals........... July 12 05
Selocide 1:100 + 4 oz. Fluxit, 4 oz. blood-albumin
spreader, and 5 Ibs. sulfur t0 100 gals........... July 12 0.4
..... 011
..... 0.08
Nome......ooiiiiiiiiiiii e L .20
..... 0.06
..... Av.0.11

The different wetting powers of the sprays and the varying stability of
Selocide in them make impossible any close correlation between concen-
tration of selenium in the sprays and the amounts left upon the grapes.
However, it appears that a considerable deposit resulted from the more
concentrated sprays and that early applications left but little selenium,
probably because both fruit growth and loss by weathering are marked
in the early part of the season.

A few preliminary experiments were carried out to test the absorption
by grapes of selenium applied to the soil. In each of these tests, on March
15, 2 gallons of soluti ining the specified of a sel
preparation were poured about a vine over a eircle of about 3-foot radins.
All fruit was picked for analysis on July 24. The results showed that
the grapes from vines treated with 1 pint Selocide (23.6 grams Se) or with
36.7 grams of sodium selenite (17.6 grams Se) eontained 0.05 p.p.m. Se,
which was the same as that in grapes from an untreated vine. The apph-
eation of 5 pints of Selocide (118.2 grams Se) resulted in the occurrence
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of 0.16 p.p-m. Se in the fruit. Evidently no marked absorption occurred
during the interval March 15 to July 24.

Citrus—Selocide sprays have been applied at intervals to certain
areas of orange and lemon groves since 1932. During the spring and
summer of 1935, samples of fruit from several of these groves were
analyzed for selenium content. The results are given in table 4.

In an attempt to determine if selenium is absorbed from the soil after
large amounts of Selocide have been applied to the ground about lemon
trees, 520 ee of Selocide in 22 gallons of water were applied to a depth of
18 inches in a 12-foot square on September 3, 1933. This amounted to 3
p.p.m. Se in the first 18 inches of soil. Fruit picked on March 10, 1935,
contained 0.02 p.p.m. Se in the rind and none in the pulp. A similar
treatment, except that 1,732 ce Selocide were used in 34 gallons of water
(10 p.p.m. Se in the soil) resulted in the following amounts of selenium
in the fruit picked March 10, 1935 rind, 0.31 p.p.m.; pulp, 0.05 p.p.m.
Fruit from an untreated tree in the same grove had 0.07 p.p.m. Se in the
rind and none in the pulp, and that from another untreated tree: rind,
0.06 p.p.m. ; pulp, 0.03 p.p.m. Se.

Effects of Several Years’ Spraying upon Selenium Content of Soil and
Fruit —The data given in the two preceding sections indicated that but
little selenium oecurs in citrus fruit or grapes as the result of ordinary
spraying with Selocide over short periods. Since the material had been
applied to certain groves and vineyards for several years, both soil and
fruit from these localities were analyzed to obtain information on the
distribution of selenium in the s0il and its absorption into fruit.

During the summer of 1937, fruit and soil samples were taken from
eight citrus groves which had been sprayed to varying extents with Selo-
cide. Similar samples were taken from other parts of the same or neigh-
boring groves which never had been treated with selenium. In each case,
the corresponding samples were from localities of the same soil type and
treated by the same irrigation and other cultural practices. The exterior
of each fruit used for analysis was washed in nitric acid to remove any
adhering selenium. A preliminary aecount of the analytical results has
slready been published (Hoskins, 1938). The complete data are given in
table 5,

The soils-were classified by M. R. Huberty, Aseociate Irrigation Engi-
neer in the Experiment Station. Additional information eoncerning their
origin has been furnished by C. F. Shaw, Soil Technologist in the Experi-
ment Station, Berkeley, as follows :

The Altamont soils were formed by the weathering in place of marine sandstones
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