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INTRODRUCTION

One of the important methods used in the successful campsaign to
eradicate the Mediterranean fruit fly (Ceratifis capilale Wied.) Srom
Tloridae was the application of & poison spray on which the adult fies
fed. The most effective balt spray available in this emergency con-
tained lead srseuate as the poison. Although it had been known for
many years that srsenic hastened the mafurity of eitrus fruit by
reducing the acid content and that its use had, in some instances,
rendered the fruit unpelatoble, the menacc of this insect pest to the
citrus industry of Florida and to fruit production elsewhere in the
United States was so great that the authorization for the use of this
poison was fully justified, and its use was approved by responsibie
State officials.

During the eradicstion campeign voluminous notes were aceurnu-
lated as to the effect of the bait sprays on citrus trees and fruit.
These notes were of & general nature, and the observations recorded
were more ov less conflicting. It seemed necessery, therefore, to
conduct some carefully planned experimenis to secure accurate infor-
mation on the effect of arsenic on citrus trees. This bulletin reports
Ahe results of fundamental investipations carried on under funds pro-

}\;\lldmg for necessary research to eradicate this major pest from
orida.

16674 1~33——1
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' - "PREVIOUS WORK

Soon after arsenic was first used nn citrus io Floride—in 1893, by
Lvman Phelps—it was found that the fruit on arsenic-sprayed trees
matured more quickly than other fruit (4, p. 81}.! Since that time
arsenicel materials have been used considerably, sometimes to con-
tro] insects bub more often to hasten the legal maturity of the fruit,
Certain insecticides that have been sold in Florida have been found
to coniain arseniec In constderable quantities, In one case, in 1915,
as much as 2.93 per cent of arsenic trioxide (As,(,) was found in a
commeonly known material.?

In 1921 Gray and Ryan (9) published an account of some arsenical
spraying in California. They found that wher acid lead arsenate was
used the acidity of oranges was reduced 50 per cent or more from the
pormal but that the sugars were not significantly changed. When
basic, or neutral, leud arsenate was used there was little or no change
in acidity. These workers believed the ncid reduction to be due to
the soluble arsenic libersted on the foliage. They stated that the
effect on the tree probably was systemic, for all the fruits examined
from the sprayed trees were of reduced acidity.

In 1925 Jurits (1) discussed the use of arsenic on citrus trees in
South Africn. The treatment of the trees and the effect on the acid
and sugar of the fruit are shown in Table 1, which is faken from his
report.

TABLE |—Analysis of sprayed and unsprayee eranges made by €. F. Jurilz in
South Africa, 1525

Auwlyses of frait

Insecticide used per Liee

Acid I Sugar

Perceml | Fer cond
Lead arsennte mixture, 53 onntes 0. 18 112
Lead arsenate mixture, 2654 punves .. oo

Chack, unsprayed

Juritz stated that the effect remuined more than u year and that
the whole tree was systemically affected if only one-half was sprayed.
He was the first worker to report that the soluble solids of the juice
were seriousty reduced.

In 1925 the State of Florida passed legislation restricting the sale
of fruit that did not pass certain maturity tests of acid and soluble-
solids requirements (6). When this was done and certain growers
realized that the legal maturity of fruits could be hastened by arsenical
spraying, many instances were found where the legal maturity was
speeded up by spraying or dusting.

In 1926 Grossenbacher (1) suggested that there be some definite
requirement regarding the ratio of solids to acid for a standaxrd of legal
maturity (. e., & maximum as well 28 2 minimum value for the ratio),
thereby disqualifying arsenical-sprayed fruit. In 1927 the Florida
Legislature passed a law forbidding the use of arsenic on citrus trees,
but in 1929 amended it (8) to permis the use of arsenic when necessary
in erndication measures such as those directed against the Mediter-

1 Itolle nurebers (o parenthieses refer 10 Literature Cited, p, 20.
3, Miseollnneous anaiyses 22611, made by C. B, Walker of the Bureau of Chomlistry and Solls, U, 5,

Dapartment of Agricnliurs.
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i'anea? )fruit fly, and again legislated against shipment of immature
ruit (7).

Werk done by Yothers and others in Florida in 1926 (17) established
that only the part of the tree sprayed was affected. Examinations
of sprayed trees showed that the fruiv in the tops of the trees, which
could not be reached by the spray, was normal, whereas that on the
Iower branches was considerably affected. This is shown in Table 2,
which is condensed froin o table in the arficle cited.

TapLE 2.—Effect of lead ursenate on lotal soluble solids and ratic of acid io solids
in oranges

fanalvees of Wov, 10, 1924)

Ratio of

Source of fruit anstyzed Sugar Acid aeid to
suger

Per eent | Per cent
Top of tree. . 9.75 126
Lower limbs J— e 9. 00 L&

Top of tres - - 9. 10 1.2
Lower limbs - 8.85 L 48

TaBLE 3.—Effect on oranges of arsenical applied as a dust
(Analyzes of Wov., 3, 1928]

Ratio of

Soyrce of sample Sugar acid to
SUgar

Per cent | Per cend
5. 70 [T

Trssted irees. 3
Check {rees. . -- - 9.3¢ L1t 1to 838

1 to 68,38

Trees that were dusted with 90 per cent sulphur and 10 per cent
lime and lead arsenate were affected just as were those that had been
sprayed, s shown in Table 3, which is from another table in the same
ariicle by Yothers.

Yothers reported that mature-picked fruit can not be changed by
jmmersion in a lead arsenate mixture.

In 1927 Hawlkins and Barger (10) corroborated the results of pre-
vious workers in the use of srsenic on citrus and advised against its
general application for the purpose of hastening fruit maturity.

In 1927 Copeman (8), in South Africa, investigated the use of arsenis
cal and other materials on citrus and found that arsenic reduced the
acid in the fruit but that there was no significant change in the sugar
content. He concluded that the effect was systemic and that the
fruit wes affected through the leaves. The guantity of arsenic used
per tree by Copeman was apparently less than that used by Juritz.

Takahashi, working in Japan, published o paper in 1828 (I6) in
which he reviewed most of the previous work on arsenic. He corrobe-
rated the findings of other workers as to reduction of acid and increase
of sugar in navel oranges on arsenical-sprayed trees, as shown in Table
4, which is taken from the article cited.
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TazLe 4.—Effect of lead arsenate tn sproy on navel orangee as defermined by Thuro
Takahashi in Japan in 1088

Fringipai ompenents of
juica

Per- Rati
| atig
“Trestment of plots centage ity of sugar

of inica :
topulp | % Citrie n?gém' Ttar | t0 aeld
sugar

acid sugar

Lzad orthoarseoate, 2
pounds; lime sulphur | Groms (Number|Per cenf Eoor cenit| Per centlPer cendl
(0.8 per cent), 50 gallons. 2221 5| 78.73] £4,55 . . BB4G | B. 0128

Check 216. 1 §| 76.18 | GB.53 : . 4, 7250 | 7. 5630

Takahashi found that the effect persisted for more thon one season
and stated that small fruita were more affected than large fruits. No
attempt was made to explain how arsenic affected citrus trees, al-
though the opinion was expressed that it was through the root system.

In 1931 Copeman (4) published a very comprehensive study of the
effect of arsenic on the ripening of fruit, in whieh he confirmed, with
additional evidence, the points mentioned in his previous paper.

In 1929 Singleton (75), in Florida, stated that lead arsenate used
in the proporiion of one-half pound to 200 gallons had a very desirable
effect on citrus fruit, but that when used at greater strengths 1t was
quite unsatisfactory.

Work done in 1929 by the senior author and McBride, which was
reported n part in 1931 (/8), showed that when the fruit itself or
the leaves of the branches immediately surrounding the fruit were
sprayed the fruit was affected. Dipping the small, green fruit on an
unsprayed tree in lead arsenate suspension aflected it just as would
tue spraying of the foliage, and when the {ruit was protected by a
paper bag and the leaves around it sprayed the fruit was affected.

In 1632 Nelson and Mottern (Z4) reported the results of the analysis
of oranges, sent to them by the Orlando laberatory, which had been
sprayed with lead-arsenate bait spray. Their aaalyses showed that
these were very low in acid and also low in suerose. An important
point, however, 1s the fact that in oranges heavily sprayed with arsenie
the vitamin C content was reduced considerably. These writers also
reported that the arcenic content of the edible portion of the orange
was notchanged by spraving the tree with heavy goses of lead azsennte.

METHOD OF INYVESTIGATION

‘Work on this problem was undertaken with the idea of determining
how arsenical insecticides affect tress and fruit. Other workers have
ointed out clearly that arsenic does affect citrus fruit through the
eaves or irees, but have told practically nothing about the extent
of effect from various quantities.

In order to determine whether or not arsenic may produce the effect
through the soil instead of the leaves, large quantities of lead arsenate
were applied to the soil under orange and grapefruit trees, and analyses
of the soil, fruit, and loliage were made ab intervals for two and one
haif years afterwards.

In all the spraying work only half of a tree was sprayed, and the
remaining half was used as a check. The unsprayed portions of these
trees were compared with the adjoining trees that had not been




LEAD AERSENATE INSECTICIDES ON ORANGE TREES 5

sprayed, and no difference could Le detected other than small differ-
ences attributed to the normal vartabliity of trees. The unsprayed
half of a tree was aJways used fur a check on the sprayed half, and
in this way individual tree differences were eliminated.

ARSENICAL DETERMINATIONS

Orange trees were sprayed with verious quantities of acid lead
arsenate, and at intervals of one month quantitative determinations
were made of the water-soluble and insoluble arsenic remaining on
the leaves.

RESPIRATION

T+wigs from the same group from which the arsenical determinations
were made Were placed in respiration chambers and the quantity of
liberated carbon dioxide measured. After this the relatlon between
the arsenic present on the lenves and the quautity of carbon dioxide
liberated was worked out,

CATALASE ACTIVITY

Other leaves from the same group were used for determining the
quantity of catalase present in leaves on which the various quantities
of arsenic were found.

FRYIT ANALYSIS

Fruit samples were taken for analysis from the trees that had been
sprayed with arsenical insecticides, and determinations were made of
the arsenic present, as well as of the relation between this chemical
and the respiration and catalase of the leaves. When the fruit was -
quite small, approximately 25 to 30 mm in dizmeter, the hydrogen-ion
concentration was measured electrically. As soon as enough juice
was availnble the percentage of soluble solids was determined by a
Brix hydrometer and the acid by titration with the standard aliali.

KIND OF CITRUS TREES USED

The work reported in this bulletin, except where otherwise stated,
was carried on with orange trees. The principles involved in the
effect of arsenic on grapefruit, tangerines, and other citrus froits are
probably the same as those involved in the effect on oranges, bus the
quantities of arsenic required to produce these effects may differ.

EFFECT OF LEAD ARSENATE ON CITRUS TREES WHEN APPLIED TO
THE SOIL

There has been much theorizing as to the effect of the drip of
arsenienl insecticides on the soil beneath citrus frees. The wrnters
were unable to find any published information on this point, although
uppublished notes of work done in 1926 by W. W. Yothers, ¥. A,
Wolf, and O. C. MecBride reported the results of apphcataons of
argenic to the soil under citrus trees. Paris green, white arsente, and
lead arsenate were used in quantities up to 1% pounds per tree without
any effect on fruit maburity as shown by either taste or chemmcal
analyses. In the present work the quantity of arsenic applied to the
soil was much greater than would result from the dripping of arsenical
sprayg over more than 250 years,
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A seedliug orange and o grapefruit tree more than 30 years old
were chosen for the experiment., The treated and check frees were
close to each other and on the same type of soil, which was Norfolk
sand, well drained and having the average amount of humus.

‘The soil was sprayed at intervals of from one to two weeks with a
haad-opernted pressure apparatus fitted with a rod and nozzle.
Sixty applications of one-half pound of lead arsenate {30 pounds in all)
in 7% gallons of water were made beneath the grapefruit tree, and 14
applications (7 pounds in all) beneath the orange tree.

METHOD OF ANALYSIS

To obtain the arsenic from the soil for analysis, the distillation
method (2, p. 85) was used. Fifty grams of soil was found to be the
most satisfactory quantity for the test. After the solution had been
obtained from the distillation, the quantity of arsenic in the solution
was determined by the modified Gutzeit method. The pH value of
each sample was determined by the Welch hydrogen-ion-concentra-
tion apparatus,

FPENETRATION INTO THE SOIL

The frst analysis was made just after the 80 applications to the
grapefruit tree and the 14 appheations to the orange tree had been
completed. The resuits are given in Table 5.

TasLe 5—Effect of ursenic in the soil on the fruit of grapefruil and orange frees,
COrlando, Fla., 1581

Parts of aysenic triox- : .
ide per miliion of soil Fruit analyses

1ta §to 1 Ratio of
ipchas inches solids to
denth depth aoid

Per cenl
Grapefrmt y . . 2.2
Check grapelinit. .. - .04 . 3 2,20
Orange. —— .- il 3 1ot

Check crange — L . 3 LY

After 30 pounds of acid lead arsenate (PDHAsO,) had been apphed
to a slightly acid soil under the grapefruit tree, the first 2 inches of soil
had arsenic present {(as arsenic trioxide, As,(,) in the proportion of
2,000 parts per 1,000,000. During the 1}%-year period over which this
material had been applied there find been 115.15 inches of rainfall,
and arsenic was found doewn as deep as 14 inches in the proportion of
3 parts of arsenic trioxide per 1,000,000 of soil. This makes it certain
that the arsenic was well diffused among the roots, for almost all the
roots of these citrus trees sve found in the first foot of soil.

The orange tree under which 7 pounds of lead arsenate had been
applied bad proportional quentities, 700 parts per 1,000,000, in the
upper 2 inches of the soil about its roots.

EFFECT ON FOLIAGE AND FRUIT

In the case of both the grapefruit and orange trees, the trees weve
absolutely normal, and only o trace of arsenic was found in the leaves.
The flushes of growth appeared regularly, and the folinge was of nor-
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mal size and color. The fruit was not affected, for by analyses the
acid and solids were found to be but little different from those of the
check trees. The color and size of the fruit were similar to those of
the untreated trees near by.

EFFECT ON UNDERGROWTH

There were no differences in the growth of vegetation under the
sprayed and unsprayed trees. With a few excepticns, there were
the same plants, in the same state of growth, beneath both the sprayed
and the unsprayed trees. Under the grapefruit tree where there were
2,000 parts of arsenic trioxide per 1,000,000 of soil, the following
species were present: Spanish needle (Bidens leucanthe L. Willd.),
Mexican tea (Chenopodium ambrosioides D), and ragweed (Ambrosia
bidentota Michx.). Under the oronge tres, where thers wers 700 parts
of arsenic trioxide per‘1,000,000 of soil, Spanish needle, Mexican tea,
and crab grass (Bleusine indice Gaertn.) were growing normally. All
of these plants prew under the check wree also. Because of the
protection afforded by the lead arsenate there was little insect injury
on the planis where the soil was treated.

LDSS OF ARSENIC FROM THE SOIL

Lead arsenate, when applied to the soil as in the foregoing experi-
ments, is not readily leached out by the normal rainfall of Florida. A
year after the previons analysis a second one was made of the soil
beneath the grapefruit free, and 1,800 parts of arsenic frioxide per
1,000,000 in the 1 to 2 inch range were found, and 5 parts at the8 to
10 inch depth. Even though this large quantity of arsenic was
present around the roots of the tree for over a year, the tree was normal
and set a good crop of fruit. The vagetation beneath the tree was the
same a5 during the previous year.

Itis very improbable that any arsenical injury would ever result from
the dripping of the spray material after an application of fruit-fly
batt. When it is considered that 1 pint of a spray containing § pounds
of lead arsenate to 200 gallons of water is sufficient for a free, the 30
pounds used on the soil beneath the grapefruit tree would make enough
spray material for 6,000 applications.

APPLICATION OF LEAD AKSENATE TO TREE AND FRUIT
TIME THE INSECTICIDE REMAINS ON THE TREE AFTER SPRAYING

The first and most important consideration in determining the
effect of arsenical insecticides on orange leaves or foliage is an exact
analysis to find the quantity of arsenie, soluble and insoluble in water,
that remains on the leaves at various intervals after spraying.

Samples of leaves were taken from a representative part of the
tree and were selected from such trees as would give a cross section of
the entire treated or untreated plot. Ten grams of green weight was
found to be the most satisiactory sample and these samnples were
always run in duplicate. The determination of arsenic was made by
the official Gutzeit method (2, p. 506).

To determine the water-soluble arsenie, the leaves were kept for
10 minutes in 200 c ¢ of distilled water, and this solution was then
carefully filtered off and analyzed. The leaves and filter paper were
then used to determine the water-insoluble arsenic.
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To determine the total arsenic trioxade (As,0;), the arsenic was dis-
solved from the leaves with 2 per cent hydrochloric aeid at room
temperature (21° to 26° C., or 69.8° to 78.8° I'.}. The leaves, cut in
half-inch strips, were Lept in this solution for at least 10 minutes.
At the end of this time they had usually turned yellow or brown. Teo
check this method of removing arsenic from the leaves, many of the
samples were afterwards dlgested and.the remaining arsenic extracted
by the distillation method (2, p. 35). The additional arsenic found
wag less then 1 per cent of the total arsenic of the sample.

The greatest guantity of soluble arsenic was present immediately
after spraying, and durng the first month two-thirds of this disap-
peared. After this there was only a gradual decrease. The rate of
%sappemnnce of arsenic from citrus trees is shown in Table 6 and in

gure 1

TanLe 6.—Milligrams of arsendc irioride per 10 g ! of fi esh leaves al monthly intervals
after one application of spray consisiing of & pounds of lead arsenate {o 200
gatlons of waier, Orlanda, Fla., 1931

Arsenie trioxide Arsenic tripxide
(As:0n {As200

Cumula- Cumula
2 H Time after spreying -
Live min- ing, months tive ain-

Waler- | Water- talt Water- | Water- fall
sofuble | insoluble ) sofuble | insoluble

Time alter speny- §___
ing, months

My Ay Trches }\fg kL Iuch'v
0.3 . 3 4
.04 . . G e
.01 .

1 gIs the abbrevialion for grain or grams,

The trees had been sprayed with 8 pounds of lead arsenate to 200
gallons of sirup-sugar mixture. During the six months there had been
22.21 inches of rain.

Analyses were made from time to time of leaves from trees that had
been sprayed 1 year or 18 months previously, and arsenic was still
found in quantities such as 0.001 mg per 10 g of leaves. There wos
very little difference in the squblhty or rate of diseppearance when
etther sirup and sugar or lime sulphur was added to the lead arsenate
mixtures.

ARSENICAL CONTENT OF W0O0OD, “ARK"I‘II;{[E%SSSOMSI AND SMALL FRUIT OF SPRAYED

In an effort to defermine what bappens to the arsemic that is
sprayed on citrus trees, nnalyses of thoroughly acid-washed bark and
wood from limbs 1 inch in diameter, as well as hlossoms and sma,ll,
green fruit one-fourth to thres-eighths inch in diameter, were made®
In 201 out of 204 samples in which live bark and wood given 15 appli-
cations of 1 quart of {ruit-fly bait spray were analyzed the barl
showed more arsenic than the wood. The arsenic in the bark ranged
from 0 to 4.5 mg per kilogram of bark. In the wood, from 0 to 2.05
mg of arsenic was present per kilogram of wood. In ‘the analyses of
orange blossoms from similarly sprayed trees arscnic was found to be

.

3 MeBnipe, O, O, Magrowe, R, 1L, and Bas§eTr, I P. GUIZEIT DETERMINATIONS FOR ARSENIC IN
CITRDS FRUIT JOICES, LEAVES, TWIGS, AND DLpssoMs, Unpublished manuseript on fils in Bureay of En-
temelogy, U. 8, Department of Agricullure.
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present in quantities ranging from 0 to 6.9 mg of arsenic trioxide per
kilogram of sample. In the small fruit the quantity of arsenic
pé‘tasent fa.nged from a trace to 0.18 mg of arsenic trioxide per kilogram
of sample.

In ail the analyses of bark, wood, blossoms, and small fruit made
above, the samples were taken from trees to which no arsenic had
been applied for at least four months. This shows that in the case
of the wood and the blossoms and small fruit which were produced
the next season after the sprays were applied, the arsenic had been
translocated from the sprayed parts.

EFFECT OF ARSE NICALS ON RESTIRATION OF ORANGE LEAVES

Respiration, one of the most vital processes carried on by living
plants, wos studied to determine how 1t was affected by various
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FicURE 1.—Quantities of arsenic trioxide per 10z of fresh lenves at monihly Intervals after ona
sproying of 8 pounds of Yead arsensie in 200 gnllons of water. Semilogarithmic

quantities of arsenic. The fact that arsenic stimulated respiration in
Elodea had becn established by Lyon (1£). In this case he sub-
merged Elodea in an arsenical solution and found that respiration
was stimulated up to 160 per cent of normal.

In the present work the rate of respiration was meesured by de-
termining the quantity of carbon dioxide liberated in o closed jar at
a constant temperature, 25° O. (77° F.). The gas, carbon dioxide,
wes absorbed in sodium hydroxide solution (tenth normal) and titrated
against hydrochloric acid (tenth normal) by the use of the double-
indicator method.

When a test was to be made, twigs having from three to five leaves
were cut under water, and the cut end was put in a vigl of water,
During the 2-day run the whole assembly was kept in & jar with the
sodium hydroxide in the bottom. The sodium hydroxide was titrated
once daily. The entire experiment was run in a dark room, and the

155741—33——-=2
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twigs were kopt at a temperature that varied less than one-half
degree during the time of the experiment. After each run was com-
pleted, the area of leaves used was determined by a planimeter, and
the weight of carbon dioxide libernted per square inch per 24 hours
was used in comparison. In all cases the determinations were made
in triplicate and the mean of the three used. The results of these
observations are shown in Table 7 and Figure 2.
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Tanve 7 —The effect of lead arsenale in wuriows guantities on the respiration (carbor
dioxide liberated in the dork) of orange {eaves

Avarave
Meter- solybte
ming- | arsenic tef-
tions oxide per
mode  |1tg of green
tenves

Tarhon di-
oxide liber-
nted per
siHare ingh
Tier tay

Inerense in

Tihgration
of earban
dinvide

Treatmient

Nymber My g Jereend
Unsneayed, eheek 27 o . amm mmmaoea
. 026G . hna

Spriayed with dilule arsenical solution ggﬁﬁ 3
. i}

Sprayed with caneenlrated nrspnical suliction - 1930

As can readily be seen, water-soluble arsenie in very small guan-
titics increnses respirntion.  When only enough arsenic is present on
orange leaves to stimulate respiration 5 to 10 per cent (less than 0.01
mg soluble nrsenic trioxide on 10 g of green leaves) there is no injury;
the leaves even become more glossy and take on a more intense shade
of green, When the quantity s increased the stimmulation is incrensed
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in direct propertion, and when the stimulation goes from 50 to 75
per cent ebove normal the leaves become yellow, and when the quan-
tity is increased beyond that point the leaves usually drop.

When compeunds of arsenic of different solubility were used, as
when lead arsenate was compared with some form of 2 soluble arsenic
compound, such as sodium arsenate, it was found that the stimula-
{:ion wasg in direct proportion to the quantity of soluble arsenic on the
eaves,

It has been pointed out that arsenic remains on trees for long
periods affer the spraying has been done. I is here shown that
when soluble arsenic 1s present on citrus lenves the respiration is
stimulated. Other experiments extending over the entire growing
season have shown that the respirntion of arsenical-spraved trees

S

l
LA -
»/

3

IN
N
\
Qe
N
N
\
N
&
X 2
S
N
N\
R
X
1y
3
N

- | el
%‘&’/ N7 -4 N4 S s 2z

STULBUE FETEMT TRV O P & CF LLEGHES (5

FiGuke 3.—EMeel of lead arsenate in vorious quantities on the catalage aglivity of orange trees,
Semilogarithmis

was constantly stimulated as long as lead arsenate was present on
the leaves,

EFFECT OF ARSENICALY ON CATALABE ACTIVITY OF ORANGY LEAVES

One of the standards used recenily as a measure of the state of
growth or condition of plants is the quantity of catalase present.
In general, other workers have found that leaves that are growing
vigorously show a high catalnse content as compared with thoqe that
are yellow or are growing poorly. Determinations were made both
on a small scale from twigs sprayed by hand and from the trees that
were given normal applications in the feld.

The quantity of oxygen liberated from hydrogen peroxide by the
catalase of the leaves was used as an index of the catalase activity.
In making this determination five disks 1 .cm? eack were cut from
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leaves washed in tap and distilled water and ground to a smooth
paste with an equal quantity of caleium carbonate (CaCOQO,) and 2
few drops of water. "This was washed into aflask with 15 to 20ml
of distilled water and allowed to stand at 25° C. (77° F.) for one hour,
Then it Was connected to the apparatus where 20 ¢ ¢ of neutralized
hydrogen peroxide (H,0,} was introduced and the guantity of
oxygen evolved in five minute measured at one-half minute inter-
vals. All the determinntions were made in o water bath at 256° C,

The guantity of soluble arsenic on the leaves from which the disks
were taken was determined by the Gutzeit method. The results of
the experiment are shown in Table 8 and Figure 3.

TapLe 8.—The effect of lead arsenale in various quantilies on the cotaloseactivity
of erange leaves

Zolubla
arsenie Qxygen Ingrense
trioxids | liherated [or decreasa
per 10 g ind In catalase
afl fresh minntes activity
leaves

Determi-
Treatment nations
made

My
Unspreyed, check

. 0027
Sprayed with dilute arsenieal solution.

Sprayed with concentrated arsenieal solntions

1t can readily be seen that the catalase activity changes according
to the quantity of soluble arsenic present. The lighter application
stimulated the catalase activity. When quantities less than 0.05 mg
of soluble arsenic trioxide on 10 g of green leaves were present the
catalase activity was increased. In heavy applications, where the
arsenic trioxide ranged from 0.255 to 10.0 mg, catalase activity was
decreased or entirely stopped. In these cases the leaves were usually
injured so badly that they fell. Extensive experiments showed that
catalase activity could be increased mot over 10 per cent and no
injury result. Such stimulation usually followed the presence of
about 0.01 mg of soluble arsenic trioxide per 10 g of green leaves., The
quantity that caused the most favorable stimulation of respiration
caused the most favorable stimulation of catalase activity also.

RELATION BETWEEN LEAF PROCESSES AND CONDITION OF THE FRUIT

The relation between the respiration of orange leaves during the
growing season and the percentage of acid in the mature fruit is very
definite. 'The respiration was measured several times during the
arowing season, and the average increase or decrease over the check
was recorded in terms of per cent. The acid was determined at
maturity and considered as a per cent increase or decrease over the
check. The check in each case was the unsprayed part of the same
{ree from which the respiration studies and fruit analyses had been
made. This relation is shown in Table 9 and Figure 4.
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FiGoRe 4,—Relatipn beiween respication of orange leaves dnring the prowing season and the agid in
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TABLE 9.—The relalion between the respiration of orange leaves during the growing
seqson and the acid in fruit af moturily

Increase Decrease
over nor- | from nor-
Prentientt mpl in | moal inacid
respivtion | in freit

of leaves? juien

Check, no treabinent.

er cr.gti Percent
Lea&l}nrsmate 1 pouud water, SO gallons . oo lgg
LCB% grsenoto, 2 pounds; water, 80 gailopa_ . . ':-:g

11 appiication June 4, 1931. T Averapo of 4 monthly anniyses.

As ean quite readily be seen, when the respiration is increased the
acid in the fruit is reduced.

Besides the relation between the acid and respiration, there appears
to be an agreement between the catalase activity of the orange leaves
and the soluble-solids content of the fruit juice at maturity. Table 10
and Figure 5, indicating this relation, show o maximum increase in
soluble solids of 1.5 per “cent. Differences 2s small os this, however,
sheould be the resulf of many determinations under various conditions
before they can be considered significant.
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TasLe 10.—Relation between soluble solids of orange juice al maiurily and the
catalase activily of leaves during {he growing season

Tnpreass Inerense

or decresse
Treatment 1 ig&?vt‘i’i“;? in seluble

solida

Per cent Per cent
Chegk, no treatment I 1}
1ead ersenate, 1 pound; water, 50 gallozs. R A
Lead arsenate, 2 pounds; water, 50 gailons

Doomomer .

]
5
&

11 epplication June 4, 15931, ? Averape of 3 monthly soalyses.

“T
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PIGURE 5.—Relation between scluble sollds of orange juice ot maturity and cafalase sctivily of
tha lzaves during {he seasen

EFFECT OF ARSENICALS ON ORANGES WHEN LEAYES AND FRUIT WERE SPRAYED

As stated previousty, it has been known for a considerable time
that arsenic greatly changed fruit composition. In order to determine
just how much effect various quantities of arsenic did have on fruit
composition, many anslyses have been made both of the insecticide
on the tree during the growing season and of the fruit at various stages
of development. In most cases only the iotal quantity of arsenic
remaining on the leaves and the composition of the fruit at maturity
are shown.

METEQD O MAKING DETERMINATIONS

The hydrogen-ion determinations were made by means of a Welch
quinhydrone apparatus. Eerly in the season, when the fruit was
small and the guantity of juice was insufficient for » titration, a half
{ruit was covered with quinhydrone and the contact and bridge placed
in the macerated material. When the {ruit contained more juice the
acid determinations were made by titration against sodium hydroxide
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(0.156 N) and the soluble solids determined by a Brix hydrometer.
The latter methods are the standard methods used for making the
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I1aveg §.~—Efect of lead arsenate on the agid in crange juice when arsenie trioxide bas been present
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FigyrE 7—Efect of lead arsenate on the seluble soiids in ocraoge juice when arsenie trioxide has
been present o the leaves in varyiog gusntities during the growing season. Semilogarithmic

maturity determinations called for by the State laws of Florida (5}
The resuits of these analyses are shown in Table 11 and Figures 6 and 7
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Taste 11.—The effect of lead arsenate on the vcid, solids, ratis, and pH of erange
Juice when it has been present on the leaves in varying quantilies throughout the
growing seazon

1
Tota) i

arsenic :

trioxide ! Seluble | Ratio of

Spray trealmeat |, periCg ol solids in | solids to

green Jeaves juice ackd
at pieidng
time

Pereent | Percent

Check, no treatment . 1.47 1.0
Lead arsenate, 2 pounds; water, i gellons, § year pri-
vious___ i) L4 12 20
As above, 2 gpplications - . Ll 12.20
As above, 0 applications —- . .53 1L B0

Lesd arsepaie, 1 pound; water, 50 galions, § months
previous . - 10. 74
Lead arsenste, 2 poands; water, St gallons.________} : L5 il 81
As nhove, severad applications________._..... 3 -] 1160
30 pounds lead arsenate, applied to 1 tree ks A7 .65

RV T 1R -1 =N R

BBEBR Bhe o~

! When arsenic was present in these quantities the leaves were injured gnd meny of them fell, soa part
of the arsenical effact was jost, 7Tlesa analyses were from leaves 5til oo the trees.

HYDROGEN-ION CONCBNTRATION

There was & very definite relation between the hydrogen-ion con-
centration of fruit st maturity and the quantity of arsenic used on
the tree.

ACID IN FRUILIT JUICE

Smell quantities of arsenic reduced the acid in oranges very decid-
edly. When as much as 0.01 mg of arsenic (as arsenic trioxide) was
left on 10 g of leaves at maturity, which was the quantity that would
probably be left after a spraying of 8 ounces per 200 gallons of water,
the maximum change was produced. Ten or one hundred times this
gus_tnt.ity made no appreciable difference on the acid content of the

ruit.
SOQLUBLE SOLIDS IN YRUIT JUICE

Gray and Ryan (9) state that the sugars in fruit were not signifi-
cantly changed, but work by Juritz (17) showed that there was a con-
siderable decrease in sugars. While these points are apparently in
disagreement, the data indicated tbhat widely different quantities of
arsenic were used by the two workers. Copeman stated that the
sucrose was decreased but that there was no significant change in the
total sugars (3). In the Florida work it was found that a very slight
quantity of arsenic, 0.004 to 0.008 mg of arsenic trioxide, reduced the
acid in the fruit juice considerably; the same quantity actually in-
creased the soluble-solids content in fruit at maturity. When more
than this quantity of arseniu was present on leaves at maturity the
soluble solids were reduced in direct proportion to the quantity of
arsenic present.’$: When as much as 1 mg was present af maturity
there wes approximately a 10 per cent reduction in the soluble-solids
content of juice of mature fruit.

RATIO OF ACID TO S5OLUBLE BOLID3

Since the effect of 0.008 mg of arsenic trioxide on orange leaves at
{fruit maturity wae shown in the reduced acid content of fruit juice
and slightly increased soluble-solids content, the ratio of acid te solids
was obviously changed. When more than this quantity of arsenic
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was present the solids were decreased; but because of a very great
decrease in the acid also, the ratio was sometimes extremely high.
The writers are of the opinion that the fruii composition is changed
only when the majority of the actively growing leaves on the tree at
the time the fruit is growing have arsenic on them. For example,
when arsenic was applied only to the old leaves of an orange tree it
produced no effect, but later when it was applied to the young leaves
the fruit, composition was changed considerably. When lead arsenate
wag applied s late as eight months before some Temple oTanges were
analyzed and only the old leaves were present, there was no effect on
the frutt composition, but wliere the new leaves had appeared before
the lead arsenate was applied there was a very marked change in the
composition of the fruit. When the leaves that have arsenic on them
drop from the tree their effect on the fruit will be lost. If this hap pens
during the first season, the next crop will be normal, but if the leaves
stay on for more than s year the next crop will be afiected also.

ARSENICAL AXALYSES OF FRUIT JUICE

Only a trace of arsenic was found ¢ in a liter of orange juice when
a tree had been given thirteen l-quart applications of fruit-fiy bait
spray at 10-day intervals. This mixture contained 8 pounds of
lead arsenate per 200 gallons. Eighteen daily applications of lead
arsenate of the same quantity and the same strength were applied
with the same result.

Arsenic as arsenic trioxide (As.Q;) was found to the extent of
0.01 to 0.16 mg per liter of juice when 17 applications of 5 gallons
of bait spray were made at 10-day intervals. Since the quantity of
arsenic found in a fiter of juice when the trees were very excessively
sprayed was only « small fraction of a minimum medicinal dose, the
juice from fruit trees normally sprayed could be in no way toxic for
human consumption.

CHANGE OF DH OF QRANGE JUICE DURING GHOWTH

The hydrogen-ion concentration was normaily low when the fruit
was small, but as the [ruit grew the acid increased very rapidiy.
When. the trecs were treated with arsenic the change took place, bus
the acid content did not ever get so high as in untreated fruit. After
the acid had reached its maximum it began to decrease, and on the
trees that had been sprayed with arsenic the change was much more
rapid than on those unsprayed. Thisis shown in Table 12 and Figure 8.

TasLe 12.—Effect of lcad crsenaie when it s present on Lhe leaves during lhe
growing season, on the rale of development and disappearance of acid in oranges

[Trees sprayed Tune o, 193]

Toxds 1T of triovido_ | P of
trioxide pil of un- rioxido
Month of Muonth of arsenical-
: er 10 g of sprayed . por 10 ¢ ot y
anul ¥5is stwd it anal yais SF ved 51};13 {sd
LEVES CAVES

Mg Afg
3,10 4.55 460 || September... 0.5
147 3.03 2,00

Angust__..., 86 .53 3.07 | November. ..

¢ McBripE, 0. C., MARLOWE, . H,, and Hasserr, I P, Op, cit.
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EFFECT OF ARSENIC NOT SYSTEMIC

It has been stated by other workers that the effect of arsenic
on citrus trees was systemic. Gray and Ryan (9) stated that arsenic
affected the entire tree if only a part was sprayed. This was also
the opinion of Juritz {I1). Yothers (17) reported that only the
gprayed part of the tree was affected. In the present work the
writers corroborated Yothers’s statement that the effect was not
systemic, since all the data obtained were the result of spraying
half-trees and using the unsprayed part as a check.

RELATION BETWEEN TIME ARSENICAL SPRAY REMAINED ON LEAVES AND ITS
EFFECT ON CITRUS FRYIT

Juritz (i1} and Copeman (3; 4, p. 144) have stated in their works
that the effect of arsenic persisted for more than one year.
the work done by these men was carried on under arid conditions.

& 1 1
CECON SEELYED FRLES

BLEN LNSRERYER TBELS

ERUT ANCE (pH)

A\ jr
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b NE EERY A AUGRET  SEFTENOER  TCTOBER.  NOVENEER

FiGuRE 8.—E({fect of lead arsenats on the rate of devalopinent aed disappearance of acld In oranges
when it is presenl oo the leaves during the growing sesson. The trees were sprayed Jupe 8

Experiments conducted in Florida, where the rainfall is approximately
55 mches per year, showed that the effect also persisted for about the
same Jength of time. Fruif from trees heavily sprayed in May showed
the effect throughout their growing season and until the fruit was
harvested 10 or 12 months later. -uit {rom trees sprayed several
times during the growing season showed only a slicht effect 18 months
after the last spraying. At the end of 2% vears, however, fruit from
sprayed and unsprayed trees was identical.

It was found that when applications of arsenic wers made to
actively functioning leaves the effect was almost immediately shown
in the {ruit, When an application of lead arsenate was made to Lue
Gim Gong oranges as late as September, an analysis made one and
one-half months%atrer showed that the acid was reduced to 39 per cent
of normal as shown by the checks.
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SUMMARY

No noticeable effect on the fruit, tree, or undergrowth of a grape-
fruit tree was produced by 60 spray applications of one-half pound
each of lead arsenate in 7% gallons of water to the soil under the tree.
The applications were made over a period of one and one-helf years,
and at the end of that time there were 2,000 parts of arsenic trnoxide
per million in the first 2 inches of soil, while only a trace was present
in the leaves, Likewise, there was no effect on the fruit, {ree, or
undergrowth of an orange tree after 14 applications of one-half pound
of lesfg arsenate each in 7} gallons of water, even though there were
700 parts of arsenic trioxide per million in the first 2 inches of soil.

One year after the last application an analysis of the soil under the
grapefruit tree was again made, and 1,800 parts per million was found
1 the first 2 inches of soil, and even at that time the tree, fruit, and
undergrowth were nortal.

When lead arsenste was sprayed on orange leaves a diminishing
supply of water-soluble and insoluble arsenic was present for a year
later. A tree sprayed with 8 pounds of lead arsenate per 200 gallons
of sirup-sugar mixture had 0.34 mg of soluble arsenic as arsenic tri-
oxide and 2.76 mg of insoluble arsene on 10 g of green leaves immedi-
ately after spraying. At the end of six months the water-soluble
arsenic had decreased to 0.005 mg and the insoluble to 0.19 mg.

An analysis of the wood, blossoms, and small fruit showed that
arsenic was ovidently translocated to these parts of the tree, for
arsenic wes présent in quantities ranging from a trace to 6.9 mg of
arsenic trioxide per kilogram of sample.

Soluble arsemc {measured as arsenic trioxide) present on leaves in
quantities of 0.01 mg per 10 ¢ of leaves stimulated respiration slightly,
but when more than 1 mg was present on 10 g of leaves the respira-
}sitﬁn increase ranged from 50 to 75 per cent and the leaves usually

ell.

When soluble arsenic was present at 0.01 mg of avsenic trioxide per
10 g of leaves the catalase activity was stimulatod, but when quanti-
ties greater than this were present the catalase activity was decreased
until, when as much as 1 to 10 mg was present, 1t was almost stopped.

When arsenic was present on the leaves, not so much acid formed
in the {ruit, and what was formed disappeared more rapidly than in
the unsprayed fruit. Wher 25 much as .01 mg total arsenic trioxide
was present on 10 g of green leaves at maturity, the maximum reduc-
tion withont injury to the iree in Iruit acid was produced. The
hydrogen-ion concentration of fruit juice from.trees that had been
sprayed was much lower than that of juice from unsprayed trees.

The solids of fruif julce were somewhat increased when as litile as
0.008 g of arsenic trioxide was present, but when more than this
quantity was present the solids were decreased. In this case also,
approximately the same quantity of arsenic that stimulated the cata-
lase activity caused the solids in the juice to be increased.

The ratic of acids to solids was very markedly affected by arsenic
on the lesves. When as much as 0.01 mg of arsenic tricxde per 10

ams of leaves was present the ratio was only a listle sbove normal,

ut a shght increase over this caused the ratio to riss to 20 to 1.
When so much arsenic wos present thet the leaves dropped, the
arsenic weas eliminated from the tree and the fruif was less affected.
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When_ the trees were sprayed seventeen times with 5 gallons per
application a maximum of 0.16 mg of arsenic trioxide per liter of juice
was found.

Experiments ‘made by the wriiers have demonstrated that the
effect of arsenic is not systemic, only the sprayed part of a tree being
affécted.

The effect of spraying with arsenicals is shown almost immediately
and persists to s slight degree for about 18 months. After 2} years,
however, it has entirely disappeared.
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