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to') INTRODUCTION 
,r .... 
i. One of the important methods used in the successful campaign to 
~ eradicate the Mediterranean fruit fly (Cemtitis ca,pita,ta, Wied.) from 
ct: Florida was the application of a poison spra.y on which the adult flies 
< fed. The most effective bait spray available in this emergency con
::15 tamed lead arsenate as the poison. Although it had been known for 

many years that IlJ'seruc hastened the maturity of citrus fruit by 
reducing the acid content and that its use had, in some instances, 
rendered the fruit unpalatable, the menace 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 responsible 
State officials. 

During the eradication campaign voluminous notes were accumu
la,ted as to the effect of the bait sprays on citrus trees and fruit. 
These notes were of a general nature, and the observations recorded 
were more' 01' less conflicting. It seemed necessary, therefore, to 
conduct some carefully planned experiments to secure accurate infor
mation on ,the effect of arsenic on citrus trees. This bulletin reports 
f.he results of fundamental investigations carried on under fund,-::pro
viding for necessary research to eradicate this major pest from 
Florida. 

155741-33-1 
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PREVIOUS WORK 

Soon after arsenic was first used on citrus in Florida-jn 1893, by 
Lyman Phelps-it was found thf~~ the fruit on arsenic-sprayed trees 
mfttured more quickly than otlier fruit (5, p. 81).1 Since that time 
arsenical materials have been used considerably, sometimes to con. 
trol insects but more often to hasten the legal matm:ity of the fruit. 
Certain insecticides that have been sold in Florida have been found 
to contain arsenic in considerable quantities. In one case, in 1915, 
as much as 2.93 per cent of arsenic trioxide (AS20 3) was found in a 
commonly known materiaU 

In 1921 Gray and Ryan (9) published an accotmt of some arsenical 
spraying in California. They found that wuen acid lead arsenate was 
used the acidity of oranges was reducefl50 per cent or more from the 
normal but that the sugars were not significantly chllnged. When 
basic, or neutral, leud arsenate was used there was little or no change 
in uciditv. These workers believed the acid reduction to be due to 
the soluble arsenic liberated on the foliage. They stated that the 
effect on the tree probably ,\'u,s systemic, for all the fruits examined 
from thE' sprayed trees were of reduced acidity. 

In 1925 Juritz (11) discussed the use of arsenic on citrus trees in 
South Africu,. The treatment of the trees and the effect on the acid 
and sugar of the fruit are shoWD. in Table 1, which is taken from his 
report. 

TABLE I.-Analysis of sprayed and unsprayea oranges made by C. F. Juritz t'n 
South Africa, 1925 

! ~\.nnIYses o~ Insecticide used Iler tree 

-------------------------1 Acid I Sugar 

. Per cent Per cellt Lead arsenate mixture, 53 ounces_________________________ . ________________________/ 0.18 1.12 
Lend arsenate mixture, 26)-2 ounces_______________ .. ________________________________ .49 3.65 
Check, unsprayed___________________________________ --______________________________ .1.12 4.14 

Juritz stated that the effect remained more than It 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 seriouslv 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 
spmying, many inst~nces wereJound where the legal maturity was 
speeded up by spmymg or dustmg. 

In 1926 Grossenbacher (1) suggested that there be some definite 
requirement regarding the ratio of solids to acid for 11 stMdnrd of legal 
maturity (i. e;, u, maximum as well as a minimum value for the ratio), 
thereby disqualifying arsenical-sprayed fruit. In 1927 the Florida 
Legislature passed a law forbiddin~ the use of arsenic on citrus trees, 
but in 1929 amended it (8) to permIt the use of arsenic when necessary 
in eradication measures such as those directed against the Mediter

I.Italic numbers In parentheses refer to Lltemture Cited, p. 20. 
'.Mlseellaneous analyses 22611, made by C. H. Walker of the Bureau of Chemistry and SolIs, U. S. 

Department of Agriculture. 
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ranean fruit fly, and again legislated against shipment of immature 
fruit (7). 

W (Irk done by Yothers and others in Florida in 1926 (17) established 
that only the part of the tree sprayed WM affected. Examinations 
of sprayed trees showed that the fruit in the tops of the trees, which 
could not be reached: by the spray, was normal, whereas that on the 
lower branches was considerably affected. This is shown in Table 2, 
which is condensed from a table in the article cited. 

TABLE 2.-EjJect of lead arsenate on total soluble soUds and ratio of acid to solids 
in oranges 

[Analyses of Nov. 10, 1926] 

Ratio of 
Source of fruit aualyzed Sugar _-\cid acid to 

sugar 

Per cent Pcr cent 
Top of tree_____________________________________________________________ 9.75 1. 26 1 to 7.74Lower limbs__________ ._________________________________________________ 9.00 
Top of tree ..___________________________________________________________ 9.10 .53 1 to 17.00 

1.20 1 to 7.60
Lower limbs____________________________________________________________ 8.85 .48 1 to 18.44 

TABLE 3.-EjJect on oranges of t;trsenical applied as a dust 

[A.nalyses of Nov. 3,1926] 

Ratio of 
Source of sample Sugar A.cid acid to 

sugar 

Per cent PercmtDusted trees ___________________________________....___________ ________ 9.70 0.14 1 to 69.30Check trees___________________________________________________ •_________ 9.30 
1.11 1 to 8.38 

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, as shown in Table 3, which is from another table in the same 
article by Yothers. 

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

In 1927 Hawkins and Barger (10) corroborated the results of pre
vious workers in the use of ar~enic on citrus and ad vised against its 
general application for the purpose of hastening fruit maturity. 

In 1927 Copeman (3), in South Africa, investigated the use of arseni
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 was affected through the leaves. The quantity of arsenic used 
per tree by Copeman was apparently less than that used by Juritz. 

Takahashi, working in Japan, published a pape!' in 1928 (16) in 
wbich he reviewed most of the previous work on arsenic. He corrobo
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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TABLE 4.-Effect. of lead arsenate in spray on navel orange:! as determined by [kuro 
Takahashi in Japan in 1928 

I 
Principal components ofI 	 juire

Per-Average 	 Specific RatiorentageTreatment of plots 	 weight Fruits Pulp of juice gravity of sugar 
of fruit ofjulce Reduc- to acidto pulp Citric 'rotalingacid sugarsugar 

Leud ortboarsenate, 	 2 
pounds; lime sulphur Grams Number Per cent Per cent Pee cent Per cent 
(0.8 per cent), 50 gallons_ 222.1 5 76.73 04.55 1.050 0.4533 6.8646 8.0128 17.67Check________..____________ 216.1 .; 76.18 	 66.53 1. {}is .9769 4.7250 7.5630 7.74 

Takahashi found that the effect persisted for more than one season 
and stated that small fruits were more affected than large fruits. No 
attempt was made to explain how arsenic affected citrus trees, al
though the opinion was ex'})ressed that it was through t.he root system. 

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

In 1929 Singleton (15), in Florida, stated that lead arsenate used 
in the proportion of one-half pound to 200 gallons had n. very desirable 
effect on citrus fruit, but thn.t when used at gren.ter strengths it was 
quite unsatisfactory. 

Work done in 1929 by the senior author n.nd McBride, which was 
reported in part in 1931 (13), shO\ved that when the fruit itself or 
the leaves of the branches immediately surrounding the fruit were 
sprayed the fruit was nJrected. Dipping the small, green fruit on an 
unsprayed tree in lead arsenate suspension affected it just as would 
tile spraying of the foliage, and when the fruit was protected by a 
paper bag and the leaves n.round it sprn.yed the fruit was affected. 

In 1932 Nelson and 110ttern (14) reported the results of the analysis 
of oranges, sent to them by the Orln.ndo bboratory, which had been 
sprayed lvith lead-arsenate bait spmy. Their analyses showed that 
these were very low in acid and also low in sucrose. An important 
point,. however, is the fiLct that in oranges heavily sprl1yed with arsenic 
the vitamin C content was reduced considembly. These 'writers also 
reported that the arsenic content of the edible portion of the orange 
was notchl1nged by spraying the tree with heavy doses of lead arsenate. 

METHOD OF INVESTIGATION 

Work on this problem was undertaken with the idea of determining 
how arsenical insecticides affect trees and fruit. Other workers have 
pointed out clearly that arsenic does affect citrus fruit through the 
leaves or trees, 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 foliage were made at int~rvals for two and one 
half years afterwards. 

In all the spraying work only half of a tree was sprayed I 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 
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sprayed, and no difference could be detected other than small differ
ences attributed to the normal vari,abliity of trees. The unsprayed 
half of a tree was always used fur a check on the sprayed half, and 
in this way individual tree differences were eliminated. 

ARSENICAL DETERMINATIONS 

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

RESPIRATION 

Twigs from the same group from which the arsenical determinations 
were made were placed jn respiration chambers and the quantity of 
liberated carbon dioxide meosured. After this the relation between 
the arsenic present on the len,ves and the quantitv 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. 

FRIDT 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 rom in diameter, the hydrogen-ion 
concentmtion was measured electrically. .As soon as enough juice 
was available the percentage of soluble solids was determined by a 
Brix hydrometer and the acid by titration with the standa.rd alkali. 

KIND OF CITRUS TREES USED 

The work reported in this bulletin, except where otherwise stated, 
was carried on with omnge trees. The principles involved in the 
effect of a,rsenic on gmpefruit, tangerines, and other citrus fruits are 
probably the same as those involved in the effect on oranges, but 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 €'ffent of the drip of 
arsenicnl insecticides on the soil beneath citrus trees. The writers 
were unable to find any published information on this point, although 
unpublished notes of work done in 1926 by W. W. Yo thers , F. A. 
Wolf, and O. O. McBride reported the results of applications of 
arsenic to the soil under citrus trees. Paris green, white arsenic, and 
lead arsenate were used in quantities up to 1% pounds per tree without 
any effect on fruit maturity as shown by either taste or chemical 
analyses. In the present work the quantity of arsenic applied to the 
soil was much greater than would result from the dripping of arsenical 
sprays over more than 250 years. 

• 
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A seedling orange and a grapefruit tree more than 30 years old 
were chosen for the experiment.. The treated and check trees 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 
hand-operated pressure apparatus fitted with a rod and nozzle. 
Shty applications of (me-half pound of lead arsenate (!30 pOUllds 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. 35) 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. 

PENETRATION INTO THE SOIL 

The first analysis was made just after the 60 applications to the 
grapefruit tree and the 14 applications to the orange tree had been 
completed. The results are given in Table 5. 

TA.BLE 5.-Effect of arsenic in the soil on the fruit of grapefruit and orange trees, 
Orlando, Fla., 1931 

Parts of arsenic triox- Fruit analysesI 
ide per million of soil 
1------------ prrofl-----.----~----

1 to 2 8 to 10 Ratio ofsoil I 
inches inches Acid Solids solids to 
del1th depth acid 

----------------------1------1------------------
Per cent Per cent Grapcfrmt. _____________________. _________ 2,000 6.0 5.0 2.03 10.9 5.37

Cbeck grapefruit. ___________________ -- ___ _ .04 .04 5.0 2.29 11.6 5.06Orange______________________________ • - ___ _ ioo 6.0 4.9 L 21 10.6 8.8Cbeck orange__________________________ ••• .04 .04 5.0 1.14 9.2 8.1 

After 30 potmds of acid lead nTsennte (PbH.A.s04) had been applied 
to a slightly acid soil under the grapefruit tree, the first 2 inches of soil 
had arsenic present (as arsenic trioxid~, As20 a) in the proportion of 
2,000 parts per 1,000,000. During the l%-year period over which this 
material had been applied there had been 115.15 inches of rainfall, 
and arsenic was found down 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 theBe citrus trees UTe found in the first foot of soil. 

The orange tree under which 7 pounds of lend arsenate had been 
applied had proportional quantities, 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 were 
absolutely normal, and only a trace of arsenic wns found in the leaves. 
The flushes of growth nppeared regularly, and the foliage was of nOl"
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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 diffeTent fmm 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 exceptions, there were 
the same plants, in the same state of growth, beneath both the sprayed 
and the unsprayed trees. Under the grapefruit tree where thc;rewere 
2,000 parts of al"senic trio)..ide per 1,000,000 of soil, tho following 
species , ..-ere present: Spanish needle (Bidens leucantha, L. Willd.), 
Mexican tea (Ohenopodium a,mbrosioides D.), and ragweed (Ambrosia 
bidentata Mich.'c). Under the ()range tree, vthere there were 700 parts 
of arsenic 'trim.ide per'l,OOO,OOO of soil, Spanish needle, Mexican tea, 
and crab grass (Eleusine indic(t Gaertn.) were growing normally. .All 
of these plants grew under the check Itree also. Because of the 
protection afforded by the lead arsena,te there 'was little insect injury 
on the plants where the soil was treated. 

lOSS OF ARSENIC FllOM THE SOIL 

Lead arsenate, when applied to the soil as in the foregoing experi
ments, is not readily leached out by the normal rninfall of Florida. A 
year after the previons analysis a second one was made of the soil 
beneath the grapefruit tree, and 1,800 parts of arsenic trioxide per 

~ 1,000,000 in. the 1 to 2 inch range were found, and 5 parts at tll..@"8 to 
10 inch depth. Even though this large quantity of arsenic was 
present arOlmd the roots of the tree for over a year, t.he tree was normal 
and set a good crop of fruit. The vogetation beneath the tree was the 
same as during the previous year. 

It is very improbable that any arsenical injury would ever result from 
the dripping of the spray material after an application of fruit-fly 
bait. When it is considered that 1 pint of a spray containing 8 pounds 
of lead arsenate to 200 gallons of water js sufficient for a tree, the 3G 
pounds used on the soil beneat,h the grapefruit tree would make enough 
spray material for 6,000 applications. 

APPLICATION OF LEAD ARSENATE TO TRE/E AND FRUIT 

TIME THE INSECTICIDE REMAINS ON THE TREE AFTER SPRAYING 

The fu'st and most important consideration in determining the 
effect of aTsenical insecticides on orange leaves or foliage is an exact 
analysis to find the quantity of arsenic, soluble and insoluble in water, 
that remains on the leaves at various intervals after spmying. 

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 satisfactory sample and these samples were 
always run in duplicate. The determination of arsenic was made by 
the official Gutzeit method (2, p. 306). 

To determine the water-soluble arsenic, the leaves were kept for 
10 minutes in 200 c c of distilled water, and this solution was then 
carefully filtered off and analyzed. The leaves I,l,nd filter paper were 
then used to determine the water-insoluble arsenic. 
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To determine the total arsenic trioxide (As20 g)J the arsenic was dis
solved from the leaves with 2 per cent hydrochloric acid at room 
temperature (21° to 26° C., or 69.8° to 78.8° F.). The leaves, cut in 
half-inch strips, were kept in this solution for at least 10 minutes. 
At the end of this time they had usually turned yellow or brown. To 
check this method of removing arsenic from the leaves, many of the 
samples were afterwards digested and.the remaining arsenic extracted 
by the distillation method (2, p. 35). The additional arsenic found 
wa.s less than 1 per cent of the total arsenic .of the sample. 

The greatest quantity of soluble arsenic was present immediately 
after spraying, and during the first month two-thirds of this disap
peared. After this there was only a gradual decrease. The rate of 
disappearance of arsenic from citrus trees is shown in Table 6 and in 
Figure 1. 

TABLE 6.-l'vlilligrams oj arsenic triox'ide lJer 10 g 1 ojJ\ esh leaves at munthly intervals 
after one application of spray' consisting of 8 1lO1mdS of lead UI'senate to 200 
gallons oj water, Orlando, Fla., 1.931 

I Arsenic trioXide" Arsenic trioxide 
(AS,03) (;\S,03) 


Time oCter spray- ·----,----1 live rain- 1l11.e" or sprllJlOg I---~--I tive rainCUlOUIn-1 T' Ct -' 	 Cumula 

ing, months 	 Water- 'Vater- Call mg, montbs "'ater- 'Valer- fall 

soluble insoluble soluble insoluble 


------.I------I---!l-------I--------- 
.Vg _lIg Inches 	 ,Vg Mg Inch'.~0__________ ... ,, __ __ 	 .1.. __ .. ______ . ____ __0.34 2.76 0.0().l 0.62 li.19 

2_______ •_____ .. ___ _ 6__ •_______________ _ 
L .. _________ . ______ 	 5___ ... ____________ _

.08 l.~g 3.02 	 .008 .33 20.01 
• O~ .82 5.09 	 .005 .19 22.213___ ......._______ _ 
 .01 .53 12.04 

1 g is the abbreviation for gram 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 mude from time to time of leaves from trees that had 
been sprayed 1 year or 18 months previously, und arsenic was still 
found in quantities such as 0.001 mg per 10 g or leaves. There WI'') 

very little difference in the solubility or rute of disappeamnce when 
either sirup and sugar or lime sulphur was added to the lead arsenate -< 
mi.,tures. 

ARSENICAL CONTENT OF WOOD, nARK, BLOSSOMS, AND SMALL FRUIT OF SPRAYED 
TREES ~ 

In an effort to determine what happens to the arsenic that is 
sprayed on citrus trees, analyses of thoroughly acid-washed bark and 
wood from limbs 1 inch in diameter, as weH as blossoms and small, 
green fruit one-fourth to three-eighths jnch in diameter, were made.3 

In 201 out of 204 snmples in which live bark and wood given 15 appli
cations of 1 quart of fruit-fly bait spray were analyzed, the bark 
showed more arsenic than the wood. The arsenic in the bad\: ranged 
from 0 to 4.5 mg per kilogri1m of bark. In the wood, from 0 to 2.05 
mg of arsenic was present pel' kilogram of wood. In the analyses of 
orange blossoms from similarly spmyed trees ar~e.nic was found to be 

3l\fcDJIIDE, O. 0., lVIARLOWE, n. II., nod BAS8ETT, r. P. GUIZf:IT DETERlflN.ITIONS Fon .IRSENIC IN 
CITRUS FRUIT JUICES, LEAVES, TW/ClS, ANI! 1IL0880)18. Unpublished mnnuscript on me in llurenu of I,D
tomclogy, U. S. Department of AgrIculture. 
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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 
present ranged from a trace to 0.16 mg of arsenic trioxide per kilogram 
of sample. 

In all the analyses of bark, wood, blossoms, and ::::mall 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 ARSENICALS ON RESPIRATION OF ORANGE LEAVES 

Respiration, one of the most vital processes carried on by living 
plants, was studied to determine how it was affected by various 

i oS'OLb'3LE
-------t - Lj 

, 	 I ,----I 
\ I 

FIGURE 1.-Quantities of arsenic trioxide per 10 g of fresh leaves at monthly Intervals after one 
spraying 018 pounds 01 lead arsenate in 200 gallons of water. Semilogarithmic 

quantities of arsenic. The fact that arsenic stimulated respiration in 
Elodea had been established by Lyon (12). 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 measured by de
termining the quantity of carbon dioxide liberated in a closed jar at 
a constant temperature, 25° O. (77° F.). The gas, carbon dioxide, 
was 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 vial of water. 
During the 2-day run the whole assembly was kept in a jar with the 
sodium hydro}':ide in the bottom. The sodium hydroxide WIlS 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 liberated per square inch per 24 hOUl'S 
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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FIGURE 2.-EJIect of lcau (lrsenate in mrions qnantities on the respiration oC orange leaves. ex
presse<l in percentage of carbon dioxide liberated in the <Inrk. SomiJogllritlimJe 

TABLE 7.-The effect of lead arsenate in v"riollS lJuantities on the respiration (carbon 
dioxide Uberaled in the dark) of orange leaves 

Avern~c ICarbon di- .Deter soh~ble. oxide liber- f'.lcret\S~ III 
'l'tcntment mino- nrs~nw trl-, ate<l per liberatIon

lions o'Jde per "o! of carbon 
mnde 10 g of green sqnllre ilL I dioxide 

!env-us per day I 

J\TumbrrUnsprayed, check _____________ •_____ •__ •• _. ___ •• ____ •____ -"g Mo I Pcrullt 
27 0 1.68 

.0026 1.78 --·-----ii:ii3Sprnyed \\'ith dilu[a arsenical solution ____________________ { 5 .00S6 I.sn 12.5 
20 .030ti 2.2a 32.7 

Sprayed \~ith concontrated nrspniea! solution _____..______ { i .lU30 2.51 51.2 
2 1. 75 2.01 72.0 

As elm l'cndily be seen, water-soluble arsenic in very small quan
tities increases respiration. 'Vhen only enough arsenic is present on 
omuge leaves to stimulnte respil'ation 5 to 10 per cent (less than 0.01 
mg soluble ursenic trioxide on ] 0 g of green IC:l.yes) there is no injUl'y; 
the lea.ves even become more glossy 11.l1d tn,ke on It more intense shade 
of green. VYIlCIl the quantity is increased the stimulation is increased 
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in direct proportion, and when the stimuln,tion goes from 50 to 75 
per cent above normal the leaves become yellow, and when the quan
tity is increased beyond that point the lel1ves usually drop. 

When compounds of arsenic of different solubility were used, l1S 
when lead l1rsenl1te was compl1red 'with some form of 11 soluble arsenic 
compound, such l1S sodium arsenate, it was found that the stimula
tion was in direct proportion to the quantity of soluble arsenic on the 
leaves. 

It has been pointed out that arsenic remains on trees for long 
periods after the spraying has been done. H is here shown that 
when soluble arsenic is present on citrus leaves the respiration is 
stimulated. Other experiments extending over the entire gruwing 
season. have shown thn.t the respiration of arsenical~sprayed trees 
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FIGURE 3.-Effcct of lead arsenate in \'Iuious Quantities 00 the catalase activity of oraoge trees. 
Semilogarithmic 

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

EFFECT OF ARSENICALS ON CATALASE ACTIVITY OF ORANGE LEAVES 

One of the standnrcls used recently 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 gro,ving 
vigorously show a high catalflse content ttS compared with those that 
are yellow or are growing poorly. Determinations were !Unde both 
on a small scale from twigs sprayed by hand and from the trees tlutt 
were given normal applications in the field. 

The qunntity of o:\:ygen liberated from hydrogen pero:\.-ide by the 
catalase of the lettves was used as an index of the catalnse activity. 
In making this determination five disks 1 ,cm2 each 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 calcium carbonate (00.003) and a 
few drops of water. This was washed into a flask with 15 to 20 ml 
of distilled water and allowed to stand at 25° O. (77° F.) for one hour. 
Then it was connected to the apparatus where 20 c c of neutralized 
hydrogen peroxide (H 20 2) was introduced and the quantity of 
oxygen evolved in five minute measured at one-half minute inter
vals. All the determinations were made in a water bath at 25° O. 

The quantity 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. 

TABLE S.-The effect oj lead arsenate in various quantities on the catalase activity 
oj orange leaves 

Soluble 
arsenic Oxygen IncreaseDetermi trioxide liberated or decrease Treatment nations per 10 g in 5 in catalase made of fresh minutes activity
leaves I 

Number .l"l,Ig Ml Per cent Unsprayed. cbeck ________________________________________ 29 0 32.4 ---------4:34 .0027 33.8 
Sprayed with dilute arsenical solutions ___________________ { 4 .0075 35.4 9.3 

10 .028 38.0 17.3 
6 .081 34.3 5.9 

10 .255 30.7 -5.2 
Sprayed with concentrated arsenical solutions ____________ { 10 1.808 24.3 -25.0 

2 0.600 17.9 -44.8 
I 

It can readily be seen that the catalase activity changes according 
to the quantity of soluble arsenic present. The lighter application 
stimulated the ca.talase 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 nctivity could be increased not 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 FRffiT 

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 
gro-wing 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 unspmyed part of the same 
tree from whlch the respiration studies and fruit analyses had been 
made. This relation is shown in Tabl~ 9 and Figllre4. 



13 LEAD ARSENATE INSECTICIDES ON ORANGE TREES 

t7 

1\ 
\ 
\ 0 

-
0 

-/00
o /0 20 .70 ?to 

/#C'R&SE /# LEAF RES',P/,e/l77Cl/Jl' ~ER C'EIY7) 
FIGURE 4.-Relation between respiration of orange leaves during the growing season and the acid in 

th.e fruit at maturity 

TABLE g.-The relation between the respiration of orange leaves c/1m:ng the growing 
season and the acid in fruit at maturity 

Incrcase Decrease 
over nor from nor

'l'reatmcnt 1 mal in mal in acid 
respiration in fruit 
of leaves' juice 

Pcr cent Per centCheck, no trcatment __________________ .____________________________________ . ___ _ oLead lIrscnate, 1 pound; water, 50 gallons___ . ________________ .__________________ _ --------74~i6.5Do_________________________________________________________________________ _ 
14.3 n.4Lead arsenate, 2 pounds; water, 50 gnlloD3______________________________________ _ 34.0 75.1 
-U.5 85.3

Do_________________________________________________________________________ _ 

1 1 application June -I, 1931. , Average of 4 monthly analyscs. 

As can 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 ngreement 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 a mf1ximum increase in 
soluble solids of 1.5 per cent. Differences as small as this, however, 
should be the result of many determinations under various conditions 
before they can be considered significant. 
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TABLE 10.-Relation between soluble solids of orange juice at maturity and the 
catalase activity of leaves during the growing season 

Increase Increase 
Treatment' In catalase or decrease 

activity 2 ins~<ll~~le 

Per cent Per centCheck, no treatmenL___________________________________________________________ oLead arsenate, 1 pound; water, 50 gallons________________________________________ 7.6 1.5
Lead arsenate, 2 pounds; water, 50 gallons____________________. ______ . _______ . __ _ 21.5 oDo_________________________________________________________________________ 

28.5 -.5 

, 1 application June 4, 1931. , A,erage of 4 monthly analyses. 

I 
I 

r 
/ 

~ 

~ 
~ 

~ 
............. 


~ 

( 

S /17 /S 217 2S .:717 
/#C,ee;..?SE /# L.£,4,F C4Z4LA'SE {PER CEIV7/ 

FIGURE 5.-Relation between soluble solids of orange juice at maturity and catalase activity of 

the laaves during the season 


EFFECT OF ARSENICALS ON ORANGES WHEN LEAVES AND FRillT WERE SPRAYED 

As stated previously, 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 analyses 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 lOtal quantity of arsenic 
remaining on the leaves and the composition of the fruit at maturity 
are shown. 

METHOD OF MAKING DETERMINATIONS 

The hydrogen-ion determinations were made by means of a Welch 
quinhydrone apparatus. Early in the season, when the fruit was 
small and the q,mntity of juice was insufficient for a titration, a half 
fruit was covered with quinhydrone and the contact and bridge placed 
in the macerated materIal. When the fruit contained more juice the 
acid determinations were made by titration against sodium hydrmd.de 

http:hydrmd.de
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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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FIGURE 7.-Effcct of lead arsenate on the soluble solids in orange juice when arsenic trioxide has 

been present on the lea\'es in varying quantities during the growing senson. Semllogarithmic 

maturity determinations called for by the State laws of Florida (5) 
The results of these analyses are shown in Table 11 and Figures 6 and 7 
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TABLE H.-The effect of lead arsenate on the acid, solids, ratio, and pH oj orange 
juice when it has been pre3ent on the leaves in varying quantities throughout the 
growing season 

I T~~ I 1 IIarsenIc j
trioxide .. 1 Soluble Ratio oC 

Spray treatment I per 10 g oC \ .-\.C1? IU Isolids in solids to 1?H oC 
green leaves Jrnce juice acid Juice 
at picking I

time 

.'fg IPer cent Per cent ------
Check, no treatment ..•.••...!••••••••••••••••••••••• o 1.4i 11.0 i.5 3.64 
Le~d arsenate, 2 pounds; water, 50 gallons, 1 year pre-

VlOUS __________________________________ . _________ _ .OOJ. 1. 41 12. 20 8.6 3.35 
As abo...e, 2 applications ..•......•••••..•.••.•••..... . 00ll l. 01 12.20 12. 0 3.65 
As above, 6 applications ......•.••.••••••••.••.•.•••• .Olb .59 11.90 20.2 3.99 
Lead arsenate, 1 pound; water, 50 gallons, 6 months 

previous••...................•••.••••••••..•••...•• .344 10. i4 28.3 5. Ii 
Lead arsenate, 2 pounds; water, 50 gallons......•.... .54 10.81 20.0 4.66.38\

1.6i9 !As above, several applications •....•.•.••••..•••...•• 12.50 .59 1l.60 19.7 3.99 
ilO pounds lead arsenate, applied to 1 tree._..•.•.... 125.0 9.65 5.00.li I 56.7 

I 

I 'When a,....,enie was present in these qnantities the leaves were injured and man'; oC them fel1, so a part
of the arsenical e1Tect was lost. '1'bese analyses were from leaves still on the trees .• 

HYDROGEN-ION CONCENTRATION' 

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

ACID IN FRUIT JUICE 

Small 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 ma..ximum change was produ0ed. Ten or one hundred times this 
quantity made no appreciable difference on the acid content of the 
fruit.. 

SOLUBLE SOLIDS IN FRUIT roICE 

Gray o.nd Ryan (9) state that the sugars in fruit were not signifi
cantly changeJ, but work by Juritz (11) showed that there was a con
siderable decrease in sugars. While these points are apparently in 
disagreement, the data indicated that ".ridely 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 arseni(' 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 a.t maturity 
there was approximately a 10 per cent reduction in the soluble-solids 
content of juice of mature fruit. 

RATIO OF ACID TO SOLUBLE SOLIDS 

Since the effect of 0.008 mg of arsenic trioxide on orange leaves at 
iruit maturity waG shown in the reduced acid content of fruit juice 
and slightly increased soluble-solids content, the ratio of acid to 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 
decre.ase in the acid also, the mtio was sometimes extremely high. 

The writers are of the opinion that the fruit c<Jmposition is changed 
only when the majority of the actively growing leaves on the tree at 
the time the fruit is growin~ have arsenic on them. For example, 
whtln 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 
was applied as late as eight months before some Temple oranges were 
analyzed and only the old leaves were present, there was no effect on 
the fruit composition, but where the new leaves had appeared before 
the lead arsenate WfiS 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 happens 
during the first season, the next crop 'will be normal, but if the leaves 
st'\y on for more than a year the next crop will be affected also. 

ARSENICAL ANALYSES OF FRUIT JUICE 

Only a trace of arsenic was found 4 in a liter of orange juice when 
a tree had been given thirteen l-quart applications of fruit-fly bait 
spray at 10-day intervals. This mixture contained 8 pOlmds of 
lead arsenate per 200 gallons. Eighteen daily applications of lead 
arsenate of the same quantity and the same strength were applied 
"ith the same result. 

A.rsenic as arsl1nic trioxide (AS20 3) 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 mnde at 10-day inten'uls. Since the quantity of 
arsenic found in a }.iter of juice when the trees were very excessively 
sprayed was only a small fraction of a minimum medicinal dose, the 
juice from fruit trC'HS normally sprayed could be in no way toxic for 
human consumption. 

CHANGE OF lH! OF ORANGE JUICE DUIUNG GUOWTll 

The hydrogen-ion concentration was normally low when the fruit 
was small, but as the fruit grew the acid increased very mpidly. 
'When the trees were treated with arsenic the change took place, but 
the acid content (lid 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 "ith arsenic the change was much more 
rapid than on those unspri1yed. This is shown in Table 12 and Figure 8. 

TABLE 12.-EjJect oj lead arsenate when it is present on the leaves during the 
growing season, on the rate oj deVelopment and disappearance oj acid in oranges 

[Trees sprayed June 0, 19301 

Arsenic 
trioxide pH of un· trioxide pH of un· 

I Arsenic pH of pH of 
1\fonth of arsenical· Month of arsenical· . per 10 g of sprayed per 10 g 01 sprayedanalysis sprayed analysis sprayedI sprayed fruit sprayed fruitfruit fruitleaves leaves 

M(/ .-'1(/ 
June••••••••• 3.10 4.55 4.r.Il September..• 0.&-1 4.08 3.28 
July••••.••••• 1.47 3.03 2.90 Oct.ober•••••• .(13 4.:12 3.72 
.~ugust•.••••• .86 3.53 3.07 NovcrulJcr .. __ .33 5.32 4 25 

• McBRIDE, O. C., MARLOWE, R. H., nnd BASSETT, 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 (11). Yothers (17) reported -that only the 
sprayed 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 BE'I'WEEN TIME ARSENICAL SPRAY REMAINED ON LEAVES AND ITS 
EFFECT ON CITRUS FRUIT 

Juritz (11) and Copeman (3; 4, p. 1#) have stated in their works 
that the effect of arsenic persisted for more than one year. All 
the work done by these men was curried on under arid conditions. 

6.-------.-------.-------.-------'1------~-------. 

oFRt7!'? S'PRAYE£) TREES' 

~r_------r_------r-------r------~n-~+I-w-~-W.-~-p~--n+~-~-~-~~~~ 


J~------~----~~~~--~------4-------+_------~ 

FIGURE S.-Effect or lead arsenate on the rate of development and disappearance of acid in oranges 
when it is present on the leaves during the growing season. The trees were sprayed June 6 

E~lleriments conducted in FIOlida, where the rainfall is approximately 
55 Inches per year, showed that the effect also persisted for about the 
same length of time. Fruit from trees heavily sprayed in May showed 
the effect throughout their growing season and until the fruit was 
harvested 10 or 12 months later. Fruit from trees sprayed several 
times during the growing season showed only a slight effect 18 months 
after the lust spraying. At the end of 2~ years, however, fruit from 
sprayed and unsprayed trees was identical. 

It was found that when applications of arsenic were made to 
actively functioning leaves the effect was almost immediately shown 
in the fruit. 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 later 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 undergrowthqf 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 ~ade over a period of one and one.·~alf yell;rs, 
and at the end of tha,t tIme there were 2,000 parts of arsemc tnoXlde . 
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, tree, or 
undergrowth of an ora,nge tree after 14 applications of one-half pound 
of lead a,rsenate each in 77~ gallons of water, even though there were 
700 parts of arsenic trioxide per million in the first 2 inches of soil. 

One year a,fter the last application an analysis of the soil under the 
~rapefruit tree was again made, and 1,800 parts per million was found 
m the first 2 inches of soil, and even at tha,t time the tree, fruit, and 
undergrowth were normal. 

When lead arsenate 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 
Qf sirup-sugar mixture had 0.34 mg of soluble arsenic as arsenic tri
oxide and 2.76 mg of insoluble arsenic 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 evidently translocated to these parts of the tree, for 
arsenic W9.f3 present in quantities ranging from a trace to 6.9 mg of 
arsenic trioxide pHr kilogram of sample. 

Sohible arsenic (measured as arsenic trioxide) present on leaves in 
quanl;ities of 0.01 mg per 10 eof leaves stimulated respiration slightly, 
but when more than 1 mg was present on 10 g of leaves the respira
tion increase ranged from 50 to 75 per cent and the leaves usually 
fell. 

When soluble arsenic was present at 0.01 mg of arsenic trioxide per 
10 g of leaves the catalase activity was stimulated, 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, it was almost stopped. 

When arsenic was present on the leaves, not so much acid formed 
in the fruit, and what was formed disl1ppeared more rapidly than in 
the unsprayed fruit. When as much as 0.01 mg total arsenic trioxide 
was present on 10 g of green leaves at maturity, the maximum reduc
tion without injury to the tree in fnut acid was produced. The 
hydrogen-ion concentration of fruit juice from. trees that had been 
sprayed was much lower than tllat of juice from unsprayed trees. 

The solids of fruit juice were somewhat increased when as little as 
0.008 mg. of arsenic trioxide was present, but when more than this 

quantity was present the solids wem decreased. In tIllS case also, 

approximately the same quantity of arsenic that stimulated the cata

lase activity caused the solids in the juice to be increased. 


The ratio of acids to solids was very markedly affected by arsenic 

on the leaves. When as much as 0.01 mg of arsenic trioxide per 10 

grams of leaves was present the ratio was only a little above normal, 

but a slight increase over this caused the ratio to rise to 20 to 1. 

When so much arsenic was present that the leaves dropped, the 

arsenic was eliminated from the tree aI.ld the fruit was less affected. 
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When the trees were sprayed seventeen times with 5 gallons per 
appli~ation 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 be;,ng 
affected. 

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