|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




i §

¢ J122
Illlllf-_'_ n
23 s e

MICROCOPY RESOLUTION TEST CHART
HATIGNAL BUREAY COF STANDARDS-1963-A

in

B

IIIHIEO ] X4

Nl
L ="
[E

FEEERE EE F

E
E
133

MCROCOPY RESOLUTION TEST CHART
HATIONAL BUREAU OF STANDARDS-1963-A




tﬁa_.c.,. “ o | _. _ 'Staak,

\J\.‘.‘:?J = L
Technical Bulletin No. 782 November 1941

‘Field Studies of Tnsecticides Used To Control
Cabbage Caterpillars in the South’

By W. J. Rerm, Jr., assistant enlomologist, Cuas, E. Saore and L. B, REED,
associale enfomelogists, and W, A. THoMas, aasisiant entomologist, DMvision of
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Stations of Louisiana and South Carolina

CONTENTS

Introduetion. .. . . e Initial studbes—Cunitinued.
Seope of the work., . G aiceea ; Spefmgal 034, 00,
Cultuml practices.. | . . - Surrmary of enrly vxperimients.
Tnsecls involved ... .. . | . . Intensive experiments e
Materials compared . . Neseription of Lthe experiments, . e n
Experimental fncthods._ . .o Colleelion and treatment of dat
Initial studies. .., ... .. S Results nbinined. . .
Spring of 183 ) . Distussion of the resulls. .
all ol 1083 .. . .. . Bummnry angl conelusions

INTRODUGCTION

In those parts of the South where intensive and continuous pro-
duction of cabbage is practiced year after year the problem of poisonous
resi@fies following applications of insecticides has at imes been es-
pecibly acute. Normally the caterpillars that feed on the leaves of
v thisglant (fig. 1), including the cabbage looper (Autographa brassicae

. (Biled)), the diamondback motl (Plutelle maculipennis (Curt.)),
» ¢ the imported cabbageworm (Pieris rapae (1)), and others, attack it
. o sifficicnt numbers to cause damage cach year (fig. 4, A). Oc-
¥ -%cosiomlly they appear in outbreak numbers ot the time the crop is

-~ being harvested and must be controlled when there is no opportunity
¥ s for the'natural removal of spray residues. In view of this sibuation a

.+ seriegyof experiments was initiated so that ultimately control recom.

z mendations especially applicable to conditions in the South which

* « would eliminate the residue hazard, might be formulated.
! Received for publication Decomber 11, 1940. . .
*W. LReid, Jr., and Chas, . 5mith wers ig dirget charge of the investipations nt Charleston, §. ., andl

Baten Rouge, La,, respectively, assisted by C. O, Rare and 1, K. Harrlson.  Ackunowledgmonts are Thpde
mﬂG. F..&tahl, whic hird genernl supervision of the eabbage insvel work in the South heginning with June
183,
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Fraure 1.—Adults and larvae of cabhage eaterpillgrs: A, The imported cabbage-
worm {Pieris rapee); B, the cabbage looper { Autographa brassicae); C, the
diamondback moth (Plutelly maculipennis}; D, the eorn carworm {Hetiothis

armigera). Stightly enlarged.
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The first step was a study of the limitations on the use of arsenicals
on cabbage being grown in the South. Results of this work have been
published.® In this study it was demonstrated that arsenicals st the
strengths tested should not be used on cabbage intended for marketing
as U. 8. Grade No. 1, which ordinarily bears four loose outer leaves,
after the heads begin to form. It was further demonstrated that the
inclusion of more than four loose outer lesves on the marketed product
increases the length of time before harvest in which it is unsafe to usec
arsenicals and mskes it dangerous to use such materials after the
seedling stage. In other words, arsenicals should not be applied at
any time on that portion of the plant which is to be marketed or
consumed as food.

As cabbage caterpillars * are often present on the crop during the
period when it is unsafe to use arsenicals, it was necessary o find a
satisfactory substitute that would kill them and not leave o harmful
residue. With this in view, field experiments were conducted to
determine the comparative effects of the least objectionable arsentcals
and other available materiale considered nontoxic to man but known
to be toxic to certain insects, that might prove satisfactory in con-
trolling caterpillars on the plants. The ultimate objective of these
comparisons was to make possible a more intellicent study of the
practical use of the more promising of such materials. These investi-
gations were in progress from the spring of 1933 through the spring of
1833, and the results arc made the subject of this bulletin.

The experiments were conducted as o cooperative project betaween
the field laboratories of the Bureau of Entomology and Plant Quaran-
tine at Baton Rouge and at Charleston ® and the Agricultural Experi-
ment Stations of Louisiana and South Carolina, the Charleston lab-
oratory of the Bureau being located at the South Caroling Truck
Experiment Station and the Baton Rouge laboratory at the Louisiana
Agricultural Experiment Station.

SCOPE OF THE WORK

In the search for insecticides that are nontoxic to man, three were
found gvailable that showed promise as possible substitutes for arseni-
cals. Two of them, ground pyrethrum fowers and ground hellebore
root, had for many years been reputed to be of value in controlling
cabbage caterpillars. The third, ground derris root, a relatively new
rotenone-containing insecticide, was known to be toxic to many
insects including cabbege caterpillars. Very little information was
available concerning efficient dilutions of any of these materials or their
relative effectivencss, ss compared with arsenicals, for controlling
the caterpillars under field conditions.

Since promising insecticides were already availasble, it was not
deemed necessa), 1o conduct laboratory tests in search of new ones
until these known ones had been thoroughly tested under feld condi-
tions. Therefore the experiments were confined to the determination

P Wiite, W. I, A SUMMARY OF &TUDIES ON ANSENICAL SULSTITUTES FOI CARBAGE WORM CONTROL, ON
CABBAGE ANT! LIMITATIONS ON ARSENICAL THEATMENTS. Jour, Ecan. Enb. 28: 087000, 1935,

8wt CHas. B, Rerp, W. 3, Ja., Harmson, P. K., ond Banre, C. 0, 4STUDY OF ARSENICAL DUSTING
OF CARBAGE I¥ RELATION TO POISON RESIDUES, UL 8. Dept. Apr. Cir. 411, § PP, s, 1037,

¢ The papuler term “cabhage caterpbliars will be undersiood ns teeluding all the specios of enterpilisrs

utincking the ecabbepe lesves, . . . )
¥ Certaln phases connected with the preliminary work were considered in experiments connuetod st

hadhours, ¥, C.
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of the comparative effevtiveness of the insecticides as reflected by the
numbers of eaterpillars present in field plots of cabbage affer different
treatments.

During the early part of the investigations il was necessary to
determine the most promising diluenis and dilutions for the various
materinls used as well as the rates of application, and the influcnce of
varying weathor conditions on the application and effect of the mate-
rials also had to be considercd. For these reasons much of the carly
worlk was more or less preliminary, and the results canuob very well be
combined with thosc obtained in the more intensive investigatious that
followed. This preliminary work was imporlant, however, from the
standpoint of the investigation as 2 whole, and a discussion ol it will
be ineluded.

CULTURAL PRACTICES

As far as possible the methods of cullure cousidered to be best
adapted to the loealily were employed at cach laboratory throughout
the investigation. Mlosl of the cxperimental pluntings were grown
during the usual periods of commercinl production, except in some
instances wlhen, after severe winters, the spring crop was set slightly
Inter in order the better to insure an adequate insect population.

In mosl cases the variety of cabbage generally grown in the aren
was used in the experimental planbings at cach laboratory. In no
instance was a variety planted whicl was not adapted to the locality.
Unless indicated otherwise, the Charleston Wakelield variety was
employed at Charleston, 8. C., awl Chadbourn, N, C., and the Copen-
hiagen Market variety at Baton Rouge, La.

The production period for cabbage in the South usually extends
from late in the summer through the winter and up to the end of the
spring months, and during Lhis time the erop is grown more or loss
continuously. It is a rather common practice to make two general
plantings, and these plantings are veferred to in this bullelin as the
fall and spring erops.  An intermediate planting started late in the
Inll and barvested Inte in the winter has been considered as & winter
erop.  Inseel populations are usually very hight in midwinfer, and for
this reason practically all the experimental work was confined (o [all
and spring plantings.

INSECTS INVOLVED

Throughout the entire series of experiments only those species of
enterpillars that are normally of economic inportance in the winger-
cabbage-growing areas ol the South were tuken into consideration.
Cerlain species appeared to predominate during cortain seasons, and
trequently the species predominating in enc locality [or a given season
wis nol the swme as that predominating in the other localities.  Dur-
vz one or more of the seasons included in these investigations the
species that wppeired in sufficient numbers in ench of the three locali-
ties to make possible the necumulation of reliable data were the eab-
bagze looper (Autographa brassicae (Riley)), the diammondback moth
( Plutelle maculipennis (Curtis)), the imported cabbagewortn {Pieris
rapae (1)), and several species of the Agrotinae.®

8 In Livis bubletin several nectnlds ennprised larpely of three species, viz, the black culworn (clprofix

ypafion (Ralt.)), the gronulule colworm {Feltfu ankers (ol 3y, aned the corn carworm (f fedinthis armigern
tilhn.h, wlll be consitlered a5 o grmap und refeered to by dhedr subfamily naoe, Anmbine.
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During the fall months the cabbage looper and the Agrotinae were
the most abundant species at all three localities. Although not so
numerous as the eabbage Jooper, the Agrotinne were destructive to
cabbage during certain Iall seasons at Baton Rouge and at Charles-
ton. The imported cabbageworm appeared late in the season on fall
crops st Baton Rouge and Charleston, and the diamondback moth
was present in small numbers at botb localities during this period.
The cabbage webworm (Hellule wndalis (F.)) also is often injurious to
fall-crop plantings a4 each location, but is a pest chiefly of seedling
plants, and it was not present in large numbers at the time the studics
discussed herein were made.

Or the spring crops the diamondback moth usually was the most
prevalent species in oll threc localities, this being especially true at
Charleston. The cabbage looper and the imported cabbageworm also
were abundant on spring crops at the thres locations, the last-named
species being the most destructive of the caterpillars attacking spring
cabbage 2t Baton Rouge.

MATERIALS COMPARED

The dust form of insecticides has been most used for the control of
cabbage caterpillars in the arens included in these investigations, For
this reason practically all comparisons were made bebween materials
applied as dusts. Those dilutions that appeared most logical on the
basis of past experience were first tried, as well as the materials in
their original concentrations in cases where little or ne information
concerning them was available. As the studies brogressed the use of
materials and dilutions showing little or no effectiveness was discon-
tinued, and desirable changes wore made in the dilutions of those
showing most promise. Diluents were selected primarily on the basis
of cost and availability, but some considerntion wus given to physical
and chemical compositions in so far as it was theught that they might
niﬁ’ect the efficiency of the toxic eloments or the practical use of the
dusts,

Inesmuch as the main objective of the experiments was to study
the effect of toxic agents that were not considered particularly harm-
ful to the consumer, speeial cmphasis was placed on the performance
of powdered derris root, hellebore, and powdered pyrethrum fowers,
Paris green, caleium arscnate, and crvolite, considered as the least
objectionable of the inorganic usecticides, were included in pricti-
cally all the tests so that their officiencics might be compared with
those of the possible substitules. Where special combinations and
other materials were used to o limited extent, particularly in the carly
experiments, mention is made of them in diseussion of the experiments.,

A special effort was made to procure fresh materials for all tests,
They werc obtained from reliable firms and subjected to analysis by
the Insecticide Division of the Bureay of Chemistry and Soils 7 before
being used. The dilutions of derris-root powder were based on rote-
aone content, those of pyrethrum flowers on pyrethrin I content, and
those of the other materinls on parts by weight. Future refercnces
to specific dilutions will be expressed in terms of these basic ingredi-
ents or as parts by weight.

© Nnw the Division of Insecticiile Investigations of Uie Burenn of Entomolopy and PMant, Quarnntine,
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EXPERIMENTAL METHODS

The sccuracy of experiments designed to show comparisons between
insecticides used under field conditions is primarily dependent upoun
the refinement of methods used in conducting the wark and in trenting
the data obtained. Throughout the course of these exparimentks an
offort has been made to improve the teghmique employed so as to in-
crease the significance of the results. Even with the best methods
available and the exercise of extreme care, it is recognized that any
measurements obtained are subject to the qualification that differcnces

t-‘.- — ..G.A",..Ji&l .. ur 4 - -
Froure 2.-—Type of sifling and mixing maehine used in the preparation of insecti-
clde dusts. *

might, and probably do, exist which could nob be measured under the
conditions encountered. On the other hand, differences that are
clearly demonstrated may be less significant from the practical stand-
point than the data would indicate.

In all the cxperiments use was made of replicated plots, and in
most cases some degree of randomization was employed. Attention
was given to the size of plots as well as their shape and protection
from treatments on adjacent plots. The question of sampling was
studied, and improvements were made in the method of sampling as
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the work progressed. In all except several of the earlest experiments,
in which the catorpillar populations were counted on @ limited number
of the same plants before and after the applications, the results were
based on the caterpillar populations surviving after the dilferent
wpplications.

The materials were mixed with the diluents not more than 24 hours
before the applications were made. Mixing was done in a sifting and
mixing machine (fig. 2) of about 50 pounds’ capacity, operated for
a period of § minutes. Applications were made by means of rotary

. . . R e Cm

Fraure 3.—Type of rofary, hand dust gan used iy application of insecticides.

hend dust guns (fig. 3), with onc trip per row before the plants began
to head and two trips per row, one from each side, thoreafter. Except
in the preliminary experiments, the materials wore usvally applied
Iate in the afternoon or early in the evening and when the plants
were either dry or were slightly moist with dew.  In most cases from
15 to 20 pounds were applied pet acre, the quantities boing determined
by weighing the dust guns before and after each application.

INITTIAL STUDIES

The experiments conducted from the spring of 1933 through the
spring of 1934 were largely preliminary.  Alithough » certain amount
of cooperation existed between the Inboratories, only parts of any ohe
experiment were replicated by seasons or by localities. Any atternpt
to combine the results of these with later experiments, which were
carefully replicated, would be undesirable. To avoid confusion, thore-
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fore, the results of this initial work will be presented separately. Some
of the information has been published ® in mimeographed form.

Sprinc oF 1933

During the spring of 1833 four field experiments were conducted at
Baton Rouge, L., two at Charleston, 8. C., and three at Chadbourn,
N. . In one or more of these paris green and Lime 1-10; calcium
arsenate; and hellebore, pyrethrum, and derris, both dituted with
tobaeco dust and dusting swlfur either alone or 1 combination, and
undiluted, were used. ‘The results of these experiments demonstrated
that pyrethrum, derris, or hellebore, diluted with equal parts of
tobacco dust or sulfur, resulted in practically as high a mortality of
caterpillars as when used at full strength. Ilellebore was distinctly
inferior to the other two organic maberials in all the tvials and was
eliminated from further cxperiments. Both pyrethrum and derris,
used scpavately, compared favorably with paris green and lime 1-10
and with undiluted caleium arsenate. They alse compared favorably
even when either was diluted with several parls of tobacco dust or
dusting sulfur, Some indications were obtained that both tobacco
dust and sulfur might have some insecticidal cffect on one or more of
the species.

In several of these experiments a comparison was made of the
relative eifectivoness of pyrethrum and derris when applied at different
times of the day. The results obtained indicated that pyrethrum was
more cffeetive wheu applied late in the afternoon than when applied
during the forenoon, but that there was little or no difference between
the effectiveness of the forenoon and afternoon applications of derris.
This eventually led to the application of all organic materials late in
the afternoon. Counts ol caterpillars made 6 days ufter the appli-
cations showed in one of the experiments that the effect of derris
tasted several davs, whereas that of pyrethrum was dissipated in a
relatively short time under ficld conditions.

The cabbage looper was the most abundant species during this sea-
son nt each location. There was o moderate infestation of the dia-
mondback moth, and there were a few imported cabbageworms. As
these species reacted differently towsrd the different insecticides, it
was necessary to keep separute records for each. In some cases it
was evident that the smaller larvae were more susceptible than were
the larger ones and that variations in size of the larvae present in the
different experiments interfered with the comparison of the results,

In the Chadbourn and Charleston expertments an attempt was
tade to test each material, ov dilution thereof, at applications of both
10 and 15 pounds per acre. Under the conditions which prevailed,
however, variations in the actual dosages were so great that it was
impossible to malke fair comparisons. In subsequent experiments the
various dilufions of the materials were compared at approximately
constant rates of application. In the second Charleston experimeht
records were made of yields produced on the various experimenta:
arens, only weights of the plants being obtained, as soil conditions pre-
T Warth, W. Il PROGRENS REIGRT OF EXPERIMENTS ON TILE CONTROL OF CARDAGE Wontmg, UL §, Bar.
Fut. Cir, B-000, 14 po. 113, {Mimeograpbed.]

WECOMM EXDATIONS FOR THE FONTIOL OF INJECTS ATTACKING CELTAIN VEGETABLES, SWALL FILUITS,
AND TOHACCO, AND THE ELIMINATION OF HARMFLL INSECTICINAL HESIDUES FROM TUHE MARRKET TRODUCT.
(7.8, Bur. Ent. and Pant Quar. Cir. E-343, 13 pp. 4135, [ M imenpraplivd ]

BECOMMENDATIONS FOR THE CONTIOL QF INSECTS ATTACKING CERTAIN VEGETANLES, SMALL FRUITS,
Axp TONACCO, P & Bur. Eabt.omsd Pleol Qoaer, Ol B30, Hopp. 1, [ irmengrephed.|
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(fig. 4, B) of plants dusted four times with s mixture coutaining 1.7
percent of rotenone prepared by mixing equal parts of derris and to-
baceo dust. .

Of the two Charleston experiments, which were duplicates except
as b0 the dates on which they were conducted, the one under way late
in the spring had the grenter caterpillar populations and was of more
value to the investigation than was the one conducted during the
winfer and early spring months.

In these spring experiments at Charleston cloth barriers 3 feet high
were erected around each plot while the dusts were being applied. As
these harriers did not prevent the dusts from drifting Into adjacent
plots, however, their use was discontinued.

TarL or 1933

“During the “all of 1933 fow experiments were conducted at Baton
Rouge aud oue at Charleston. In these experiments, in addition to
comparisons of the relative value of different insecticidal materials
in reducing the populations of cabbage caterpillars, comparisons were
made of the same strengths of derris and pyrethrum with different
diluents, and one or more dilutions of paris green, calcium arsenate,
barium Auesilicate, natural and synshetic eryolites, derris, and pyreth-
rum were used in opne or mors of the expeniments. The diluents
employed were lime for the srsenicals; falc, svlfur, and clay for the
fluorine compounds; and tale, tobacco dust, sulfur, and clay for derris
and pyrethrum.

A dosage of 15 pounds per ucre per application was adopted for these
experiments, as it had been indicated in previous tests that approxi-
mately this quantity would give 8 satisfactory coverage with the
equipment in use. It had been determived also that derris and
pyrethrum powders could be diluted with equal parts of & diluent
without significantly decreasing their effectiveness. Consequently the
Chmleston experiment was designed to employ a range of dilutions
{from those which certsinly would give satisfactory caterpillar reduc-
tions down to those which probably would not.

At Charleston the materials and dilutions consisted of paris green
and lime {1-9); caleium arsenate, undiluted; barium fluosilicate and
clay (1-4); natural cryolite and clay (1-2, 1-4, and 1-6); natural cryo-
Hite, clay, end sulfur (1—2-2); pyrethrum diluted with clay to contain
0.1, 6.05, aud 0.025 percent of pyrethrin I; derris diluted with clay to
contain 1.5, 1.0, 0.5, and 0.1 percent of rotenone; and derris diluted
with clay and sulfur to contain 0.5 percent of rotenone.

Tn the Baton Rouge experiments the materials and dilutions em-
ployed consisted of paris green and calcium arsenate, each diluted to
contain 6.67 and 5 percent of arsenic trioxide (As;O;) or the equiva-
lent; synthetic eryolite and tele (1-2 and 1-3); synthetic cryolite and
sulfur (1-3); barium fuosilicate and tale (1-2 and 1-3); barium fluo-
silicate and sulfur (1-3); derris, diluted with sulfur, or with tale, or
with tobacco dust, to contain 1.0 percent and 0.5 percent of rotenone;
derris diluted with a combinstion of sulfur and talc to contain 0.5 per-
cent of rotenone; pyrethrum diluted with sulfur, with tale, or with
tobacco dust to contain 0.15, 0.1, and 8.05 percent of pyrethrin I;
and pyrethrum diluted with & combination of tale and sulfur to con-
tain 0.075 percent of pyrethrin I.
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At Baton Rouge, where this senson the imported cabbageworm
constituted the major portion of the population, the indications were
that the derris and pyrethrum mixtures were superior to those of the
inorganic matetdals. Therc were some slight differences, which may
have been duc to experimental error, between liko dilutions of the
organic materials in which different diluents were used. The diluted
calcium arsenate dusts were apparently inferior to the other three
1organc materials. In the Charleston experiment, where the cater-
pillar population was light and consisted lavgely of the cahbage
looper, the results were not very conclusive, but were in line with
those of the preceding tests. An interesting point of this experiment,
however, was the relatively greater effectiveness of the Pyrethrum
dusts in reducing the cabbage looper population as compared with
that in some of the previous tests. In the 1933 experiment the
plants were drier at the time of the applications, and this may have
favored the pyrethrum treatment.

SPRING oF 1934

The experiments of the spring of 1934 were more complete and
more closely coordinated than were those of the preceding seasons.
One large experiment was conducted at each of the three laboratories.
Derris and pyrethrun were diluted to give mixtures comparable to
those used the previous fall and were compared with calcium arsenate,
paris green, and eryolite. Since treatments additional o those at
Baton Rouge were included at Charleston and Chadbourn, and since
there were various other differences between the experiments In the
three localities, these experiments will be discussad separately.

The Baton Rouge experiment consisted of 11 treatments, including
an undusted check, which were replicated and randomized in each
of ¢ parallel blocks. The trestments were ns follows: . Dertis-root
powder diluted with tobacco dust to make dusts containing 0.25, 0.5,
1, and 2 percent of rotenone; pyrethrum powder diluted with tobaceo
dust to make dusts containing 0.025, 0.05, and 0.1 percent of pyre-
thrin I; paris green mixed with bydrated lime (1-9); calcium: arsenatoe,
undiluted; and synthetic cryolife mixed with dusting sulfur (1-3).
The plots, one-twenticth of an scre in arca, contained 8 rows 3 fect
wide and 91 fect long. Three applications of the insccticides were
made at intervals of 10 and 11 days. Approximately 15 pounds of
the dusts was applied per acre per application.

A uniform sample, consisting of counts of the caterpillars on 50
plants per plot located in the center 4 rows, was taken from all plots
3 and 4 days after cach application. To avoid using the same plants
in the different counts, and also to spread the sample over as much
of the plot as possible, the fourth consecutive plant was scleeted eacl
bime, with plants 1, 2, and 3 from the soutl end of the rows as the
starting point in thr respective counts. To obtain information on
the resadual value of the various treatments, an extra count was made
6 and 7 days after the first application.

The caterpillar populntion was recorded by species on each indi-
vidual plant of a sample, The purpose of this was to compare the
reaction of the different species to the difterent materials and dilu-
tions, also to provide informution on the distribution of the different
species fron: plant to plant within the plots. For the four counts,
including: the extra count for the residual effect, the population
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averaged 1.7 caterpillars per plant per count. The imported cabbage-
worm. constituted about one-half the entire population, with the
cabbage looper ranking second and the larva of the diamondbacik
moth third.

Based on the eaterpillar counts, general field observations, and the
statistical analyses of the data obtained in this experiment, detris, in
general, gave better results than any other material used. There
was no significant diffcrence between deyris {containing 1 and 2
percent of rotenone) and pyrethrum (containing 0.1 and 0.05 percent
of pyrethrin I) for the control of the loopers. Derris at the dilutions
above mentioned was superior to all the other materials used against
the imported cabbageworm and, except for ealeium arsenate, was
superior to all other materials used against the larvae of the diamond-
hack moth.

The paris greenlime mixture was inferior to. the stronger mixtures
of both pyrethrum and derris, but was supetior to both undiluted
caleiwm arsenate and eryolite in the ease of the iwmported cabbage-
worm, It was aboul cqual to ervolite when used against the loopers
and larvae of the diamondback moth, and inlerior to ealeium arsenate
for the latter spoeies.

Obscrvations on this cxperiment indicated thai derris possesses o
repelling or paralyzing offeet which tends to cause the surviving larvae
to ceasc feeding for scveral days, and alse a residual offect that might
aid in controlling the insvets. In contrast to dertls, pyrethrum appeared
to have little or no residual effect.

Except for minor changes in 3, the Chadbourn experiment included
the same 11 treatments that were used at Baton Rouge. Each treat-
ment was replicated in each of 3 randomized blocks. An average
peak infestation per plant of 7.7 loopers and 1.7 diamondback larvae
developed. The results were comparable to, but Jess conclusive than,
those obtained at Baton Rouge. This experiment also included
botk morning and afternoon applications of 1 dilution. of each of the
5 insecticides; and, in addition, cach block contained 3 rates of appli-
cation—20, 30, and 40 pounds per acre—of both caleinm arsenate and
paris green. The caterpillars were madberially reduced Iy all the arsen-
ical and cryolite treatments but no one rate of application or time of
application gave better results than any other for any one material.

‘At Charleston the five prineipal insocticides were diluted with clay
to make dusts comparable to lhose used at Baton Rouge. They
were compared in three randomized-block replicates. The results
were loss conclusive but in general substantiated those obtained at
Batou Rouge. Tho imported cabbageworm was the most abundant
species at this time, reaching an average infestation of 1.6 caterpillars
per plant as compared with 0.8 looper and 0.4 larva of the dismond-
back moth. These cstimstes are somewhat Jow, as they “.re based on
the infestation of the usually marketed portion of the p.ant. Magne-
sium srsenate was also used in this experiment, but it was ineffective.

The following sprays were included in the Charleston experiment:
Derris-root powder, in suspension and as an extract, applied so as to
sive the same quantity of rotenone per acre as the 0.5-percent dust;
pyrethromn powders, in suspension and as an extract, comparable to
the dust containing 0.085 percent of pyrethrin I; a combination of
rotenone and of pyrethrum extracts, containing one-half of the active
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ingredients of each of the two sprays in which these ingredients oc-
curred separately; calcimmn arsenste, paris green and lime, and mag-
nesium arsenate, each in suspension at spplication rates comparable
to those of the dusts of each material, and cryolite in suspension at 2
rate compurable to that of the 14 dust dilution. A miscible pine
oil was used as a spreading agent at a dilution of 1-400 in all the
sprays. The sprays were applied throughout the day with g knap-
sack sprayer operating at approximately 75 pounds pressure.

The sprays compared favorably with the dusts at similar dosages,
with the exception that the derris sprays were significantly inferior to
the derris dusts when used against the cabbage looper.  The spray
suspensions were as effective as were the spray extracts. The pyre-
thrum suspensions appeared to be particularly effective in reducing
the looper and imported cabbageworm populations.

StvMMArY oF Fanry EXPERIMENTS

Because of imperfections in the design of the greater part of the early
xperiments, there being ne provision for sdequate measurement snd
control of experimental errors, it was not possible to determine 860U-
rately the relative merits of the various materials used, These pre-
liminary trials, however, were necessary to furnish experiensce and
information upon which to base the selection of maberials, dituents, and
dilutions, as well os the technigue for use in more critical tests, The
information from these experiments may be briefly summearized as
follows: (1} Derris and pyrethrum possessed toxic effects that showaed
promise in reducing the cabbage caterpillar populations; (2) hellebore
was relatively ineffective as a toxic agent for cabbage caterpiliars:
{3) both derris and pyretlyum powders in the form purchased on the
market contained greater toxic strengths than were nscessary and could
be advantageously diluted with sulfur, tobacco dust, tale, or pulver-
1zed china clay; (4) afternoon applications of pyrethrum were more
effective than morning applications; (5) calcium arsenate undiluted,
pans green 1-8 with lime, cryolite 1-2 with tale, clay, or sulfur, and
various dilutions of derris and pyrethrum were the materials that
showed the most promise in killing cabbage caterpillars; (6) toxic
effects sppeared to vary to some extent according to the species of
caterpillars predominating on the cabbage; (7) owing to the residual
effect of derris and the srsenicals, the full effects of the insecticidal
treatments could not be determined by counts made within 24 hours
after dusting; (8) significant comparisons between the treatments were
difficudt to obtaln, making it desirable to refine the technigue of the
experiments.

INTENSIVE EXPERIMENTS

DEescriprion oF THE EXPERIMENTS

During the fall of 1934 and spring of 1935 four experiments were
conducted at both Charleston and Baton Rouge in which improved
technique was employed, permitting 2 more accurate comparison of
the treatments. These will be referred to as experiments 1, 2, 3,
and 4, the order in which they were conducted. Experiment 1 was
conducted during the fall of 1934 and the other three during the spring
of 1935.  Cabbage of medium size, in the prehending stage, was used in
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experiments 1 and 2, plants starting to head in experiment 3, and
those nearing maturity in experiment 4. The Copenhagen Maricet
variety of cabbage was used in experiment 1 and the Charleston
Wakefield in 2, 3, and 4. TEach experiment consisted of one appli-
cation of the materials on plants not previously treated.

The plants comprising experiment 1 received two additional appli-
cations of the insecticides, but, owing to complications in the insect
infestation that developed after the first application, which were
especially pronounced at Baton Rouge, the duta obtained from these
last two applications were omitted from this report. It was found
that the plots that had received the most effective early treatments
apparently later contained plants more attractive for oviposition than
were the badly damaged plants in the plots receiving the less effective
treatments, and consequently the caterpillars at the end of the 21-day
intorvals allowed between applications tended to be more numerous
on the plants that had been better protected.

Kach cxperiment contained 12 treatments, namely, 4 dilutions each
of derris powder and pyrethrum powder; 1 ench of paris green, caleium
arsenate, and synthetic eryolite; and an undusted check. China clay
was used as the diluent for derris, pyreturum, and cryolite and hy-
drated lime for paris green. Caleium arsenate was used undiluted.
The dusts were applied at the rate of approximately 20 pounds per
acre with rotary-type hand dusters by passing once to the row in
experiments 1 and 2 and twice to the row, at an angle on each side,
in experiments 3 and 4, The materials, with their analyses and the
dilutions used, are listed in table 1.

TaABLE 1. Materials and thetr analyses, diluents, end dilulions used on ecperimenis
I to 4, inclusize, against cobbage calerpiflars, Baton Ruuge, La., and Charlesion,
8. C., season of 1934-35

Lxperi- [
ment No.|

1
Alalerial i Analysis ‘ Diluent D¥ilutions
|

Pereead
{liotununo_. 30

Talgl CCh pxtractives, 17,9

o epotain 1.0, 0.5, 0.1,
| Darris powider

and .05 perceot of
roteoong.

! To contain 1.0, 0.5, 0.1,
Il} ol ... o.ojq ood 0§ poreent of
t

}{‘hinn clay ..

do SRetepome o
- : i Tatnl CCH extractives. 104 rotenona,
To contain .1, 0.05, 0,025,

and 0.012 peregnt of

I
' |

dlyredheam ) Pyrothrinl... . . . 20, 1 T
] : pyrethrin L.

powler.

"Fo gontain 0.1, 0.05, 0.025,

_|¢ and 0.0123, pereent of
pyrethrin 1.

Prroiheinl . .o.42
Pyrethrin I0.... . - .0l

Aloisture.. . oL

Tatal arsenic s 405, -

Water-sointo arsenie
as AsaQs - ... o C

[ !
| )
| |

tlo R | [T

.. Trndiluted.

D Calgiom arse- Nonp

FHTTILH

ii'Fotal nrsenie 48 ApOy . 57

Water-soiuble aTsemie as Elyddrated lime. i 10 parls by weight.

| varis preen
AgeOa .. . . ... K

Eouivalent of NuaAlls 1.

Flgorine. ... ... ... .

Aluminum, .

Molsitee. ... .

Crynlite {syn- Ching elay . ....| 1-3 purts by weight.

thetic).

The treatments were replicated six uimes in each experiment aud
were randomized in cach of six parallel blocks and six cross sections,
forming a semilatin square. By this arrangement 1t was possible to
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utilize the method of analysis of varisnce in the interpretation of
the results. A typical diagram of the field lay-out of these experi-
wmients is shown in figure 5.

In experiment 1 the plots consisted of eight rows 80 feet long in-
cluding two buffer rows that were not dusted, and in experiments 2,
3, and 4 they consisted of five rows 50 feet long, including one
buffer row. In experiment 1 the samples were taken from the
middle four rows, and in experiments 2, 3, and 4 from all four of the
treated rows. The samples consisted of counts of the surviving
caterpillar populations on four 25-plant subsamples from each plot,

BLOCKS {(REPLICATIONS)

oom

H

H

K

o

Vot
0
=z
=
i.._
<
)
_
a
Ll
o

p—
.
z
)
i_
O
]
0

VI

Froure 5.—Diagram of field lay-out in experiment 1 on the control of cabbage
caterpillars. The entire field consisted of 3.7 acres divided into 72 plots
80 feet long containing & rows 3% fect wide. The rows are extended from left
to right. In the dizgram the figures represent the various experimental treat-
ments. Charleston, 8. €., and Baton Rouge, La. 1934,

the plants in eacli subsarple being sclected so as to insure that no
plant was examined more then once. In experiment 1 the sub-
samples were teken on the second, fourth, sixth, and eighth days after
the application. In experiments 2, 3, and 4 the caterpillar counts
were begun on the morning of the third day after the dusts were
applied, with one subssmple for the experiment taken daily, or as




16 TECHNICAL BULLETIN 782, U. 8. DEPT. OF AGRICULTURE

nearly so as was physically possible, until the four were taken. The
live caterpillars present were recorded by species, with those recently
hatched disregarded.

Diagrams of the internal arrangement of the plots e.mployed during’
the fall and spring seasons are presented in fizures 6 and 7
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CONTAIMING PLANTS TO BE EXAMINED

Freore G.—Diagram af individual plot used in experiment 1. Plants were
gpaced 15 inches apard in rows 34 feet wide.  All plants in the area from which
the sample was taken were at least 14 feet from plants dusted with a ditferent
material. Charleston, 8. (., and Baton Rouge, La. 1934,

During the course of the experiments the following records were
taken at time of application: Date, time of dey, average tempeva-
ture, relative humidity, relative amount of moisture on plants, sky
condition, and wind velocity and direction,

From time of application to completion of sampling the dates;
period from applicaiion to each count of larvae; rainfall average;
minimum, maximum, and mean temperatures; and minimum, maxi-
mum, and average meen humidifies were likewise recorded.
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Freure 7.—Diagram of individual plot ured in experiments 2, 3, and 4. Plants
were spaced 15 inches apart in rows 3 feet wide, Al plants of the area from
which the sample was taken were at least 6 teet from any plant dusted with o
different material, Charleston, 8. C., and Baton Rouge, La. 1935.

CoLLECTION AND TREATMENT OF DaTa

The data on surviving caterpillars of the different species were
kept separate and never averaged, because in the preliminary experi-
ments 1t had been found that the species did not react the same
toward the different insecticides. The date for the different experi-
ments were first studied separately because they usually represented
different levels of population. Thus a separate set of data was
compiled for each species of caterpillar, for each experiment, and for
each station, as illustrated in table 2, which shows the method of
summarizing the counts of living cabbage loopers after the dusting
with the various insecticides.

By the method of analysis of variance, the total gross variation of
the experimental units in each experiment was divided into its com-
ponent parts. This enabled o comparison to be made of the variation
introduced by controtled factors, such as insecticidal treatment and
location by blocks and sections, with that due to uncontrolled frctors
designated as experimental error. A test was made for aach set of
data in order to determine whether the estimate of varinnce attributed
to treatment was significantly greater than that atiributed to experi-
mental error. If the value of F thus obtained was larger then the
tabular value of ¥ for a 5-percent probability, it was assumed that the

302671 —41—0-3
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mesns for the various trestments differed significantly among them-
selves. When this difference was demonstrated, the difference
required between treatment means for significance was caleulated
from the estimated standard error. All interpretations of the results
obtained in this series of experiments are based on whether or not
significant differences were obtained between the treatments eorapared.

TaBLE 2.— Form of summary table used for recording counts of cabhage lospers in @
cabbage-insecticide experiment, 1836

Rato of Living logpers found in bleck—

Mean
sppiica-}___
Tosectlelde Dilution ;Emper

acre

Pounds

Parls groen-lime
Calelum srsenate...

=
1

poa o epRed

(=YX 1]
&

[&]
=
(-]

....
b
-

g%~
a o
RERRSRBSE
LR RN E=T- T p R o

Totul for blocks

Total for sectiohs..

| Percentageof pyrothrin I,
t Perecntage of rotenone.

Table 3 presents the form of work sheet used in analyzing the dats of
individusl experiments by species and by localities.

TabrLE 3.—Sample of ¢ work sheel used 7n recording analysis of variance

{Experiment $i
Bpecing: Cabboga looper. Locetion: Loolsiona, 1035
Treatments: 12,
Counts: Al
Worms per 100 nndusted plants=118,
Total worms=E5,028, QCorrection tarme534,677.56550.

TABLE OF VARIANCE

Cruxde sum of Corrected sam Degrees of
squares of squares freedom

. 572, 088.0400 67, 410. 444 ki
Treatment 544, 246. 0003 35, 558, 4444 Il 3, 597. 1313
Biloeks... 514, §06. 11167 9, #28. 6111 & 1,885, 7122
Beptlons ... . . . 507, 9270 5000 3, 292 9444 5 . 5880
Remainder .- o0 o.ain cari]emmmemaeies - 14, 620. 4445 50 200 4080

F=3 56071312202 4080 =123,

Varisnce of difference belween treatinent means, 2(202.4088) -6=07.4686.
Htandard errer of difference hetween treatment means, =3.873.

TRaqu!red minimum significant difference, (2008} (9.873)=10.8 worms.
Requirad bighly significant difference, {2.078) (0BT =264 wol 5.

After completion of the analysis the treatments were arranged in
the order of effectiveness and their differences compared with the
figure required for significance as illustrated in table 4.
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TasLe 4.—Summary of infestaiion counls of the cubbage looper for Lovisiana
experiment 4 {lable 3)

Rato ofap- | ber of Iatvae
ate of ap- r of larves
Material Dillution plieatlon | surviviog on
100 plants

., Futtids
D erriS- Ol oo
Cryolite-clay. .
Paria green-ime. . ... ...
DerrII;s-clny.._.._._-.-

L/ S
Calcium nrsenalta.
Derris-¢lay .
Pmﬁhmm-cluy...

e e

t Perts by welght. Differance required for odds of 19 to 1—10.%; diffarence required for odds of 80 to 1—26.4

After these data were analyzed and assembled by experiments and
species in these tables, it seemed desirable to combine or average all
the datn obtained on each treatment for each species, irrespective of
experiments and loealitiez, so as to {facilitate the interpretation by
providing an estimate of the performance of each trestment under
aversge conditions. This was accomplished by totaling the cater-
pillar counts from all plots for each treatment by species and dividing
by the total number of plots to obtain the weighted mean. Likewise
the weighted-error variance for each species was obtained by pooling
the sums of squares and dividing by the total number of degrees of
freedom. The corresponding standard errors and significant differ-
engies were obtained in the usual manner, as has been illustrated in
table 3.

Iu o similar manner the data for each species were grouped by low
and high levels of population. For this purpose an arbitrary division
was made and those populations below 50 caterpiliars per 100 undusted
plants were designated as low, and those with 50 caterpillars or more
per 100 plants as high. In general, the levels of population had little
effect on the relative standing of the different treatinents except that
significant differences were more difficult to obtain under conditions
of light infestation.

The data for each species were also grouped by localities, to facili-
tate & study of tho influence, if any, of the locality on the relative
effectiveness of the different trestments. This study demonstrated
that the differences between the localities eaused no cutstanding dif-
ferences between the performances of the different materials. The
chief varigtions in this respect were traceable i0 the various degrees
of natural infestation.

REsurts OBTAINED

It was apparant that the most practical comparisons of the various
inzecticides could be made by combining the data of all the experi-
ments. These combinations are given in tables 5 to 8 inclusive. In
these tables the menn nuimbers of caterpillars surviving in the different
treatments, as well 28 the mean differcnces between the treatments, are
given and the significances of these differences are indicated.




TasLE 5.—Cabbage loopers surviving in the 7 experiments in which the infestalion was 1 or more caterpillers per 100 plants, Charleston, S. C.;
. and Baton Rouge, La., season of 1934-35

Mean Differerices ! in survival between indicated treatments
number of . _

. looperssur-
Insecticide dust viving on 42
replications

0 .
plantseach

\ Number Number| Number | Nuinber{ Nuimber, Number
Derris-clay (1 percent of rotenone) 20 13 20 36 10 42 46 46 50 52 3
Derris-clay (0.5 percent of rotenone). .
Cryolite-clay (1-3)

Pyrethrum-clay (0.1 percent of pyrethin T)_. ..
Pyrethrum-clay (0.05 percent of pyrethrin I)_.
Parls green-lime (2~9)

Darris-clay (0.1 percent of rotenone) ..
Derris-clay (0.05 percent of rotenone).
Pyrethrum-clay (0.025 percent of pyre
Caleium arsenate (undiluted)..__
Pyrethrum-clay (0.0125 percent of

Undusted (check)

€0 QO O €1 b T b =4

1 A differcnce of 11.5 is requirad for minimum significance and of 15.1 for high significance. Significant differences are indicated in bold-faced type.
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TasLe 6.—Larvae of the diamondback moth surviving in the 7 experiments in which the infestation was. 1 or more caterpillars per 100 plants,
Charleston, S. C., and Baion Rouge, La., season of 1934~36

Menn Differences t in survival between indicated trentment:
number of
caterpillars
surviving
on 42 repli-
cations of
100 plants

each

Insecticide dust

Number Number Number| Number| Numnber| Number| Number| Number| Number{ Number,
20 0 1 20 21 28 29 32 i 37

Calcium arsenate (undiluted) . et .
Derris-clay (1 pereent of roletione) . - s e 14 21
Derris-clay (0.5 percent of rotenone). - e I ¥ PO i} 1
Paris greon-lime (1-0) .. ) ¢ 3 A 7
Cryolite-clay (1-3).... ......_..-
Derris-clay (0.1 percent of rotenone}_.
Derris-clay (0.05 pereent of rotenone) _ ..
Pyrethrum-clay {n.l percent of pyrethrin 1) .,
Pyrethrum-clay (0.05 percent of pyrethrin 1)
Undusted (cheek).. . ... .. .. ...
Pyrethrum-clay (0.0125 percent of pyrethrin I) 87 | s
Pyrethrum-clay (0.025 percent of pyrethrin ) , a- R P 2

10 me ST U0 =0 5 2 ol TS 1Y =

1
I
1

+ A qQifference of 7.7 is required for minimum significance and of. 30,1 for high significance. Significant differences are indicated in bold-face type.
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TaBLE 7.—Imported cabbageworms surviving in the 6 experiments in twhick the infestation was I or more calerpillars per 100 plants, Charleston,
8. C., and Baton Rouge, La., season of 1934--35

Meannum- Differences ! in survival between indicated treatments
ber of eat- -
erpillars
Tusecticide dust 32';8‘;;’:’ T
cations-of
100 plants
each

Numbe Nwmbér Nuinber: Number Nnmb:r Number| Number Nm!r’lber Nn;gbfr Number| Number{ Number
3. 5.7 i 8 B

1.5 4.1 6.1 14.8

2.6 4. ‘ 15.1

- 2.0 3 : 12.5

. . 1, 3

Derris-clay (1 percent of rotenone)................... ..
Derris-clay (0.5 percent of rotenone).......o.o .. ..
Paris green-lime (1+8) . <o coovwmvnnaina oo
Derris-clay (0.1 percent of rotenone).........ooeee. o
Caleium arsenate (undiluted). .....-. .

Derris-clay (0.05 percent of rotenone) ... ... .....
Pyrethrum-clay (0.05 percent of pyrethrinI) .. .. ...
Pyrethrum-clay gu.l percent of pyrethrin I) PO
Pyrethrum-clay (0.025 percent of pyrethrin N~ ... ..
Cryolite-clay (1-3)

Pyrethrum-clay (0.0125 percent of pyrethrin I).

Undusted (Check) - oo oo ruacm e e s nsamn i

[
6

1
2
3
4
&
6
7
8
9

1D b b et 2t b et
FATWE OO E W
IO O e DS =] e

1 A difference of 2.7 is required for minimumi significance and of 3.5 for high significance. Significant differences are indieated in bold-faced type.

TIALTADTEDY JI0 “IdEAA 'S ‘N ‘8L NITHTING TVOINHOEI 66




TarLE 8.—Larvae of Agrotinae surviving th the 2 experiments tn which the infestation was 1 or more calerpillars per 100 planis, Charlesion, S. C.,
and Balon Rouge, La., season of 1934-85 :

Maan : DilTerences ! in survival between indicated treatmenls
nimber of
eaterpillars
survivin
on 12 repli-
eations of
100 plants

each

Insecticide dust

Number Number| Nuniber| Number| Number| Number| Number| Number| Number| Number| Number| Number
. 0 3 11 12 12 13 13 15 15 17 19

17
"

Caleium arsenate (undiluted) 4
Paris Freen-]ime (1-9)...... 4
Cryolite-clay (1-3). 7
Pyrethrum-clay (0.05 percent of pyrethrin I). 15
Derris-clay (0.5 percent of rotenone) ... ... 16
Derris-clay (1 percent of rotenoue? J 18
Pyrethrum-clay (0.0125 percent of pyrethrin T) .. " 17
Pyrethrum-clay (0.1 percent of pyrethrin I)., . . _ 17
Pyrethrum-clay (0,025 percent of pyrethrin 1) 19
Derris-clay (0.1 percent of rotenone)..___.._ 19
Derris-clay (0.05 percent of rotenonc) 21
Undusted (cheek) oo irino i 23

bt 1t et
OO I U et -
WO Cren

! A difference of 5.2 is required for minimum significance and 6.9 for high significance. - Signifieant differences nre indicated in bold-faced type.
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DiscussioN oF THE RESULTS

In the 8 experiments there were 48 plots for each treatment and
4,800 plants were examiped. There were 7,808 cabbage caterpiilars
found on the undusted plants. Of these approximately 58 percent
were cabbage loopers, 29 percent were larvae of the diamondback
moth, 10 percent were imported cabbageworms, and 3 percent were
Agrotinae. '

The intensive experiments of the 193435 season resulted in a greater
number of significant comparisons of the various materials than were
obiained during the preliminary tests. There were some variations
in the behavior of some of the materials under different conditions and
against different species of caterpillars.

In studying and interpreting the results obtained in these experi-
wments, materials are not considered different in their effeet unless the
diffcrences meet the standard set up for significance. When one
material is referred to as better than another it can be assumed that
the difference is significant. The term “effective™ implies that the
use of the material resulted in a survival of caterpillars significantly
lower than that in the undusted plots.

Tt will be noted in tables 5-8 that all materials were effective in the
case of loopers and imported cabbageworms except the most dilute
pyrethrum {containing 0.0125 percent of pyreihrin I), which was not
offective as far as loopers were concerned.  When used agairst larvae
of the diamondback moth, however, and particularly when used against
the Agrotinae, some materials were not effective. The pyrethrum
dilutions and the most dilate derris (0,05 percent of rotenone} werce
not effective in the case of larvae of the diamondback moth, and
derris containing 0.1 and 0.05 percent ol rotenone together with
pyrethrum containing 0.025 percent of pyrethrin I were not effective
mn the case of the Agrotinac.

The effectiveness of derris {1 and 0.5 percent of rotenone) when
used against loopers, larvae of (he dinmondback meth, and imported
cabbageworms is outstanding, as is the performance of the inorganie
materials in the case of the Agrotinae, Tt is of interest to note the
position of cryolite when used for loopers as compared with its rating
azainst the imported cabbageworms. The performances ol caleium
arsenate against larvae of the diamondback moth and that of paris
green against imported cabbageworms are worthy of notice. The
materials compared fall into the folowing three natural groups:
Derris dilutions, pyrethrum dilutions, and the inorganic insccticides.
These groups were studied independently (table 9).




TABLE 9~—Differences demonsirated between certain inseclicides for statistical odds of al-least 19 to' 1 in Savor of one over another
CABBAOQE LOOPER

.

Experiment No.
and State

Larvae
per 104
un-

dusted |-

plants

1-percent rotenone
is better than—

0.5-percent
rotenone is
better than—

Q. 1spor-
céntro-
fenone
is better
than--

0.1-pereent,
pyrethrin I
is better than—

0.056

0.0125

0.05-percent:
pyrathirin [
is better than~

0.0125

i

0,025-
percent;

Yre-
tﬁri nl
5 better
than—

0.0825

Calejum
arsenate
Is better

than~

Paris
green

Cryo-
lite

Paris gréen
is better
than—-

e b

Cal-
clum
ar-
senate

Cryolite
is better
than—

Cal-
¢hnm
ar-
senate

1, Louisiana..._ ... ..
1 South Carolina. ...
.’, Louisians R
2, South Carolina. __.
3 Louisiapg....... ..
.l, South Carolina.
4, Louisiana
4 South Carolina ...
Low? dm b - -
Highs _.._... [
.\li Louisinna.., ...
All South Carolina
Allexperinents

Number
809

Yes..
Yeos. ..
Yes..

1. Loulsiana. .

1, South Carolina.

.!, Louisiana. ....... .

2, South Caroling... ..

'x Louisiana._.., ...
South Cardlina..

1 Louisiana

4, South Carolina.

Low? S

High 3.

\n Touisiann

All South Carolina. .

Allexperiments. . .

Yes.

Yes. ..
N

»No.ﬂ.-
Yes.. | N

No.._.

Yes., ..
No....| N

Sed footnotes at end of table,
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TaBLe 9.—Differences demonstrated belween cerlain insecticides for staltstical odds of al least 19 101 in favor of one over another—Continued

IMPORTED CABBAGEWORM

0.1-per-| .
0.3-percent cent ro- 0.1-percent 1.05-percent . S‘_‘;lg‘;{g Paris green Cryolite

1-percent rotenone rotenone is | tenone i i i
o pyrethrin I pyrethrin I : is hetter is better
Larvae is better than better than— [isbetter]  is-Detter than— is better than—|, "1} ’i,}’nerff" than— than—

Experiment No. pel:'nl_l)o than—

and State dusted
plants Cal- Cal-
o.0125 | 0.025 | 0.0125 | 0.0 | Poris eium cium

green ar- ar-
senate senate

No.... No...-
No..-. No. .
All South Carolina. .., No... Yes...| N S .
All experiments No.... q Yes...| No...- .- . ..-| Yes. . Yes. ..

! Trace. >
2 Those experiments with infestations below 50 larvae per 100 plants.
3 Those experiments with infestations of 50 or more larvae per 100 plants.
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DERRIS DILUTIONS

According to the data presented in table 9, compatisons of the four
dilutions of derris as used against the three species of green cabbage
caterpillars® indicate that the reductions obtained were correlated
with the strengths of the dilutions employed. .

For the cabbage loopers the 1-percent dilution was superior to the
0.5-percent dilubion in one experiment only; however, when the
experiments were grouped for high-level larval populations, by all
Louisisna experiments, and by all experiments of both localities, it
was superior. No significant differences between the 1-percent and
the 0.5-percent dilutions were demonstrated in the experiments
grouped by lowevel populations or in the grouping of all South
Carolina experiments, all of which had low-leval populations.

For the larvae of the diamondback moth the same was true except
that no sigpificant difference was demonstrated in the case of the
grovp with high-level populations.

For the imported cabbageworm the l-percent diution was not
superior to the 0.5-percent dilution, but in practically all instances
both were superior to the 0.1- and 0.056-percent dilutions. Few differ-
ences between the two most dilute dusts were demonstrated, both of
which are doubtless too weak for any practical purpose.

From these data it can be concluded that for cabbage caterpillar
populations, consisting largely of the cabbage looper and diamond-
baclt moth, a derris ditution containing 1 percent of rotenone should
be most effective, while a 0.5-percent dilution should be sufficient
where the imported cabbageworm is the more numerous.

PYRETHRUM DILUTIONS

As indicated in table 9 the reaction of the cabbage caterpiliars to
pyrethrum powder was somewhat erratic. ‘There were marked varis.
tions in its effectiveness against the different species, against groups
of the same species, and in the action of the various dilutions of the
material.

No significant differences were demonstrated between the two
greater strengths of pyrethrum (containing 0.1 and 0.05 percent of

“Ppyrethrin I) against any of the throe species of green caterpillars, in
all experiments combined, or in any grouping of the various experi-
ments, The 0.1-percent dust proved superior to the 0.08-percent
dust in two individual experiments, in both of which the populations
were low, and indications were that the differences shown were more
Likely due to differencés in population then to the effect of treatment.
Comparisons of the other dilutions with each remaining lesser strength
showed a definite trend for the greater strength to be superior to the
next weaker dilution. This trend was not so pronounced, however
as in the case of the comparisons of the different derris dilutions.

Pyrethrum showed most effectiveness against the cabbage looper
and least against the larvae of the diamondback moth.

¥ The cabbage losper, the Iarva of the dismondbnek moth, and {he imnparted cabbugeworm.
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TNOQRGANIC MATERIALS

According to the comparisons given in table 9, cryolite was slightly
more effective in reducing the populations of loopers than was either
caleiuin arsenste or paris green. Although eryolite was demon-
strated to be superior to paris green in only one experiment and to
coaleinm arsenate in two experiments, in the grouping of the experi-
ments significant differences were demonstrated for high-ievel
populations, for all Louisiang experiments, and for all experiments
combined. In a single experiment paris green was demonstrated to
be superior to caleium arsenate, but no differences were demonstrated
between these materials in any of the groupings of the experiments.

For the larvae of the diamondback moth significant differences
favorable to ealeium arsenate were demonstrated in practically all
comparisons. Ior the imported cabbageworm the comparisons made
(l&nlopstrated that paris green was most cffective and cryolite least
effective,

COMPARISONS QOF THE FIVE MOST PROMISING TREATMENTS

The differences denronstrated between the effcetiveness of the five
most promising treatments are cempared in tables 10 to 13, inclusive.
These are on the basis of reduction with one dusting of the popula-
tions of the cabbage looper, the diamondback moth, the imported
cabbageworm, and the Agrotinge. In addition, these tables contain
summaries, by species, ol the various combinations of the data.




TaBLE 10.—Differences demonstrated, for statistical odds nf at lzast 19 {o 1, betiveen the effectiveness of the five mosl promising trealments in,
reducing populations of cabbage loopers

Derris (1-percent) better than— Cryolite better than—- Derris (0.5-pereent) bettor than—
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TasLe: 11,—Differences demonsiraied, for slatistical odds of Gl least 19 1o 1, bepween the effectiveness of the five most promising materials in
cducmq the populatwns of (hmnnnr’bach moth lmvae on, cabbage

L Derris (1-perepnt) better than- - * Calelun arsenate better than-~ é Derrls (0.6-perconit) better thap—
arvae B

per 100 1 . | !
undusted § (e, | Derris 1 Derris 3 Derris ‘ Paris Derris | pnteium | Paris

1
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cent)

'
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4, Bouth Carolina
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2

THALTADIEDY 40 "TdEd 'S "N ‘8. NILATING TVIINEHOAL = (F

Taris green hetter than-— ; (uolilo hoetter than--
Largne | e o e e e = DA

per 100
undusted
plants

Derris
{0L5-por-
eent)
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TasLE 12 —Differences demonsirated, for statistical odds of at least 19 lo | , between the effectivencss of the five
reducing poprlations of the imported cabbageworn
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Tasur 13.—Differences demonstraled, for

Experiinent No. and Staite
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In table 10 it is of interest to note that in the grouping of all the
experiments three of the five materials show decided superio rity ngainst
the cabbage looper. Paris green and pyrethrum (containing 0.1
percent of pyrethrin I} were generally inferior to the dervis dilutions
and eryolite. Tlie various combinations of experiments had a tend-
ency to cmphasize the superiority of the least dilute derris cust.
Certain conflicts in the results of individual experimients will be noted.
The greatest conflict is found in the comparisons of the prrethrum
dilution and paris green. No reasonable explanation was found for
this inconsistency, except that pyrethrum was appuarently more effee-
tive against populations of small larvae than aguinst those consisting
chiefly of Inrge larvac. It does not appear Lo be a question of loealily
or level of population, as this conflict is not apparent in the combina-
tions.

Table 11 gives evidence of the effectiveness of caleium arsenate in
the case of larvae of the diamondback nmoth.  Botl exleium wrsenate
and derris (1.0 pereent of rotenone) were of oulstanding effectiveness.
No conflicls are noticeable in the individual oxperiments.

In the cuse of the imported cabbageworm the evidenee as shiown
n table 12 is decidedly in favor of the derris dilutions and paris green,
with little to choose between the two derris dilutions. No conflicts
are apparent in this table.  Population levels were too low for the
usual combinations to be made.

The superiority of the inorganic materials when used against the
Agrotinac is clearly shown in table 13, There cdoos not appear Lo
be any difference betwesn the effectiveness of paris green, caldium
arsenate, and eryvolite.

A comparison of tables 10-13 brings vut the fact that the ondy erratic
results are to be found in the data for the cabbuge looper.

Variable results were obtalned with the pyrethrum dusts, both as
regards different species of eaterpillars aind populations of the same
speeies. Several factors might have been volved to account for
the relative inellectiveness and the vasiability of pyrethrum tirough-
out the experiments. It may be that elay was not a suitable diluent
for pyrethrum and had & tendeney o mduee its toxie value, The
dusts employed were probably more diluted than they should be for
use i agricultural practices. The effeetiveness of prrethrum is
dependent on econtact with the insects, and the linvtations imposcd
by field applications and variations in weathier and plant conditions
are no doubt greater than for any of the other materials,

The effeetiveness of derris is apparent by virtue of the faet that il
stands oul prominentivin all comparisonsexeept those for the Agrotinae.

Payis green appears in all comparisons hut doos not show to any
advoniage excepl in the ecase of ihe Agrotinae and the imported
cabbagrworm,

Crvolite was ol considerable value when used against the eabhage
looper and the Agrotinae, but was rolatively inferior in other cases,

SUMMARY AND CONCLUSIONS

The risk of using arsenicals in combaling caterpillars on cabbage
during the latter part of head development and the paramount need
for the protection of the erop during this period made necessary an
intensive study of eabbage-caterpillar insceticides. Consequently
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o study was initisted in which were utilized some of the available
organic substitutes considered to Le less poisonous to man, together
with several inorganic insecticides.

This bulletin reports the results of experiments conducted at
Charleston, 8. C., and Baton Rouge, L., from the winter of 1932-1933
through the spring of 1935. The experiments are divided into two
natural groups with those of  preliminary nature in one and those of
an intensive nature in the other.

The cultural practices employed were those of the respective lo-
colities. The caterpillars found consisted largely of the cabbage
looper (Autographa brassicae), the dismondbackmoth (Plutella maculi-
pennis), the imported cabbageworm (Pieris rapac), and several
species of the Agrotinge consisting mostly of the corn carworm (Helio-
this armigera), and two species of true cutworms.

The materials tested consisted of various dilutions of derris-root
powder, pyrethrum flowers (powdered), synthetic and natural eryo-
lites, harium fluosilicate, hellebare, paris green, and caleium arsenate.
Tale, china clay, sulfur, tobacco dust, and lime were used as diluents
for one or more of the insecticidal materials.

Tn all the experiments, use was made of replicated plots and
most cases some degree of randomization.  As the studics progressed
the technique of experimental design was improved, permitting for
the intensive studics o statistical treatment of the data and o better
interpretation of the resalts.

The preliminary experiments indicated that derris and pyrethrum
were comparable and sometimes supetior to the arsenicals and flaor-
ine compounds in reducing the populations of the three common
speeies of green cabbage eaterpillors (the eabbage looper, the lerva
of the diamondback moth, and the imported cabbageworm); that
these organic materials could be used effectively at less than full
strength: that the toxicity of all the materinls, organic snd norganic,
varied with the different species; and that hellebore was relatively
ineffective against any of the cabbage eaterpillars.

The intensive studics consisted of comparisons of 4 dilutions each of
derris and pyrethrum powders and 1 each of eryolite and paris green,
and undiluted calcium arsenate in 4 experiments at both Baton Rouge
and Charleston. Each of the 11 treatments and an undusted cheek
were replicated 6 times in cach of 8 semilatin-square experunents.
Results were based on the comparative number of caterpillars sur-
viving on 100 plants receiving cach treatment replication, Analyses
of variance of the data of the individual experiments and of various
combinations of the experiments were used in interpreting the results,

Against the cabbage looper the I-percent-rotenone derris dust was
superior to all other treatmoents. The 0.5-percent-rotenone dorris
dust and the synthetic eryolite diluted with 3 parts of chiuna elay were
next in. effectivencss. These differed Little in cffectiveness and both
were superior to the pyrethirum dusts containing 0.1 and 0.05 percent
of pyrethrin I.

Against the larvac of the diamondback moth the derris dust con-
taining the 1 percent of rotenone and the calcium arsenate, undiluted,
were significantly superior to sll other treatments aand of approxi-
mately equal effcctivencss. The derris dust containing 0.5 percent
of rofenonc was next in cffectiveness. Al other treatments were
relatively incffective against this specics.
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The imported cabbageworm proved to be very susceptible to derris
powder. The dilutions of derris conteining 1 aud 0.5 percent of
rotenone were most eflective and not significantly different from one
another. Paris green was the only other material showing any com-
parable degree of effectiveness, calcium arsenate, pyrethrum, and
cryolite being relstively inferior.

Against the Agrotinae the three inorganic materials—calcium arse-
nate, paris green, and cryolite~—were most cffective. These insec-
ticides gave similar results and cach was superior to derris and py-
rethrom. Some dilutions of derris and pyrethrum were toxic bub
oot sufficiently so to be satisfactory insecticides for this group of
caterpillars.

The derris dusts gave the most uniform performance of the materials
tested. In one or more of their dilutions they were among the most
effective for ench species except the Agrotinae. Although not evident
in the figures as utilized in the analyses of these experiments, a decided
residusl effect was noted in the use of derris.

The evidence obtained in these investigations indicates that n
derris dust mixture containing from 0.5 to 1 percent of rotenone is
sufficiently toxic to each species of cabbage co terpillars of importance
in the South, with the exception of the Agrotinae, to be of value as a
substitute for arsenicals in practical ficld control, and that pyrethrum
diluted to contain 0.1 percent of pyrethrin I is of value when directed
ageinst the imported cabbageworm and the cabbage looper.
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