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' %’S;udies of Methyl Bromide in Greenhouse
P ~ and Vault Fumigation'

DEPOSITORY

By Hexey H. Ricnarbsox, aesseciale entomelogist, A. C. Jonnsow, associale
plant quaraniine inspecior, J. W. Bonagrr, wssociale entomologist, and A, H.
Casances, assistani scientific aide, Division of Control Investigations, and Q. V.
Jonxsox, assistent entomologist, Diviston of Truck Crop and Garden Insect
Investigations, Burean of Enlomolegy «and Plani Quarantine, Agricullural
feesearch dAdministration ®
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SUMMARY

SInsecticidel, chemical, and plant-tolerance tests were used o mves-
tignte the cfficiency of methyl bromide in greenhouse and vault
fitinigation.

“Rapid evaporation of the fumigant was gbtained by spraying the
higquid or by heating it in a shallow pan. Slow evaporation was accom~
plished by exposing it in the shallow pan at normal temperature.

*Methyl bromide concentrations rose to ncar 100 percent of the
original dosage soon after the beginning of the fumigation with fas$
vaporization and fell away to near 70 and 23 percent after 22 hours.
inf metal-lined and concrete vaults, respectively; but practically no-

as remained after 6 hours in a greenhouse (dosage 2 pounds per 1,000°
cubic feet in winter fumigations). An approximately 40-percent load

1 Submitted for publication Februosry 2, 1843, i

2 PPhe authors ackhowledge wih thapks the cooperation of I C. Pudiey, U, 8, National Institute of”
Haplth, in making the chemical anatyses; and of F, F. Smith, of the Division of Truck Cro;f and Garden
Inseot Tnvestizations, i makivg mortality counts of the cyclaten mite; of C. A Weigel, of the same v
sion, in helping in the preliminary studies, of vurious members af Lhe Division of Insget Identification in-
identilying the vacious iesects uséd; of J. W. Byroes amdl E. May, Jr., of the Buresn of Plant [ndustry,

* Soils, and Agrieuitural Enginecring, U. 5. Deparuaent of Agriculture, in providing some of tho plants used
in tie investigation: and of the botanical staff of the same Burcan in identiying most of the plants used.
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of potted planis m a meial-lined vault reduced the gas concentration
about 8 to 10 percent when the soil in the pots was damp; but when
the soil was wet, conceutrations were slightly higher for the first 4 to-
6 hours but fell off to 50 pereent of the origingl dosage afier 22 hours.

In greenhouse fumigation n fast spray vaporization gave much
higher pealk concentrations than o slow pan vaporization, but the
sveragoe ons concentrntions were wbout equal in the fwo methods.
Doth methods usually gave good gas disiribution i summer and
winter and differed little in insecticidal efliciency. Trom s practical
stundpoint the spray vaporization is preferred. Vaporizabion by the
hent melhod wppeared efficient but less convenient.

In vault fumigation a fast vaporization was more cffective than a
slow vaporizalion in §-hour exposures, bub there was little difterence
i 16k-hour oxposures. Methyl bromide gus stratified uvear the floor
when waporized slowly ab the top with fan cireulation for only the
first 10 minutes. After a dosage had been completely vaporized and
well mixed no separation of the heavy gas oceurred over a 2¥-hour
period with the lan shut off.

Temperature seented to be an important {actor, higher cfficiency
being ebtained in hoth greevhouse and veull fumigations at 77° to
81° I, than ab G6° te 69°. Lfliciency was veduced at 58° to §9°.
The presence of high or low rafative humidity either dnring or afler
fumeation did not appear to affect cfhiciency against the Mexican
menlybug or eommon red spider; bub higher efliciency was obtained
against the confused {lour beetle in fumigations at high humidity.

A dosage of 1 to 1} pounds of methyl bromide per 1,000 cubic feet
gave complete kill of the eyclumen mite (Larsonemus pallidus), com-
mon red spider (Zetrunychus bimasulatus), and the Mexican mealybug
(Phenacoceus gossypit) in overnight fumigations near 67° F. under dry
or fairly dry condibions in winter in o small greenhouse.  1n summer
when the heating system was off, the above dosage could be reduced
by approximately one-hall at similar lemperatures. In winker prac-
tically all insecticidal action Look piace in the first § hours, but in
summer 16 probably extends aver o longer period,

Methyl Dromide at ovdinavy dosages penetrated efficiently into the
dry or damp soil in pots or on a bench iu the greenhouse. Eificiency
against insects in the soil was somewhat less a6 a S-inch depth in floor
soll beds. Little penetration took place when the soil was saturated
with moisture. Watering the {loor and bench soil heavily just before
fumigation for insects on plant folinge made it possible o reduce
dosages siill further by eliminating the loss of gas into the soil. In
wetting the soil, it is advisable Lo fake eave not to wet infested plant
[olinge.

Windy weather appeared to lower the cfficiency of the fumigation.
No agecumulation of inethyl bromide or other toxic gases appeared to
occur in a greenhouse given 10 fumigntions over a period of 1 month.
Under certain conditions some goas remained afler some grecnhouse
fumigations, and it seems advisable to ventilate thoroughly after each
fumigation. A 20-minute ventilation was suflicient to remove proc-
tically all gas in anc case, but this periad will probably vary with
conditions.

The ofliciency of methyl bromide varied widely against the species
of insects tested. The confused flour beetle {Trigoﬁu-m BO?IJHSRTR%
was the most resistant insect Lested.  The cyclamen mite, common rec
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spider, and Mexican mealybug were among the more resistant green-
house insects. Methyl bromide appeared effective against a number
of other greenhouse pests. ‘

A totaxlgl;)f 38 kinds of plants or plant varisties appeared tolerant to
greenhouse fumigations at 66° to 70° F., with. dosages sufficient to kill
the common red spider. Five species were intolerant and others were
near the border line. Varietal differences were sometimes great.
The presence of sunlight during the first part of a fumigation period
did not appear to affect plant tolerance, but it is best to begin the
fumigations at night or under overcast conditions. Some plants
appearcd more tolerant under wet conditions, but others were un-
affected. No detailed studies were made as to long-time aftereffect
on growth or flower yields.

INTRODUCTION

Methy]l bromidoe 1s of considerable importance under the present
wartime conditions becausc of the incressing range of its use as an
insect fumigant, not only for plant products but also in military
establishiments where vault fumigation is being used to control disease-
carrying insects attacking man.

Tﬂe insecticidal value of methyl bromide was discovered by Le
Goupil (8}, and subsequent investigations were made by Vayssidre
(28), Francolini (4), and Lepigre (9) in Ewrope. In the United
States Mackie (14) and Mackic and Carter (15) found that methyl
bromide could be used to Tumigate certain ornamental plants. Since
then, Donohoe and Johnson*® Smith and Latta (79), Lette and

Cowgill,> Hawkins,® and Livingstone and Swank (12) bave found
that many cther plants can be fumigated in vaults to control various
ingects. In the present work, begun in 1936 (21, 22), the application
of mothyl bromide to grecuhouse Iumigation was studied, as well as
various factors having to do with its efliciency in both greenhouse.and
vault fumigation.

MATERIAT, AND METHODS

The methy]l bromide used was & commercial produet similar to

that reported by Steager et ol. (20) to be 99.7 percent pure.  Analyses
of the gas In air were made according to a method developed by
Dudley (7). Qualitative tests were made with a halide detecter
2, 20).
( ‘A f[)lst vaporization was obtained by simply spraying the liquid up
through an ordinary disk spray nozzle in the upper central part of
a small greenhouse (fast spray method). Approximately 1 pound of
liquid was applied per minute. A slow vaporization was obtained
by putting the total dosage in a pan placed in the upper center of
the greenhouse (slow pan method). The size of the pan was so
adjusted to the dosage that 90 to 110 minufes were required for eom-
plete evaporation. A fast waporization, complete within 4 to 5
¥ Italic oumbers i parenthes==r=for to Literature Cited, p. 18,

¢ DoxoHoE, H, C,, and Jo!. gL, V. A, TIUE EFFECT GN FLANTS OF METIIYL BROMIDE FUMIGATION LY

JIAPANESE BEETLE TREATME)., TESTS; FRELIMINARY REFORT. 1. 5. Buor. Ent. cod Plont Guar, E-492,
1 pf. 1530, _[Processed.)

dLaTtra, ., ond Gowoltr, W. II. METIYL BROMIDE FUMIGATION OF CREENIIOUSE FLANTS AT THE
Il.ri B, PLANT INTRODUCTION GARDEN, GLEN DALE, ¥D. U, 8, Bur. Ent. and Plant Quar, E-528, 31 pp. IH1.

Processed.

VHAWEINS, L, A. THE USE OF METHYL BROMIDE FOI THE TREATHENT OF QUARANTINED FLANT PRODUCTS.
U, 5. Bur. Ent. and Plant Quor. E-484, 6 pp. 39, {Procpssed.]
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minutes, was also obtained by heating the pan on an electric hot plate
{(heat method).

Methyl bromide, like other funiizants, presents a definite toxic
hazard (6), and proper precautions were faken in working with it.
Persons intending to use methyl bromide for fumigation should
familiarize themselves with the dangers involved, and for this purpose
should obtain a copy of the poster issued by the United States Pubiic
Health Service, dated May 18, 1038, entitled “Preliminary Recom-
necdations to Fumigntors Using Methyl Bremide or Mixtures
Containing Methyl Bromide as a Fumigant.””* This poster states.
in part, that—

While methy! bromide is less toxic to maen than certain other fumigants,
* % % gl porsons entering fumigated rooms, cars, or sheds to open vertilators
or to unload fumigated materials, obscrve precaulions used with other toxic
fumigating gases. Dxperience indicates that adequate precaution will obvipte
dangsr of injury by this gas. ,

The fumigattons were made in a small 800-cubic-foot greenhouse
(No. 1) and two units of a larger greenbouse (sezs. 9 and 2, of 1,650-
and 1,150-cubic-foot eapacity, respectively). These were tightly built
and were heated by hot water, temperatures being controlled by hand.
A 264-cubic-foot concrete vault with asphalé-painted walls, o 46%-
cubic-foot metal-lined vault with soklered joints, and a 7.7-cubic-foot
steel eylinder $were also used.  Both vaults had rubber gaskets around
their doors and automatic heat control with fan cirgulation. The
greenhouse fumigntions were usually begun late in the afternoon, or
somotimes late in the evening, when the air was ealin, and were
conbinued overnight. Initial temperatures ranged near 64° to 68°
F.. with relative humidity ot 65 to 90 percent unless otherwise stated,

The principal test inseefs were the Mexican menlybug (Phenacoccus
gossypit Towns. and CkIL) and the chrysanthemum aphid (Macros:-
phomiella sanborni (Gill)), both grown on chrysanthemum, the
common red spider { Tetranyehus bimaculains Harvey) on rose, and the
confused tlour beetle (Pribolivm confusum (Duv.})), grown on whole-
wheatb flour or other diets (13).  From 200 to 400 nymphs and adults
of cach of the first 3 species on their host plant were usually exposed
in each {umigation. The confused flour beetles (50 to 150 adults)
were exposcd in shallow beakers without flour. Yor soil-penetration
tests the insects {see tables 7 and 8) were confined n copper-sereen
cages or In tin eylinders with cheesecloth ends and buried in the
soll. They were removed 1 to 3 hours afier fumigation and held, as
were the other insects, cither in a constant-tempersture chamber at
68° ¥. or under ordinuary greenhouse conditions. “Mortality counts
ware made after 1 to 2 deys for aphids, 3 to 4 days for mealybugs and
red spiders, and 10 days for flour beetles. Unfumigated check
insects were included in many of the tests, but mortalities among
these were negligible. The greenhouse soil was a sandy loam, the
approximate moisture content heing 26 to 29 percent when saturated
with water. Soil moisture was determined approximately by drying
o 300- to 400-gram sample in an evaporating dish at 110° C. to con-
gtant weight.

In the plant-tolerance tests one to three potted plants each of Kosa
dilectn Rehd., Chrysenthemum hortorwn Hort., Coleus sp., Lanfona sp.,

# This pester may bo obtained from Lhe U, 8. Publie Health Seceviee, Natfopsl Instltete of Heallh, Divi-
sion of Thdustrial tlysivne, Research Section, Bethesdn, M.

CVJonssoyd, 4. (L A LOWSCONT WATRRSEAL FOMItaToR, U8, Bur. Ent, sad Plant Quar, ET-154, 4 pp.,
illus, 1940, [Provessed.] :
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Delphinium sp., Pelurgoniwm sp., and Néphrolepis exaliata Schott were
usunlly exposed in ench fumigation, Other plants were tested,

PRELIMINARY STUDIES

In the first studies, begun in November 1936, a dosage of ¥ pound
per 1,000 cubie feet? in o metal-lined vault gave complete mortelity
of the common red spider and other insects in overnight fwmigations
at near 70° F, In scetion 9 of the greenliouse, however, this and
dosages of 1} pounds (pan method) were ineffechive.’ An increase
to 2% to 3 pounds gave a high kill of the red spider, the Mexican
mealybug, and other insects. A wide variety of greenhouse plants
appeared tolerant in fumigations ab 66°, or below, but where the
femperature rose Lo 82°-86° considersble plant injury resulted.
In greenhouse No. 1 the 3-pound dosage was found cxcessive.
Dosages of 1.to 1} pounds vaporized by heat were found effective,

Fumigations in the eoncrete vault indicated that the speed of
vaporization might be important, a fast vaporization being more
cffective than a slow one 1 a G-hour exposurc. There was little
differonce in a 168M-hour exposire, however. Stratification, as indi-
caied by insect morialiby, toek place when a siow vaporization was
used, with the pan placed at the fop of the vauls and the fan operakbed
for only the first 10 minutes. The mortulity of Mexican menlybugs
was 31 percent at the floor, 65 at the center, and 56 at the top.

Fumigations were sometimes made at daily intervals in the same
greenhouse.  Where this had been doue with henvy dosages of nicotine
there sometimes appeared to be 2 carry-over of residual foxic gas.'

Tests in winter with the Mexican mealybug, the red spider, and the
chrysanthemum aphid, however, indicated that there was no accumu-
Intion of methyl bromde or toxic derivatives after No. 1 greenhouse
had been used in 10 furmigations with dosages of ¥ to 1} pounds of
methyl bromide over & period of 1 month, 3 fumigations in the last 4
deys.  The haiide detector also gave a negative Lest.

CHEMICAL RESULTS
Gas ConcEnTraTions 18 Turce Tyres or Fumieation CHAMRERS

Figure 1 shows the gas concentrations obtained in the metal-lined
and concrefe vaults and in section 9 of the greenhouse, With o fast
vaperization, conceniralions in all three chambers rose Lo near 100
percent of the 2-pound dosage soon afler the start. Little or no gas
remained in the greenhouse after 6 hours, however, whereas 70 per-
cent of the original dosage remained in the metal-lined vault after
22} hours. Temperatures were near 68° ¥. throughout the vault
Tumigations but fell off from 67° (o 54° in the greenhouse. It is
doubtiul, however, whether this el in temperature affected gas
concentration, since in other greenhiouse fumigations with temper-
atures kept near 68° drastic reductions in concentration stili oceurred.
The concentrations in the concrete vault did not differ much from

& A2l domges referoe Lo heresfier are piven in thisunit.  Por exaemple, 8 1-pond dosage tetas 1 potmd
per 1,000 cuble feet, ’

W Ricnate=oN, BV, BreGen, J0WL, Biesrey, I, L, and others, STUIHES OF NICOTINE FUMIGATION
Y aneesneses, UL 5 Bept, Agr. Cir 884, 15 pin, illug, BM3,
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Figure 1.—Methy! bromide concentrations obtained in three types of fumigation
chambers over & 17- or 22%-hour period. Dosage: 2 pounds per thousand
cubio feet, with fast vaporization. “Greenhouse fumigaticn made in section 9
under damp to wet congrl)it-ions in winter with hesting system in operation,

‘o

those in the metal-lined vault over the first 4 to 6 hours, but the
diﬂ‘]t:rence was much greater after that and fell to about 25 percent at
22 hours.

GREENIHOUSE-F UMIGATION STUDIES

The methyl bromide concentrations given in the greenhouse by the
fast spray and slow pan methods of vaporization are shown in figure 2.
Higher peak concentrations were given by the fast spray methed,

I
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TIME AFTER START (HOURS)

Froure 2.—Methyl bromide concensrations produced by the fast spray and slow
pan mebhods of vaporization in the greenhouse, Dosage 2 pounds per thousand
cubic feet. Analyses made at 2% and 9 feet from floor, J umigations made in
section 9 of the greenhouse under damp to wet conditions with heating aystem
in operation.

CHaBr CONCENTRATION (PERGENT OF DOSAGE)
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but thesc fell awny more rapidly, with the result that the average
concentrations for both methods over the 6-hour poriod were about
similar (near 26 percent of the dosage).: No stratification appeared
to tako place as indieated by the analyses taken at 2} and 9 {cet from
the floor. The use of & 10-inch osc'ﬁ{atmg electric fan ab high speed
over the first 2 hours did not give better distribution with the pan
method, bub 16 did seem to inerense slightly the rate of vaporization.
Leakage from the greenhouse as indieated by halide-detector tests
nens the outer surfnce scemed somewhat greater with the fan in opera-
tion, but the gas concentralions inside indicated theloss to be negligible.

No methyl bromide could be detected at the end of an overnight
fumigation under denp to web conditions in winter (72-liter samples
in duplicate). The halide detector also gave o negative Lest excepd
for & very faint color when held close to the ground under either the
very wetb or {airly drvy conditions. In summer, however, very positive
tosts (strong blue-green flame} were obtained at the end of fumiga-
ti(mI under web conditions even though much lower dosages hind been
used.

The fact that sonte gas was present at the end of some fumigalions,
as well as the possibility that some gas is dispersing cut of the green-
house soil for a shor{ period after fumigation, makes if advisable to
air the greenhouse thoroughly after all fumigations.

An airing test with ventilators and one door wide open was made
4 hours after the beghining of a fumigation, when the concentration
was near 6 milligrams per liter of air in seetion % of the greenhouse.
The eir outdoors was ealm with temperaturc near 48° F., compared
with 68° inside. After n 20-minuke aiving ne gas eould be detected
at 9 fect and only 0,013 milligram per liter (3.4 p. p. m.) ab 2% feet
from the floor (72-liter snnples).

Vavrr-IFusmicaTION STUDIES

The effect of an approximately 4C-percent load of potted plants,
mostly tomuato, on gus concentrations in the metal-lined vauls is shewn
in figure 3. When the soil in the pols was damp (near 22 percent
moisture), concentralions were 8 to 10 pcercent lower then in the
empby chamber over the first 10 hours. When the soil was wet
{nearly 20 porcent moisture) and -there was excess moisture in the
vault and on the plants, concentrations were 8 to 6 percent higher
thon in the emply chamber over the fivst 4 to 6 hiours bub then fell
oft fo 50 percent of the dosage at 22 hours. The s0il ocoupied about
6 pereent of the total space, the remainder of the load being foliage
aud pots. The results suggest that methyl bromide penetrates vary
rapidly into and is absorbed or adsorbed by damp soil; but that
penebration is very slow, if it oceurs at all, m web soil.  Some reaction
apparently occurs under very wet conditions, which lowers the ias
concentration cousiderably afler § to 8§ hours.

In some of the later inseclicidal tests in the metal-lined vault the
circulating fan was shut off after the first 15 minutes. The gas wes
well mixed by this timme, but as there was a small possibility that some
-stratifieation of the heavy gas might take ploce before the end of the
2#-howr {fumigation, somce analyses were made. With o 3-pound
dosage (48 milligrams peor liter) the concentrations at the end of ex-
posure were 42.2 and 42,1 milligrams per liter at the fop and bottom
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Fiovne 3.—Methyl bromide coucentrations obtained in the mwetal-lined vault,
with and withoul an spproximately 40-percent load of potied plants. Tested
with damp and with very wet soil. Dosage 2 pounds per thousand eubic leot,

of the vault, respeetively. No stratification took place under these

conditions. The difference in height wt which the samples were
taken was about 2% feet.

INSECTICIDAL RESULTS
ILrriciency o FasT AXD SLow VAPORIZATION 1N THE GREENHOUSE

Table 1 gives the results with the fast spray and stow pan methods
of vaporization tested under fairly dry and very wet conditions in the
greenliouse.  Under fairly dry conditions the results lavored the fast
spray vaporization, but the differcnces were small excopt in 3 of the
11 pamrs of tests.  Under wel conditions the 2 mothods appeared abous
equally cflicient.

Tanwn L.—Efficiency of fast spray and slow pan methods of w};mriza!im; af methyl

bromide under fuirly dry and very web conditions.  Puived fumigutions in No. |
greenhouse exlending overnight with heating system in operadion
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METHEYIL BROMIIG IN GREENHOUSE AND VAULT FUMIGATION 9
GAs DISTRIBUTION IN TEHE GREENHOUSE

The distribution of the fumigant given by both pan and spray
mothods of vaperization is shown in lable 2.

Tapne 2—~-Distribution of methyl bromide gus ~"ven by spray and pan vaporiza-
tion in the greenhouse, oy indicated by insee! shorlalily !
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1 Overnipht femigations in Mo, t greentinise exeapt as notetd, In wintsr, dosages yanged from 088t 10
peund per Lo cible feed, uid avernpo femperatlures ever frst 6 lours ranged fromm 59° to 70° ¥, Insnmmes,
dosagaes ratped from 0,25 to .44 nound o temperatures frotn 60° Lo 81°, Mo fan was psed. Mestybug=
Mexieny mealybue; splier=comimon red splder; thrips= T4rips nigropllvans Uzei; beotlo=confused floar

tlo.
 Mado i scetlon D of the greenhivuse.  The comimmon red splders wera resred on bean.

Both pan and spray methods gave fairly good distribution in both
gracnhouses. The chemical tesks in section 9 (fig. 2) corroborate these
results. Convection currents were much wesaker in summer, as indi-
cated by the movement of the spray mist, but the distribution appeared
about as good as in winter.

Evrictency oF Various Exrosure Periops IN THE GREENIOUSE

The resulte of winter fumigations are shown in table 3. In these
fumigations practieally all insceticidal aclion took plaee in the fivst §
hours, and little if any oceurred against inscets introduced after that
and exposed to the remainder of an overnight greenhouse fumigation.
In sumuner it is probable shat the effective exposure period lasts longer,
a8 the halide detector tests incdiented apprecinble nmounts of gas still
present at the end of overnight fumigations in summer.

5R4404—22 2
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TanLE 3.—Inseclicidal ¢fficiency of methyl bromide during different czposure periods
in greenhouse fumigation 1

Mortalty of inscets oxposed tot—
Mathod of Dosage por 1,KG0 onbic -
vaporization teol Imsect First n]}'lx}l.!re t{gﬂtsl‘:f
Ghours | i MOHE | z2hour
s fumeipation
Pawdy Iercent Fereent Fercend
Mealybug oo oa ool 1.0 1009 a3
By oo ainn L ¢ R, Shideraoo . . EN) 86,3 2.4
e £ I B
Meglybuy . . 1L L
PR L {;\\lph%ali __________ 71,0 8.0 8.7
- Meniybg. ... 8.6 75, % g
PO T {s;mier___” _____________ 6.4 0.0 1.2

LWinter fnnigelions unider (IumF to wot conditions, Tempuratures avernged §7° ko 71° B over flyst 8

hours ami 63° {0 G8° over last 10 Dours,  Mes!ybug=dacican meslybue; spider=common red spider:

apitilmehrysanthenm aphid.
2 {ite largo group of inseets was divided into 3 smaller greups, the Orat beine oxpgsed Lo tho first & howrs?

fumigation, tw secomd to the eatire 22-hour fumipgation, and the third to the last 16 hours of (umigatlon,
3 Mady in section 0 of the greenhouse, wheress otiver fumigations were made In Ne. 1 greanbousa,

ErrFecT oF TEMPERATURE ON EFFICIENCY 0oF THE Gas

The importance of temperature in fumigation with methyl bromide
in wvaults or other chambers has been discussed by Shepard and
Buzicky (18), Tisk and Shepard (8), Smith and Latta (79), and
others. In a pair of winter fumigations in No. 1 greenhouse at a
l-pound dosage (pan method) 82.6 percent of the Mexican mealy-
bugs and 72.6 percent of the common red spiders were killed when the
temperature averaged 59° ¥. over the first § hours, compared with 99.5
and 85.6 pereent, respectively, when the temperature averaged 67°.
At the same dosage, but with & spray vaporization, the meortality
of the red spider was 96.3 percent s} 68°, compared with 100 percent
ab 7°°  Ab a 1.25-pound dosage {pan method) the mortslity waos
93 percent at 59°, compared with 100 percent at 72°. In seetion 9
of the greenhouse there was 20.3 and 16.9 percent kill of the mealy-
bug and the red spider, respectively, following & 1.5-pound desage
at 58° compared with 75 and 60 percent, respeciively, at 72° but
ab & lower dosage—1.25 pounds. In two pairs of summer fumiga-
tions there was 50, 18, and 8 percent kill of the meslybug, red spider,
ond beetie, respectively, at 65° (0.31-pound dosage), compared with
100 percent for all three insects ab 75°. At a 0.25-pound dossge
the mortalities of these same species were 99, 52, and 3.8 percent
at 69°, compared with 106, 100, and 80.8 percent at 81°,

In two paired lests in the metal-lined vault, 24-hour exposures
at & H%-pound dosage gave an average of 40 percent kill of the Mexican
mealybug at 58° I, whereas at 68°, 68.7 percent kill was obtained.
To cobtain o 95 pereent kill, approximately 1.37 pounds was needed
at 53°, whereas approximately one-half of this was sufficient at 68°,
In the concrete vault o 96.7 percent kill of the meslybug was ob-
tained ab 77°, compared with a 16.7 percent kill nt 66° with similar
dosage and exposure.

These preliminary tests indicated that temperature is an important
factor and that higher efficiency would be obtained nb higher tem-
peratures. More defailed work is needed for determination of
dosages required at temperatures other than G6° to 70° F.
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Errecr oF Rerarive Huntmiry oN LFFICIENCY .OF THE (as

A series of greenhouse tesis indicated thef variation of relative
bumidity from near 35 o 85 percent s tempersfures pear 70° F,
would have Little effcet on the eficiency of metbyl bromide apainst
the Mexican meslybug or common red spider. The production of
very high relative humidity in the greenhouse required very wet con-
ditions, which brought other factors into play, and this is .discussed
in n later seetion (p. 14). Roelum, Shrader, and Stenger (17} recently
found that relative humidity had ar offect on the quantity of methyl
bhromide adsorbed by fumigated wheat products. Since Fisk and
Shepard (3} "have stated that methyl bromide <“is definitely more
effective whexn it is in the presence of moisture,” further tests werve
made in the metol-lived vauit and steel cylinder where conditions
could be beobter controlled than in the greenhouse {table 4).

Tapwe d.—Effect af high and low relative humidity on methyl bromide fusmigation
of various tnsects t

Mortnlity of Moxiean | Morbsilty of ommon
maniybug at-— red apider at—

@

period

Dosage per 1,000 cuble (ot {pounds) [ [
Tow rein- « High rela- { Tow rels- | Tkeh rela.
thve bumin- tive memidd- thve lmundd- thve humbd-
ey 4 - it iy

Hiptira

5

Prreent Pereent Pereent Perce
H.od Lo N :
65,0 74.0
jURT 3.
3,2 .
3.2

&

—

-
ISP PVNOR

- HEE 83Es

» W S

cithCnCnnCaler On

L T2

Mortallty of confused
fiour beetic

P @
191 e b
=1 Ew
[NFIBR/=ER
e G T e O e Y

Mlesn dltfercnos anud its standord errat.

F
2

T BRESBSBNE

! Pumigations made {n steel eylinder ar metsl-dined vaalt, the ? tests of 2ack palr helng made on the same
day. ‘Temperatvres 77%::1° F. eacept o3 noted. High relative humidily ranged from 95 to 190 percent;
Tow, from 30 L¢ 6 percent, :

*Temperatube averaged oenr Y6° ¥, for tests st both hipgh and low melative humlbdity,

It appears that the different relative humidities had little effect
on the officiency of meshyl bromide against the Mexican mesalybug
or common red spider bub that a significantly greater cfficiency was
obtained against the confused flour beetle ot bigh humidity then at
low humidity.

Tests were made on the effect of different relntive bumidities pre-
vailing for a 3- to 4-day recovery period after fumigation. AL 20 fo
30 percent relative humidity there was a final 99.6 percent kill of the
Mexican mealybug compared with 96 percent iill ab 76 to 84 percent
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relative humidity (overage of 2 paired tests). The i'espective'ﬁgures
for the common red spider were 8.9 and 9.8 percent. These different
conditions of humidity appeared to hove little effect.

- ErFIcieNcy oF GueeNrouse FusmicationN AT DreroranNt Times or YEar

The results of some fuinigations n.ade nt differont seasons nre
shown in table 5.

Tanne S—Eficiency of methyl browdde in greenhouse fumigations al different
seaaana :

IN NO. 1 GREENDIOUSE UNDER FAIRLY DRY CONDITIONS

N Avorape Rlocindity of—
Tingagn tenpr-
Dt pev 1,400 bty Henting
Bic eubie over systemi— { Moxienn | Common { Confused | Chrysan-
ook first wenly- il Monr themum
5 ours by spider beetlo aphid

30 Pounids e, Percent Frereent Prereent Percent
Fom, B0 oo, 1, ) 72 On FE: B
Jon, 8., 1.{N 7 On L 12 N
Feb, 6. 1.0 Tl an 1.4 100.4
Feb, 15 .75 67 On 150 | e
Fal, 11 i.40 G7 On 00,0 a4,
Mar. 10 104 G7 On .5 85.6
Minr. 21 L2 03 an o, 4 100.0
Mar. 2 125 67 On 1K 0 JLEN]
Mayd.... 1. 00 [ On 05.§ 84,0
June 17, 1LOg T o Jo 4 100. i1
June 18 B2 3 [4114 100, 0 100.0
July 1.._. LM n Of 100.p 100.0
Auvg 15 .. i i Off 0.8 160.0

o114
JFair, 285 M oM Co @21 88,0 A0 8 o
Jnn. 20 Rt 21 On L. 8 T6.31 B0 |aemacamaes

IN NO. 1 GREENHOUSE UNDER WET CONDITIONS

[ 2] 70 o 1000 1000
L4 & On 5.0 6.1
.62 Gb On 850 ol

IN BEQTION 2 GREENHOUSE UNDER WET CONINTIONS

.41 Kt O1f 0.4
o [ n 2,8
2 i on [Ri]

b Bprny wnporization used in oll cxcept fumigations an Feb. 15, BMur, 10, and Jun. 28, which wera pan
voporizations.

Dosages conld be reduced by approximately one-half or more in
summer when the heating system was off, even though fumigation
temperatures were about the same as those in cold weather. Con-
siderable injury to plants normally uninjured took place in the fumi-
gations on Junc 17 and 18 with the hent off, but the dosages here
were much larger than necessary, and withh dosages sufficiently re-
duced in lator Tumigntions no injury to these plants took place.

The cause for lower efficiency in cool weather with the heating
system in operafion is nneertain.  Leakage is probably greater then,
as the difference betweon inside and cutside femperafures is greater.
The halide-dstector tests indicated a loss of gas. The temperatures
to which insects nre exposed bofore and after fumigation aro some-
times inpeortant, but these tomperatures were similar in some of the
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comparisons and it seemed doubsful that this factor was responsible
for the Inrge differences.

Penerraron of Meravr Broumipe Into Soin 1y ‘CREENHOUSE
Fumsicarion

Donohoe and Johnson,”* Hamilton (5), Livingstone, Livingstone,
Eastor, and Swank (71}, and others have reported on the use of
methyl bromide for soil fumigation. The results of some soil-pene-
Lration tests are shown in table 6.

Tavnrz G.—Pereiration of methyl bromide é'-nio greenhouse soil as indicated by insect
mortality

Mortallyy of fnsecis—

Burled—
Exposwl
luseot? . directly
1o the Atcester | 5 inches
fumipant | At center | of (Hinech bolew
n the of fnch Inyer strface
greenhouse | pot of soll of snlt of sofl
on beneh op foor

Doy por 1,0M e Tiie feot
(pmtmda)

Pereend ! Peresad Frereestt
ﬁ;lhi(i am 108, 0 ) 0

2
[+
ZES

)

£EEEEEBEB. 8558

Beotle
Aphid.. ...,
Jif Maonlybug |
Heetje

[y

Apdeid Lo
L rMealybug

e
GESSRCRRIERBYA
Qo DOy L

5E85E8nsE..a8

CobOCmD oL oD

SO WDOEDDD DO e DR L

e
eZg
s
L= fag =]
o
[

¥ Qvernipht fmignilons tn Ne. 7 greenbouse, Bpray vaporizntion ander domyp condifions cxeept as
noted.  Avernge femisoratres (or (¥l 6 howrs voricd fromt 60° te 70° 7, Heoting systont in aperation except
{n Tnst fuinieation. Soit temperiture mnied frotn 47 La 53° F,
;xs\r!iili;h*chr}'muthe:mun uphil; ineniyhog= Moxionn mueslybug; beetlosconfused four heetle.
il dry,
¢ Pup mmethed.
4 Bunllght present for first 3 to 5 hours in Bolh these Damigutions.

The insecticidal action taking place in the center of a 9-inch pot of
soil or In the center of & G-inch Inyer of soil on a bench seerned fully
as great as that taking place on insccts exposed directly to the fumi-
gant In the greenlrouse.  Bfficieney of the Tumigation was less against
those insects buried 5 inches in the soil on the floor of the greenhouse,
though the dosages were too high to enable this to be defected very
definitely with the very susceptible chrysanthemum aphid. In the
Hoor soil the gas would be enterisig only from sbove, whereas with the
soil in o pot or bench, penetration would probably be taking place
from more than one side.  The above tests were made with damp soil,
and the insects were removed for examination sfter 1 to 3 hours, but
the earlier chewmical tests had suggested that methyl bromide does
nob easily penctrate wet soil.  TFurther tests were then made against

il Bee footnote 4, 0. 3,

? LimnaytoNg, E. M. yUMIGATION OF NULK SOIL WITIL METRYL BROMIDE FOR TUE WINTE-FRINGED
-BRETLE IV NEW oRLEANS. V. 5, Bur, Eud, and Plamt Quar, B-512,4 pp. 1640, {Processed.)
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insects buried in 9-inch pots of dry, dm'np, and wet soil in the green-
house (table 7). ' '

TanLe 7.—Penetration of methyl bromide inle dry, damp, and we! soil as indicated
: Y tnsect morlality 1

Mortality of insects burled st

Dosago per 1,000 enbie feot cariter of §-inch pots of—
{pounds) - Tnsagt *

Dry=oil | Dampgoll | Web soll

FPercent FPercent Pereend

Aphid .4 100.0 0

| Y Moal 100.¢ 100. O 0
Boetl 100.0 1.0 BN
Aphi 100.0 100.0 4.3

D IR 1 Moealrh 100.0 89, 0

Beotla 100, 0 100, 0 0

Aph 100. 0 100.0 0

0.73 _JaMuo 100. 0 1000 Q
40,4 o0, 7 3.8

' Ovornight fumigations In No. 1 §rmhouao. Heating system off. Averapo temperaturs ovor-9rstf
hours varled from §3° to 70° F_, conditions wet exeept for tha drv and demp pots ofsoil.  Spray vaporization,
Molsture content of dry sell wag near 5 percont, damp solt near 20 percont, wet soil near 24 porcont,  Sell
temiperatiures canged (rom 64° to 66°,

t Aphled =¢hrysanthomum aphid; Tuealybupg=3fextean mesiybug; beetls=confused flour beotlo.

Good penstration oceurred in dry or damp soil, but very little in
very wet soil. The differences here were drastic and significant,

GREENHOUSE FUMIGATION UNDER YERY WET CONDITIONS

Fumigations in which the floor and bench soil were watered heavily
just before the start were compared with those made under fairly
dry conditions (table 8).

TABLE 8.—Efficiency of methyl bromide fumigation under fairly dry and very wet
conditions of floor and bench sofl!

FUMIGATIONS IN WINTER IN NQ. 1 GREENHOUSE

Mortality of—
‘Duossge

Conditlon of Noor and bench spil par 1,000
cubicleet | Mexlean | Common | Confused
mealybug | red spider | flour beetls

Pounds Percent Pereent FPereent

10,75 L0 N [P
L 8Lg 78.3 5.4
. 92,1 L0 40.6

10 M5 0 | O T
L0 .3 98.6 2.5
.44 25.8 2.8 |
.62 8.9 T8 12.1
.02 8.4 816 81
.62 B5.0 92.0 &5
.68 99.2 80.9 L8
i 99,6 100, ¢ 69, 4

FUMIGATIONS IN WINTER I SECTION 2 GREENHOUSE

Falrly dry e 0. 55 3
Very wot e o aaan .38 70.

.....
S8nw
[ T=E—T1

1 [n winter [nmigations sverage temperatura ranged from 64° to 70° F., reletivo bumidity from 100 to 70
pereent with wot conditions, 35 te 35 percent with dry conditions.  In summer fumigations average temper«
Ewm ragig?d from §9° to 71°, relative humidity 100 pereont under wet condlifons and 40 to 100 percont with

ry conditions.

¥ dMortality of chrysanthemurm aphids was 84.0 percent iu fafrly dry, and 100 percent in very wet, oven
though the very wet fumigation was at a muach lowor dosage.

3 Pan vaporization. All others were by the apray method.

t Temperature avaraged 75° F,, which might account for pert f high aficianey,
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Efficiency seetned to be defimitely increased and the dosages could
be reduced under very wet soil conditions in either summer or winter
fumigations. The very web soil apparently acts as a seal to reduce

enctration of gas into the soil, and of course greatly reduces soil
fumigation action while increasing the efficiency ageinst insects above
the soil. In wetting down the soil it would seem advisable to take
care not to wet the infested plant foliage. The differcnces in kill
of the confused flour beetic in the summer fumigations appears much
greater than eould be expected from the difference in relative humidity.

ErrEcy oF Winp o EFFICIENCY IN THE GREENHOUSE

Ssveral experiments were made which gave some indication of the
effect of wind on greenhouse fumigations. In a winter fumigation
made under windy conditions, 81.0, 94.8, and 12.0 percent of the
Mexican mealybug, common red spider, and confused flour beetle,
respectively, were killed, compared with 99.8, 98.6, and 23.3 pereent,
respectively, in one made at the same dosage but with the air still.
In a pair of summer fumigations at.a 0.44-pound dosage, 85.9, 97.5,
and 0 poreent, respectively, of the above insects were killed in one
where a moderately strong south wind was blowing, compared with
100, 100, and 9.0 percent kil in one made under calm conditions and
at a somewhat lower temperature. In another pair of experiments
at o 0.62-pound dosage carried out under wet conditions mn winter,
62.4, 58.0 and 3.0 pereent, respectively, were killed in a fumigation
which began with the air calm bub in which a strong wind came up
23 hours after the start, compared with 83.6, 87.6, and 8.1 percent
kil in o fumigation under continued calm weather. Windy weather
also apparently caused an uncven gas distribution in one of the earlier
fumigations. Wind will apparently lower efficiency, and it would
seem important to make fumigations only when the air is calm.

ErFICIENCY OF THE GaAs AcainsT VArIoUs INSECTS

As the Mexican mealybug was exposed in practically all fumi-
gations, the various insécts have been compared with it in respect to
their resistance.

The confused flour bectle was the most resistant insect tested.
In o scries of 17 paired fumigations the average mortality of the
beetle was 17.4 percent, compared with 88.4 for the Mexican mealy-
bug. The chrysanthemum thrips (Thrips nigropilosus Uzel) on
Chrysanthemum sp. was next in resistance, there being an average of
64.3 percent killed in 6 peired fumigations, compared with 93.1
percent for the mealybug. The common red spider on rose appeared
to be of about the same resistance as the mealybug (70.7 compared
with 71.1 perceut average kill, respectively) in 26 paired fumigations
made over o period of nearly a year. During this time the specific
resistance of the common red spider, Mexican mealybug, and confused
flour beetlc appeared to remain fairly uniform in both greenhiouse and
vault fumigations.

The eyclamen mite (Tarsonemus pellidus Banks) on Cyclamen sp.
and Antwrrkinum sp. appeared slightly more resistant than either the
mealybug or red spider, one series of 6 paired tests averaging 58.3
percent kill of the mite, compared with 77.3 percent of the mealybug;
and another series of 4 paired tests averaging 74.7 percent of the mite,
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compared with 82.9 percent of the spider. Dosages of 1 to 1.25
pounds gave complete kills of the eyclamen mite, including the eggs,
in 4 fumigations made in winter and carly spring in the No. 1 green-
louse at temperatures of 66° to 71° F. In another fumigation at
the 1-pound dosage the results were variable. At lower tempera-
tures {59° to 61°) mortality was incomplete at the 1}-pound dosage.

The citrus mealybug (Pseudococeus citri (Risso)) seemed slightly
less resistant than the Mexican mealybug {(46.6 versus 33.5 percent
average kill, respectively, in two pawred tests). The adult green-
house white fly {(T'rialewrodes vaporariorum (Westw.)) on Lycopersicon
sp. was definitely less resistant than the Mexican mealybug (100 versus
81.3 pereent average kill in four paired tests). The greemhouse
orthezin (Orthezia -insignis Dougl) on Capsicum sp. and the chrys-
anthemum aphid were both mueh less resistant than the Mexican
mealybug, two paired fumigalions giving 85 percent kill of the orthezia
versus 33 percent for the mealybug, and six paived [umigations giving
72.1 pereent of the chrysanthemum aphid versus 23.6 pereent Iall of
the mealybug.

Thie order of resistance of the above inseets appeared Lo be approx-
imately as follows: (1) Confused {lour beetle (most resistant), (2)
chrysanthemum thrips, (3) cyclamen mite, (4) common red spider,
Mexican mealybug, and citrus mealybug, (5) grecnhouse white fy,
{6) greenhouse orthezia and chrysanthemum aphid (least resistant).
In o few tests the larva of the chrysanthemum gall midge (Diarthro-
nomyia hypogaen Loew) appeared to be slightly tnore resistant than
the Mexican mealybug (71 versus 88 percent kill), as did also the
citrophilus mealybug (Pseudococeus gahani Green) (8.7 versus 22.0
percent).  Methyl bromide appeared to be very clfective against
various other pests such as aphids on rose, slugs, millipedes, sowbugs,
ants, aphid predators, and earthworms.

PLANT.TOLERANCLE RESULTS

A number of the planis tested were injured by greenhouse lumiga-
tion with a dosage sullicient to kill common red spiders at 66° to 70° F,
The most susceplible plants were Coleus blumel var. verschaffelit Lem.
and Pelargonivm hortorwm Bailey. ‘The former dropped most of the
younger leaves, whereas the latter suffered a bleaching and killing of
the older leaves. At higher temperatures injury appesred sooncer,
and the entive plant was usually killed. Undetermined varietics of
Raosa difecta Reld. (hybrid tea rose) and Chrysanthemum hortorum
Heri., ns well as gavden letiuee {Lactuce sative 1), were also injured
at the above dosage.  Lower dosagoes sueh ns are suflicient to control
aphids and whiteflies may be tolerated by lettuee,  Fuchsie hybrida
Voss. and Fibiscus rosa-sinensis L. were near the border line, A
crinkling and distortion of young [uchsia leaves sometimes took place.
All plaits lested were in pots and in fuirly active growth,  Plants in
soil beds may react differently.

Wide varielal differences were found in seme eases,  In adidition to
the very susceplible Coleus blumei var, verschaffelti, two horticuliural
varictics of Coleus blumei Benth, (. c.. Golden Bedder and Beclowith
Gem) were found sulficiently tolerant to withstand the dosages needed
Lo kill the red spider at 66° Lo 70° . A third variety, Trailing Queen,
was one of fhe moest resistant plants found.
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Apparently it will be necessary to give each speeific varicty o pre-
luninary test before using methyl bromide gas on a large seale.

Tho presence of sunlight during the tirst 2 to 4 hours of fumigation
lins not seemed fo affect plant tolerance greatly when the temperature
did not go above 72° . If the sunis very hot, however, temperature
rises in the closed greenhouse and injury is likely to occur. it seems
preferable to begin the fumigation after sunset or during overcast
weitther when conditions ean be better controlied.

As the leaves of some plants were definitely injured by the direet
contact of 2 to 5 drops of liquid methyl bromide, the spray nozzle
should be placed in sueh & way as to avoid this.

Pelargonivm horforum, Colews blumet var. verschaffelti, Delphinium
sp., Chrysanthemum hortorum, and Lycopersicon esculentum appeared
somewlat more lelerant when the soil in the pots was wet. Root
mjury sometimes occurred and growth was retarded when the soil was
dry.  Somc other plants appeared unaffected. Watering the soil just
before fumigetion prebably reduces coniact of the gas with the plant
roots, and would scem a good general practice to follow except where
eertaun probiems i the control of plant diseases make it undesirable.
In so doing, care should be taken not to wet the infested-plant foliage.

The following plants appeared to tolerate dosages of methyl bromide
suflicient te kill the commeon red spider in overnight greenhouse
fumigations at 66° to 70° F. (1 to 1¥ pounds per 1,000 cubic feeb in
winter; % to ¥e pounds in summer when the heating system is off.)
No detailed studies have been made, however, of the effect on the
growth and on flower or [ruit production over a long period after
effective fumigatiouns.

Acalypha wilkesiane Muell, Arg.—Painted copperleaf.

Antirrhinum majus L—Common snapdragon: Var, Cheviet Maid Supreme.

Begoniu semperflorens Link aud Outo—Perpetual begonia.

Brassice rapa Lo—~Turnip.

Buzus sempervirens L—Common Lox.

Chrysanthemum korforvm Hort.—Florists ehrysanthemum. Pompom type: Var,
White Doty, Connie Dick, and an undetermined pink. Anemone type: One
undetermined variety.

Colens blumei Benth,—Commoen coleus: Var. Golden Bedder, Beckwith Gem, and
Trailing Queen.

Cucumis satives L—Cucumber,

Cyclamen indicum Lo—TIvyleaf cyclamen,

Delphinium sp. Hybrid of species delladonna Hort.—Delphinium; iackspur,

Dianthus caryophylius L.—Clove pink; earnation.

Hedera heliz L-—Englisl ivy.

Iresine lindeni Lem.—Linden bloodleaf.

Kalanchoe blossfeldiane Poelln—SBucculent harh.

Lantung camare L—Common lantana,

L. seflowiene Link and Otto—Trailing lautana.

Lyeopersican esculentiun Milll—Common tomato,

Nephrolepis exaltela Behott—Common swordfern.

Pachysandra terminalis Sieb. and Zuce.—Japanese pachysandra,

Pelargonium domestician Bailey—ZLady Washington pelargonium {geranium}

P, graveolens T'Her.—TRose pelargoninm (geranium}.

P. peltatum Ait.—Ivyvine pelargonium {geranium).

Petunin hybride Vilm,—Common petunia,

Phaseolus pulguris L—Kidney bean.

Rhedodendron vp. Kurume hybrid azalea—Rhbododendron; rose bay,

Fosa dilecte Rehd.—Bourbon tea rose, hiyvbrid tea rose: Var, Brinreliff, Gunston
Hall, Joanna Hill, and Madame Butterfly.

Solannm melongena L.—Garden eggplant.

Tropaeotum majus L—Common nasturtium.
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DISCUSSION

In general, the chemical and insecticidal results have been in fairl
close agreement. This was avident in the work on (1) gas distri-
bution, {2) different exposure periods, (3) efficiency at different times
of year, and {4) soil penetration. An index of fumigation efficiency
seems 10 be given by the average ges concentration. Both fast spray
and slow psn methods of vaporiuntion gnve about the same average
gas concentration and were of about equal insecticidal efficiency in the
greenhouse under damp to wet conditions. The production of & much
higher peak concentration by the spray method did not appear to
increase efficicncy. The importance of thie average gas concentration
over the entire period was also indicated in some of the preliminary
studies and is in line with the work of Xnight (7}, Moore {I6), and
Lindgren (0) on hydrocyanic acid.

From a praciical standpoint, the spray method is preferred for
greenhouse fumigation since it was ab least as effective as any of the
three methods tried, and in addition it is more convenient and may
be cheaper. In large greenhouses there may be less chance for
stratification where the spray is used. It would seem advantageous
to have the full dosage vaporized in the greenhouse as quickly as
possible while weather conditions arce {averable.

The heat method of waporization, which simulates the so-called
diffusor method used with hydrocyanic acid (I6), appenred to be
about &s efficient as the spray or pan methods but is probably more
costly and less convenient. It might be useful in vault funigation
where o fast vaporization is usually ueeded and there is little space
available for the evaporation of spray droplets before they reach the
plants or other material.

The dosages required for cffective fumigation were about the same
in the No. 1 greenhouse and section 2 of the larger grecnhouse (see
table 5), but hicher dosages were needed in section 9 of the green~
house (sec preliminary studies and table 1). The more exposed posi-
tion of section 9 may have been partly responsible for the lower
efficiency. Different greenhouses probably will require different dos-
ages, llowever, and this difference, as well as those due to different
times of yoar and other conditions, will have to be considered in
determining the correct dosage. In large greenhouses where the ratio
of surface exposed to volime is much lower, it may be possible to
reduce dosages still further, Methyl bromide al ordinary dosages in
the greenhouse appeared cflicient as a soil fumigani and should be
tested on root aphids, symphylids, nematodes, and other soil-inhabit-
ing greenhiouse pests.  If the insccls are allowed to remain in the soil
for longer periods aller fumigation, it 15 possible that cfficiency may
be higher than was indicated here where inscels were removed after
1 to 3 hours.
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