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SUMMARY 

, 
5:nsccticidul, chemical, and plant-tolerance tests were used to inves

tigAte the efficiency of methyl bromide in greenhouse and v.ault 
fWhigation. 
:r'Jlapid evuportttion of the fumigant was obtained by spraying the

Hquid or by heating it in tt shallow pan. Slow evaporation was accom-' 
plij;hed by e~-posing it in the shallow pan ttt normal temperature. 
:ttMethyl bromide concentrations rose to ncar 100 percent of the' 

di'kinal dosage soon after the begiIUling of the fumigation with fast 
v~porization and fell away to ncar 70 and 25 percent after 22 hours. 
in: metul-lined and concrete vaults, respectively; but practically no' 
gp:s remained after 6 hours in a greenhouse (dosage 2 POIUlds per 1,000' 
6.tbic feet in winter fumigations). An approximately 40-perccnt load 

1 Submitted for publication February 2, 1943. 
, 'rhn nuthors acknowledge with thanks tho cooperation of n. C. Dudley, U. S. Nationai Institute or: 

Health. in making thn chemical analysos; llnd of F. F. Smith. of the Division of 1'ruck Crop and Garden 
Insect Invostigations. in makiug mortality counts of the cyclamen mite; of C. A. Weigel. of the same Divi· 
sion, in helping ill thn preliminary studies; of vllriOlIS members of the DI\'ision of Insect Identification in' 
identifying the various msects used; of J. W. Byrnes and E. May, Jr.• of thn Burenu of Piant Industry.
Soils, aUll Agricultural Engineering, U. S. Department of Aj!riculture. in providing some of the plants used' 
in the invostigation; and of the botanical stalI of the same Bureau in identifying most or the plants used •. 
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of potted plants in a met·al-lined vault I'educed the gas concentration 
about S to 10 percent when tlle soil in the pots was damp; bU,t when 
the soil WilS wet, conccutrntiolls were slightly lligher for the first 4 to, 
6 hours but fell ofT to 5Upercent,of the origiunl dosage nfter 22 hours. 

In grecnhouse fumigation. n. fast spray vo.pol'ization gave much 
hi1!her peak concent,rations than. a slow pan vaporization, but the· 
f.lvemge gus concentrations wel'C n.bout cqtml in the two methods, 
Doth 1I10tllOuS usually gave good gas distribution ill summer and 
'winter find difl'cTed little in insecticidnl efliciency. Fl'om n, prnctical 
stllndpoint the spray vnporization is preferred. Vaporization by the· 
Ilent method t\'PPclIl'('(l cflicient but less convenient. 

In vtwIt iumigation n inst vaporizntion was lUOre cfrective thun a 
slo\\- vnporizltLionin {i-hour exposures, but there was little difrercnce 
in lG}~-hour e)..l)OSmcs. 'Methyl bromide gns strntificd lIcar the floor 
when Vll])orizcd slowly at t.he top with fan circuh"tion for only the 
first 10 minnt,es. After a dosnge had been completely vaporized and 
well mixed no scpnl'l1tioll of the henv}' gus occurred over n 2}~-l1our 
period with the flUl shut olr. 

'.l'cmpcrn.ture seemed to be ntl important fnctor, higher efficiency 
bcing ohtaine<l in botlt greenhouse and vault fumigntiolls at 77° ,to 
81 Q Ii'. thun n,t GG O to GO°. l~mciency was reduced at 580 to 590

• 

Th(' prc$enc.e, of high or low l't~lative humidity either during or after 
fumign,j,ion did not appear to nfl'cct cflicie11cy ngltinst the Mexican 
meal)Thug- or common red spidel'j but higher cfliciellcy WitS obtttincci 
ngninst. the confused Ilotll' beetle in fumigations at high InlluidiLy. 

A dosngc of 1 to l}~ pounds of methyl bromide per 1,000 cubic feet 
gave cOIUplete kill of the eyclmncll. mite (Tarsonerwu.s pallidus), com
mOn red spider (1'etr(tnyclms bi'lllaculat!ls), and the Mexican mealybug 
(Phenacoccu.8 gossypii) in overnight, fumigations Ileal' G7° F. under dry 
or fairly dry conditions in winter in a small greenhouse. In. summer 
wItCH the )H!uting SyStl'lH wns off, the above dosngc could be reduced 
by approximately oM-hnlf nt similar tcmpernturcs. In winter prnc
ticn]ly all insecticiditl nction took plnce in tIle first G hours, but in 
sununel' i~ probably extends over n,longer period. 

::v(cth~'l bromide at ordinary dosnges penetra.ted cmcioutly into the 
dry or damp soil in pots or on n. bench in the greenhouse. EmciNW·Y 
against insects in the soil wns somewhat less a.t It 5-incb depth in Hoor 
soil beds. Little ,})enehrl1tion took place when the Boil WitS sn,tumted 
with moisture. 'Watering the 11001' and bench soil helwily just before 
fumigation for insects on plant folingc made it possible to reduce 
dosn~es still further by eliminating the loss of gas into the soil. In 
wetltng the soil, it is l1.(lyisahle to tuke care not to wet infested plant 
Iolintre. 

,,,'indy weather appeared to lower the efficien(~y of the fumigation. 
No accumulation of methyl bromide or other toxic gases appeared to 
occur in n. greenhouse givcn 10 fumigations over a period of 1 month. 
Undei' certain conditions some gns remained after some greenhouse 
fumigations, f\nd it seems ndvisnl)le to ventilllte thoroughly after each 
fumig(l,tion. A 20-minute ventilation WIlS sufIicient to remove prac
tically nIl gas in onc ense, but this period will probably vnry with 
.conditions. 

The eHiciency of methyl bromide Yl1ried wield:y agninst the species 
·of insects tested. The confused 110m beetle (T7'iboli~tm conJusum) 
was tbe most resistant insect t(\sted. The cycllllllen mite, common rf'cl 
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spider, and Mexican mealybug were among the more resistant green
house insects. Methyl bromide f\:ppeared effective against a number 
of other greenhouse pests. . 

A total of 36 kinds of plants or plant varieties appeared tolerant to 
greenhouse fumigations at 660 to 700 F., with.rlosages sufficient to kill 
the common red spider. Five species were intolerant and others were 
near the boxder 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 
appeared 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 

Methyl bromide is of considerable importance under the present 
wartime conditions because of the increasing range of its use as an 
insect fumigant, not only for plant products but also in military 
establislunents where vault fmrugation is being used to control disease.:. 
carrying insects attacking man. 

The insecticidal value of methyl bromide was discovered by Le 
Goupil (8) ,3 and subsequent investigations were made by Vayssiere 
(23), Francolini (4), and Lepigre (9) in Europe. In the United 
States Mackie (14) and :Mackie and Carter (15) found that methyl 
bromide could be use(i to fumigate certain ornamental plants. Since 
then, Donohoe 9.nd Johnson,4 Smith and Latta (19), Latta and 
Cowgill,S Hawkins,6 and Livingstone and Swanlc (12) have found' 
that many ether plants can be funligated in vaults to control various 
insects. In the present work, begtm in 1936 (21,22), the application 
of methyl bromide to b'Teeuhouse fmnigation was studied, as well as 
various factors having to do with its efficiency in both greenhouse.and 
vault fumigation. 

MATERIAL AND METHODS 

The methyl bromide used was a commercial product similar to 
that reported by Stenger et nl. (20) to be 99.7 percent pure. Analyses 
of the gas in air were made according to a method developed by 
Dudley (1). Qualitative tests were made with a halide detector 
(2,20). 

A fast 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. pall 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 minutes were required for com
plete evaporation. A. fast vaporization, complete within 4 to 5 

I Italic numbers in pnrentt,,·,-,·r-fer to Literature Cited, p. 18. 
• DONOHOE, R. C., and Jo:••suN, V. A. TilE En'ECT ON rLA.'1T~ O~· METHYL BROMIDE FUMIGATION L'i 

IAP.L'iESE BEETLE TRE4T)IE~.' TESTS; rRELl!dlNAItY llErORT. U. S. Dur. Ent. and Plant Qunr. E-482, 
l4.pp.1930. [Processed.] 

• LATTA, R., nnd OOWGILL, "'. If. METHYL BROMIDE FUMIG.\TION OF GREENIlOUSE PLANTS AT THE 
U •. S. PL!.~'T INTRODUCTION GARDEN, GLEN DALE, MD. U. S. Dur. Ent. nnd Plnnt Quar. E-526, 31 pp. IOU. 
[Processed.]

• HAWKL'1S, L. A. TilE USE OF METIIYL IlROMJ7)E ron TilE TREATMENT OF QUARANTINED PLANT PRODUCTS. 
U. S. Dur. EDt. and Plnnt Quar. E~84, 6 pp. ·"J30. [Processed.] 
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minutea, was a}Ro obtained by heating the pan on an electric hot plate 
(heat method). 

:Methyl bromide, like other fun'iigants: presents a definite toxic 
hazard (6), and propel' pl'ctlautions were taken 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 Public 
HealthSeryice, dated May 16, 1938, entitled «Preliminary Recom
menrlati011s to Fumigators Using Methyl :Brcmide or Mixtures 
Contai.ning 'Methyl Bromide as a Fumigant.' i This poster stateEl. 
in part, that-

While me~hyl bromide is less toxie to mnn than ce1tain other fumigants,
* * * all persons entering fumignted rooms, cars, or sheds to open ventilators 
or to unload fumigated IIll\terials, observe precautions used with other toxic 
fumiga.ting gases. Experience indicates that adequate precaution will obvil\te 
danger of injury by this gas. 

The fumigations were made in a small 800-cubic-foot greenhouse 
(No.1) and two units of n. larger greenhouse (secs. 9 and 2, of 1,650. 
n.nd 1,150-cubic-foot capaeity, respectively). These were tightly built 
and were heoted by hot water, temp"eratlll'es being controlled by hand. 
A 264-cubic-foot concrete vault with asphalt-painted walls, a 46X
cubic-foot metal-lined vault with soldered joints, and a 7.7-cubic-foot 
steel cylinder 5 were also used. Both vn.ults had rubber gaskets around 
their doors fwd automn,tic hent contL'OI with Ian circulation. The 
greeuhouse fumig!ttions were usunUy begun late in the afternoon, or 
sometimes http. in the (weuing, when the nil' was caLm, nnd were 
continued overnight. Initinl temperatures ranged near 64° to 68° 
E.. with relative humidity at 65 to 90 percent unless otherwise stated. 

The principal test, inseets were the :Mexican mealybug (Phenacocc'US 
gossypii Towns. and OkIL) and the chrysanthemum aphid (lllacrosi
phoniella sanbo7'ni (Gilt)), both grown on chrysanthemum, the 
common reel spider (Tetranych1ls bimaculat1ls Harvey) on rose, and the 
confused flour beetle (Jhboli'1l1l1 CO/ljUS1l1n (Duv,), grown on whole
wheat (lour or other diets (13). From 200 to 400 nymphs and adults 
of each of the first 3 species on their host plant were usually exposed 
in each fumigation. The confused flour beetle.s (50 to 150 adults) 
were exposed in shallow benkers without flour. For soil-penetration 
tests the insects (see tables 7 and 8) were confined in copper-screen 
cages or in tin oylinders with cheesecloth ends find bill'ied in the 
soil. They were removed 1 to 3 hours after fumigation and held, as 
were the other insects, either in n constant-tempm:D.ture chamber at 
68° F. or tmder ordinary greenhouse conditions, "tortality counts 
were mn.de after 1 to 2 dRYS for nphids, 3 to 4 dn.ys for mealybugs and 
red spiders, and 10 dl1·Ys for flour beetles, Unfumigated check 
insects were included ill many of the tests, but mortalities nmong 
these were negligible. 'fhe grecnhouse soil was a sauely loam, the 
appro~-i.Jl1Rte moisturc content being 20 to 29 percent when satill'ated 
with water, Soil moisture was determined approximately by drying 
n. 300- to 400-grnm sample iu an evaporating dish at 110° O. to con· 
stRnt weight. 

In the pln,nt-tolerunce tests one to tlll'CC potted plants each of Rosa 
dilecta, Rehd., Chrysanthelmtm). hOl'tOl'llTn IlOl't., Ooleus sp., Lantana sp., 

'This pOSler llUl~' 00 obtaim'd (rom the (T. S. Public Health Srn'icr, Natfonal Institilte or Health, Divi· 
sion orTlldustrinllly~iQt1~, l~esrllrcll S~ct.iQn, Betlw~dll, Md• 

• JOIlSSO~, A. Co. "LOW-CO~T WA'nat $f;.\L ."'"1(1.\TOII, t-.;;, Bur. Ell!. alld Plaut Quar, E'l'-lM, 4111)"
iIlus. 1940. [ProccssNI.J 
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Delphini1tm sp., Pelal'gonium sp., and Nepht'olepis exaltata Schott were 
usually exposed in each fumigation. Other pIt-LIlts were tested. 

Pl{ELIMINARY STUDIES 

In the fil'St studies, begun in NovClnber 1936, n dosage of }~ pOlmd 
per 1,000 cubic feet U in n metal-lined vault gavc complete mortality 
of the common red spidel' and other insects in overnight fumigations 
at neal' 70° F. In section 9 of the greenhom;e, however, this and 
dosnges of 1}~ pounds (pan method) were ineffective.' Ali increase 
to 2% to 3 llounds gave n. high kill of the red spider, the Mexican 
mealybug,nnd other insects. A wide variety of greenhouso plants 
nppeared tolerant in fumigations at 66°, or below, but where the 
temperature rose to 82°-86° considern.ble plant injmy resulted. 
In greenhouse No. 1 the 3-pound dosnge was found excessive. 
Dosages of 1. to 1%pounds vn.porized by hcn.t were found effective. 

Fmnigatiol1s in the concrete vtHllt indicated thn.t the speed or 
Ynporizat,iol1 might be im.portnnt, n. fast vaporizn.tion being more 
effective Hum t. slow one in I. 6-hom exposure. There was little 
difference in I. 16}f-honr e:\.l)OSllrC, however. Strntificntion, as. indi
cated by- insect mortolity, took pln.ce when n slow vaporizu,tion was 
used, wlth the pan placed at tll£' top of the Vi1ll1.!, and the fan operated 
for only the iirst 10 minutes. The mOl'tnlity of Mexicun meulybugs 
was 91 percent at the 1\001', 65 n,t tbc center, and 56 at the top. 

li'umigatiol1s were sometimes Illude ttt dnjly intervals in the same 
gl'l..'enhouse. \\11Cre this had been dOlle withhen.vy dosages of nicotine 
there sometimes appeared to bC' a carry-over of residual to:\ ..i.c gas. 1O 

Tests in winter with the ~Mexican menlybug, the red spider, and the 
chrysallthemum aphid, however, indicated tbn.t therc was :no accumu
lntion of methyl bromide or toxic derivatives after No.1 greenhouse 
had been used in 10 fmnigntiol1s with dosages of %to 1% pounds of 
methyl bromide over t1 pel'iod of 1 month, 3 fumigations in the last 4 
dnys. The ha~idr drtrctol' also gavr n, negn.(iv(' test. 

CHEMICAL RESULTS 

GAS CONCENTRATIONS IN TUHEE TYPES OF li'UIIIlGAT£ON CHAMBERS 

Figure 1 shows the gus concentrations obtained in the mctal-lined 
and conCl'('te vaults und in section 9 of the greenhouse. With tt fast 
vaporization, conccntrn.tions ill all three chmnbcrs rose to nellr 100 
percent of til(' 2-pound dosnge soon after the start. Littlc or no gas 
remauH'cL in the greenhouse after 6 hours, how('ver, whereas 70 per
cent of tIl(' originnl dosage remn.ined in the metal-lined vault after 
22}~ hours. Tempertttlll'cs were ncar 68° Ii'. throughout the vault 
fumigations but fell off from 67° to 54° in the greenhouse. It is 
doubtful, how('Y('r, whether this fnIl ill lempern.ture affected gas 
cOllcentnltion, sinc(, Ul other greenhouse fumigations with temper
./"l.tures kept nenr 68° drnstic reductions U} concentrn.tion still oceurred. 
The conccntmtions in til(' concrete vault did not differ much from 

, An tJoo.ng-es r~Cl'rrl'd to ht!'rt'nftco[ Of(1 Rin,m iu thi~ unit. For llxumpl(\, n )·}lotwd dosag(l JJl('uns J ponnd. 
p~r 1.000 cub Ie reet. . 

10 HICUAHDSOX, U. H~t n,"l.oJ.:U, J. ""'., nl"~nt-;y, H. L. t nnd others. STt·lJU:S 01'> N"ICOTI:-\E }-"l')tIGATfON" 
J:'( ,;JJ£';XIlOI·SBS. l". S. DellI. Agr. Cir. (>84,15 1)P" iIIus. 1043. 
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FIGURE 1.-Methyl bromide conccntrations obtained in three types of fumigation 
chambers over a 17- or 221~-hour period. Dosage: 2 pounds per thousand 
cubic feet, with fast vaporization. Greenhouse fumigation made in section 9 
under damp to wet con~itions in winter with heating system in operation. 

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

GUEENROUSE-FUl\IIGATION STUDIFiS 

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 method, 

lJJ 	 n~ 100 
(f) 

0 
0 

u. 	 SPRAY VAPORIZATION (FAST)-NO FAN _______ {ll.UPPER LEVEL 
0 &LOWER LEVEL 
~ z 

75 
ll. ~PAN 	VAPORIZATION (SLOW)-FAN ON 2 HOURS __{CUPPER LEVEL 

• LOWER LEVEL 
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/rlJJ 
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~ 

50z 
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i= 
~ 
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r '" I I 
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FIGURE 2.-Methyl bromide concentrations produced by the fast sprq.y and slow 
pan methods (If vaporization in the greenhouse. Dosage 2 pounds per thousand 
cubic feet. Analyses made at 2}f and 9 feet from floor. :Fumigations made in 
section 9 of the greenhouse under damp to wet conditions with heating system
in operation. 
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but these feU awa~ more rapidly, with the; result that the average 
concen.trations for both methods over the 6-hour period were about 
similar (nOtlr 26 percent of the dosage).· No stratification appeared 
to take place IlS indicated by the analyses taken at 2% and 9 feet from 
the floor. The use of a lO-inch oscillating electric fan at high speed 
over the first 2 hours did not give better distribution with the pan 
method, but it did seClll to increase slightly the rate of vaporization. 
Leakage from the greenhouse as inclicated by halide-detcctor tests 
IlCal" the outer surface seellled somewhat greater with the fan in opera
tion, but the gas concentrations inside indicated the loss to be neglig'ib1e. 

• 

No methyl bromide could be detected at the end of an overnight 
fumigtLtion under damp to wet conditimls in winter (72-liter samples 
in duplicate). The halide detector also glwe a negative test except 
for a very faint color when held close to the ground under either the 
very wet Ot· ftlirly dry conditions. In SlUmuer, however, very positive 
tests (strong blue-green (lame) were obtained at the end of fumiga
tion under wet conditions e,"ell though much lower dosagr.s had been 
used . 

The fact that some gas was present at the end of some fumigations, 
as well as the possibility that some gas is dispersing out of the green
house soil for a short period after fumigation, makes it 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 beginning of a fumigation, when the concentration 
was near 6 milligrams per liter of air in section 9 of the greenhouse. 
Tho air outdoors was cnJm with tempemture .llear 48° F., compared 
with 68° inside. After fl, 20-minute airing no gus could be detected 
at 9 feet and only 0.013 milligram per lito!" (3.4 p. p. m.) at 2~ feet 
from the floor (72-1iter sumples). 

VAULT-FUlIllGATION STUDIES 

The effect of Ull n.pproximately 40-percent loud of potted plunts, 
mostly tomato, on gas concentrations in the metal-lined vault is shown 
in figure 3. When the soil in the pots was damp (near 22 percent 
moisture), concentrations were 8 to 10 percent lower than in the 
empty chamber over the first 10 hours. When the soil was wet 
(nearly 29 percent moisture) and -there was excess moisture in the 
ytwit and ou the plnnts, concentrations were 3 to 6 percent higher 
than in the empty chamber over the first 4 to 6 hours but then fell 
ofr to 50 percent of the dosage at 22 hours. The soil occupied about 
6 percent of the total SptlCe, the remainder of the load being foliage 
uncL pots. The results suggest that methyl bromide penetrates very 
rapidly into and is absorbed or adsorbed by damp soil; but tl1at 
penetration is very slow, if it occurs at all, in wet soil. Some renction 
apparently occurs umler yery wet conditions, which lowers the ~~a& 
concentration considerably nHer 6 to 8 hours. 

In some of the later insecticidal tests in the metal-lined vault the 
circulating fan was shut off ufter tlw first 15 minutes. The gas was 
well mixed by this time', but us there was a small possibility that some 

. stmtification of the }Wtwy gns might tuke pInce before the end of the 
2J~-hoUl" flllnigation, some analyses were made. vVith a 3-poltnd 
dosage (48 milligrams per liter) the conce~ltrations at the end of ex
posure were 42.2 find 42.1 milligl"tlll1s per liter at the top and bottom 
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FIGl'UB 3.-:\Jcthyl bromide concentrations obtained in tho motal-lined valllt, 
with lind without an approximately <.IO-porceni lond of potted plants. Tostod 
with dlUnp and with very wet soil. Dosage 2 pounds per thousand cubic feet. 

of tho \T[lUlt, respectiyely. No stl'ILtificILtion took pIncc under' these 
conditions. Tho differeJlce in height ILt which the snmples woro 
tnkpll WllS ["bout 2 \::; feet. 

INSECTICIDAL RESULTS 
EFFICIENCY OF F,\ST AND SLOW YAI'OHIZATION IN THE GHEENI10USE 

Tltble 1 gins the results with the fllst spru,y Ilnd slow pnn methods 
of vaporization tested under fnil'Iy dry nnd Yery wet conditions in the 
gI·('(mhouse. Un(\t'I' fairly dry conditions the results favored the fust 
SPI'H,y vnporizntioll, but tIl(' di£rcl't'llces wert' small ('xcept in 3 oJ the 
] 1 pnirs of t(\sts. Under wet ('ouditions the 2 methods nppcnred ILhout 
equnlly emcion t. 
TAlH,g I.-Ejficiency oj Jo.st spra,l/ and slow pan methods oj vaporization oj methyl 

bromide 1mder j(rirly dry lI./ltl very wet conditions. Pnircd Jlml'iaations in No.1 
greenhouse cxtcncltn{/ ovemiaht 'lI:ith l!Calina system 'in operation 

lJ~DgH l'Amr;Y DRY CON])l'I'I()NS 

i\[~lh(ltl Of \"Ilporizntion 

Spray
l'an 
Spray 
PmL_,",,,~"
Spmy. __ 
Pnn~ 
Bprnr
Pan 
Spray _.. __ 
Pan 
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GAS DISTIUBUTION IN THE GREENHOUSE 

The distribution of the fUlllign,nt given by both pun alldspray 
mothods of vapol'izltbion is shown in ttl.bIe 2. 

'1\\BLE 2.-Distrlblltion of methyl bron/Me {fas;:-:'Ien by S1n-ClY and lJan Va1Joriza
t'ion 'in. the {freen/tollSe, as 'i.ndicated by in.~t:el i/lortality I 

WIN'l'l'JU l'U:\[lOA'PIONS 
~~'"---'.--'---~'-'~-~"--'-------"-----------I 

;,\!ortnlity or insects placctl-

Method or vllporizotlon Insect I On bClIchO I I On lIoor Nenr ridgo II lonc I ! ]war 011 1..0' 
lIcnr sOllth ,sit~ nort lor or hrreen polo of 
or wcst end· cust entl houso gl'ccllh01lS0 

------------------·----------1-------1------1------1·-----
Perc,"1 Pucellt Percent Ptrcwt

:\Icnlybu;:..... __ -. ______ •• 100.0 00.11 00.4 100.0
Sprny........___•___ •__ ••• Spitler••••_•••••______ .... 00.4 100.0 100.0 100,0{rl'hril)~' ....__ ........._••• 93.2 USA 100.0 100,0 


Do ' {1\[eo ybUg.................. 40.8 81.0 64.7 80,3 

.................... Spitler 
 74.7 58.3 iO.3 70.0 

ri\fct\lybiig::::~:::::::::::: 14.U 9.11 28.S .4Do ~ . -••----......-..... \Spitlcr 40.2 33.0 27.1 501.9 

{1\feUIybUg·.:::::::::::::::: 1.8 3.9 1.0 oPun.-••--........-•• -...-. Slli,ler ........ ..,- ...... - .....-_ ....... _--- 21.0 35. ·1 25.5 30.1 

SUl\[1\rER FmrrOA!l'IONS 

MOnIYbUg______ ._.._______ 100.0 100.0 100.0 07.4 
Spra~·.. __ ••__ .... _________ Spider_____ •________•____ _ 52.0 58.7{llloctlo, ._._____ ••_..._____ _ 3.S o -------"3:6- --------·0-

1\I only bug ••___ -. --. - --.--- 100.0 lllO.0 100.0 100.0Do ••______...______.__ Spider. _________________ .. 09,7 100.0'\ noetIo...________________ .. __ ----..·Ta· --'''---36:81.0 1.8 
100.0 100.0 ..-----62::i· .... • ..-iii:ii2.0 5.4 
100.0 100.0 100.0 98.0~::~~~~~:~:::~:~:~-::: 1~~irf~~~~~~~~~~~~~~~~~~~~ 0.1 15.5 32.7 20.0 

Do {1\.feOIYbu!:___________ •____ • 100.0 100.0 100.0 100.0-...---......------- lltoctlo._______••• _________ _ 100.0 \18.2 100.0 91•. 2
Do l\fe:l1Ybug_.... __ ••••_____ _ -100.0 100.0 100.0 100.0 

--.-.-.--.---------- Ucetlc..... __....___.._..__ 100.0 100.0 100.0 100.0
l\ I eIlIYbull...________....__ 100.0 100.0 100.0 100.0

l'8u______ ••__ ...__....____ Spitler... __.........__ .... 
 IIlO.0 100.0{Heellc ••• _______.•____ ._. __ -------7i:5- --'-----6ii:2SO.8 70.0 

I Overnight fumigntions in No.1 grecnhouse cxcopt lIS noted. Tn winter, dosnges rouged from 0.88 to 1.0 
pound pcr 1,000 cubic floct, Ilnd nYcrngo tompcraturo.< oyer first 0 hours ranged rrom 590 to 700 l!'. In summel, 
dosngos rnnged from 0.25 to 0.4,1 pound nlHi temperatures from 000 to 810. No rnn WIIS used. Jl,fcnlybug=
Mcxielln mo.llybllg; spider=common red spider; thrips= Thrips 11igropilosIU! Viei: bectle=conrused lIour 
bectlc. 

, 1\[udo In section 0 or tbo Ill'tlcnhollso. 'rho commou red spiders wero r~nred on benn. 

Both pltn nnd sprny methods gltye fniriy good distribution in both 
greenhouses. l'bc chcmical tests in scction 9 (fig. 2) cOrl'obomtethese 
results. Convection CUrTents were much weltker in summer, ItS ill(li
cltted by the movement of the spmy mist, but the distribution Itppeltred 
nbout uS good fiS in winter. 

EFFIClENCY OF VARIOUS EXPOSUllE PEIUODS IN THE GUEENHOUSE 

The results of winter fumigations Itrc shown in table 3. In these 
fumigntiolls pmct.ienlly 1t1I insecticidn.l nction took plnee in the first 6 
hours, n,ncllittic if nny oec\ll'l'cd Itg'n.inst insects introduced after that 
ItlHl exposed to the !,('nutinder of Itll ovcrnight greenhouse fumigation. 
In snmmer it is probnble thltt the cffective expOS\ll'e period lnsts longer, 
as the halide detector tests indicated npprecinble amounts of gas still 
present; Itt the end of overnight iumiglttiollS in summer. 
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TABLE 3.-1nsecticidal effic'iency of methyl bromide during different exposure periods 
in greenhollse fumigation 1 

M ortnllty of insects exposod to ' 

~tethocl of Dosage per 1,000 cubic Insect I Lnst 1tvaporization feot E Ii'First ,n re hours of 
r. hours 2'~·h0t!r 22.hour 

fumignlIon fumigation

----------1--------------1--------------1-----·--,------1-·-----
Poumls j'trcellt Pace,lI i'crcrnt 

ilrenIYbUg._••-. •• ----. 81.0 100.0 0.3 
Spray.. ____....... 1.00••••••__ ....____ •• Spider....._... __ ... __ 90.6 96.3 2.4
{.\phitl.__ ..._____ •• __ .. 100.0 100.0 .6 
Pan....___________ . 75..______________ ._ {.\\{le)lall!!~I'bUg ..----------- H.6 15.4 1.0 

t ._ .... ____ • __ .. _ ...... 71.0 8-1. 0 8.7 
3 I "' {Mealybug_______ ----. 80.6 75.3 oDo------------1 ._u..____.-----..-... Spider-- -- -- ________"' 76." 60.0 1.2 

I 'Winler fumiglltions under dllmp to wot conditions. 'L'cl1l\lcrnlure' lI\'crnged 67° 10 7-\0 ~'. o\'or Ursl 6 
hours and ti30 to 68° over la~t 16 hours. Mealybug= Moxican mealybu!(; spldor=common red spider; 
aphid-chrysanthemum aphid.

, Ono large group of insects was divided into ~ smaller groups! the first being exposed to the first 6 hours' 
(umigation, tho socoll!i to tho entire 22-hour fUl\li~ation, snd t Ie third to tbe last 16 hours o( (umigation. 

, Made in sectlonD of tho greenhouse, whereas other fumigations werc.made in No.1 greenhouse. 

EFFECT OF TEMPERATURE ON EFFICIENCY 01' THE GAS 

The importance of temperature in fumigation with methyl bromide 
in vaults or other chambers has been discussed by Shepard and 
Buzicky (18), :H'isk and Shepard (3), Smith and Latta (19), and 
others. In a pair of winter fumigations in No. 1 greenhouse at a 
I-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 ayeraged 59° F. over the first 6 hoUl'~, compared with 99.5 
and 85.6 percent, respectively, when the tempe::.:ature averaged 6,7°. 
At the same dosage, but with a spray vaporization, the mortality 
of the red spider was 96.3 percent at 68°, compared with 100 percent 
at Tio. At a 1.25-POlUld dosage (pan method) the mortality was 
93 percent at 59°, compared with 100 percent at 72°. In section 9 
of the greenhouse there was 20.3 and 16.9 percent kill of the mealy
bug and the red spider, respectively, following a 1.5-pound dosage 
at 58°, compared with 75 and 60 percent, respectively, at 7ao but 
at a lower dosage--1.25 pounds. In two pairs of summer fumiga
tions there was 50, 18, and 0 percent kill of the mealybug, red spider, 
and beetlc, Tespectively, at 65° (0.31-pound dosttge), compared with 
100 percent for all three insects at 75°. At a 0.25-pound dosage 
the mortalities of these same species were 99, 52, and 3.8 percent 
at 69°, compared with 100, 100, and 80.8 percent at 81°. 

In two paired tests in the metal-lined vault,2}~-hour exposures 
at a %-pound dosage gave un average of 40 percent kill of the Mexican 
mealybug at 59° ]i'., whereas at 68°, 68.7 percent kill was obtained. 
To obtain a 95 percent kill, approximately 1.37 pomrds was needed 
at 59°, whereas approximately one-hall of this was sufficient at 68°. 
In the concrete vault a 96.7 percent kill of the mealybug was ob
tained at 77°, compared with a 16.7 percent kill t),t 66° with similar 
dosage and exposure. 

These preliminary tests indicated that temperature is an important 
factor and that higher efficiency would be obt:tined at higher tem
peratures. l\.forc detailed 'work is needed for determination of 
dosa~es requiTed at temperatures other than 66° to 70° F. 

http:dosage--1.25
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E'FE£CTOF ~LATlVE HmlIDITY ON EF.FIClENOY;OF THE GAS 

A series of greenhouse tests indicated that variation of relative 
humidity from near 35 to 85 percent at temperatures near 700 F. 
would have little. effect on the efficiency of niethylbromide against 
the Mexican mealybug or common red spider. The production of 
very high relative humidity in the b'Teerihouse required very wet con
ditions, which btougllt other factors into play, and this isdisc.ussed Iin a later section (p. 14). Roehm, Shrader, and Stenger (17) recently 
found that l'elo.tive humidit;v had an effect on the quantity of methyl I. 
bromide adsorbed by fumIgated wheat products. Since Fisk and % 

Sbepard(3) ·have stated tliat methyl bromid~ ,His definitely more i 
effective when it is in the presence of moisture,,' further tests were 1 
made in the metal-lined vault and steel cylinder where conditions I 

l 

Icould be better controlled than in the greenhouse (table 4). 	 i 
1 

T.\lILE 4.-Effect oJ high and low relative humid·ity on methyl bromide fumigation joj.various insects I -1 

I 
I 

MortnJlty at Modt'lUl IMortnllty or common 
menlybug nt- red silider nt 

}<}"posu~Do.ssge per 1,000 cubic CL'Ct (pounds) 	 I 
'PI'riQd ,I,ow rein. IHigh rola·1 !.ow rllln· Il1I\lh rein· l 

ti\'O lllJmitl· !Iva humid· ti\'c h.l\mld. tlv~ humid· 
• I ~ I ~ I ~ I ~ 

------·---.~----i--------

I. IlQurl Pucwt Percent Percent Perctnt I0.62."..................................... 2.5 44.4 :10.6 62.2 so.0 
0.62.................................._..... 2.6 0.'.0 74.0 43.8 00,4 

0.75....._.............................._... 2./; m.o 03.1 100.0 100,0 

0.?5........._........................._____ 2. Ii 93.2 03.3 97.1 98.0 

0.76......__.....___......_••__..........._. 2./; 03.2 95.0 

O.SS....___.....___.............._.......... 12.6 0-1.0 99.3 --·---97~9·· -"'--iOii:ii-

0.1lS.____..""" ____• __ • __ ......___...__.__ 2.5 99.3 100.0 100.0 00.6 
1.00..._.........__ .-._.........__....__ •••. I. Ii 03.1 02.0 71i.8 11i.3 


Menn dll1ctellce tlIld.lts stnndllrd error••__ ...._•• _. 3.72:1:: 2.lil 7. 1:1: 0.811 

lIIodllllty of cenfused 
tlour ire;!U(I 

0.75....__•__ .'_._••• ____• __••••• ___..... , .. a.2S 2S.0 36.2 
1.00 .••_••••••••___...............___ •• __.. . 1.1i 10.0 17.3 

t.OO. _ •• __• __•• __...___•••••__.'•••' ___..., 2.5 11.4 00.1 
1.00•• __ ....._' ___ •••_. _"'_" _••_•••• __•••_ 2.5 27.1 48.3
1.12•••• __•• __ '" •__• _. ___••••••• __ •______ ._ 2.5 32.5 83.4 
1.18~••---.-.__..........._____ •• __....____• 2.6 72.4 81.6 
1.2S •• __......_._ ••••_................._•••• 2.5 79.6 98.01,2.'1__••______•__•__•__ ...____•__ ••••••__ __ 2.5 74.3 06.6 

1.2.'1•••••••• _ .............................._ 2.5 Oi.4 99.3 


1Ifctlll dllference tlIld its stnndllrd error••••••__._•• 10.06:1:: 4.03 

Il!'umlgntlons mndr In steel cylln<ier .or metlll·Un~d vault, tlte 2 tests of each pair heing mndo on the same 

day. 'remperatuteS n°:l::l° F. Ilxoopt llS noted. High reilltive humld!ty rnnged trom 95 to 100 percent;

10"', from 30 to fl() percent. . 


• Temperllture Ilveragednellr 76° F. Cor tests at both high tlIld low relative humidity. 

It appears that the different relative humidities hq.d little effect 
on the efficiency of methyl bromide against the Mexican mealybug 
or common red spider but that a significantly greater efficiency was 
obtained against the confused flour beetle at high humidity than at 
low humidity. 

Tests were made O.n the effect of different relative humidities pre
vailing fO.r a 3- to' 4-duy reCO.very periO.d after fumigo.tion. At 20 to 
30 percent relative humidity there was u. final 99.6 percent kill of the 
Mexican mealybug comparecl with 96 pcrcen.t kill at 76 to 84 pcrcent 
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l'oln.tivo humidity (n.vel'l1ge Q,f 2 paired tests) . The respective figures 
for·the common red spidel' were 98.9 n.nd 99.8 percent. These different 
cOll(litiops of humidity appeared to h(1ve little effect. 

EFFICIENCY OF GltEENROUSE FUlIIIGA'l'ION AT DIFFERENT Turns OF YEAR 

Thl} l'csults of some fumigatio.ns L.ade at different seasons are 
sho.wn in tablo 5. 

l'ABm) 5.-EJliclcncy of methyl bl'olll'ide in greenhollse f((migatiolls at different 
seasons 1 

IN NO.. 1 CmEENllOUSE UNDER FAIRLY DIlY OONDl'l.'IONS 

Averag~ Mortlllity of
Do~~r lCllll)1))" 

(lcl'l,OOO ntul"o HentingDlltu cnuic O\·~r Syst\'IU- Mo~!c"n Common Confused Chrysnll. 
feet first menly· rNI (lour thcmlllll 

Ii hours bl1~ spider bcctlo aphili 

1010 Poullds of. Percellt Percent Percellt Percellt 
Jon.2(}........... 1.00 72 On 9,1.3 .-..,.. -- .. ---- . . ----_... - .. .,- ... --_ .. _- .. -----

Jnll.. 30........... 1.00 71 On \).1.2 -----_ .. _---•..···i6ii~ii· ·····..i6o~6Feb~ 5~ .. _.. .... .,._.... __ 1.25 71 011 Im.O - .........---_.. -
:Feb, lii. .......... .75 67 On 15.0 ... - ..... - .. ----- 84.0
.. · ..··00:3" -
Feb. 10.,......... 1.01) (;7 On 100.0 ---- ... ------.. - .. - ....-- ....... _
lIIfnr. Ill .......... I.110 67 Ou 99.5 85.6 .... ---··· .. ··7iii· ------Mnr.21 .......... 1. 25 \is Ou 99.3 100.0 -- ... -'O----_ .. 
:r.rnr. 20.......... .1.25 67 On 100.0 100,0 97.9 

'MilS 3............ 1.00 00 On 99.S 98.6 23.0 """'i60:6 

Juno 17••••••••••• 1.00 73 Otr 100.0 100.0 100.0 100.0 
JUIlC 18 ••••••••••• 0') 73 Oil 100.0 100.0 100.0 100.0 
Jnly L .......... .·14 70 Oil 100.0 100.0 9.1 100.0 
Aug. 15.......... .44 69 OtI 100.0 100.0 2.0 100.0 

19~1 
Jan. 28........... .94 {}! On 92.1 99.0 40.6 ------------

Jail. 29........... .94 {}! 00 91.8 76.3 5.0 ---..,---- .. - .. 


IN NO.1 GREENHOUSE UNDER W:I<;'1' CONDITIONS 
"--tI}-~O --,---.,----.----.----1.----.---.,----
Oct. 11..... •••••• 0..1·' 70 Off 100. () I 100.0 

Oct. 29........... .44 69 On 25.0 26.1 

Nov. 8........... .62 69 Ou 85.0 92.0 


IN SECTION 2 GREENIIOUSE UNDER WE'r OONDITIONS 

10~a 
Or.t. t·I........... 0.44 72 0(( 93.4 00,7 

Oct. 16.••••.••••• .44 \is On 21.8 34.8 

Oet,25........... . H2 70 On 70.0 75.0 


1 Spray vlIporlzntioo uscd in lIll except fumigations 011 Feb. 15, lIIlIr. lQ, lind JUII. 29, which wero p~1l 
vnpori;;ntions. ' 

Dosages could be reduced by appro.ximately one-half or more in 
summer when the heating system was otf, even though fumigl1tion 
temperatmes woro about the same us those in cold weather. Con
siderable injmy to plants normally lUlinjmed took place in the fumi
gations on June 17 n.nd 18 with the hen.t o.ff, but the dosages here 
were much lal'~er than neceSS(1l'Y, and with dosages sufficiently re
duced ill 1l1ter :):ullligations no injmy to these pl[l,llts too.k place. 

The cause for lower efficiency in cool weather with the heating 
system in OPOl'l1tiOll is unc~rtain. Leakage is probably greater then, 
flS the difference between inside and outside tempel'l1tmes is greater. 
The halide-detector tests indicated a loss of gas. The temperatures 
to which insects are expo.sed before and after fumigation n.re some
ti.mes important, but these temperatures wero similar in some of the 

http:fumigatio.ns
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comparisons and it seemed doubuflil that this factor was responsible
lor the large differences. 

PENE1'RATION OF METHYL BnO~lIDE INTO SOIL 'IN'GltEENHOUSE 
FmUGATION 

Donohoe and Johnson;il Hamilton (5), Livingstone,t2 Livingstone, 
Eastor, and Swank (11), and others have reported on the use of 
methyl bromide for soil iumigation. The results of some soil-pene
tration tests are shown in table 6. 

TAlluE 6.-Penetration 0/ methyl bromide 1:n1Q greenhouse lIoil as indicated by i1lsect 
mortality I 

l\fortnlity o( inscct.s-

Durlcd-
DMlgQ per 1,000 citMe (eN . Bxnoscd 

(p')l\lHlsl InSC\!L' directly 
to the At ccuter Sioches 

ftlmi~nnt 
In thl)

greenhouse 

"U cCllter 
of9·irwh 

poto!sQII 

o!ll-inch 
Illyer
o!soll 

Oil bench 

bolow 
surface 
of soli 

onlloor 

{ 
Allhld ................ . 

1.00...... , " ............. 1I1enlybug....... " .... ,.. 
Dcetle"............... .. 

{ 
.\l)hhL, ............. " . , 

1.2.5 to........ , ......... II!oulyh\IR .............. .1 
llc~tlc............... , ... ( 

{ 
AIlhid........ , ............ \ 

1.25 1 _ ..••• , ............. Mealybug.................! 
.llcetlc........ .. ....... .. 

{ 
Aphid .• " ............... . 

1.2S~_ ...,................. Ml)tllybug...... ,'" .... , .. 
Bcctlo ....... " .......... . 

Puce.,,/ 
100.0 
99.S 
23.3 

100.0 
93.8 
i.4 

100.0 
90.:1 
ai.2 

100.0 
100.0 
80.S 

Percellt 
'IOO.t)
3'H.6 
12.5.5 
JOO.O 
98.0 
13.5 

lOO.() 
92.7 
88.0 

WO.O 
100.0 
90.9 

Percmt 
........................... 
...... "'''' ... '-'........ 
.---·.iiiii: ii" 

100.0 
\U.S 

100.0 
,00.2 
92.5 

100.0 
100.0 
90.7 

Perct1lt 
05:3 
01.1 
14.7 

~OO.O 
-IS. 1 

I. r 
93.3 
45.0 
0 

100.0 
100.0 
80.2 

j 
APllid..................... .1.'UL....................... M\\alybuR.... , ......... .. 

_ llcctlo.................... . 
Aphid ............... .. 

1,00 .................. ..... :I!~ulybllg ............ , ... . 
llcctlc, .................... 

100.0 
100.0 
Ui.O 

100.0 
100.0 
JOO.O 

100.0 
100.0 
07.0 

100.0 
\00. () 
JOO.O 

100.0 
100,0 
08.0 

.. .. "' ....... _- ....... 
-,. .... ~ .............. 
..- ................. 

100.0 
100.0 
32.3 

100.0 
90.0 
94.7 

J Ovcmlght (umlgn:tons In ;N'o. J green/lOUse. Srmw m[lorizlltioll under damp c~ndltrons exccpt as 
noted. A\'enl!!e tell1llcrtilUfl'S for f1rs~lllll\urs varied !ro1ll66° t0700 F. lIentiogsystcmln opcrntioncl<ccpt
in Ilist fUllligation. Soli tcnlllCrntur~ rnnj{,'(1 from tH' to Gio F. 

1 Allhld..,chrYSIlllthclIIUUl nphill: lIIcnlybug= :\l,)xicnn mealybug; bcctlc=cnn!uscll flour beetlc.
4 Soli (/r~·. 
• j'lllllllflthoil. 

I SlInlight prc~cnt (or first 3 to·' hours ill hoth these fumigations. 


The insecticidal nction taking place in the center of a 9-inchpot of 
soil or in the center of n. 6-mch layer of soil on a bench seemed fully 
IlS great as that taking place 011 insects exposed directly to thefumi
gant in tbo greenlfouse. Efilcicncy of the ftUnigl1tion was less against 
those insects bmied 5 inches in the soil on the floor of the groenhouso, 
though tho dosages were too high to enable this to be detected very 
definitciy with the very susceptible chrysanthemum aphid. In the 
floor soiliha gas would be (lutering otlly frOll1 above, wberens with the 
soil in It .pot or bench, penetrtttion would probl1bly l)e taking place 
from more than one siele. The above tests were made with damp soil, 
and the insects were remoycd for exnminntioll .after 1 to 3 homs, but 
the earlier chemical tests hud suggested that methyl bromide does 
not easily penetrate wet soil. Further tests were thon made against 

11. Sw footnote. 4, p. 3. 
U LIVlNGSTONE, E. 1\[. FUM10AT(O:< 01' IllJLK SOIL WITII lIE'rItYL I1ROlUnE ('"OR TilE WIllTE',R1NI1ED 

,1I11I:TUlNNEW OHL!:ANS. U. S.1l1~r. l'"t. IIl1d Plant QUllr. E-1H2,4 rm. 10-10. [l'roC<!sscd.] 
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insects buried in 9-inch pots oidry, dn,~p, and wet soil in the green
honse (tn,ble 7). 

TABLE 7.-Penetration of methyl bromide into dry, damp, and wet soil as indicated 
by insect mortality 1 

Mcrtality cflnsects burled at 
center of 9·lnch pots of-Possgn per 1,000 cubic foot Insect 2(pcunds) 

Pry e~1l Pamp soil Wet soil 

PerctTIt PerctTI! Perctflt 
100.0 100.0 o 

1. oo_____ ~______________ ~_________ {t{~~~~~~::::::::::::::::::::::: 100.0 100.0 o 
100.0 100.0 3.g 
100.0 100.0 14.3 

1. OO___________ ~------------------ {~~:\~~~~:::::::::::: :::::::::: 100.0 90.1 o 
100.0 100.0 o 
100.0 )00.0 o 

o. 75______________________________ {~~~\~~~~::::::::::::::::::::::: 100.0 100.0 o 
99.4 09.7 3.·6 

I Overnight fumigations in No. 1 greenhouse. Heating system off. Average temperature ov~r,!\rst 6 
hours varied from 68° to 70° F., conditions wet exccpt for the dry and damp pots o( soil. Spray'\'ap',rization.
Moisture. content of dry soil was ucar 5 percent, damp soil ncar 20 percent, wet soil near 26 perc-'Jnt. Soli 
temperatures ranged from 64° to 66°. 

'Aphld=ehrysanthomum aphid; mealybug-Mexican mealybug; beetle = confused flour beetle. 

Good pcnetrn,tion occurl'ed in dry or damp soil, but very little in 
very wet soil. The differences here were drastic and significant. 

GREENHOUSE FUMIGATION UNDER VERY 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 S.-Efficiency of methyl bromide fumigation under fail'ly dry and very wet 

conditions of floor and bench soil I 


FUMIGATIONS IN WINTER IN NO.1 GREENHOUSE 


Mortality of-
Dosage

Condition of Iloor and bench soil per 1,000 
cubic feet Mexican Common ConCused 

mealybug red spider fiour beetle 

Pounds Percent PerctTI! PerctfltFairly dr~-________________________ ..__________________ _ 10.75 15.0Do._______-__________ . ____________________________ _ -------76T --------To, .94 91.9Do_____________________________ •________ '" _______ _ .94 92.1 99.0 40.6Do______________ . _______________________ .. ________ . '1.0 99.5 

Very wet.______________________________ . ___ . __ . _______. 


Do____________________________ .'________ . _. _______ _ 1.0 99.8 g~: g --------23:5 
2.44 25.8 26.8Do_______________ . _______•________________________ _ --------i2:i, .62 81.9 79.8Do__________ : ______________ . ______________________ _ 

.62 83.6 87.6 8.1 
Do_________________________________ . ______ . ____ . ___ I 
Do__________________ ,, __________________ .... _______ _ 

.62 85.0 92.0 9.5 
Do___________________________________________ . _____ / .68 99.2 99.9 61.8 

.68 99.6 100.0 69.4 

FU1.!IGATIONS IN WINTER IN SECTION 2 GREENHOUSE 

o~:~\,~~---~~=:::=:::::==:::::::::=::=:==:::::::=::::=:I 0: ~~ I 7g: ~ I 38.075.0 I 48.5 

FU·';l:IOATIONS IN SUMMER IN NO.1 GREENHOUSE 
1F"atrlydry____________________________ •____ .._________ ._ 100.0 100.0 9.1Do________________________________ ._. ___________ . __ 0.441.44 100.0 100.0 2.0 

Do__________________________________________._. __ ._ 
Very wet___________________________________________ . __ _ 

.44 100.0 100.0 100.0 
'.31 100.0 100.0 100.0 

I In wlntel fumigations average temperature ranged (rom 64° to 70° F., relative humidity from 100 to 70 
percent. with wet conditions, 35 to 85 percent with dry conditions. In summer fumigations average temper
ature renged from 69° to 71°, rclntivehumldity 100 percent under wet conditions and 40 to 100 percent with 
dry conditions . 

• Mortality of chrysanthemum aphids was 84.0 percent In fairly dry, and 100 percent In very wet, oven 
though the very wct fumigation was at a much lower dosage. 

, Pan vaporization. All others were by the spray method. 
f 'l'emDerl1ture av~rsged 75° F., which might account for part oC high efficienoy. 
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Efficiency seemed to be .definitely increased and the dosages could 
be reduced under very wet soil conditions in either summer or winter 
fumigations. The very wet soil apparently acts as a seal to reduce 
penetration of gas into the soil, and of course greatly reduces soil 
fumigation action while increasing the efficiency ag!',inst insects above 
the soiL In wetting down the soil it would seem advisable to take 
care not to wet the infested plant foliage. The differences in kill 
of the confused flour beetle in the summer fumigations appears much 
greater than could be expected from the difference in relative humidity. 

EFFECT OF WIND ON EFFICIENCY IN THE GREENHOUSE 

Several experiments were made which gave some indication of the 
effect of wind on greenhouse fumigations. In a winter fumigation 
made under windy conditions, 81.0t 94.8, find 12.9 percent of the 
Mexican mealybug, conunon red spIder, and confused flour beetle, 
respectively, were killed,compared with 99.8, 98.6, and 23.3 percent, 
}'espectively, in one made at the same dosage but with the air still. 
In a pair of summer fumigations at. a 0.44-pOlmd dosage, 95.9, 97.5, 
and °percent, 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 kill in one made under calm conditions and 
at a somewhat lower temperature. In another pair of experiments 
at a 0.62-pound dosage carried out under wet conditions in winter, 
62.4, 58.0 and 3.0 percent, respectively, were killed in a fumigation 
which began with the air calm but in which a strong wind came up 
2}~ hours after the start, compared with 83.6, 87.6, and 8.1 percent 
kill in a fumigation under continued calm weather. Windy weather 
also apparently caused an uneven 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. 

EFFICIENCY OF THE GAS AGAINST VARIOUS INSECTS 

As the :Mexicau mealybug wus exposed in practically all fumi
gations, the various insl'cts lliwe beeu compared with it in respect to 
their resistance. 

The confused :Hour beetle wus the most resistant insect tested. 
In a series of 17 paired fumigations the average mortality of the 
beetle was 17.4 percent, compared with 88.4 for the Mexican mealy
bug. The cluysanthemum thrips (Thrips nigropilosus Uzel) on 
Ohrysanthemum sp. was next in resistance, there being an average of 
64.3 percent killed in 6 paired fumigations, compared with 93.1 
percent for the mealybug. The common red spider ou rose appeared 
to be of about the same resistance as the mealybug (70.7 compared 
with 71.1 percent average kill, respectively) in 26 paired fumigations 
made over a period of nearly a year. During this time the specific 
resistance of the common red spider, :Mexican mealybug, and confused 
flour beetle appeared to remnin fairly uniform in both greenhouse and 
vault fumigations. 

The cyclamen mite (Ta,.sonem~ls pallidus Banks) on Oyclamen sp. 
and Antirrhinum sp. appenred 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 
powlds gave complete kills of the cyclamen mite, including the eggs, 
in 4 fumigations made in winter and elll'ly spring in the No. 1 green
house at temperatures of 66 0 to 71 0 F. In another fumigation at 
the I-pound dosage the results were varinble. At lower tempera
tures (590 to 61°) mortality was incomplete at the l}:-pound dosage. 

The citrus mealybug (PseudococCllS citri (Risso)) seemed slightly 
less resistant than the ,Mexican mealybug (46.6 versus 33.5 percent 
average kill, respectively, in two pall'ed tests). 'l'he adult green
house white fly (:r/"iale11rodes mpora.riorum (Westw.)) on Lycopersicon 
sp. was defmitely less resistant than the :Mexicull meulybug (100 versus 
81.3 percent average kill in four paired tests). The greenhouse 
orthezia (Orthezia 'ins'ignis Doug!.) on Capsicum sp. unci the chrys
anthemum aphid were both much less resistant than the 1'Iexican 
mealybug, two paired fumign,tiolls giying 85 percent kill oUhe orthezia 
versus 33 pereent 1'01' the men,lyhug, nnd six .pilired fUlIIignLions giving 
72.1 pereent of the chrysanthemum nphid \,('rsus n,6 pcrcent kill of 
the mealybug. 

The order of l'l'sistanee of the above ins('cts uppenred to be approx
imately as follows: (1) Confused flour beetlt' (most resistunt), (2) 
chrysunthemum thrips, (3) cyclamen mite, (4) COlllmon red spider, 
1-Iexicnn merrlybug, null eitrus mealybug, (5) greenhouse white fly, 
(6) greenhouse orthezin. und clUTsnnthemum ttphid (least rcsist!Ult). 
In a few tests the Inrvtl of tll(' chrysanthemum gnU midge (Dim·thro
nomyi(~ hypogaelL Loe'w) appeared to be slightly more resistnJlt thttn 
the :Mexican mealybug (71 versus 88 percent kill), as did also the 
citrophilus mealybug (PsewlococC11S gaJwni Green) (8.7 versus 22.0 
percent), :Methyl bromide appeured to be very effective' ngainst 
vurious other 'pests such us aphids OIl rose, slugs, millipedes, sowbugs, 
ants, lLphid predators, and enrthworms. 

VLANT-TOLERANCE RESULTS 

A. lHlmber of the pin nls tested wel'(' inj lll'NI by greenhouse fumiga
tion with n, dosage suflicient to kill common rNI spiders ut 66° to 70° F. 
Tll{' most susceptible plants weI'(' COlfllS blun/(d VUI', t'ersc/w,jJeiti Lem. 
ttnd Pelar!Jonium ltortorulH Builey. 'I'll{' former dropped most of the 
yOlUlger IN1vl's, ",herens the InUN sufkr('(l a blenching nlld killing of 
the older 1(':w0s. At higher tcmperl'ttu1'es injur~" npponrNi SOOlleI'. 
and HIt' t'ntil't' ph1llt was usunlly kilh'd, '(Tlltidt'rmined vnriptit,s of 
Rosa dilecta Hehd. (hybrid ten, l'OSt') and C!trllsanihenmm hortorum 
Hort., ilS well ItS gllrcicn leti.uc(' (Laduca 8atim L.), WCI'(' also injured 
at tht' nbow dosnge. Lower dosngc's suell n.s un' suHicicnt to control 
aphids und whitC'lIil's IlUI.Y lw tOlpl'iltt'd by IpLtuc('. Fuchsia hybl'ida 
Voss. and IlibisclIs l'os(L-8inensis L. wert' nenr til(' border line. A 
crinkling tUld distortion of young fucilsi!t I(,HSPS soml'tiuH's took plnce. 
All pitmts tested wel'(' in pots :lnd in Inirly actin' growth. Plilllls in 
soil heels mHV r('act difl'erentIy. 

""ide Y:rl'il,tuI difl't·i't'llees ,,;e1'e found in 80n)(' CllSPS, III H.ddition to 
the very susceptiblt' Coleus btl/mel Ynr. l'('J'scliaiJelti, two hortie\lltmul 
varieties of (lo[euB blumd BC'nth. (i. e.. Gold('1l Bt'ddl'r nnd Beckwith 
Gem) wer(' [ou1ld sufliciently tolemnt to withstnnd thl' dosnges needed 
lo kill the red spidel' nt 66° to 70° F. A third ,-nridy, Trn.iling Queen, 
,\~us one of tIll' most 1'esistrrnt plnnts found. 
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Apparently it will be necessary to give each specific variety a pre~ 
liminnry test before using methyl bromide gas on it large scale. 

The presence 01 sunlight during the first 2 to 4 hours of fumigation 
has not seemed to affect plnnt tolerance greatly when the tempernture 
did not go above 72 0 F .. If the sun is very hot, however, tempernture 
rises ill the closed greenhouse and injury is likely to occur. It seems 
prefernble to begin the fumigation after sunset or during overcast 
wenther when conditions cnn be better controlled . 

.As the leaves of some plnnts were definitely injured by the direct 
contnct of 2 to 5 drops of liquid methyl bromide, the sprny nozzle 
should b(\ placed in such ii, way liS to avoid this. 

PelargoninJn hortor1lm, Cole11s blume1: vlIr. verschaffelti, Delphinium 
sp., GkrYS(Lllthem:um hortortuIL, and Lycopersicol1 esculentum appeared 
SO!11eWhtlt mo.l'(\ tolcl"ilJ1t when the soil in the pot.s was wet. Root 
inj my sometimes OCCUlTed nnd growth was retarded when the soil was 
dry. Some other plillltS Ilppettrecl ul1:1ifected. Watering the soil just 
before fumigntion probably reduces contact of the gns with the plant 
roots, nnd would seem 11, good general prnctice to follow except where 
eertain problems in tlw control of phmt diseases make it undesirable. 
In so doing, care should be tnken not to wet the infested-plant foliage. 

The following plants nppenred to tolerate dosages of methyl bromide· 
sufficient to kill the common t·Nl spider in overnight greenhouse 
fumigations at 66° to 70° F. (1 to IX pounds per 1,000 cubic feet in 
winter; 7i to ~{o pounds in summer when the heating system is off.) 
No dehliled studies have been made, howeyer, of the effect on the 
growth and on flower or fmit production over a long period after 
effective fumigntions. 
AcalllPllCL wilkesiana l\lucll. Arg.-Painted eopperleaf. 

AntirrhhwIII majlls L.-('onunon snapdragon: Var. Cheviot l\Taid Supreme. 

Begonia scmperjiorcns Link and Otto-Perpetual begonia. 

Brassica rapa L.-Turnip. 

BuxlIs sempervtrcns L.-ComlUon box. 

Chrysanthemum hor/onl/II Hort.-Florists chrysanthemum. Pompom type: Var. 


White Doty, Connie Dick, and an undetermined pink. Anemone type: One 
undetermined variety. 

Coleu,~ blumei Benth.-('oll1mon coleus: Var. Golden Bedder, Beckwith Gem, and 
Trailing Queen. 

Cucumis sativlls L.-Cucumber. 
Cyclamen indiclLlIl L.-Ivylcaf cyclamen. 
Delphinimn sp. Hybrid of spccies bellndonna Hort.-Delphinium; larkspur. 
Dianthus carllophlillus L.-Clove pink; carnation. 
fledera helix L.--English ivy. 
Iresillc lindelli I,em.-Lindcn bloodleaf. 
Ka/allchoe bloss/eldiana Poclln.-Succulent hcrb. 
Lan/cwa camarn L.-COIll1l10n 1antana. 
L. sel/owialla Link and Otto-Trailing lantana. 

L!lcopersicon escuientu/ll :'.fiI1.-;-Common tomato. 

Nephroiepis exallata Schott-COlllmon swordfern. 

Pachysalldra terllli7lall:.~ Sieb. and Zucc.-Japanese pachysandra. 

Pelargolll:,W! domeslicuTn Bailey-Lady "~ashington pelargoniulll (geranium) 

P. graveoien.~ L'Her.-Rose pelargoniulll (geranium). 
P. pel/atuln Ait.-Iyyvine pe1argoniulll (p;craniul1l). 

Petllnia. hybrida. \'ilm.-Colllm0n petunia. 

PhaseoZus vlllgcuis L.-Kidney benll. 

Rhododendron ),p. Kurume hybrid azalea-Rhododcndron; rose bay. 

Ros(1. dilccia Rehe1.-Bourbon tea rosc, hybrid tea rose: Var. Briarcliff, Gunston· 


Hall, Joann:~ Hill, and :'.lac1ame Butterfly. 
So/anum melonge71a L.-Gnrden eggplant. 
TropaeoZllm majlls L.-Common nasturtium. 
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DISCUSSION 


In general, the chemical and insecticidal results have been in fairly 
close agreement. This was I)vident in the work on (1) gas distri
bution, (2) different e~1>osure periods, (3) efficiency at different times 
of year, and (4) soil penetration. An index of fumigation efficiency 
seems to be given by the average gas concentrntion. Both fast spray 
and slow puu methods of vaporization gave about the same average 
gas concentration and were of about equal insecticidal efficiency in the 
greenhouse under damp to wet conditions. The production of a much 
higher peak concentration by tLe spray method did not appear to 
increase efficiency. The importance of the average gas concentration 
over the entire period was also indicated in some of the preliminary 
studies and is in line with the work of Knight (7), Moore (16), and 
Lindgren (10) on hydrocyanic acid. 

From a practical standpoint, the sprny method is preferred for 
greenhouse flmligntion since it was nt lenst as effective ns any of the 
three methods tried, nnd in addition it is more convenient and may 
be cheaper. In large greenhouses there mny be less chance for 
stratification where the spmy is used. It would seem advantageous 
to have the full dosnge vnporized in the greenhouse as quickly as 
possible while wenther conditions nre fiLvorable. 

The heat method of Yaporizatioll, which simulntes the so-called 
diffusor method l.lsed with hydrocyanic acid (16), nppeared to be 
about as efficient as the spru.y or pitn methods but is probably more 
costly and less cOllvcnient. It might be useful in 'Tnult fumigation 
where it fast vaporization is uSllnlly ncccled and there is little space 
available for the evaporation oJ spray droplet.s before the:y: reach the 
plnllts or other material. 

The dosnges requiTed for cffeclive fumigation were about the same 
in the No. 1 greenhouse and section 2 oJ the larger greenhouse (see 
table 5), but higher dosagcs were needed ill sectioll 9 of the green
house (see preliminary studies und table 1). The more exposed posi
tion oJ section 9 may have been partly l'esponsible for the lower 
efficiency. Different greenhouses probnbly will reqUITe different dos
nges, howcver, and this diffel·encc, ns well as those due to different 
times of yeal" and other conditions, will have to be considered in 
determining the correct dosngl'. In large greenhouses where the ratio 
of surface exposed to VOlUllW is much loweI', it mn.y be possible to 
reduce dosages still further. ~lethyl bromide at ordinary dosages in 
the greenhousl' n.ppcarN\ cmcicnt IlS i\' soil fumigant ilnd should be 
tested on root nphids, symphylids, nematodes, find other soil-inhabit
ing greenhouse pests. If th(\ insects are nllowed to remain in the soil 
for longer periods after fllmigntion, it is possible that efficiency may 
be higher than was indiclltcd here wherc insects were removed after 
1 to 3 hours. 
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