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EFFECTIVE SOIL FUMIGATION 

Charl es E. Corde ll! / 

Ab str ac t.--Methyl bromide so il fumig ation can be effectively, effi 
cient ly, and safely applied in bareroot forest tree nurser ies. The 
primary target org an i sms are t he so ilborne, pathogenic fungi that cause 
rec urrent damaging root rot and damping-off losses on both conifer and 
hardwood seedli ngs . The MC-33 fumig ant f ormu l ation has consistently and 
repeated ly provided the most effective con t rol of these di se ase probl ems. 
Prec auti ons are needed concerning the non-target, benefi cial, soil orga
nisms, parti cularl y the endomycorrh i zae on hardwood seed lings and when 
artificia l ectomycorrhiza l inoculations are ut ilized on conifer and some 
hardwood seedlings. Gui delines and precaut ions are presented concerning 
the biologica l (target organisms), chemical (soil fumigant), and env i ron
mental (soi 1) f actors affec ting cons istent , effective , soil fumigat ion 
result s. 

Additional key word s : Methyl bromide, methy l brom ide -chloropi cri n, MC-33, 
MC- 2, target organisms , non-target, benefi cial organi sms , biological 
characteristics, chemi ca l ac tivity, environmenta l factors . 

Pest control by fumig at i on i s not a new pr ac ti ce. Attempts to control 
soi 1 nemat odes chemi cal ly date back to 1881. Carbon disulphide was extensivel y 
used for control of phylloxera of grape in Europe during the cl ose of the l ast 
century. The practice of soil fumigati on, however, has become wide spread only 
s ince World War I I. Since t hen, a number of fumigants, such as methyl bromide, 
chloropicrin, dichloropropenes, and ethyl ene dibromide, have been widely 
developed; and today, fumig ation with these materials i s an accepted practice 
in many agric ultural areas. In fact, methy l bromi de i s the mos t widely used, 
general-pur pose fumigant in the wor ld (Cordel l and Wortendyke , 1972). 

Soil fumigation has been routi ne ly practiced in southern forest tree 
nurseries duri ng t he past two decades. During more recent years, this chemical 
soi l treatment prac tice has al so been expanded to nurseries in the northeas t
ern, central, nor th-central, and western Un ited States. Several types of so il 
fumigants, such as methyl bromide, chloropicrin, vapam, vorlex, and mylone, 
have been tested and utilized, wi t h varying degrees of success . However, the 
methyl bromide-chloropi crin fumig ant formulations have consistently provided 
the most effective and effici ent soil treatment resu lts (Cordell and 
Wortendyke, 1972; Se~nour and Corde ll , 1979 ) . 

METHODS 

A varie ty of methyl bromide-chl oropicrin formulations are available and 
registered by the United State s Environmental Protect ion Agency for specific 
forest tree nur sery pes t probl ems. These formulat ions range from the "broad 
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spectrum" fumigants, such as methyl bromide- 98 percent; chloropicrin- 2 per
cent (MC-2), to stronger formulations, such as methyl bromide - 67 percent; 
chloropicrin- 33 percent (MC-33). The MC-2 formulation is effective against 
most weed seeds, nematodes, soil insects, and some soil fungus pathogens. The 
MC-33 formulation is particularly effective against difficult-to-control fungus 
pathogens on both conifer and hardwood seedling host species (Cordell and 
Wortendyke, 1972). The primary target pes t organisms in nursery soil fumiga
tion practices are soilborne, pathogenic fungi responsible for the recurrent 
damaging root rots and damping-off in southern nurseries. In the past, annual 
weeds were the primary target pests. However, the recent development of 
equally effective and less expensive herbicides has resulted in major modifica
tion s in nursery pest control objectives (South and Gjerstad, 1980). 

The methyl bromide fumigant is most commonly applied by a chisel injection 
method beneath the soil. This method involves a tractor-drawn, soil injection 
rig equipped with chisels not over 12 inches apart and set to inject the fumi
gant at an optimum 8-10 inch depth (Great Lakes Chemical Corporation, 1976). 
More recently, soil injection rigs have been developed that permit fumigant 
injections at soil depths of 12 inches or more where particularly damaging 
disease problems threaten the production of deeper-rooted hardwood seedlings, 
such as black walnut and yellow poplar. Fumigant dosage rates vary between 
250-6.00 pounds methyl bromide active ingredient per acre (Miller and Norris, 
1970). A dosage rate of 350 pounds per acre is standard as a "broad spectrum" 
treatment and is the maximum registered dosage rate for the MC-33 formulation. 
The fumigant dosage rate is equal to the concentration times the exposure time 
(Table 1; Dow Chemical Company, 1967). Therefore, both the fumigant concentra
tion and the exposure time must be adequate to obtain effective control 
results. The fumigated soil is covered immediately with a clear polyethylene 
plastic covering, preferably a minimum 2 ml th1ckness. The fumigation and 
tarping can be effectively appl1ed 1n e1ther alternate strips or as continuous 
fumigated and tarped fields using custom application equipment. The major 
advantages of the continuous fumigation and tarp method are outlined in table 
1. A major disadvantage in some localities is the wind factor, which makes the 
continuous, large-area tarping much more difficult. 

The effectiveness and efficiency of methyl bromide soil fumigation can be 
increased and extended by fo l lowing the guidelines and precautions outlined 1n 
table 1 (Seymour and Cordell, 1979). 

RESULTS 

Target Organisms 

Difficult to control soil fungus dis eases, such as cylindrocladium root 
rot, charcoal or black root rot, and phytophthora root rot, have caused severe, 
widespread damage to both conifer and hardwood nurseries throughout the United 
States during recent years. Soilborne, pathogenic fungi, such as Macrophomina 
phaseolina (charcoal root rot) and Cylindrocladium spp. (cylindrocladium root 
rot), w1th their tough, resistant, sclerot1al fungus stages, are two of the 
most difficult soil fungi to control in nursery seedbeds. The MC-33 type form
ulations have repeatedly and consistently provided the most effective control 
of these disease problems. The soil pathogenic fungi have been either elimi
nated or reduced to tolerable levels, along with the consistent production of 
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Table 1. Suggested guidelines nnd precautions for effective soil fumigation with 
methyl bromide. 1 

Soil fumigation factors 

Soil preperation 

Org afliC maller 

Soil moisture 

Soil tompuroture 

Soil lum•gants and target pests 

Catrbraling and monitoring soil 
lumigMion equipment 

Sorl ;arping 

Furmgarmn exposure prmod 

F .. migar•on acrar1on pet~od · 

b lended aeration lor seedbeds 
receivmg vrlll•oaflllOCula/IOnS 
of myCOffhizal fungi 

Conramma110n of fum1gated sotl 

Fum•garion o l mulch materials 

Sot! tliilricnt alrerat,ons 

wawr reqwremenrs 

Sa/cry 

'Cordell and Worlellc/yke 1972. 

Guldellnes and precautions 

Wo•k ir>lo hne. loose. friable concl1tton 10 m1n1mum depth o l 8 to 10 1nc11es 

So•l should be as flee o f c lods as possible. 

Do not use nondec ayed organ•c m ailer. Organic m ailer can render fum •gant tneffec t•ve 

and harbor lungi and nematodes 
Cut or ChOP green organic matter into the so il a minomu<Ti of 3 to 4 weeks pr10r to lumtgat oOn 

So11 moislure neilher too high nor too low 

Ltght sandy soils-slightly below lie ld c apac•ty .' 
Heavy clay SOIIS-50 -75 percent lield capacity. 

SoillompotatUJ e above 50"F at 6 -1nch deplh. 
A ir and so il 1omperature :; nol usually correlaled 

Mixtures o(, 98% m e1hyt bromide/2% C.h loropicl!n fumigant: br-nlj spec trum lor nema· 
lodes. w eeds. and most soilborne fungi 

MtxiUJeS o f 67% methyl b romrde/33% chloropicrin IU<T~igant p art•c:.Jia rty e llechve agau1st 

soilborne fungi w1th tough rcs1s1ant slages. 
Mixtures o f 98"1.. methyl brom tde/2% chlorop1crin d1luted w•l'> 30% so lvent 1nerl1ngredtCnts 

least ellect>ve agarn$1 so•lborne lung• 

Fumigant dosage s concentratron X time Dosage determ.ned by injector nouie s•ze 
fumigan t pressure. and !rac ier speed. 

Fum•gant in,ecled al m rnomum 8-inch soil depth. 
Ma1n1a•n con stan t p ressure. traclor speed. and hJm•~;ant flow th rougn a ll r>IOZZtes 1:;-r 

un rlo rm. ellechve coverage. 

Apply m•n1mum 2-mtl-thiCkness clear po lye:hylene 1arp ommed1a tely alii!• lum.gat10n 1-Jr 
m axrmum cllecttveness . 

Allernale slrop s requue kmger lumtgahon a<'d lime onle111als and alford ocponunrly br 

contam•nntoon hom adjacent nonhm1ig a1cd s011 !:I<•PS 
Solid tnrplng requrres Sheller lumigai >On !•me intel'llal and tn-n.m ,ze~ ormorhtr~l l y lei s:, I 

conlamon(ltl(ln. 

Repa1r and seat any t-.otes ano opN 1 g lue JOin ts 1mmeo•a1e1)· 

See !,,m,gar1t label lor :ecommcndar:ons 

M1n1rnum 0 1 ~8 hours at sool tempe•a:ure above 60'F a1 6-onc h ctc r 111 /l.t lowcr tempcr:tlui.:!S 

and dunng wei weathc • (lollow1ng lumlgaiiOn) double 1hc exposure po~rood 
SeP fumig O'lnl label lor •ecommendatron s 

Mtn•mum ol 48-72 hours: v a11es wilh !um igant. so•l. tP.m perai •Jre. n'\VISI :IIe. ard c1 )p to 
be p lan ted. 

Dollble aera110n pe11od in wet weather or a! tempcratUieS belcw &O'F 
Aerate sot! ar leasl 3 weeks tonowing mr~ture of 67% methyl b :omtdei 3J•,. chlorop.c" n 

lumigalion This st :ong fu<T~igant has e~tenoed res•duat !OxiCrty to all so 11 luny . oncluO•ng 
lhose whtCh form mycorrhizae. 

Avotd possible con tarrMahon by movement ol so•t. p:anrs. noulches. ere . u110 lumoy a:P.I 

areas Ciean. by steam or eQuNalenl. all equipment plOws. Oe<l shilpcrs. tractot t&res. etc 
Avo•d transplanting from non lumigated soils. 

PreluM1gate mulch ma1eroals such as P•ne '1eedles. straw. and sawdust wolh m .. ture o l 
67% methyl o romide/ 33.,.. chlo ropicron or m•xture o l 96'11. methyl Orom•d e.'2"4 c hlorop•cron 
lormulaltons at dosage rate o f one lol yd'. 

Ttghtly compacted or baled mateflals shOuld be a maximum ol 18 •nches de'!p Loose 
pme needles. straw . elc .. may be 3 - 4 feel deep 

Fcrtn•galron procedures and precautiOnS (la rping. tempera!IJ•e. mOISiule, exc'Qsvre. ar.• · 
a1ron oenods. e re .) are same as lor soil IU<T~igalion 

Level o l solub le salts and ammoma n11rogen may be increase ct o:Juc to oec•eJscd PO::>· 
u1a110ns of nilfl lytng bac:te,a. 

Do no1 use ammonia l c rhl12ers on planls requiring nttratcs c r thOse ~er1S•I'"C to ammo•••a 
Apply only nilr ate letl tli zers un111 seedl•ngs are established and so11 tcm('Cr al vre •S ilbt>• c 
6SQF. 

Elaso your l ert1h7cr app l1 calrons on soil lesls made a~er l~m •gat•on 

Wme: requ•rcmcnls per unit o t planl prCldl.'Ciion are gc r./!r,lriy less 

Wafer rcqunements per acre are· increased due 10 ge:'lerany la rger plaNs i!'ldlr.creJ>ell 

p rO<hrC\1()11 . 

Green r:1anwe cover c rop planls such as corn. peas. and soybeans are h •g'>ly sus-:cp: .rM 
hosts I:>< M pllo1~eo/Jna. 

Gra1n crops such as millpt or rye are considered nonMosts 

The rnclhyl brom1de/c htoroprcrtn lo rmulaltor~s arc tu~hly IO · •C 10 arw1,11s (.nc:vO!IQ hu 

mans) and ptanls Handle fumigants wtlh care and only by r.~::• ! olo ('cl c:on•oe:ent person""' 

A LWAYS READ FUMIGANT LABEL PRIOR TO USE AND FOLLO W ALL DIRECTIONS 
AND PRECAUTIONS CLOSELY. 

'Wacl!r -l tolcMg Cilpacr:y of /he sot! a \lams! ctoe Ioree of Q!Bv•ly . 
l / seymour , C. P. and c. E. Cordel l . 1979. Control of charcoal root rot 
wi t h inethy l bromi de in f orest nurser i es . Sout he rn Jo urna 1 of ftpp1 iec1 
Forestry , Vol. 3:3 , pp. 104- 108 . 198 



higher quality tree seedlings with signific antly increased field survival and 
growth capabilities (Affeltranger and Cordell, 1970; Seymour, 1969; Smith and 
Bega, 1964; Hodges, 1962; Fo ster, 1961; Pe t erson and Smith, 1975; Seymour and 
Cordell, 1979). 

Non-target Organisms 

Methyl bromide so i 1 fumi gation ei t her eliminates or significantly reduces 
all living organisms within treated so il s . The beneficial ec tomycorrhizal and 
saprophytic soil fungi, however , usually re-invade fumigated soils first and 
build up to higher populations t han in unfumigated soils. A distinction must 
be made between the ecto- or primarily 11 conifer-type 11 mycorrhizae and the endo
or primari ly "hardwood-type" mycorrhi zae. The conifer - or pine-type ectomy
corrhizae produce an abund anc e of airborne spores that readily infest fumigated 
soils, while the hardwood-type endomycorrhizae are exclusively soilborne and, 
thereby, are very limited in fumigat ed soil reinfestation capabilities. 
Research and field evaluations are currently in progress concerning the practi
cal application of specific ecto- and endo- mycorrhizal fungi in both conifer 
and hardwood nur series (Marx , 1977). Specia l precautions are needed when soil 
fumig at ion is followed by ar tif i cia l ectomycorrhizal inoculations in nursery 
seedbed s . When t he stronger MC-33 formulation is used, a minimum two-week soi l 
aeration period i s required pr 1or to the ectomycorrhizal inoculat1ons. Also, 
methyl bromide soil fumigation, prefe r ably spring fumigation, is considered 
mand atory for effecElve, art1ticial ectornycorrhizal inoculations in bareroot 
nur sery seedbeds. 

DI SCUSS ION 

Effective, efficient soil fumigation has been repeatedly obtained with the 
methyl bromide-chloropi crin formul ati ons previously described. As previously 
pointed out, the MC-33 formul at ion has been mo st effective for controlling 
so ilborne , f ungus-c aused di sease probl ems , such as the root rots, while the 
MC- 2 formulation has been most effective as a broad spectrum fumigant for 
control ling nematodes , soil insec ts , weeds and grasses , and some soi lborne 
fungi. 

The present cost of methy l bromide fumigation ranges between $800 to 
$1,000 per acre ($1,975 to $2 ,475 per hectare). The cost varies with the 
methyl br omide-chlo ropicrin formula t ion, dosage rate, tarp cover thickness, 
acreage fumigated, and commercial or private application . Based on an average 
conifer seedling production in southern nurseries of 750,000 seedlings per 
acre , the cost ranges between $1.07 to $1.33 per thousand seedlings . The 
potent ial pest threats without fumigation, along with the benefits derived from 
fumigati on, clearly demonstrates that this practice represents a profitable, 
economi c inves tment to help ens ure the sus tained production of higher quality 
tree seedlings with improved sur vival capabilities for field plantings. 

CONCLUSIONS 

Methyl bromide soil fumig at i on can be effec tively, effi ciently, and safely 
appli ed in bareroot fores t tree nur ser ies . The primary target organi sms are 
the soilborne, pathogenic f ungi that cause recurrent damaging root rot and 
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damping-off losses. The MC-33 fumigant formulation has consistently and 
repeatedly provided the most effective control of these disease problems. Due 
consideration and utilization of the basic biological (target organisms), 
chemical (soil fumigant), and environmental (soil) factors involved, however, 
are required to obtain consistent successful results. 

REGISTRATION AND SAFETY 

Registered Uses and Safety 

Methyl bromide and methyl bromi de-ch loropi cri n formulations are specifi
cally registered through the U.S. Environmental Protection Agency as prepl ant
ing so i I fumigant s for the control of a variety of soil fungus organisms, 
nematodes, soil insects, weeds, and grasses in forest tree nurseries. Although 
these fumigants are highly toxic to human s, animals, and plants, they can be as 
safely employed as any other chemical pesticide when maintaining due considera
tion and precaution for their potential toxicity and accompanying safety 
hazards . 

The specific fumigant formulation label should be read and understood 
prior to use. All handling and application directions ~safety precautions 
should be closely followed. The fumigant is applied only by nursery personnel 
that are certified by the respective state pesticide regulatory agency. 
Recommended protecti ve equipment should always be utilized as directed. 

Remember, methyl bromide and methyl bromide-chloropicrin formulations are 
listed as res tricted use pesticides by the U.S. Environmental Protection 
Agency. 
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