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Soil Health After Fumigation

Lowlse-M arle Dandur and, Dept. Plani, Sofl, and Entomological Sclences U. of 1daho, M oscow
Guy R. Knndsen, Soll & Land R esources Division, U. of Idaho, Moscow

Healthy solls, healthy farms. Soil health, also referred to as sl quality, has been defined as “the
continued capacity of soil to function as a vital living ecosystem that sustains plants, amimals, and
humans” { Letournean, USDA L H ealthy soil s have im portant phys cal and chemical characten stics
imcluding good soil structure, high water-hol ding capacity, hagh infiltrab on rates, favorable pH levds
and adequat e nutn ent av al abality. Equall y important, healthy soil s also contain a thniving bi ologica
com mumnity of adive organisms induding earthworms, fung, bacten a, protozoa and nemalodes. R ather
than bang an mert growing medum for arops, a healthy sol 15 a hiving ecosystem that needsto be cared
for in order to mantan productivity, ensure environmental quality, and promote plont, amm al, and
human heath (Doran & Parkin 1994),

Crganisms in soil, induding earthworms, fung, and bactena, interact to cyecle essential plant
nutri ents, break down plant resi dues, and {in the case of earthworms) open up sml pores needed for the
flow of oxygen and water, Sail structure, the armangement of soil texturad com ponents into aggregales, is
a critical component of soil health, snce it determines water hol ding capaaty, nutn ent av al ability,
aerat on, and root penetration. While plant pathogenic soil bacteria and fungi receive a great deal of
attention in potato production, the majority of bacteria and fungi play benefiaal and often vital rol es in
naural environments and agnculiure, For exampl e, bacteria and fung both are extremel v important in
the formation of soil aggregates, ance aggregates don't form by themse ves, but are largely the result of
microbial activity: fungal hyphae serve as microscopic threads that hold sal parti destogether, and the
sticky polysacchanide matenials on the outs de of bacterial cell walls act as akind of "glue” that helps
hold a estogether. Equally important, mycorrhizal fung interact with plant roots to he p make
nutri mggggw il';'gmure ﬂ'l:sliiie to the crop. Benefia d n-en'?am:les,“hm gas]ndude hmpma,
fungi, and other nem atodes, play amaor role in soil nuinent cycling, and their abundance has been
suggesied as a useful indi cator of soil hedth (Ristano & Thomas 1997 ).

Additionally, a diverse group of ol badena and fung playvs an important rol ¢ in suppressing the
activity of salbome plant pathogens, by competing for space and nutnents, through produdion of
antimi crobal subst moes, or by induang the plant’s own natural defense system . This discase-
suppress ve fundion of the soil microbial community is a form of biol ogical control, whidh can be
broadly defined as the ahility of non-pathogenic organisms to reduce th e adivities of pl ant pathogms.
For example, natural enemies of plant parasitic nematodes indude soil fungi that parasiti 22 nematode
eggs, of directly kill juvenile or adult nematodes. In research at the University of Idaho, fungi in the
genera Plectosphaere fla, Paecilomyees, Trichoderma, and At hroboiry s, obtained from potato fiel d soil,
all show promise for control of nem atode pests of potat o induding cyst and root knot nem atodes
Benefiaal fungi that attack plant parasitic nematodes have potential to provide a multipronged control
strategy, since nematode-parasitic fungl attack and destroy eggsin cysts, and in som e cases kill the
infective second-stage juveniles as wel. Bidlogcal plant disease control may result from ether specific
suppress on, in which a benefical organism directly suppresses a given pathogen, or more general
suppress ve activity, resulting from the high bi odiversity of microbi al populations that creates conditions
unfavorabl e for plant disease devel opment. It i simportant to realize that biological controd is probabl y
al ways taking pl ace in healthy soil s though perhaps unrecogi zed and underappreaated until it's gone.

Together, healthy sols wiath thar achve biotic (living ) communi b es generate nutn ents for plant
growth, efficently absorb and hold water, filter and transform pollutants, and provide a irm foundation
for successful agn cultural product on. However, allong with good agronomi ¢ practices, it 18 unavol dabl e
that large-scal ¢ production agn culture al so reies heavil v on chemical fertilizers and pestiades These
inputs have had dram atic ¢ ffects on increasing crop vie ds and quality for more than a century. But
agricultural chemicals, induding soil fumi gants used for control of insed s, pathogens, and weeds, may
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have umintended consequences for soil health, through thar adverse effects on the native soll microbial
com munity. Recogmi ang these effects, and reducing them where possible, is an im portant component of
maintaining healthy agncultural sols.

Soll fumigants Currently, soil famigants remain am ong ourm ost effective and widd yv-used control
measures for a number of pests and pathogens. Fumigants are small, volatil e, toxic mol ecul es that
become gases at rel al vely low temperatures (e.g., 40 degrees F shrenheit), and are effective against a
wide range of pests induding inseds, nematodes, bactena, fungi, and weeds, Application of fumigants is
usualy done pre-pl anting. Once applied (typicaly by injection or incorporation of granular formulations
nto soil), as gases these chemicals rapidly penetrate and move through soil, killing soil-borme pests and
pathogens. After severa days to a couple of weeks, most of the fumigant material will have disapated,
and pl anting can take place.

Sodl fumi gants with acti vity against o and pathogens include meth vl bromide,
chl oropicrin, :II';, J-chchlor qrﬁme%elmpgi mﬁ sﬂlr!am apam®, and others), metam potassium,
and dazomet (Basamid® ) (EPA 2005 ). In term s of total pounds used sanually, metam sodivm and metam
potassium are the most widely used soil fumigmtsin the United Stales; for example, nabi onally more
than 31 million pounds of metam sodium have been used each yvear in potato fidds for control of fungal
pathogens and nem slodes, which is the | srgest sm ount of that fumigant used for any crop (EPA 2005).
Idaho, along with California and W ashington, ranked (in 2005) as one ofthe top three states in the
country for total amount of metam sodium used in crop production (EPA 2005),

Methyl bromide (Melir) 15 an odod ess, colordess, and hi ghly effective sol fumigant that has been
used to control pestsin alarge number of crops, as well as for postharvest and quarantine appli cations.
Chloropionin, or “tear gas™, is commonly added as a wamin g agent to hdp fumigant appli cators avod
acadental exposure to the more toxic but undetectable methyl bromide. Typically, methyl bromi de
fumi gant i sinjected into soil at a depth of 12 to 24 inches prior to pl anting of a arop, then covered with a
plastic tarp for one to several days fo prevent escape of the volatili zed gas.

Methyl bromide is a very effective insectia de, herbi ade, nematicide, and fungici de, and hasbeen
used commera ally in the United States for sml fimigation for almost a century (Ragsdale & Wheeler
1995). However, because Melir was shown to play arole in depl eting the stratospheric ozone layer, its
use has been i ncrem entall v phased out by international agreement (Montreal Protocol of 1987 ) and
under the Clean Air Ad. Although its commeraal use was offiaaly phased out internationally as of
2005, the Montreal Frotocol s Quarantine and Pre-shipment ((F S )rul e provides a limited exempt o for
production and use of Mefr. QFS applicati ons are al lowed to prevent the introduct on, establishment,
mnd'or spread of quarantine pes s and diseases (o ensure thar offiaal control . Cifficial requirement s are
those which are per fom ed by, or suthon zed by, a national plont, anim al, environm ental, health, or
stored product muthoaty, for ex ample the Plant Protect on and Quarmtine (PPO) division of USDA s
Animal and Plant Health Inspection Service (APHIS ) (Encbak 2002

APHIS-PP()isresponsibl ¢ for preventing mov ement of quarantine pests that have already entered
this country. In 2006, the pale cyst nematode (Gilo bodera paliida), a Federal quarantine soil pest, was
identified in a locality within the State of Idsho. Idsho growers are now prohi bited under federal
quarantine from planting potatoes or other host crops of the pale cyvat nematode in identified infested
fields, and in order to get those fields removed from quarantine and approved for potato production, they
are being fumigated with methyl bromide. Soil from fumigated fields is assaved by APHIS personnel
and then at Umiversty of ldaho greenhouse facilities, to confirm the efficacy of the methyl bromi de
treatm ent in eradi cating the nemat ode. R esearch is al so being conducted at the University of Idaho,
col laborating universties, and by USDA Agn cultural Research Service (ARS ) personnel, to explore
addi nonal means of eradi cating this quarantine pest, induding the use of nemat ode trap crops,
biol ogically-based fumigants, and biol ogical control agents.

Fumigani effecis on the soll community. Methyl bromide (andto alarge extent, most other
fumi gants) is a “universal bioa de,” it effech vy stenh < the sml, killing most or all soil orgamism s
exposed toit. Because of this, soil fumi gahi on can have negabive effects on benefiaa sl orgamiams, as
will as on target pests and pathogens (Ibdowe, 2004). For example, mycorrhi zal fing) were shown to be
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detrimentally im padted by methyl bromide fumigation in a number of aropping systems (Menge et al.
1978). Microbi al communities, induding benefiaal bacteria, fungl, snd nematodes in fumigated forest
and pasture soils were depressed for up to six months after treastment (Yeates ¢t a. 1991). Fumi gated
soils may increase opportuni ies for recolonization by plant pathogenic fungi, because the soil has been
depl eted of its naturall v disease-suppressive biologicad community, For exam ple, speces of the
pathogenic fungus Fusarium have been shown to rapi dly col omize fumigated soil & where beneficial
microorgani sn s were no longer present to out-compete them (Marcisetal, 1983 ). Thus, amayor
challenge is how to re-establish the natural bal ance of beneficial organiamsin soils that have effectivey
been stenlized by fumigation.

Som etimes, populations of benefi aal microogani sms may re-establish naturally. In forest nursery
soils where fumigation with Melir was once a standard practice, and in some cases has continued under
a “entical use exemption™ (CU E), the loss of mycorrhizal fungi was not found to be a major probl em,
becamse spores of the beneficial iing apparently were re-introduced on wind currents from surrounding
forests. Also, fumigated soil sm ay provide opportunities (o sel ectivel y enhance populations of benefi aal
organian s For example, application of biocontrol fungi in com bination with | ow rates of fumi gati on
with mdlam sodium was shown Lo effectively reduce the inadence of Verticillium will on eggplant
(Fravel 1996). Formulation technology also may help benefia d miaobes to effectively col onize
fumi gated soils snd enhance control of plant pathogens (Knudsen et o, 1991 ), and one current research
project at the University of ldsho i s focused on devel opment and commercializtion of this approach.

As agncultunsts, itiscntica that we never forget our natural alliesin the soal microbaal community,
because they continue to have great potential for plant disease control, | Fwe can leam to effectively
work with them and integrate them into other smteg es induding sl fumigation. To that end, industry,
governm ent, and umversity partnerships will lead to technol og cal successes that any patner al one
might not achieve, and will result in more sustainabl e and environmentaly friendy methods of potato

production.
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