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Muscodor albus, a biological fumigant with the potential to
replace chemical fumigation in managing apple replant disease
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Figure 3, Response of roat dry welght and mycomrhizal colonization
|ntruduct ion of apple seedling roots to soll sterilization or the addition of
increasing amounts of Muscodor albus.
Apple replant disease, caused by a complex of micro-onganisms, is a T 1
serious problem in many apple growing regons of the werld, Py and sil : |
Cyindrocarpon spp, have been dentified as primary causal agents in ; } |
Mearth American (Braun, 1991 Mezzola, 1893), Broad-specirum chemical =" }
fumigants hawve bean the mod effedive and widely used contrd strategy k. : i
However, chemical fumigants pose a threat to ozrone depletion, ground :. ¥ o
waler conlamination and applicator health. The bicfumiganl, Muscodor Y i |
albus is atungal endophite of Ihe cnnamon ree and produces more than ] * I
20 velahile organic cormpounds (Srobel ef o, 2001). These relaiboely P |
innccucars volables kill or suppress a wide range of fungal pathogens = xS B e e T T o
(Mercier and Manker, 2004). The purpose of this study was to determine if S Fasrtalt ik sl P e e WO
M, albws has the ablity 1o amelicrate the effects of apple replant disease,
Figure 4. Apple seadling growth response to soll sterilization or
Materials and Methods Muscodor albus soll trealments Tor apple replant disease.

Four replicate seil samples were coleched from an dd orchard site which
had been identified as having an apple replant diseass problem. The scil

wes passed through 8 6 mim sieve [o remove roets and stones. One ler
Sub- SaMmphss were either stedlized by autoclaving, o had 0, 5, 10 or 20
grams of rye gran colonized by M. afbus (Fg. 1) added to it and
thoroughly mixed. The reated solls were used tofill 4° pols that were

Figure 1. Dry Muscodor afbus colonized rye grains on the le®t and
moist grains after 4 days of incubation A 200°C on the right,

Figura 5. Arbuscules and vesicles of mycormhizas colonizing the
roots of apple seedings treated with Muscodor albus [o control
replant disease.

placed on a greenhouse bench end watered twice daily for 2 days. Then
one, 2-week-old apple seedling was planted into each of wo pols of each
replicate sail treatment. Seedings were walered btwvice deily and fertiized
with 20-20- 20 M KPP bhweakly for eighl weeks. Seading helghts were
measured the day of planting and after B-weeks of growth. The seedling
bops were remeved, weighed, oven-dried and weighed sgain. The rools
wars gantlhy wa shad taremove soll. One of the Bwo real systems for each
replicated and treatment was also died and weighed. Samglas teken from
the remening roois were surface sterlzed and placed onto media to
isdate planl pathogenic fung. Addtional rool sarmples were stained (o
visualize and guanbify mycormhizal colonization and a final roct sample
was ground in liquid neragen and the DNA of the plant and all associated .
aCro=Organisms was collsctad and purifiad. A nested polvmerass chain .y

reaction (PCR) using primers specific (o fungl was used 1o amplify & smeall E

plece of a highly conserved DNA regon, The outside primers were the

universal primer pair UN-LP18542 end UN-LO28522. The internal primer  Isolalions of Jingi from surface-sterilized rool pleces resulled in very few
par was fungal specie prmers ITS1F-G0 and [TS52. The DMNATragments  fungal isclations from apple seeding rools grown in sberile sdl and soil
colecled are species specific and can be used Lo identify fungi by containing 20 gL of M. atbus-colonized rye. Cyimdrocarpon desiuctens, a
sequencing. They can be separated by Denaluring Gradient Gel known cause of apple replant disease, was recoverad from roots in non-
Electrephore sis (DGGE) to monitor differences in fungal community treated field soll but not rects in sterilized or M. afbus treated scils.
pepulation s between trealed Soils, Pure cultures of Cyfindrocamon
luodum, C. deshuctans, Pythium mmeguiave P syivatcwmand
FhytaphBors ceclorum, known apple roct pathopens. were expoesed to
M. albus (19 ) volatiles in sealed jars for 48 b at 200C. The affect of e
violaliles on spore germination or mycelial growdh was reconded.

&

Mycella or spores ofknown causal agents of apple replant dsease and

il appls rook pathogens were killed or suppressed when exposed
M. afhus Eﬁaﬂus {Fig'.:ﬁ. ; ¢

Figure 6. Spores or mycellum of Cpiindrocampon luefdom, C.

destructans, Pythium rregulam, P syivatic um and Phytophthora
cacionir were killed or inhibiled from growing when exposed (o
Muscodor albus volatiles for 48 h at 20°C ina sealed glass |ar.

Results

Seeding height and dry weight were significant (P20, 05) in 3 linear
relationship bebwaen M afbis concentration and increased grosth {Fig.
2]

Fligure 2. Apple seedling root and shoot growth responsa o
Muscodor aibus soll treatments for apple replant disease.
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DOMA extraction of the sals from the sterle, non-ireated and A albus
treatments yidded small quantifies of PCR product wihen a universal
primar was used lo amplify 185 rOhA and ITS egions. Using these PFCR

S iy sy Moserrri ala

Th rovot dry weight didnol show a Enear reationship beteeen M. aibee
concentration and growth. AL 20 g M. afbusl soll, the oot dry weight
decreased although shoot height and weight increased In addition, there
wias no significent derence in mycorrhizal colonlzation among M. albors
Irealrmends bul redds in Serilized soll contained ne mycomhizas ( Fig. 3, 4
and 5)

srmall (~ 300 %::l region of IT31 resulted in mutiple bands for each
sampde(Fig. 7). Each band repressnis fhe unique DNA of a Ungal
species. DhAbands which appear only in the non-treated ol but nod in
the sterie or M. albus Irealed Soils mey belong ko apple replant causal
arganisms which have been killed by M. afbis or sutociaving.
Identification of these organisms can be done by DMA sequencing but has
not yel been compleled

Figure 7, DGGE separation of PCR fragments produced with fungal
specific ITB1F and ITS2 primers on DNA extracied from sterilized,
non-reated and M. albus treated apple replant soils. DNA bands

appearing In the non-treated soll but not in other solls are potential
causal agents of apple replant [arrow).

=)
)

L=

Sterile
0aill
2 gil
20 gil

o

Std

‘.li
o 5 e

-—

Conclusions

The bictumigant fungus, Muscodor albus, applied to apple replant disease
soll in the greenhouse amelionied disease Symploms.

M. albus increased shod and root height and dry weight

Frelminary results indicate M albus kiled or suppressed the growth of
appls replant disease causal organisms in vitro and in weo

A albers did not appear ta infubst root colonization by baneficial
mycomhizal fungi.

M. abus hes the polentid 1o replace methy bromide or chemical soi
steriants to contrd apple replant diseass.
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