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Colonization of Heterodera glycines cysts by 
Fusarium solani form A, the cause of sudden death 
syndrome, and other fusaria in soybean fields in 
the midwestern and southern United States 

Kenneth W. Roy1, Mukundray V. Patel2, and 
Richard E. Baird1 

Received 2000-5-10; acceptée! 2000-08-24 

PHYTOPROTECTION 81 : 57-67 

Fusarium solani form A and other fusaria were isolated from surface-
disinfested cysts of Heterodera glycines collected from the rhizosphere of 
soybean {Glycine max) plants symptomatic for sudden death syndrome, 
collected from fields in the midwestern and southern United States. Two 
forms of Fusa/van? so/ar?/pathogenicto soybean were isolated : form A, the 
cause of sudden death syndrome, and form B, the cause of seedling disease 
and root rot. Fusarium solani form B was more frequently isolated than 
form A. Fusarium solani form A occurred in cysts in 82% of the cyst-
infested fields containing plants symptomatic of sudden death syndrome, 
with maximum and average isolation frequencies (across fields and years) 
of 28 and 7%, respectively. This fungus was not found in cysts from five 
fields lacking sudden death syndrome. Isolâtes of F. solani form B were 
found in high frequency in cysts from each of those fields; F. solani form 
B occurred in cysts in 94% of the cyst-infested fields containing sudden 
death syndrome, with maximum and average isolation frequencies (across 
years and fields) of 48 and 16%, respectively. Fusarium oxysporum (the 
species wi th the th i rd highest average isolat ion frequency), F. 
chlamydosporum, F. equiseti, F. moniliforme, and F. pallidoroseum (syn. 
F. semitectum) were also isolated. Based on cyst population densities 
occurring in soil and percentages of cysts colonized by F. solani form A, 
the maximum and average numbers of colonized cysts per 500 cm3 of 
rhizosphere soil were 149 and 22, respectively. Fusarium solani form A 
survived at a high rate in cysts in soil stored for 8 months at ca 10°C, 
indicating an ability to overwinter in cysts between soybean growing 
seasons. Fusarium solani form A had a poor survival rate in cysts in soil 
stored for 20 months. Compared to F. solani form A, maximum and 
average numbers of F. solani form B in cysts per 500 cm3 soil were higher, 
at 700 and 82, respectively. Furthermore, the survival rate of cysts in soil 
stored for 8 and 20 months was also higher. Isolâtes of F. solani form A 
from cysts were as virulent on soybean as isolâtes from diseased roots. 
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Mississippi State, MS 39762; e-mail : Rbaird@plantpath.msstate.edu. Approved for 
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[Colonisation des kystes de YHeterodera glycines par la forme A du Fusarium 
solani, l'agent responsable du syndrome de la mort subite, et d'autres 
fusariums dans des champs de soja du centre-ouest et du sud des États-
Unis] 

La forme A du Fusarium solani et d'autres fusariums ont été isolés de kystes 
de Y Heterodera g lycines désinfectés en surface et récoltés dans la rhizosphère 
de plants de soja {Glycine max) présentant des symptômes du syndrome 
de la mort subite et récoltés dans des champs du centre-ouest et du sud 
des États-Unis. Deux formes du Fusarium solani, pathogènes du soja, ont 
été isolées : la forme A, responsable du syndrome de la mort subite, et la 
forme B, responsable d'une maladie des semis et d'un pourridié fusarien. 
La forme B du Fusarium solani a été isolée plus souvent que la forme A. 
La forme A du Fusarium solani était présente dans les kystes de 82 % des 
champs infestés de kystes et avec des plantes présentant des symptômes 
du syndrome de la mort subite, avec des fréquences maximale et moyenne 
(champs et années confondus) de respectivement 28 et 7 %. Ce champignon 
n'a pas été retrouvé dans les kystes de cinq champs exempts du syndrome 
de la mort subite. Des isolats de la forme B du F. solani ont été très 
fréquemment retrouvés dans les kystes de chacun de ces champs ; la forme 
B du F. solani était présente dans les kystes de 94% des champs envahis 
de kystes et avec le syndrome de la mort subite, avec des fréquences 
maximale et moyenne (champs et années confondus) de respectivement 
48 et 16 %. Le Fusarium oxysporum (l'espèce ayant la troisième fréquence 
moyenne d'isolement), le F. chlamydosporum, le F. equiseti, le F. 
moniliforme, et le F. pallidoroseum (syn. F. semitectum) ont aussi été 
isolés. En se basant sur les densités des populations de kystes dans le sol 
et les pourcentages de kystes colonisés par la forme A du F. solani, le 
maximum et la moyenne de kystes colonisés par 500 cm3 de sol de la 
rhizosphère étaient respectivement de 149 et 22. Une grande proportion 
de la forme A du Fusarium solani a survécu dans des kystes dans du sol 
entreposé durant 8 mois à approximativement 10°C, ce qui montre la 
possibilité d'une hibernation dans des kystes entre les saisons de croissance 
du soja. Le taux de survie de la forme A du Fusarium solani était faible 
dans des kystes dans du sol entreposé durant 20 mois. Le maximum et 
la moyenne de kystes par 500 cm3 de sol étaient plus élevés pour la forme 
B du F. solani, avec respectivement 700 et 82, que pour la forme A du F. 
solani. De plus, les taux de survie des kystes dans du sol entreposé durant 
8 et 20 mois étaient aussi plus élevés. Les isolats de la forme A du F. solani 
provenant de kystes étaient aussi virulents sur le soja que des isolats 
provenant de racines malades. 
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INTRODUCTION 

Numerous fungi are known to colonize 
cysts of the soybean cyst nematode 
(SCN) [Heterodera glycines \ch\nohe) in 
soybean {Glycine max (L.) Merr.) fields 
(Carris and Glawe 1989; Carris et al. 
1989a; Gintis and Morgan-Jones 1983; 
Gintis et al. 1982; Morgan-Jones and 
Rodriguez- Kabana 1981; Morgan-Jones 
étal. 1981; Roy and Van Etten 1993; Roy 
et al. 1993; Stiles and Glawe 1989). Some 
of thèse fungi are saprophytic and oth-
ers are pathogenic, including some 
which are pathogenic on soybean roots 
(Sinclair and Backman 1989) or parasit-
ize SCN eggs (Gintis and Morgan-Jones 
1983; Gintis et al. 1982). Among the 
soybean pathogens, Fusarium solani 
(Mart.) Sacc. has been a common iso-
late from cysts (Carris and Glawe 1989; 
Carris et al. 1989b; Gintis and Morgan-
Jones 1983; Gintis et al. 1982; Morgan-
Jones and Rodriguez-Kabana 1981; 
Morgan-Jones et al. 1981; Roy and Van 
Etten 1993; Roy et al. 1993; Stiles and 
Glawe 1989). In most reports of F. solani 
isolation (Carris and Glawe 1989; Carris 
et al. 1989a; Gintis et al. 1982; Melgar 
et al. 1994; Morgan-Jones and Rodrigu
ez-Kabana 1981; Morgan-Jones et al. 
1981; Stiles and Glawe 1989), no men
tion has been made of morphological 
distinctions among isolâtes. However, 
atleasttwo morphologicallyand patho-
logically distinct formsof F. solani hâve 
been described from soybean : one, dis-
tinguished asform A (FSA), isthe caus
al agent of sudden death syndrome 
(SDS) (Melgar and Roy 1994; Melgar et 
al. 1994; Roy et al. 1989a, 1989b, 1989c, 
1991; Rupe 1989; Rupe et al. 1993); the 
other, distinguished as form B (FSB), is 
the causal agent of seedling disease 
and root rot of older soybean plants 
(Killebrew et al. 1988,1993; Roy et al. 
1989a, 1989b, 1989c). Even though the 
FSA form is sometimes referred to as 
the «blue strain» of F. solani (Rupe 1989), 
the bluish color is absent or is limited 
to small sporodocial spots within the 
mycélium of FSB isolâtes (Rupe et al. 
1996; Roy and Rupe, personal commu
nication). 

Sudden death syndrome, a relatively 
new root and lower stem disease of 

soybean, occurs in Alabama, Arkansas, 
Georgia, Illinois, Indiana, lowa, Kansas, 
Kentucky, Mississippi, Missouri, and 
Tennessee (Hirrel 1987; Melgarand Roy 
1994; Melgar et al. 1994; O'Donnell and 
Gray 1995; Roy and Ratnayake 1995; 
Roy and Van Etten 1993; Roy et al. 1989a, 
1989b, 1989c, 1991, 1993, Rupe 1989; 
Rupe et al. 1993; Baird, unpublished) in 
the United States, and in Brazil and 
Argentina (J. F. Hennon, personal com
munication). The pathogen causing 
SDS is especially prévalent in irrigated 
fields or fields with persistently high 
soil moisture (Hirrel 1987; Melgar et al. 
1994; Roy et al. 1989a, 1989b, 1991; Rupe 
1989). The major symptoms of SDS 
include root rot, crown necrosis, vascu-
lar discoloration of roots and stems, 
interveinai chlorosis and necrosis of 
leaves, défoliation, and pod abortion. 
Leaf symptoms are the most conspicu-
ous phase of this disease (Hirrel 1987; 
Melgar et al. 1994; Roy et al. 1989a, 
1989b, 1991; Rupe 1989). 

As early as 1985, anecdotal évidence 
indicated that soybean fields contain-
ing SDS-symptomatic plants were al-
most invariably infested with the nem
atode (Hirrel 1987). This invited spéc
ulation that cysts might be involved in 
some way in disease development and 
perhaps even in dissémination of the 
SDS causal agent. Spéculation regard-
ing the possible association of SCN with 
spread of SDS was heightened with the 
finding in 1986 that FSA-colonized cysts 
internally (Roy, unpublished, SDS Work-
shop, American Soybean Association, 
St. Louis, 1987). It was later found that 
SDS severity was increased in the prés
ence of SCN (Melgar et al. 1994; Roy ef 
al. 1989a, 1989b) and that the popula
tion density of SCN juvéniles was pos-
itively correlated with SDS severity 
(Rupe et al. 1993). Evidence reported in 
1993 linked SCN with new outbreaks of 
SDS in Midwest fields closely proxi-
mate to others having a history of the 
disease (Roy et al. 1993). Since FSA has 
not been found in soybean seeds (Mel
gar et a/,1994; Roy et al. 1989c), which 
is one possible means of FSA dispersai, 
the 1994 évidence (Melgar et al. 1994), 
combined with other compatible évi
dence (Hirrel 1987; Melgar et al. 1994; 
Roy and Van Etten 1993; Roy étal. 1989a, 
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1989b, 1993; Rupe et al. 1993; Roy, un-
published), points to SCN as a more 
probable agent of dispersai. 

Art i f icial infestation of sterilized 
greenhouse potting soil with a combi-
nation of FSA and SCN produced FSA-
colonized cysts, and the fungus was 
found capable of surviving in thèse cysts 
when soil was stored for 6 mo at re-
duced températures (Lawrence et al. 
1988). However, frequency of occur
rence and survival of FSA in cysts in 
field soils containing native microflora, 
in which compétition between FSA and 
other fungî would be likely, would be 
more représentative of the abilityof FSA 
to colonize cysts and survive in them 
under natural conditions. 

The ability of FSA and other patho
gens to survive in cysts is relevant to 
their primary inoculum potential in fields 
in the spring. In this regard, in addition 
to FSA and FSB, Fusarium oxysporum 
Schl. causes a soybean wilt and seed-
ling disease (Sinclair and Backman 1989) 
and a parasite of SCN eggs (Gintis and 
Morgan-Jones 1983; Gintis et al. 1982). 
Both FSA, FSB, and F. oxysporum must 
be capable of surviving in cysts, soy
bean root débris, or soil from the end 
to the beginning of the next growing 
season if they are to be successful 
parasites in the spring and beyond. 
From a practical standpoint, thèse fun-
gi also must occur in cysts at reason-
ably high frequencies and be widely 
distributed geographically with soy-

beans if they are to play a substantial 
rôle in parasitism. 

Stiles and Glawe (1989) demonstrat-
ed that some plant pathogenic fungi 
borne within SCN cysts, including F. 
solani, are capable of colonizing roots 
when inoculated on soybean seedlings. 
Our paper emphasizes and reports find-
ings on the frequency of occurrence, 
géographie distribution, and survival of 
FSA in cysts in field soil, as related to 
the occurrence of SDS. The ability of 
FSA isolâtes from cysts to incite the 
symptoms of SDS is demonstrated. 
Frequency of occurrence, géographie 
distribution, and survival of FSB in cysts, 
and frequency of occurrence and géo
graphie distribution of F. oxysporum in 
cysts, are also reported. 

MATERIALS AND METHODS 

Survey of soybean fields for 
occurrence and géographie 
distribution of FSA, FSB, F. 
oxysporum, and other fusaria in 
cysts 
From 1988 to 1995 during August and 
September, soil samples were collect
ed from 56 soybean fields (Table 1), the 
fields were located in Arkansas, Illinois, 
Indiana, Kentucky, Mississippi, Missou
ri, and Tennessee. Growth stage of 
soybean plants in the fields sampled 
ranged from R3 to R7, but most were in 
theR5toR6stage(Fehrefa/. 1971). To 

Table 1. Location, number, and characteristics of soybean fields from which soïl was 
collected and Heterodera glycines cysts were extracted for fungal assays, 1988-1995 

State 

Arkansas 
Illinois 
Indiana 
Kentucky 
Mississippi 
Missouri 
Tennessee 

No. fields 

Sudden death 
No. syndrome Cysts 

fields présent présent 

8 7 8 
17 16 15 
7 7 7 

12 11 12 
8 6 6 
2 2 2 
2 2 2 

Total 56 51 52 
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obtain cysts, soil from the rhizosphere 
of 15 randomly selected SDS-symptom-
atic plants was sampled to a depth of 
12-15 cm with a 2-cm-diam soil probe, 
which was inserted into the soil at an 
angle and directed towards the root 
System. If fields did not show any ob-
vious disease symptoms, rhizosphere 
soil was sampled from 15 randomly se
lected, asymptomatic plants. From each 
location, the 15 subsamples were com-
posited and stored at 10°C for 4-6 wk 
prior to assay. Cysts were extracted 
from 250 cm3 of the composite soil 
sample by wet-sieving and numbers 
were determined as described previous-
ly (Melgar et al. 1994; Southey 1970). 
From each soil sample, 25 cysts were 
surface-disinfested in 95% ethanol for 
2 sec and in 0.5% NaOCI for 1 min, 
rinsed twice in stérile water, and cul-
tured on potato-dextrose agar (PDA) 
amended with streptomycin B sulphate 
(100 mg L1) and aureomycin (20 mg 
L1) (PDASA). Five cysts were placed on 
the agar in each of five 9-cm-diam plas
tic Pétri dishes. Cultures were incubat-
ed at 25°C for 1 wk, during which fungi 
growing from cysts were identified. 

Because the identity of FSB as a form 
of F. solani was recently questioned 
(O'Donnell and Gray 1995), morpholog-
ical and colony characteristics of F. 
solani isolâtes from the American Type 
Culture Collection (ATTC) were com-
pared with those of FSB isolâtes. Cul
ture no. 46472 (ATCC) was originally 
isolated from a cyst of H. glycines by G. 
Morgan-Jones, and culture no. 11712 
(ATCC) from squash (Cucurbita pepo 
L.) by W.C. Snyder. For comparison, 
the ATCC and FSB isolâtes were grown 
for 1-2 wk on PDA and modified Bilay's 
médium at 25°C for observation of col
ony and conidial characteristics, respec-
tively. Colonies on Bilay's médium were 
exposed to continuous fluorescent light 
(163 W m-2). 

General références were used for 
identification of other Fusarium species 
(Booth 1971; Carris and Glawe 1989; 
Nelson et al. 1983) grown on PDASA 
and modified Bilay's médium. 

Survîval of FSA and FSB in cysts 
Three soil samples that were previous-
ly assayed during the survey for inci

dence of FSA and FSB in cysts were 
used to détermine the survival of thèse 
fungi in cysts. The samples were from 
fields in Gallatin County, Illinois; Union 
County, Kentucky; and Coahoma Coun
ty, Mississippi. The percents of cysts 
colonized by FSA in the respective sam
ples were 28, 24, and 20%, and those of 
FSB were 48, 40, and 36%. The soil 
samples were stored at ca. 10°C for 8 
and20mo. Eight mo waschosen based 
on the length of time cysts would be 
expected to overwinter from harvest to 
planting of soybean maturity groups 3 
to 7. Twenty mo represented the time 
elapsed from a soybean harvest through 
an intervening corn or sorghum rota
tion, which is a common practice among 
growers. Asubsamplefrom each ofthe 
three soil samples was drawn at 8 and 
20 mo, and 50 cysts were assayed per 
subsample to détermine incidence of 
the two fungi. Extraction and assay 
methods described previously were 
used to détermine survival rates ofthe 
two fungi, where survival rate was cal-
culated as percentage reisolation fre-
quency divided by percentage original 
isolation frequency. 

Pathogenicity and virulence on soy
bean seedlings of FSA isolâtes from 
cysts and roots 
Isolâtes of FSA were recovered from 
surface-disinfested cysts (Table 2) and 
roots of SDS-symptomatic plants col-
lected in Arkansas, Kentucky, Illinois, 
Indiana, and Mississippi from 1989 to 
1994. Onlyyoung cultures of FSA which 
had not been serially transferred were 
used for inoculation. Two methods of 
inoculation, including injection of spores 
into hypocotyls and infestation of soil, 
were used in pots containing cv. Lee 74, 
which is susceptible to SDS (Killebrew 
et al. 1993; Melgar et al. 1994). To in-
crease macroconidia, isolâtes were 
grown on modified Bilay's médium 
(Booth 1971) under continuous fluores
cent light (150 W m2) for 1 wk. Cultures 
were flooded with stérile water contain
ing one drop of Tween-20 100 1 mL, and 
spores were dislodged with a bent glass 
rod. Spore concentration was adjusted 
to 1 x 106 conidia m l 1 with a hemacy-
tometer. With a hypodermic syringe, 
ca. 0.05 to 0.10 mL spore suspension 
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Table 2. Maximum and average frequencies of isolation, over years (1988-1995) and fields, 
of Fusarium solani form A, F. solani form B and F. oxysporum from surface-disinfested 
Heterodera glycine cysts obtained from the rhizosphere of plants symptomatic for sudden 
death syndrome 

No. cyst-infested 
fields, of 47 Incidence (%) Estimated no. cysts 

sampled, of fungus colonized by fungus 
with cysts in surface-disinfested cyst per 500 cm3 soila 

colonized by — 
Fungus fungus Maximum Mean Maximum Mean 

Fusarium solani 

Form A 39 28 7 149 22 

Form B 44 48 16 700 82 
F. oxysporum 21 16 2 17 8 

Percent of cysts colonized X number of cysts/500 cm3 soil. Cyst populations : range 12 -
1458, average 236. 

were inoculated into hypocotyls of each 
of five 10-d-old seedlings growing in 
nonsterile soil in 10-cm-diam plastic 
pots. There were four replications for 
each of nine isolâtes evaluated, and four 
replications of control seedlings, which 
were injected with water containing 
Tween-20. The experiment was ar-
ranged in a completely random design 
in the greenhouse. For soil infestation, 
FSA inoculum was increased on a corn-
meal-sand médium, and this was add-
ed to sterilized soil in 10-cm-diam plas
tic pots to provide an inoculum concen
tration of 0.05% w:w(Melgar et al. 1994; 
Roy et al. 1989a). The soil was a sandy 
loam greenhouse potting mix. Ten 
seeds were planted per pot, and an 
equal number of seeds planted in non-
infested soil served as controls. After 
1 wk, seedling numbers were reduced 
to five per pot. The experiment con-
tained four replications and was ar-
ranged in a completely random design. 

Disease severity was determined 2 wk 
after inoculation, in the spore injection 
test, and 6 wk after inoculation, in the 
soil infestation test. Disease severity 
was rated on a 0 - 6 scale, where 0 = no 
symptoms, 1 = mild leaf mottling, 2 = 
extensive leaf mottling, 3 = leaf inter-
veinal chlorosis, 4 = leaf interveinai 
necrosis, 5 = défoliation, and 6 = pré
maturé death. Température in the 
greenhouse ranged from 19-34°C. Data 
for the différent isolâtes were compared 
by analysisof varianceand means were 
separated with the LSD test. 

RESULTS 

In the current study, colonies of F. solani 
form A and F. solani form B were easily 
distinguishable as theygrewfrom cysts 
onto PDA. FSA isolate A-5 and FSB 
isolate B-19 are shown growing from 
cysts in Figure 1. Typically, no other 
fungi grew from cysts that were colo
nized by either of thèse two fungi or by 
F. oxysporum. Colonies and conidial 
characteristics of FSB isolâtes and F. 
solani ATCC no. 46472 and ATCC no. 
11712 were similar and typical for F. 
solani (Booth 1971; Carris and Glawe 
1989; Domsch et al. 1980; Nelson étal. 
1983). 

Isolâtes of FSA and FSB which super-
ficially appear to be similar in culture 
can now be separated on sélective 
média. On PDASA (média described in 
Materials and Methods), FSA produced 
a grayish white aerial mycélium which 
was more appressed than that of FSB 
(Roy, unpublished). A bluish color in 
the central part of the colony was most 
typical of wild-type colonies of FSA. 
With aging, colonies of some isolâtes 
became almost entirely blue. In con-
trast, FSB produced a floccose, grayish 
white aerial mycélium and a cream to 
tan color was imparted to the médium 
(Roy, unpublished data). Isolâtes of FSA 
had a much slower growth rate than 
FSB. On modified Bilay's médium 
(Booth 1971 ), macroconidia of FSA were 
longer than those of FSB. Slimy mass-
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Figure 1. Colonies of blue-pigmented Fusarium solani form A isolate A-5 (left) and F. solani 
form B isolate B-19 (right) each growing from separate surface-disinfested H. glycines cysts 
cultured on potato-dextrose agar. Fast-growing dark colonies are Chaetomium cochliodes, 
which grew from two other cysts. Colonies are 5 days old. 

es of macroconid ia of FSA, ranging in 
color f r om cream to blue to blue-green 
to bluish purple, in the central part of 
the colony. Macroconidia of FSB typical-
ly were cream-co lored in mass, but 
small green to blue-green sporodochia 
were produced w i th aging in some iso
lâtes. M ic rocon id ia were absent or 
extremely rare in FSA but typical ly were 
produced in profus ion by FSB. Thèse 
character ist ics agreed w i t h prev ious 
descr ipt ions of the t w o F. solani f o rms 
(Roy et al. 1989a, 1989b, 1989c; Rupe 
1989). 

Forty-seven of 51 f ields wi th SDS were 
infested w i th SCN. Isolâtes of FSA were 
ident i f ied f r o m cysts in 39 of thèse f ie lds 
(Tables 1, 2). The m a x i m u m f requency 
of FSA isolat ion was 28%; average fre
quency of isolat ion was 7% (Table 2). 
The fungus most f requent ly isolated 
f rom cysts was FSB. This fungus oc-

curred in cysts in 44 f ie lds and had 
m a x i m u m and average f requencies of 
isolat ion of 48 and 16%, respectively. 
Fusarium oxysporum occurred in cysts 
in 21 f ie lds and had m a x i m u m and 
average frequencies of 16 and 2%, re
spect ively (Table 2). Other fusaria iso
la ted f r o m cys t s w e r e F. chlamy-
dosporum Wo l lenweb . and Reinking, F. 
equiseti (Corda) Sacc , F. moniliforme 
J . Sheld., and F. pallidoroseum (Cooke) 
Sacc. (syn. F. semitectum auct. non Berk. 
& Ravenel.) (Farr et al. 1989), ail of wh ich 
had average frequencies (across f ields 
and years) of less than 1 % , and max i 
m u m frequencies of 4, 8, 4, and 4%, 
respectively. 

None of the cysts f rom f ive 1995 f ields 
lacking SDS conta ined FSA. In con-
trast, FSB occurred in cysts in each of 
thèse f ie lds, w i th m a x i m u m and aver
age frequencies of 44 and 29%, respec-
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t ively. In a separate study m Mississip
pi , FSB was isolated f r o m cysts f r om 
two other non-SDS f ields, but FSAcou ld 
not be isolated (Roy, unpubl ished). 

The survival rate for FSA in cysts was 
63% after 8 mo storage in soil at ca. 
10°C, and 3% after 20 mo storage. Iso
lâtes of FSB had a higher survival rate 
at 76% 8 mo after storage, and at 29% 
after 20 mo. 

Each of the FSA isolâtes f r om cysts 
and roots was pathogenic on soybean 
seedi ings when macroconid ia l suspen
sions were injected into seedl ing hypo-
cotyls (Table 3). General ly, the isolâtes 
f rom cysts were as v i ru lent as the iso
lâtes f r om diseased roots. There were 
some différences in v i ru lence among 
the isolâtes w i th disease ratings rang-
ing f r om 2.2 to 5.8 (mean = 4.4). A m o n g 
the cyst isolâtes, isolate A-9 was signif-
icantly (P< 0.05) less v i ru lent than iso
lâtes A - 1 , A-3, and A-4. The soi l infes-
ta t ion inocu la t ion techn ique d id not 
show s imi lar pathogenic i ty levels for 
ail isolâtes inc luding the cyst isolâtes. 
Isolâtes A - 1 , A-3, and A-9 were patho
genic, but disease rat ings were lower 
and ranged f rom 0.2 to 1.5 (mean = 0.6). 

This dispari ty between the t w o test ing 
techniques may hâve been due to high 
greenhouse température wh ich exceed-
ed 33°C on numerous occasions dur ing 
the incubat ion per iod. At températures 
exceeding 33°C, infect iv i ty and g rowth 
in vitro of FSA was drastical ly reduced 
(Roy and Van Etten 1993; Roy, unpub
l ished data). 

DISCUSSION 

If SCN cysts represent a source of dis
persai for FSA in the SDS disease cycle, 
there must be an association between 
FSA occurrence in cysts and the occur
rence of SDS. Fur thermore, FSA must 
occur in cysts in relatively high f requen-
cy and w i t h a geograph ica l l y w ide -
spread distr ibut ion, and the fungus must 
be capable of surv iv ing in cysts in the 
f ield f r om one g row ing season to the 
next. Cumulat ive évidence f rom previ-
ous observat ions (Roy et al. 1993) and 
this invest igat ion show that FSA can 
survive in cysts for at least 8 mo. A lso, 
v i ru lence to soybean of FSA isolâtes 
f rom cysts, establ ishes that cysts are 
sources of FSA. The m a x i m u m levels 

Table 3. Disease reaction of cultivar Lee 74 soybean seediings to inoculation with isolâtes 
of F. solani form A from Heterodera glycines cysts or soybean roots3 

Disease severity ratin gb 

Inoculation of hypocotyls 
F. solani Origin by injection with Inoculation by 
form A macroconidia infestation of form A macroconidia infestation of 
isolate Substrate Géographie suspension0 soild 

A-1 Cyst Arkansas 5.8 1.5 
A-2 Root Indiana 5.2 0.8 
A-3 Cyst Mississippi 5.2 0.8 
A-4 Cyst Illinois 4.8 0.2 
A-5 Cyst Mississippi 4.0 0.0 
A-6 Root Indiana 3.5 0.5 
A-7 Root Kentucky 3.5 0.0 
A-8 Root Kentucky 3.2 0.5 
A-9 Cyst Illinois 2.2 0.8 
Control 0.0 0.0 

LSD ,05: 1-9 0.8 

a Cutivar Lee 74 is susceptible to sudden death syndrome (Hirrel 1987; Melgar and Roy 1994). 
b 0 = no symptoms, 1 = mild leaf mottling, 2 = extensive leaf mottling, 3 = leaf interveinai 

chlorosis, 4 = leaf interveinai necrosis, 5 = défoliation, and 6 = prématuré death. 
c Injection of ca. 0.05-0.10 ml 1x106of macroconidia in stérile watercontainingTween-20 (one 

drop 1001 ml). 
d Inoculum of F. solani form A, grown on corn-meal sand, was added to replicate pots 

containing sandy loam greenhouse potting mix at an inoculum concentration of 0.05% w:w. 
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of cysts colonized by FSA (Table 2) 
appear to representsubstantial amounts 
of inocu lum, especially consider ing cyst 
populat ion densit ies wh ich can occur in 
the f ie ld . Populat ions exceeding 1000 
to 2000 cysts per 500 cm 3 soil are not 
uncommon (Riggs and Schmit t 1987; 
Schmit t and Riggs 1989), and, in the 
présent study, some f ields had 900 to 
1400 cysts per 500 cm3 . A lso, because 
each cyst is capable of produc ing 200-
600 eggs in the f ie ld (Anonymous 1984; 
Riggs and Schmit t 1987), and FSA has 
been observed to colonize eggs (McLean 
et al. 1990) , t h e n u m b e r o f FSA 
propagu les associated w i t h cysts is 
probably even higher. Thus, in soy-
bean f ields affected by SDS and SCN, 
the potent ial exists for high levels of 
FSA-colonized cysts, and perhaps eggs, 
and therefore substant ial levels of FSA 
inocu lum associated w i th cysts. 

Typical ly, FSA was found g row ing 
alone f rom indiv idual cysts, indicat ing 
little compét i t ion w i th other microor-
ganisms for nutr ients and space w i th in 
the cyst. In such an env i ronment , the 
probabi l i ty of FSA survival in overw in -
ter ing cysts unti l spr ing wou ld seem to 
be much greater than its survival free in 
soil or in soybean débr is, where com
pét i t ion among microorgan isms w o u l d 
exist (Domsch et al. 1980). FSA, wh ich 
has been shown to exist, at least in part, 
as ch lamydospores in cysts (Melgar et 
al. 1994), l ikely w o u l d be af forded some 
protect ion by the cyst, protect ion s im-
ilar to that received by SCN eggs (Wal-
lace 1964), and it w o u l d thereby escape 
much of the compét i t ion f rom other 
soi lborne microorganisms. Moreover , 
nutr ients w i th in cysts might provide a 
food base for germinat ion of ch lamy
dospores in the spr ing. 

The invo lvement of cysts in local or 
distant dispersai of FSA seems qui te 
possible, g iven the general ly acknowl-
edged rôle of seeds in dispersai of fun 
g i , coupled w i th the fact that, compared 
to seeds, there are many more ways 
that cysts can be disseminated (Anon
ymous , 1984; Riggs and Schmit t 1987; 
Wallace 1964). Cysts may be spread 
locally or longer distances by a lmost 
any agent capable of mov ing soi l , in-
c luding soil peds in seed lots sh ipped 

by man , farm machinery, dust s torms, 
surface water , and animais. SCN has 
spread f rom a point of or ig in to more 
than 20 states in the United States, and 
f r om Asia to numerous soybean-pro-
ducing countr ies, inc lud ing the Uni ted 
States (Riggs and Schmit t 1987). By 
v i r tue of its abi l i ty to colonize cysts, 
FSA could be d isseminated concomi -
tant ly w i t h the d isséminat ion of SCN. 

In contrast to wha t was reported by 
O'Donnel l and Gray (1995), the isolâtes 
we recorded as FSB were indeed F. 
solani. A pre l iminary report (Roy and 
Ratnayake 1995) present ing likely rea-
sons for the d a i m that FSB was not F. 
solani (O'Donnel l and Gray 1995) has 
been f i led. FSB was the most f requent-
ly isolated species of Fusarium f r om 
cysts, and it surv ived for 8 and 20 mo 
at a relatively high rate. The involve
men t of SCN cysts as sources and 
agents of dispersai for th is fungus is 
possible. However, fur ther studies w i l l 
be required to provide conclusive évi
dence. Wi th regards to F. oxysporum 
and other fusaria found colonizing cysts, 
their abi l i ty to survive in cysts w i l l need 
to be determined before any ep idemi-
ological rôle can be ascribed to H. gly
cines cysts. 
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