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ABSTRACT

Leslie, J. F., Pearson, C. A. S., Nelson, P. E., and Toussoun, T. A. 1990. Fusarium spp. from corn, sorghum, and soybean fields in the central

and eastern United States. Phytopathology 80: 343-350.

Samples of plant tissue and soil were collected from 41 corn, 18 sorghum,
and 34 soybean fields in the central and southeastern United States in
August 1986. Isolates of Fusarium were recovered from plant tissue, soil
debris, and soil on a selective medium and identified to species. Fusarium
spp. were recovered from all soils sampled. In corn, tissue usually was
colonized with F. moniliforme, F. proliferatum, or F. subglutinans. F.
semitectum, F. equiseti, F. oxysporum, F. graminearum, F. acuminatum,
and F. chlamydosporum were recovered from debris but not from soil,
and F. merismoides, F. proliferatum, and F. semitectum were recovered
from soil but not from debris. In sorghum, F. moniliforme or F.
proliferatum were present in 719 of the tissue samples and 189 of the
debris samples. F. moniliforme was present in debris from 39% of the
sorghum fields but was absent from the corresponding soil samples. F.
acuminatum, F. chlamydosporum, and F. graminearum were found in
debris but not in soil, and F. merismoides was found only in soil samples
from sorghum fields. F. solani was present in either soil debris or soil
from all sorghum fields, whereas F. oxysporum was found in debris at
449 of the sites and in soil at 72% of the sites. F, equiseti was found
in both debris and soil at 33% of the sites. Fusarium spp. recovered
from soybean tissue generally were different from those recovered from
corn and sorghum tissue. F. oxysporum and F. solani were the predomi-

nant species and were present in 91 and 97% of the sites, respectively,
whereas members of the Liseola section usually were absent. Soil and
debris samples from the soybean fields contained F. acuminatum, F.
equiseti, F. moniliforme, F. oxysporum, and F. solani. F. graminearum
and F. semitectum were found in debris samples but not in soil samples,
and F. chlamydosporum, F. compactum, F. merismoides, and F. pro-
liferatum were found in soil samples but not in debris samples from
soybean fields. F. anthophilum, F. avenaceum, and F. chlam vdosporum
were found in sites in southern states but not in northern states. All
species found in northern states also were found in southern states,
although differences in tissue, debris, and soil populations were observed.
Soils of five different orders were sampled. All species were recovered
from at least one Alfisol site, and all but F. avenaceum were recovered
from at least one Ultisol site. F. oxysporum and F. solani were present
in the soil and debris from more than 509% of the sites in each soil order,
and members of Fusarium section Liseola could be found in plants at
sites of each soil type. The distribution of Fusarium spp. observed in
this study is consistent with the hypothesis that these fungi are widely
distributed in host tissue under field conditions and that they respond
to stress in the plant by taking advantage of preferential growth conditions
to incite disease,

Additional keywords: stalk rot, Gibberella, Glycine max, Nectria, Sorghum bicolor, Zea mays.

The genus Fusarium is comprised of a large, complex group
of fungi with ascomycete teleomorphs and contains numerous
species that produce noxious secondary metabolites and/ or cause
serious plant diseases (51,54). Members of the genus have wide
geographic and host ranges. Several species of Fusarium are
associated with stalk rot (18,25), leaf spot (61), ear and kernel
rot (62), and seedling blight (23,27) of corn; grain mold (11),
Pokkah Boeng (22), seedling blight (22), and stalk and root rot
(58,67,68) of sorghum; and Fusarium wilt (4), pod rot (63), and
sudden death syndrome of soybean (19,60). Species of Fusarium
have been reported to be seedborne in these three crops (12,15,
44,63,66).

Ecological studies of Fusarium spp. have a long history (8).
General surveys of communities of Fusarium in other countries
are fairly common, for example, communities in Australia 9),
Brazil (31), Norway (1), and South Africa (47), as are those with
relatively limited geographic scope (40,41,73), those from unusual
climates (30), or those correlated with a particular physiological
characteristic, for example, toxigenicity (2,3,43,53). In most of
these surveys, samples were collected from both plant tissue and
soil. Much previous work has concerned one or a few fields sam-
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pled in one to several growing seasons, usually to study changes
in the population structure with time (34,58,74). Many studies
are limited to diseased plants of a particular species (5,10,16,27,
29,32,33,35,57,59,77).

Our goal in this study was to sample a large number of
geographically diverse fields to determine if variables such as crop,
climatic conditions, or soil type were correlated with the com-
position of populations of Fusarium in cultivated fields in the
central and eastern United States. Most of our samples were
collected from corn, sorghum, and soybean fields because these
crops are grown throughout the entire region studied. Samples
from this study have been analyzed previously for the presence
of Macrophomina phaseolina (Tassi) Goid. (56).

MATERIALS AND METHODS

Sample collection. All samples were collected in August 1986.
Four stalks of corn and sorghum, four roots and stems of soybean,
and four cylindrical soil samples (5 cm in diameter X 13 ¢m
long) were collected at random from fields at sites listed in Table 1.
Soil samples were taken between plant rows. Where possible,
tissue samples were taken from both diseased and asymptomatic
plants. Plant maturity varied with geographic location.
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TABLE |. Location, soil type, climatic conditions, and crops of sampling sites

Location® Precipitation® Temperature® Soil typed Crops®
Brundige, AL (Pike) 83.2(87) 26.1(103) u6-1 cn
Camden, AL (Wilcox) 83.2 (87) 26.1(103) ub-7 cn

Clio, AL (Barbour) 83.2(87) 26.1 (103) el0-4 pn
Greenville, AL (Butler) 83.2 (87) 26.1(103) u6-7 sh
Luverne, AL (Crenshaw) 83.2(87) 26.1(103) u6-7 sb
Surginer, AL (Marengo) 83.2(87) 26.1(103) us-3 cn

Troy, AL (Pike) 83.2 (87) 26.1 (103) ub-1 cn, gsg
Brockwell, AR (Izard) 63.0 (84) 24.2(103) ub-6 gsg
Grays, AR (Woodruff) 59.7 (68) 26.0 (103) a6-8 gsg, sb
Marvell, AR (Phillips) 59.7 (68) 26.0 (103) i5-3 gsg
Patterson, AR (Woodruff) 59.7 (68) 26.0 (103) i5-2 cn

West Helena, AR (Phillips) 59.7 (68) 26.0 (103) i5-3 sb
Greenville, FL (Madison) 96.5 (97) 26.5 (101) u6-1 sb
Mascotie, FL (Lake) 111.3 (98) 26.5 (100) el0-2 gb
Starke, FL (Bradford) 96.5 (97) 26.5 (101) u6-9 cn
Trenton, FL (Gilchrist) 96.5 (97) 26.5 (101) el0-1 cn, sb
Blitchton, GA (Bulloch) 79.2 (85) 27.0 (105) ul-3 sb
Boston, GA (Thomas) 65.8 (69) 26.8 (104) u6-1 cn
Broadhurst, GA (Wayne) 79.2 (85) 27.0 (105) ul-3 cn
Guyton, GA (Effingham) 79.2 (85) 27.0 (105) ul-3 cn
Morgan, GA (Calhoun) 65.8 (69) 26.8 (104) u6-1 cn, ct, gsg, pn, sb
Pavo, GA (Thomas) 65.8 (69) 26.8 (104) ub-1 cn
Pembroke, GA (Liberty) 79.2 (85) 27.0 (105) ul-3 cn
Sutton’s Corner, GA (Clay) 65.8 (69) 26.8 (104) ub-1 sb
Greenup, IL (Cumberland) 56.9 (82) 22,7 (102) al-3 cn, fsg, sb
Marine, IL (Madison) 47.8 (73) 22.7 (101) a6-7 cn, gr, sb
St. Elmo, IL (Fayette) 56.9 (82) 22.7(102) al-3 cn, gr
Belleville, IN (Hendricks) 69.6 (97) 21.1 (101) a7-4 cn, gr, sb
Knightstown, IN (Henry) 69.6 (97) 21.1 (101) a7-4 cn, sb
Terre Haute, IN (Vigo) 61.5 (86) 21.4 (101) m2-4 fr, sb, gsg
Booneville, MO (Cooper) 62.6 (94) 23.6 (106) m2-4 cn, gr, sb
Coal, MO (Henry) 62.6 (94) 23.6 (106) ub-4 cn
Odessa, MO (Lafayette) 61.3 (95) 22.5(96) m2-4 cn, sb, gsg
Tightwad, MO (Henry) 62.6 (94) 23.6 (106) u6-4 gsg, sb
Williamsburg, MO (Callaway) 51.1(79) 23.0 (106) al-2 gr, sb, gsg
Wright City, MO (Warren) 51.1(79) 23.0 (106) a7-6 cn, gr, sb
Charleston, MS (Tallahatchie) 61.2 (65) 26.4 (103) a2-2 cn
Crowder, MS (Quitman) 61.2 (65) 26.4 (103) a2-2 cn, gsg, sb
Holcomb, MS (Grenada) 63.8 (64) 25.5 (102) a2-2 ct, gsg, sb
Kusciusko, MS (Attala) 63.8 (64) 25.5(102) u6-3 cn, cp, sb
Lambert, MS (Quitman) 61.2 (65) 26.4 (103) a2-2 ri

Stallo, MS (Neshoba) 62.7 (63) 25.7 (103) u6-3 cn
Viaden, MS (Carrol) 63.8 (64) 25.5(102) a7-9 cn, gsg
Buie, NC (Robeson) 77.0 (83) 25.1(104) u6-5 cn, sb
Climax, NC (Guilford) 61.0 (78) 23.5(103) us-3 sb

Gray’s Chapel, NC (Randolph) 54.6 (66) 24.3 (104) us-3 sh

Maple Springs, NC (Randolph) 54.6 (66) 24.3 (104) us-3 gsg
Pleasant Garden, NC (Guilford) 61.0 (78) 23.5(103) u5-3 cn, gsg
Raeford, NC (Hoke) 77.0 (83) 25.1 (104) ub-10 cn, sbh
Ramseur, NC (Randolph) 54.6 (66) 24.3 (104) us-3 cn, tb
Red Springs, NC (Robeson) 77.0 (83) 25.1 (104) u6-5 cn
Bachman, OH (Preble) 60.5 (83) 21.6 (100) a7-4 cn, gr, sb
Canaanville, OH (Athens) 55.9 (78) 20.5(102) i8-4 cn
Carrol, OH (Fairfield) 54.9 (92) 20.9 (101) a7-4 cn, sb
Frost, OH (Athens) 55.9 (78) 20.5 (102) i8-4 sb
Guysville, OH (Athens) 55.9 (78) 20.5 (102) i8-4 cn
Steward, OH (Athens) 55.9 (78) 20.5 (102) i8-4 fsg
Centenary, SC (Marion) 67.8 (76) 26.0 (105) ub-5 cn, sb
Estil, SC (Hampton) 76.5 (82) 26.4 (105) ul-3 gsg

Fork, SC (Marion) 67.8 (76) 26.0 (105) u6-5 cn, sb, tb
Hampton, SC (Hampton) 76.5 (82) 26.4 (104) ul-2 cn, fr
Luray, SC (Hampton) 76.5 (82) 26.4 (104) ul-3 cn, sb
Walterboro, SC (Colleton) 76.5 (82) 26.4 (104) ul-2 cn, sb
Fairplain, WV (Jackson) 62.5 (80) 22.1(102) i8-4 er
Powell, WV (Kanawha) 61.0 (78) 23.5(103) i8-6 er

a City, state (county).

bRainfall in centimeters from January through August 1986 (percent average rainfall).

¢ Average temperature in °C from May through August 1986 (percent average temperature).

dBased on the classification of Soil Survey Staff, Soil Conservation Service, U.S. Department of Agriculture (64). All classifications are given
to the level of great group. Déscriptions from Brady (7). “a” soils are Alfisols which are medium to high in bases, have a gray to brown surface
horizon, and have subsurface horizons of clay accumulation. “e” soils are Entisols and have no pedogenic horizons.In our samples, these soils
usually had textures of loamy fine sand and were high in minerals resistant to weathering. “i” soils are Inceptisols that have weakly differentiated
horizons; materials in the soils have been altered or removed and have not been accumulated. “m” soils are Mollisols that had nearly black friable
organic-rich surface horizons high in bases. “u” soils are Ultisols that are low in bases and have subsurface horizons of clay accumulation.

ccn = corn, ¢t = cotton, fsg = forage sorghum, fr = forest, gb = green beans, gr = grass, gsg = grain sorghum, pn = peanut, ri = rice,

sb = soybeans, tb = tobacco.
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Tissue preparation. Stalks of corn and sorghum were stripped
of leaves and placed in paper bags in the field. Roots of soybean
were removed, shaken free of soil, and placed in paper bags in
the field. Tissue samples were rinsed with running tap water in
the laboratory to remove soil and most of the nodules from the
soybean roots. Root samples of soybean were surface disinfested
in 0.8% NaOCl for 1 min and then blotted dry with paper toweling.
All tissue samples were dried in a forced-air oven for 24 hr at
28 C. Dried samples were ground in a Wiley mill through a 20-
mesh (850-um) screen. Ground material was stored in capped
test tubes at 4 C and cultured within 2 mo. Dried material was
used for all tissue analyses.

Soil preparation. Soil was air dried for 24 hr at 28 C and
then sieved through a 20-mesh screen. Material retained on the
screen was termed “debris,” and material that passed through
the screen was termed “soil.” Dried soil was stored in capped
test tubes at 4 C and cultured within 2 mo. Isolates of Fusarium
recovered from soil and debris were analyzed separately,

Isolation and identification of Fusarium spp. Fusarium spp.
were isolated from soil, debris, and plant tissue. Small quantities
of soil (10-30 mg) were sprinkled on the surface of a selective
medium (52) as modified by Nelson et al (54) in petri dishes.
Pieces of ground plant tissue and pieces of debris screened from
the soil samples were placed on the selective medium in petri
dishes and incubated for 7 days under fluorescent lights on a

TABLE 2. Distribution of Fusarium spp. within host tissue, soil, and
debris from corn fields

12-hr day/night schedule at 22-24 C. After 7 days, colonies of
Fusarium that differed in morphological characters were
subcultured on carnation leaf agar (CLA) (20) and potato-dextrose
agar (PDA) slants (54), incubated as described above for 10-14
days, and identified to species according to Nelson et al (54).
Selected soil and tissue samples are available from J. F. Leslie
and cultures are available from P. E. Nelson for further study.

RESULTS

Species of Fusarium recovered in this study are listed in Tables
2-6. Tables 2-5 list individual sites by crop and include specific
data on the species recovered from soil, debris, and tissue at
each location. Table 6 is a summary of these data expressed as
relative frequencies. All soils contained Fusarium spp., but the
composition of populations in soil, debris, and plant tissue differed
substantially. Differences related to crop were much greater than
differences attributable to geographic distribution.

Host distribution. Most of our samples were from corn,
sorghum, and soybeans. Tissue from corn plants was colonized
universally with one of the members of the Liseola section: F,
moniliforme Sheldon, F. proliferatum (Matsushima) Nirenberg,
or F. subglutinans (Wollenw. & Reinking) Nelson, Toussoun,
and Marasas (Tables 2 and 6). None of the stalks was free of
Fusarium. Species distribution within the tissue differed from
that observed within the soil and debris samples. F. oxysporum
Schlecht. emend. Snyd. & Hans. and F. solani (Mart.) Appel
& Wollenw. emend. Snyd. & Hans. were present at 66-76% of
the sites in both debris and soil. Species distributions in debris
and soil from corn fields were similar with the exceptions of
F. moniliforme and F. chlamydosporum Wollenw. & Reinking,
which were recovered from debris but not from soil, and F. meris-
moides Corda, F. semitectum Berk. & Rav., and F, subglutinans,
which were recovered from soil but not from debris.

Distribution of Fusarium spp. in sorghum tissue (Tables 3 and
6) was similar to that found in corn with the exceptions of the
relatively rare F. acuminatum Ell. & Ev. sensu Gordon, F.
avenaceum (Fr.) Sacc., F. solani, and F. subglutinans. F.
moniliforme and/or F. proliferatum were present in 89% of the
sorghum tissue samples. No Fusarium spp. were recovered from
a small secondary tiller collected in Terre Haute, IN. Species
distributions from both the soil and the debris samples differed
sharply from that observed in the tissue samples. F. solani was
present in either the soil or the debris of all of the sorghum

TABLE 3. Distribution of Fusarium spp. within host tissue, soil, and
debris from sorghum fields

Location Tissue Debris Soil
Troy, AL® mo,” pr mo, 0X, s0 0X, 50
Brockwell, AR" mo, pr 0X, S0 0X, SO
Grays, AR" mo, 0X mo, pr, so 0X, S0
Marvell, AR" mo ac, mo, 0X 0X, SO
Morgan, GA® mo ch, so 50
Greenup, IL® eq, pr, se 50 ox
Terre Haute, IN* No Fusarium e, mo, so €q, 0X, SO
Terre Haute, IN*® mo, pr 50 0x
Odessa, MO* eq, gr, mo, pr ac, eq, 0X, o0 0X, $0
Tightwad, MO* mo mo, pr, 5o eq, S0
Williamsburg, MO* mo, pr eq, S0 eq, 50
Crowder, MS* av, ch, eq, se No sample eq, S0
Holcomb, MS*® eq, mo, pr, se €q, 0X, 50 0X, S0
Viaden, MS* mo, se 0X, S0 me, so
Maple Springs, NC* eq mo 0X, 50
Pleasant Garden, NC*  ch, eq, mo, so mo, 0x, S0 0X, SO
Steward, OH® mo, se €q, 0X, S0 eq, 0x
Estill, SC* ch, mo, se eq, gr, so 0X, S0

Location Tissue Debris Soil
Brundige, AL eq," mo, se ox eq, 0X, SO
Camden, AL mo ch, ox 0X, SO
Surginer, AL eq, mo 0X, S0 0X, S0
Troy, AL mo, se 0X me, 0X
Patterson, AR mo No sample eq, 0X
Starke, FL mo 0x 0x
Trenton, FL mo $0 ox
Boston, GA mo, se No sample ac, ox
Broadhurst, GA mo eq, ox, s0 50
Guyton, GA ch, mo, se eq, OX, SO 0X, S0
Morgan, GA €q, mo, se 0X, SO 0X, SO
Pavo, GA ch, eq, mo, 0x  mo, ox, s0 €q, pr, so
Pembroke, GA mo, 0X, s¢ ac, eq, 0x 0X, se
Greenup, IL £r, mo, se, su ac, eq, 0X, S0 €O, €q, 0X, SO
Marine, 1L ac, mo, pr 50 me

St. Elmo, IL mo, su ac, eq, 0X, s0  ac, eq, OX, s
Belleville, IN ac, gr, mo, pr ac, eq, so eq, so
Knightstown, IN ac, mo 0X, 50 eq, so
Booneville, MO eq, mo, ox 50 S0

Coal, MO mo S0 0x
Odessa, MO mo, pr eq, S0 S0
Wright City, MO gr, mo, pr 50 0X, 50
Charleston, MS mo eq, OX, s0 0X, SO
Crowder, MS mo, se ac, mo, OX, 800X
Kusciusko, MS mo No sample 0X, SO
Stallo, MS €q, mo, se 0X, S0 eq, ox
Viaden, MS mo eq, mo, 0x 0X, S0
Buie, NC mo, 0X co, 0X €q, 0X, 50
Pleasant Garden, NC eq, mo ac, eq, pr 0X, SO
Raeford, NC mo, se S0 0X, S0
Ramseur, NC mo, 0x 0X, 50 ox

Red Springs, NC mo, se, su €0, 50 50
Bachman, OH mo, su eq, 0X, SO eq, 0X, S0
Caananville, OH gr, mo, pr 50 €q, 0X, SO
Carrol, OH £r, mo, pr ac, mo, so 50, su
Guysville, OH pr, se eq, 0X, S0 50
Centenary, SC mo eq, 0X, SO 0X, S0
Fork, SC mo 0X, SO me, 0X
Hampton, SC eq, mo, se 50 0X, S0
Luray, SC mo mo, ox, pr 0X, 50
Walterboro, SC ac, mo, o0x, se 0X, S0 S0

“ac = F. acuminatum, ch = F. chlamydosporum, co = F. compactum,

eq = F. equiseti, gr = F. graminearum, me = F. merismoides, mo
= F. moniliforme, ox = F. oxysporum, pr = F. proliferatum, se =
F. semitectum, so = F. solani, su = F. subglutinans.

* Grain sorghum,

bac = F. acuminaium, av = F. avenaceum, ch = F, chlamydosporum,
eq = F. equiseti, gr = F. graminearum, me = F. merismoides, mo =
F. moniliforme, ox = F. oxysporum, pr = F. proliferatum, se = F.
semitectum, so = F. solani.

¢ Forage sorghum.
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fields, and F. oxysporum was present in the soil or the debris
from 789% of the fields. Species distributions in debris and soil
from sorghum fields differed in that F. moniliforme was present
in debris at 419% of the sites but was not detected in the soil
from any of the sites. F. acuminatum, F. chlamydosporum, and

TABLE 4. Distribution of Fusarium spp. within host tissue, soil, and
debris from soybean fields

Location Tissue Debris Soil
Greenville, AL co," eq, OX, pr, 50 S0 eq, 0X, 50
Luverne, AL 0X 0X, S0 me, 0X, SO
Grays, AR 50 No sample so

West Helena, AR eq, 0X, S0 eq co, 0X, SO
Greenville, FL ox 0X, §O co, 0X, SO
Trenton, FL. No sample 50 0X, 50
Blitchton, GA eq, 0X, SO 0X, SO 0X, SO
Morgan, GA 0X, €, S0 0X, 50 co, eq, mo, 0X, $0
Sutton’s Corner, GA  eq, 0x, $0 0X, S0 0X, 50
Greenup, 1L S0 so 0x
Marine, 1L 0X, S0 ac, eq me, 0X
Marine, 1L eq, 0X, S0 0X, 50 0X, S0
Belleville, IN eq, 0X, 50 0X, S0 ox, pr
Knightstown, IN eq, 0X, 50 eq, S0 eq, S0
Terre Haute, IN 0X, 50 £r, 0X, 500X

Booneville, MO 50 S0 50

Odessa, MO 0X, SO 0X, $0 eq, 0X, S0
Tightwad, MO eq, 0X, 50 50 0X, S0
Williamsburg, MO S0 50 50
Wright City, MO 0X, 50 S0 ac
Crowder, MS S0 ac, so ac, ox
Holcomb, MS €q, 0X, 50 eq, 0X, S0  0OX
Kusciusko, MS 50 0X, SO ch, so
Buie, NC 50 0X, se 0x
Climax, NC 50 0X, 50 0X, 50
Gray's Chapel, NC eq, 0X, 50 mo, 0X, S0 0Xx
Raeford, NC 50 eq, 0X, 50  OX
Bachman, OH eq, 0X, SO eq, 0X, 50 eq, 0X, S0
Carrol, OH 0x eq, 0X, 50  OX, 50
Frost, OH 50 ac, 0X, 00X, 50
Centenary, SC [435 0X, S0 0X, S0
Fork, SC ox eq, ox eq, 0x
Luray, SC €O, €q, 0X, S¢, S0 0X, S0 0X, SO
Walterboro, SC 0X, 50 ox eq, ox

Yac = F. acuminatum, ch =F. chlamydosporum, co = F. compactum,
eq = F. equiseti, gr = F. graminearum, me = F. merismoides, mo =
F. moniliforme, ox = F. oxysporum, pr = F. proliferatum, se = F.
semitectum, so = F, solani, su = F. subglutinans.

F. graminearum Schwabe were found in debris but not soil, and
F. merismoides was found in soil but not in either tissue or debris.

The distribution of Fusarium spp. in soybean tissue (Tables
4 and 6) was different from that in either corn or sorghum tissue.
Species distribution in soybean field soil and debris did not differ
greatly from that found in corn and sorghum field soil and debris.
In soybean tissue, the species distribution resembled that found
in soybean field soil and debris. All of the species in the tissue
were found in either the soil or the debris; no tissue sample was
free of Fusarium. F. oxysporum and F. solani predominated and
were present at 91 and 97% of the sites, respectively. Species
distributions in debris and soil from soybean fields were similar
with the exceptions of F. graminearum and F. semitectum, which
were found in debris but not in soil, and F. chlamydosporum,
F. compactum (Wollenw.) Gordon, F. merismoides, and F. pro-
liferatum, which were found in soil but not debris.

Geographic distribution. To examine geographic distribution
trends, we divided the isolates into two groups: “North” and
“South”(Table 7). F. anthophilum (A. Braun) Wollenw., F. avena-
ceum, and F. chlamydosporum were found at sites in the southern
states but not in the northern states; all species found in northern
states also were found in southern states. F. moniliforme was
present in soils from sites in the southern but not the northern
states. In tissue samples, F. compactum was found in the South
but not the North, whereas F. graminearum was found in the
North but not the South. F. semitectum and F. moniliforme were
more frequent in plant tissue from the South than from the North.
In debris samples, F. compactum was found in the South but
not in the North, whereas F. subglutinans was found in the North
but not the South. Three species, F. acuminatum, F. equiseti
(Corda) Sacc., and F. solani, were at more northern than southern
sites, whereas F. oxysporum was more common in the South
than in the North. In soil samples, F. graminearum and F. sub-
glutinans were found at sites in the North but not in the South.
F. equiseti was more common at sites in the North than in the
South, whereas F. oxysporum was more common at sites in the
South than in the North.

Soil-type distribution. To examine the general influence of soil
type, we divided the isolates into five groups (Table 1) based
on the order of the soil group (7). Most of our samples were
from sites with either Alfisol or Ultisol soils, and all species except
F. anthophilum and F. avenaceum were recovered from at least
one Alfisol and at least one Ultisol site (Table 8). F. oxysporum
and F. solani were present in the soil or debris from more than
509% of the sites in each of the five different soil orders. F. moni-
liforme and F. solani were found in plants at sites of each soil

TABLE 5. Distribution of Fusarium spp. within host tissue, soil, and debris from fields planted to various hosts

Location Host Tissue Debris Soil

Clio, AL Peanut mo," se, so S0 pr
Mascotte, FL Green beans No sample S0 co, 0X
Morgan, GA Cotton No sample 0X, 50 0X, $0
Morgan, GA Peanut eq, 0X, s0 0X, 50 eq, 0X, 50
Morgan, GA Peanut 0X, pr, so 0X, 50 co, 0X, 50
Marine, 1L Grass No sample ac, Ox, se, S0 0X, SO

St. Elmo, IL Grass No sample ac, mo, 50 50
Belleville, IN Grass No sample S0 £r, 0X, SO
Terre Haute, IN Forest No sample 0X, SO 0X, SO
Booneville, MO CGirass No sample 50 s€, 50
Williamsburg, MO Grass No sample mo, pr, so eq, so
Wright City, MO Grass No sample 0X 0X, S0
Holcomb, MS Cotton ox ch, mo, ox, pr, so ch, so
Kusciusko, MS Cowpea 0X, S0 No sample 0X, SO
Lambert, MS Rice No sample eq, se ch, eq, ox, so
Ramseur, NC Tobacco No sample ox 0X, SO
Bachman, OH Grass No sample eq, mo, so pr, so
Fork, SC Tobacco mo, oX, pr, se 50 0X, 50
Hampton, SC Forest No sample 0X an
Fairplain, WV Grass No sample ac, eq, so 50
Powell, WV Grass No sample 0X, S0 £r, S0

“ac = F. acuminatum, an = F. anthophilum, ch = F. chlamydosporum, co = F. compactum, eq = F. equiseti, gr = F. graminearum, me = F.
merismoides, mo = F. moniliforme, ox = F. oxysporum, pr = F. proliferatum, se = F. semitectum, so = F. solani, su = F. subglutinans.
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TABLE 6. Differential distribution of Fusarium spp. in tissue (T), debris (D), and soil (S) according to crop field

Corn Sorghum Soybean Total®

Species T D S T D S I D S I D S
F. acuminatum 10° 18 5 s 12 9 6 4 14 4
F. anthophilum , sk s i e 1
F. avenaceum 6 1
F. chlamydosporum 5 3 e 17 6 3 5 3 3
F. compactum o 5 3 s 35 S 6 S 9 2 2 5
F. equiseti 20 34 27 i3 35 22 36 24 21 28 28 22
F. graminearum 12 e cee 6 6 3 6 2 2
F. merismoides i s 7 i = 6 6 i ¥ 5
F. moniliforme 98 13 Lk 78 41 . -, 3 3 57 16 1
F. oxysporum 15 66 73 6 47 67 70 67 82 36 60 72
F. proliferatum 17 5 2 39 12 S 3 25 3 17 6 4
F. semitectum 34 R 5 33 S35 S 6 3 s 24 3 1
F. solani e 76 68 6 88 78 85 85 65 34 81 72
F. subglutinans 10 o 2 s s S 4 e 1

Total number of sites 41 38 41 18 17 18 33 33 34 98 108 114

“Total includes data from all sites, not just corn, sorghum, and soybean.
® Percentage of sites at which species was identified.

TABLE 7. Geographical distribution of Fusarium spp. in tissue (T), debris
(D), and soil (S)

North® South®

Species T D S T D 8
F. acuminatum 3¢ 23 5 1 6 3
F. anthophilum e v e o - 1
F. avenaceum 1 mer
F. chlamydosporum s P e 5 5 4
F. compactum v e 2 2 3 6
F. equiseti 8 36 32 17 22 17
F. graminearum 5 2 2 i 2 23
F. merismoides - . 5 . - 6
F. moniliforme 14 14 s 40 17 1
F. oxysporum 11 41 35 19 73 83
F. proliferatum 11 5 5 4 6 I
F. semitectum 4 2 2 18 3 1
F. solani 13 95 75 19 72 73
F. subglutinans 3 —_— 2 | - ——

Total numbers of sites 34 44 44 64 64 70

“North = Illinois, Indiana, Missouri, Ohio, and West Virginia.

"South = Alabama, Arkansas, Florida, Georgia, Mississippi, North
Carolina, and South Carolina.

“ Percentage of sites at which species was identified.

type. Differences in distribution patterns of the other species
generally were difficult to discern because of the relatively small
sample sizes.

Meteorological influences. Precipitation from January through
August was used to determine the amount of moisture available
to the crop during the growing season. At most locations, the
months of January through July were much dryer than normal
and the month of August was much wetter than normal. Similarly,
for most sites, the average temperature during May, June, and
July was above normal, and it was average or slightly below
average during August. Because our samples were taken in early
to mid-August, values given in Table 1 may not reflect the full
extent of the temperature and moisture stress to which the plants
were subjected before sampling.

DISCUSSION

In corn and sorghum tissue, F. moniliforme was the
predominant species. This fungus can be seedborne internally in
symptomless, apparently healthy corn kernels (21,50,66). When
combined, these findings have potentially serious implications
because some strains of this fungus can produce potent mycotoxins
associated with serious animal and human diseases (24,36,46,
49,72) and because this fungus is commonly associated with basic

human dietary staples such as corn (46). In addition to humans,
the following animals also are affected: baboons, chicks, donkeys,
ducklings, horses, mice, rats, and sheep. Until recently, the chemi-
cal nature of the mycotoxins in F. moniliforme has been, for
the most part, unknown. Recently, a group of toxigenic com-
pounds, the fumonisins, produced by this fungus have been
characterized chemically (6). These compounds have been shown
to have cancer-promoting activity (24) and to cause equine leuko-
encephalomalacia (48). The widespread occurrence of this fungus
indicates that the potential exists for toxicological problems in
corn and sorghum in the United States. Further testing will be
required, however, to determine what portion of the population
of this species produces these compounds and the environmental
conditions that favor toxin production,

F. merismoides was isolated from soil at several of the locations
sampled during this survey. Although this fungus was present
inlow numbers only, it was distributed widely, and the distribution
pattern did not seem to be influenced by environmental conditions.
In some cases, environmental conditions may influence the num-
ber of cultures of F. merismoides obtained (30), but they do not
seem to be the controlling factor. We also have obtained cultures
of F. merismoides from 13 geographic locations within the United
States, ranging from Florida to North Dakota, and from Aus-
tralia, Austria, China, England, Germany, Honduras, Philippines,
South Africa, Taiwan, Thailand, and Zimbabwe (P. E. Nelson,
unpublished). Thus, this fungus is widely distributed even though
it usually is recovered only in small numbers.

F. chlamydosporum has a higher optimum temperature for
growth than most other species of Fusarium, and it occurs as
a saprophyte in soil and on other substrates in tropical and
subtropical areas (47). This species also is commonly associated
with seed of bean, millet, peanut, and sorghum in warmer areas
of the world (50) and previously has been recovered from slash
pine and soil in Florida, soil in Mississippi, corn in South Carolina,
and oats and sorghum in North Carolina (P. E. Nelson, unpub-
lished). In this survey, F. chlamydosporum was recovered in low
numbers from sorghum tissue from Mississippi, South Carolina,
and North Carolina, and from sorghum soil debris from Georgia.
In addition, cultures were obtained from cotton soil and debris
and rice soil from Mississippi (Table 5). Data from this survey
are consistent with the previously known distribution of this
species.

F. sambucinum Fuckel was not recovered from any of the plant
tissue, soil debris, or soil samples cultured in this study. This
absence may reflect the environmental conditions at the time
samples were collected or may indicate that the climate in the
sampling arcas was not favorable for growth of this species.
Burgess et al (9) found that F. sambucinum was restricted to
cold temperate and alpine areas of eastern Australia. In the United
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TABLE 8. Soil-type distribution of Fusarium spp. in tissue (T), debris (D), and soil (S)

Al E I M U

Species T D S T D S T D S T D S T D S
F. acuminatum 10" 26 10 38 Sl S 10 i 2 4 2
F. anthophilum 2
F. avenaceum 3 s o —
F. chlamydosporum 3 3 5 e Fii7 8 4 2
F. compactum 3 25 11 4 4 6
F. equiseti 27 43 30 14 50 33 25 30 20 31 16 19
F. graminearum 13 3 14 11 13 10 2
F. merismoides 8 6
F. moniliforme 50 23 . 100 — I~ 57 13 . 50 10 v 63 16 2
F. oxysporum 33 49 59 ST st 75 14 63 67 38 40 60 39 75 85
F. proliferatum 23 9 5 . e 25 29 AR e 38 e S 12 6 2
F. semitectum 20 6 3 50 - s 29 —_— —_— " vive 10 31 2 2
F. solani 37 91 73 50 100 25 29 75 78 38 100 80 27 73 74
F. subglutinans 10 . 3 2

Total number of sites 30 35 37 2 4 4 7 8 9 8 10 10 51 51 54

*Soil type: A = Alfisols, E = Entisols, I = Inceptisols, M = Mollisols, U = Ultisols.

" Percentage of sites at which species was identified.

States, this species has been recovered from soil and soil debris
from rangeland and subalpine soils in Helena and Butte, MT,
and Mount Crested Butte, CO, from debris from a pasture in
Michigan, and from tundra at the Arctic Research Center at
Coldfoot, AK (P. E. Nelson, unpublished). Even though some
of the areas in the midwestern United States sampled in this
survey are cold temperate areas, environmental conditions at these
sites do not compare with alpine sites in eastern Australia and
sites in Alaska where this fungus was recovered in large numbers.

Fusarium spp. are associated with both symptomatic and
asymptomatic crop plants. Data from this survey are consistent
with previous observations that colonization is systemic even in
asymptomatic plants and that the fungal flora within the plant
is different, at least in frequency, from that found in either field
soil or debris (21,37). This association makes it difficult to discern
if the fungus is the primary disease causal agent, a secondary
invader, or an endophyte. For example, several species of Fusar-
ium have a long-term association with stalk rot of corn (5,10,16,
17,25-27,29,32,33,35,57,59,69-71,75). This association may bias
our thinking about these fungi and prevent us from discerning
a problem, such as a mycotoxicosis, or could lead to the mis-
diagnosis of the true causal agent of the disease. Similarly, the
belief that all isolates of any particular species of Fusarium are
equally pathogenic needs to be viewed with great caution because
many of our tissue samples were taken from apparently “healthy”
plants. From the data in this survey, it is apparent that a study
of a population of a species of Fusarium is incomplete unless
both healthy and diseased plants are studied. The possibility of
different populations that vary in virulence remains open.

The composition of the fungal population is likely to vary with
time of year and the environmental conditions associated with
a particular field or growing season (74,77). Thus, our survey
presents a snapshot of the population taken over a broad geo-
graphic area rather than a continuous picture that could be made
by following the populations at fewer locations through an entire
growing season. The snapshot raises some interesting questions.
For example, the relative scarcity of F. moniliforme in corn soil
and debris as compared with tissue suggests that the pathogen
could be seedborne and that most of the inoculum in a field
is introduced on seed planted at the beginning of each growing
season. Alternatively, F. moniliforme could be limited to plant
tissue where it thrives during the growing season and survives
in dormancy, perhaps as thickened hyphae, the rest of the year
(45). Experiments to determine whether fungal strains present
on (or in) the seed are preferentially present in the mature plant
and to determine the relative importance of seedborne and
soilborne strains in the infection of the host will be needed to
resolve this issue.

The fungi retained from this survey should form a good working
collection for the study of variability and population genetics

348 PHYTOPATHOLOGY

in various species of Fusarium. The widespread distribution of
species in the Fusarium section Liseola offers the opportunity
for relatively easy collection of large numbers of geographically
diverse isolates. By using selectively neutral markers such as
isozymes, vegetative compatibility groups (14), or DNA restriction
fragment length polymorphisms (28), it should be possible to
determine if the isolates we have collected are part of a large
panmictic population or if there are a number of distinct local
populations.

Many species of Fusarium are viewed as opportunistic or weak
pathogens that are capable of attacking only plants that were
weakened previously by some other stress. Certainly, stresses such
as those induced by drought, hail, and insects are known to affect
the amount of stalk rot caused by F. moniliforme in corn
(13,42,55), and disease incidence can be lowered if preventative
measures, such as following a proper irrigation schedule (65),
are employed. These fungi seem to be well adapted to such a
life style. For example, F. moniliforme is known to grow at quite
low water potential (76), and F. graminearum is known to
efficiently catabolize stress-related nitrogen sources (38,39). Such
metabolic traits are consistent with the hypothesis that these fungi
are widely distributed in host tissue under field conditions and
react to stress in the plant by taking advantage of preferential
growth conditions to incite disease.

LITERATURE CITED

1. Abbas, H. K., Mirocha, C. J., Berdal, B. P., Sundheim, L., Gunther,
R., and Johnsen, B. 1987. Isolation and toxicity of Fusarium species
from various areas of Norway. Acta Agric. Scand. 37:427-435.

2. Abbas, H. K., Mirocha, C. J., Kommedahl, T., Burnes, P. M.,
Meronuck, R. A., and Gunther, A. 1988, Toxigenicity of Fusarium
proliferatum and other Fusarium species isolated from corn ears in
Minnesota. Phytopathology 78:1258-1260.

3. Abbas, H. K., Mirocha, C. J., Meronuck, R. A., Pokorny, J. D.,
Gould, S. L., and Kommedahl, T. 1988. Mycotoxins and Fusarium
spp. associated with infected ears of corn in Minnesota. Appl. Environ.
Microbiol. 54:1930-1933.

4. Armstrong, G. M., and Armstrong, J. K. 1965. A wilt of soybean
caused by a new form of Fusarium oxysporum. Phytopathology
55:237-239.

5. Ayers, J. E., Nelson, P. E., and Krause, R. A. 1972, Fungi associated
with corn stalk rot in Pennsylvania in 1970 and 1971. Plant Dis.
Rep. 56:836-839.

6. Bezuidenhout, S. C., Gelderblom, W, C. A., Gorst-Allman, C. P.,
Horak, R. M., Marasas, W. F. O., Spiteller, G., and Vleggaar, R.
1988. Structure elucidation of the fumonisins, mycotoxins from
Fusarium moniliforme. J. Chem. Soc. Chem. Commun. pp. 743-745.

7. Brady, N. C. 1974. The Nature and Properties of Soils. 8th ed.
Macmillan Publishing Co., New York. 639 pp.

8. Burgess, L. W. 1981, General ecology of the fusaria. Pages 225-235
in: Fusarium: Diseases, Biology and Taxonomy. P. E. Nelson, T. A,
Toussoun, and R. J. Cook, eds. Pennsylvania State University Press,



20.

21.
22
23,

24,

25.

26.

27.

28.

29.

30.

3L

32

33;

34.

35.

University Park.

. Burgess, L. W., Nelson, P. E., Toussoun, T. A., and Forbes, G. A.

1988. Distribution of Fusarium species in sections Roseum, Arthro-
sporiella, Gibbosum and Discolor recovered from grassland, pasture
and pine nursery soils of eastern Australia. Mycologia 80:815-824.

. Cappellini, R. 1956. Stalk rot of corn in New Jersey, 1955. Plant

Dis. Rep. 40:244,

. Castor, L. L., and Frederiksen, R. A. 1980. Fusarium and Curvularia

grain molds in Texas. Pages 93-102 in: Sorghum Diseases: A World
Review. Int. Crops Res. Inst. Semi-Arid Tropics, Patancheru, India.

. Christensen, C. M. 1970. Moisture content, moisture transfer, and

invasion of stored sorghum seeds by fungi. Phytopathology 60:280-
283.

. Christensen, J. J., and Schneider, C. L. 1950. European corn borer

(Pyrausta nubilalis Hbn.) in relation to shank, stalk, and ear rots
of corn. Phytopathology 40:284-291.

. Correll, J. C., Klittich, C. J. R., and Leslie, J. F. 1987. Nitrate non-

utilizing mutants of Fusarium oxysporum and their use in vegetative
compatibility tests. Phytopathology 77:1640-1646.

. Daniels, B. A. 1983. Elimination of Fusarium moniliforme from corn

seed, Plant Dis. 67:609-611.

. DeVay, I. E., Covey, R. P, and Nair, P. N. 1957, Corn diseases

and their importance in Minnesota in 1956. Plant Dis. Rep. 41:505-
507.

. Durrell, L. W. 1925. A preliminary study of fungous action as the

cause of down corn, Phytopathology 15:146-154.

. El-Meleigi, M. A., Claflin, L. E., and Raney, R. J. 1983. Effect of

seedborne Fusarium moniliforme and irrigation scheduling on
colonization of root and stalk tissue, stalk rot incidence, and grain
yields. Crop Sci. 23:1025-1028.

. Farias, G. M., and Griffin, G. J. 1989. Roles of Fusarium oxysporum

and F. solani in Essex disease of soybean in Virginia. Plant Dis.
73:38-42.

Fisher, N. L., Burgess, L. W., Toussoun, T. A., and Nelson, P. E.
1982, Carnation leaves as a substrate and for preserving cultures of
Fusarium species. Phytopathology 72:151-153.

Foley, D. C. 1962. Systemic infection of corn by Fusarium moni-
liforme. Phytopathology 52:870-872.

Frederiksen, R. A., ed. 1986. Compendium of Sorghum Diseases.
American Phytopathological Society, St. Paul, MN. 82 pp.

Futrell, M. C., and Kilgore, M. 1969. Poor stands of corn and
reduction of root growth caused by Fusarium moniliforme. Plant
Dis. Rep. 53:213-215.

Gelderblom, W. C. A., Jaskiewicz, K., Marasas, W. F. O., Thiel,
P. G., Horak, R. M., Vleggaar, R., and Kriek, N. P. J. 1988,
Fumonisins—Novel mycotoxins with cancer-promoting activity asso-
ciated with Fusarium moniliforme. Appl. Environ. Microbiol.
54:1806-1811.

Gilbertson, R. L., Brown, W. M., Jr., and Ruppel, E. G. 1985.
Prevalence and virulence of Fusarium spp. associated with stalk rot
of corn in Colorado. Plant Dis. 69:1065-1068.

Kingsland, G. C., and Wernham, C. C. 1960. Variation in maize
seedling blight symptoms with changes in pathogen species, isolate
and host genotype. Plant Dis. Rep. 44:496-497.

Kingsland, G. C., and Wernham, C. C. 1962. Etiology of stalk rots
of corn in Pennsylvania. Phytopathology 52:519-523.

Kistler, H. C., Bosland, P. W., Benny, U., Leong, S., and Williams,
P. 1987. Relatedness of strains of Fusarium oxysporum from crucifers
measured by examination of mitochondrial and ribosomal DNA.
Phytopathology 77:1289-1293.

Koehler, B., and Boewe, G. H. 1957. Causes of corn stalk rot in
Illinois. Plant Dis. Rep. 41:501-504.

Kommedahl, T., Abbas, H. K., Burnes, P. M., and Mirocha, C. J.
1988. Prevalence and toxigenicity of Fusarium species from soils of
Norway near the Arctic Circle, Mycologia 80:790-794.

Kommedahl, T., Abbas, H. K., Mirocha, C. I, Bean, G. A., Jarvis,
B., and Guo, M. 1987. Toxigenic Fusarium species found in roots
and rhizospheres of Baccharis species from Brazil. Phytopathology
77:584-588.

Kommedahl, T., and Windels, C. E. 1977. Fusarium stalk rot and
common smut in corn fields of southern Minnesota in 1976. Plant
Dis. Rep. 61:259-261.

Kommedahl, T., Windels, C. E., and Johnson, H. G. 1974. Corn
stalk rot survey methods and results in Minnesota in 1973. Plant
Dis. Rep. 58:363-366.

Kommedahl, T., Windels, C. E., and Stucker, R. E. 1979. Occurrence
of Fusarium species in roots and stalks of symptomless corn plants
during the growing season. Phytopathology 69:961-966.
Kommedahl, T., Windels, C. E., and Wiley, H. B. 1978. Fusarium-
infected stalks and other disease of corn in Minnesota in 1977, Plant

36.

37.

38.

39.

40.

41,

42.

43,

44,

45.

46.

47.

43,

49,

50.

51,

52.

53.

54.

35.

56.

57.

58.

59.

61.

62.
63.

Dis. Rep. 62:692-694.

Kriek, N. P. J., Marasas, W. F. O., and Thiel, P. G. 1981. Hepato-
and cardiotoxicity of Fusarium verticillioides (F. moniliforme)
isolated from southern Africa maize. Food Cosmet. Toxicol. 19:447-
456.

Kucharek, T. A., and Kommedahl, T. 1966. Kernel infection and
corn stalk rot caused by Fusarium moniliforme. Phytopathology
56:983-984.

Leslie, J. F. 1986. Utilization of nitrogen sources by Gibberella zeae.
Mycologia 78:568-576.

Leslie, J. F. 1987. A nitrate non-utilizing mutant of Gibberella zeae.
J. Gen. Microbiol. 133:1279-1287.

Lim, G. 1967. Fusarium populations in rice field soils. Phytopathology
57:1152-1153.

Lim, G., and Chew, C. H. 1970. Fusarium in Singapore soils. Plant
Soil 33:673-677.

Littlefield, L. J. 1964. Effects of hail damage on yield and stalk rot
infection in corn. Plant Dis. Rep. 48:169.

Logrieco, A., and Bottalico, A. 1988. Fusarium species of the Liseola
section associated with stalk and ear rot of maize in southern Italy,
and their ability to produce moniliformin, Trans. Br. Mycol. Soc.
90:215-219,

Lopez, L. C., and Christensen, C. M. 1963. Factors influencing
invasion of sorghum seed by storage fungi. Plant Dis. Rep. 47:597-
601.

Manzo, S. K., and Claflin, L. E. 1984. Survival of Fusarium
moniliforme hyphae and conidia in grain sorghum stalks. Plant Dis.
68:866-867.

Marasas, W. F. O. 1986. Fusarium moniliforme: A mycotoxicological
miasma. Pages 19-28 in: Mycotoxins and Phycotoxins. P. S. Steyn
and R. Vleggaar, eds. Elsevier Science Publishers B. V., Amsterdam.
Marasas, W. F. O., Burgess, L. W., Anelich, R. Y., Lamprecht, S. C.,
and van Schalkwyk, D. J. 1988. Survey of Fusarium species associated
with plant debris in South African soils. S. Afr. J. Bot. 54:63-71.
Marasas, W. F. O., Kellerman, T. S., Gelderblom, W. C. A., Coetger,
J. A, W., Thiel, P. G., and van der Lugt, J. J. 1988, Leukoencephalo-
malacia in a horse induced by fumonisine B, isolated from Fusarium
moniliforme. Onderstepoort J. Vet. Res. 55:197-203.

Marasas, W. F. O, Krick, N. P, J., Fincham, J. E., and van Rensburg,
S. 1. 1984. Primary liver cancer and oesophageal basal cell hyperplasia
in rats caused by Fusarium moniliforme. Int. J. Cancer 34:383-387.
Marasas, W. F. O., Kriek, N. P. J., Wiggens, V. M., Steyn, P. S,
Towers, D. K., and Hastie, T. J. 1979. Incidence, geographic dis-
tribution, and toxigenicity of Fusarium species in South African corn.
Phytopathology 69:1181-1185.

Marasas, W. F, O., Nelson, P. E., and Toussoun, T. A. 1984. Toxigenic
Fusarium Species: Identity and Mycotoxicology. Pennsylvania State
University Press, University Park. 328 pp.

Nash, S. M., and Snyder, W. C. 1962. Quantitative estimations by
plate counts of propagules of the bean root rot Fusarium in field
soils. Phytopathology 52:567-572.

Neish, G. A., Farnworth, E. R., Greenhalgh, R., and Young, J. C.
1983. Observations on the occurrence of Fusarium species and their
toxins in corn in eastern Ontario. Can. J. Plant Pathol. 5:11-16.
Nelson, P. E., Toussoun, T. A., and Marasas, W. F. O. 1983. Fusarium
Species: An Illustrated Manual for Identification. Pennsylvania State
University Press, University Park. 203 pp.

Palmer, L. T., and Kommedahl, T. 1969. Root-infecting Fusarium
species in relation to rootworm infestations in corn. Phytopathology
59:1613-1617.

Pearson, C. A. S., Leslie, J. F., and Schwenk, F. W. 1987. Host
preference correlated with chlorate resistance in Macrophomina
phaseolina. Plant Dis. 71:828-831.

Peterson, J. L. 1961. Studies on the prevalence and comparative
pathogenicity of fungi associated with corn stalk rot. Plant Dis. Rep.
45:208-210.

Reed, J. E., Partridge, J. E., and Nordquist, P. T, 1983. Fungal
colonization of stalks and roots of grain sorghum during the growing
season. Plant Dis. 67:417-420.

Roane, C. W. 1950. Observations on corn diseases in Virginia from
1947 to 1950. Plant Dis. Rep. 34:394-396.

. Rupe, J. C. 1988. Relationship of cultivar susceptibility, Fusarium

solani, and soybean cyst nematode to sudden death syndrome of
soybean (SDS). (Abstr.) Phytopathology 78:1545.

Schieber, R., and Muller, A. S. 1968. A leaf blight of corn (Zea
mays) incited by Fusarium moniliforme. (Abstr.) Phytopathology
58:554.

Shurtleff, M. C,, ed. 1980. Compendium of Corn Diseases. 2nd ed.
American Phytopathological Society, St. Paul, MN. 105 pp.
Sinclair, J. B., ed. 1982. Compendium of Soybean Diseases. American

Vol. 80, No. 4, 1990 349



65.

66.

67.

68,

69.

70.

71.

350

Phytopathological Society, St. Paul, MN. 104 pp.

. Soil Survey Staff. 1960. Soil Classification, A Comprehensive System.

7th Approximation. U.S. Dep. Agric. Soil Conserv. Serv. SCS-TP.
265 pp.

Sumner, D. R., and Hook, J. E. 1985. Irrigation management and
root and stalk rot of corn. Plant Dis. 69:239-243.

Thomas, M. D., and Buddenhagen, 1. W. 1980. Incidence and per-
sistence of Fusarium moniliforme in symptomless maize kernels and
seedlings in Nigeria. Mycologia 72:882-887.

Trimboli, D, S., and Burgess, L. W. 1983. Reproduction of Fusarium
moniliforme basal stalk rot and root rot of grain sorghum in the
greenhouse. Plant Dis. 67:891-894.

Tullis, E. C. 1951, Fusarium moniliforme, the cause of a stalk rot
of sorghum in Texas. Phytopathology 41:529-535.

Ullstrup, A. 1. 1936. The occurrence of Gibberella fujikuroi var. sub-
glutinans in the United States. Phytopathology 26:685-693.
Voorhees, R. K. 1933. Gibberella moniliformis on corn. Phytopath-
ology 23:368-378.

Warren, H. L., and Kommedahl, T. 1973. Prevalence and patho-
genicity to corn of Fusarium species from corn roots, rhizospheres,

PHYTOPATHOLOGY

72,

73.

74,

75.

76.

71.

residues and soil. Phytopathology 63:1288-1290.

Wilson, T. M., Nelson, P. E., and Knepp, C. R. 1985, Hepatic neo-
plastic nodules, adenofibrosis, and cholangrocarcinomas in male
Fisher 344 rats fed corn naturally contaminated with Fusarium moni-
liforme. Carcinogenesis 6:1155-1160.

Windels, C. E., and Kommedahl, T. 1974. Population differences
in indigenous Fusarium species by corn culture of prairie soil. Am.
J. Bot. 61:141-145.

Windels, C. E., and Kommedahl, T. 1984. Late season colonization
and survival of Fusarium graminearum group II in corn stalks in
Minnesota. Plant Dis. 68:791-793.

Wood, G. E., and Carter, L., Jr. 1989. Limited survey of
deoxynivalenol in wheat and corn in the United States. J. Assoc.
Off. Anal. Chem. 72:38-40.

Woods, D. M., and Duniway, J. M. 1986. Some effects of water
potential on growth, turgor, and respiration of Phytophthora
cryptogea and Fusarium moniliforme. Phytopathology 76:1248-1254.
Young, T. R., and Kucharek, T. A. 1977. Succession of fungal com-
munities in roots and stalks of hybrid field corn grown in Florida.
Plant Dis. Rep. 61:76-80.



