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Characteristics and Efficacy of a Sterile
Hyphomycete (ARF18), a New Biocontrol Agent for
Heterodera glycines and Other Nematodes'

D. G. Kim anND R. D. RicGs?

Abstract: A filamentous, nonsporulating fungus, designated Arkansas Fungus 18 (ARF18), was
isolated from 9 of 95 populations of Heterodera glycines, the soybean cyst nematode, in Arkansas. In
petri dishes, ARF18 parasitized 89% of H. glycines eggs in cysts. The fungus also infected eggs of
Meloidogyne incognita and eggs in cysts of Cactodera betulae, H. graminophila, H. lespedezae, H. leuceilyma,
H. schachtii, and H. trifolii. In pot tests, reproduction of SCN was 70% less in untreated field soil
that was naturally infested by ARF18 than in autoclaved field soil. Although ARF18 grew well at
25 C on cornmeal agar over a wide pH range, it did not sporulate on 28 media and thus could not

be identified to genus or species.

Key words: Arkansas Fungus 18, biological control, distribution, fungus, Heterodera glycines, host
range, hyphomycete, Meloidogyne incognita, soybean cyst nematode, temperature.

Many fungi attack cyst nematodes
(11,12,16,17,20,21,24). Two major para-
sites of females, Catenaria auxiliaris (Kithn)
Tribe and Nematophthora gynophila Kerry
& Crump, and two major parasites of eggs,
Verticillium chlamydosporium Goddart and a
species known as the contortion fungus,
are widespread in cyst nematode popula-
tions in Europe (20). In the United States,
fungi have been isolated from cysts in re-
cent studies (11,12,16,17), but their poten-
tial for biological control has not been eval-
uated. Many fungal species isolated from
cysts are not parasitic but derive their nu-
trition from substrate surrounding the
eggs. Fungi isolated from eggs are more
likely candidates for biological control
agents than are fungi isolated from cysts
4).

This paper reports the association of a
fungus, designated Arkansas Fungus 18
(ARF18), with Heterodera glycines, the soy-
bean cyst nematode (SCN), in Arkansas.
Parasitism of nematodes by ARF18 as af-
fected by different isolates, species and
stage of nematode, and temperature is de-
scribed.
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MATERIALS AND METHODS

Isolation procedure: Fungi were isolated
from 50 populations of SCN cultured in a
greenhouse at the University of Arkansas
and from 45 populations collected from
Arkansas soybean fields during 1986-88.
Populations from fields were increased in
a greenhouse on soybean (Glycine max cv.
Lee) for 1-2 months before isolation. Cysts
and second-stage juveniles (J2) were ex-
tracted from 500 cm?® soil with 850-um-
pore, 250-um-pore, and 25-um-pore sieves
and sugar flotation (19).

Cysts, females, and J2 were observed di-
rectly with a dissecting microscope, and egg
parasites were isolated by a modification of
Kerry’s method (5). Cysts were carefully
ground in a tissue grinder. Eggs collected
on a 25-um-pore sieve were cleaned by sug-
ar flotation (19), surface sterilized in 0.5%
sodium hypochlorite for 30-60 seconds,
and washed twice with sterile distilled
water. Washed eggs were transferred to
5-cm-d petri dishes (ca. 10,000 eggs/petri
dish) containing 1.5% water agar with 300
mg streptomycin sulphate/liter and incu-
bated at 24 C for 5-10 days. Dishes that
were overgrown with fungi and eggs with
multiple colonies were discarded. Eggs
from which hyphae grew were transferred
aseptically to half-strength cornmeal agar
(CMA /2) and cultured at 24 C. About 30
diseased J2 from each field sample were
surface sterilized for 20-30 seconds in 0.5%
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sodium hypochlorite in a watch glass and
then washed with sterile water. Each J2 was
placed on 1.5% water agar, and fungi were
isolated as from eggs.

Selection of fungi: Isolated fungi were test-
ed for infectivity. One 25-mm? agar block
cut from a culture of fungus was trans-
ferred to each of three 5-cm-d petri dishes
containing 1.5% water agar. Ten young
SCN females were placed on each block,
and 30 females were placed in petri dishes
without fungus as controls. After 10 days
at 24 C, each female was placed in a drop
of water on a glass slide, crushed, and ex-
amined at 45X with a stereomicroscope.
Diseased and healthy eggs and J2 were
counted.

In advanced infections, diseased eggs
were degraded and attached together by
hyphae, making distinction of single eggs
difficult. If eggs could not be separated,
only the healthy eggs were counted and
the percentage of diseased eggs was com-
puted by comparison with the number of
healthy eggs in controls. Fungi that para-
sitized over 10% of SCN eggs were studied
further.

Infectivity tests of fungus ARF18: Only one
fungus, ARF18, parasitized over 10% of
SCN eggs and was studied further. Two
field isolates of ARF18 (ARF18-A and
ARF18-B) were tested and compared for
infectivity. Five freshly isolated yellow fe-
males or brown cysts of SCN were placed
on each of four 25-mm? agar blocks that
were colonized by ARF18-A, ARF18-B, or
uncolonized. The agar blocks were placed
in 5-cm-d petri dishes containing 1.5% wa-
ter agar. After 16 days at 24 C, infected
and healthy eggs were counted.

Effects of temperature on parasitism of SCN
by ARF18: Five young females were placed
on each of four agar blocks cut from a
culture of ARF18 on CMA /2 or on sterile
agar blocks. Each block was placed in a
petri dish containing 1.5% water agar and
incubated at 15, 20, 25, or 28 C. After 10
days, healthy and diseased eggs were
counted. There were four replications at
each temperature, and the test was re-
peated twice.

Parasitism of nematode species by ARF18:
Susceptibility of Cactodera betulae, H. gly-
cines, H. graminophila, H. lespedezae, H. leu-
ceilyma, H. schachtii, H. trifolui, Globodera ta-
bacum virginiae, and Meloidogyne incognita
was tested. Ten females of each cyst nem-
atode species or five egg masses of M. in-
cognita were placed on an agar block col-
onized by ARF18 in each of five replicate
petri dishes. After 10 days at 24 C, 15 fe-
males (three from each replication) or egg
masses from each nematode species were
crushed in water on a glass slide and ex-
amined with a stereomicroscope.

Influence of temperature and pH on growth
of ARF18: Petri dishes (9-cm-d) containing
CMA /2 were each seeded with a 25-mm?
agar block on which ARF18 was growing.
Five replicate plates were incubated at 15,
20, 25, and 28 C. Colony diameter was
measured after 10 days. The experiment
was performed once.

The pH of CMA /2 was adjusted to 4, 5,
6, 7, 8, and 9 with HCl or NaOH and was
checked after sterilization. Petri dishes
containing the pH-adjusted CMA /2 were
seeded with ARF18 as in the temperature
study, and colony diameters were mea-
sured after 11 days at 24 C. There were
five replications, and the experiment was
performed once.

Effects of media and nutrition on sporulation
of ARF18: In an attempt to induce sporu-
lation, ARF18 was grown in 9-cm-d petri
dishes on 28 different media: cornmeal,
oatmeal, potato dextrose, brain heart in-
fusion, nutrient, malt, hay infusion, my-
cophil, emerson’s yeast extract soluble
starch (YpSs), lactose peptone, soil extract,
potato carrot, Sach’s medium, pea juice,
V8 juice, yeast malt peptone (YMPA), en-
riched YpSs, tryptic soy, Sabouraud’s me-
dium, honey peptone, Czapeks-Dox, glu-
cose nitrate, Jensen, glycerol, asparagine,
Bilai-medium (Joffe) with hair and snake
skin, and casein glycerol medium. Media
were prepared by standard methods (23).
Cultures were incubated at 24 C and were
replicated three times.

Isolate ARF18 also was grown on sup-
plemented CMA /2. Supplements included
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TasLE 1.
juveniles in field soil.

Sources of fungus ARF18 and percentages of diseased eggs in petri dishes and second-stage

Isolate Source Eggst Juvenilest
A Soybean field, Marianna, AR 89 + 10 50
B Soybean field, Pine Tree, AR 51 + 27 70
C Soybean field, Atkins, AR 51 * 34 —
D Soybean field, Clarksville, AR 62 + 30 —
E Soybean field, Lee Co., AR 68 + 42 —
F Greenhouse, SCN Race 2 25 + 28 0
G Greenhouse, SCN Race 3 52 = 25 0
H Greenhouse, SCN Race 4 64 + 40 0
1 Greenhouse, SCN Bedford Race 54 + 25 0
Control 00

T Data are means * SD of eggs from 30 females after 10 days at 24 C in petri dishes.
% Juveniles were extracted from 300 g soil by centrifugal sugar flotation. Dashes indicate undetermined percentages.

2 X 10° autoclave-sterilized eggs and J2
or 1 g of each of the following: chicken
egg yolk, chicken egg albumin, chitin, neo-
peptone, and proteose peptone. Each sup-
plement was mixed with 100 ml CMA /2
and placed in 5-cm-d petri dishes. Treat-
ments were replicated five times, and all
dishes were incubated at 24 C.

After 15 days, one 25-mm? agar block
from each of the 28 media and one from
each of the five supplemented CMA /2 me-
dia were transferred to 9-cm-d petri dishes
(one per dish) containing 1.5% water agar
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(poor medium). Cultures were observed
periodically for 30 days. Cultures also were
stored at 5 C for 1 month and examined
periodically for sporulation for another
month at room temperature (ca. 25 C).

Mating of isolates ARF18-A, ARF18-B,
and ARF18-C was attempted. Pairs of iso-
lates in each combination were placed 2
cm apart on CMA /2 in a 9-cm-d petri dish.
Cultures were examined periodically for
sporulation over 60 days.

Suppression of SCN in field soil naturally
infested with ARF18: Field soil naturally
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Sclerotium-like structures of fungus ARF18. A) In cornmeal agar (10 x). B) On water agar (30 x).
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Fic. 2. Soybean cyst nematode infected by fungus ARF18. A) Distorted second-stage juveniles (J2) isolated

from field soil (200 x). B) Cluster of hyphae attached to J2 isolated from field soil (200 x). C) Eggs attached
by fungal hyphae (200x). D) Clusters of hyphae attached to cyst wall (150x). E) Diseased young female

(150 %).

infested with ARF18 and SCN (118
eggs/g soil) was obtained from Pine
Tree, Arkansas (Table 1). Untreated soil
(treatment 1) or autoclaved soil (treat-
ment 2) in 10-cm-d clay pots was inocu-
lated with 10,000 SCN eggs and J2. Ina
third treatment, the soil was untreated
and uninoculated. One Lee 74 soybean
seedling was transplanted into each pot.
The first two treatments were replicated

five times, and the third was replicated
19 times. After 90 days cysts were ex-
tracted and numbers of eggs per gram
of soil were determined. The experi-
ment was performed once.

Where applicable, data from experi-
ments were subjected to ANOVA by the
SAS general linear models procedure, and
treatment means were compared by LSD
or Duncan’s multiple-range test.
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Tasre 2. In vitro parasitism of eggs in yellow
females and brown cysts of Heterodera glycines by two
isolates of fungus ARF18.

Numbers Diseased eggs (%)
examined
(females/

Isolate cysts) Females Cysts LSD
None 41/32 0 ¢ 0b NS
ARF18-A 54/31 89%* g 6l a 16
ARF18-B 42/40 51 b 57 a NS

Nematodes were incubated for 16 days at 24 C after in-
oculation.

Means in columns followed by different letters are different
(P <0.01) based on Duncan’s multiple-range test. LSD
(P < 0.01) is for comparison within rows.

REesULTS

Isolation and selection: Thirty fungi, in-
cluding ARF18, were isolated from SCN
eggs from greenhouse and field samples.
Most fungi parasitized less than 3% of the
eggs in cysts on agar blocks and were dis-
carded. However, ARF18 parasitized 25—

89% of the eggs in cysts in vitro and was
found in nine SCN populations (Table 1).
ARF18 produces sclerotium-like struc-
tures on CMA /2 medium and nematode
cuticle (Figs. 1, 2B, D). Its hyphae are sep-
tate, frequently branched, and 3-4 ym d.

Disfigured, diseased J2 (Fig. 2A, B) were
extracted from ARF18-infested soil from
experimental plots at Pine Tree and Mar-
ianna, Arkansas, in 1986. A fungus similar
to ARF18 was isolated from these diseased
J2 and was infective to SCN eggs. The dis-
eased J2 were distorted (Fig. 2A) and had
tight clusters of hyphae (10-15 x 10-20
um) attached to their cuticle (Fig. 2B). Sim-
ilar but larger clusters (0.04-0.07 x 0.1-
0.2 mm) also were attached to the cuticle
of diseased cysts from the same soil (Fig.
2D).

A Verticillium sp., a Nematophthora sp., and
a Catenaria auxiliaris-like fungus (B. R.
Kerry, pers. comm.) were found infre-

Fic. 3. Effects of fungus ARF18 on eggs of soybean cyst nematode. Surface of healthy egg (HE) is smooth.
Surface of diseased egg (DE) is wrinkled and perforated (SEM: 1,000 x).
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TaBLE3.  Parasitism of Heterodera glycines eggs by fungus ARF18 on water agar at different temperatures.
Nematodes/20 cysts
Temperature Fungus Total Healthy eggs Hatched ]2 Diseased eggs (%)
15 C - 5,633 5,115 62 8
+ 5,182 4,000 123 20
20C - 5,664 4,620 262 12
+ 4,526 1,490%* 362 59
25 C - 4,940 4,250 346 7
+ 4,372 957* 1,150 52
28 C - 4,297 3,190 645 11
+ 4,272 1,230%* 1,530 35

Parasitism was measured after 10 days. Values are means of 20 cysts.
* Control vs. treatment were different (P < 0.01) based on LSD.
The LSD value (P < 0.01) for comparison of healthy eggs at different temperatures in the fungus treatment (+) only was

2,100.

quently. The Verticillium sp. infected only
2% of eggs in cysts in agar block infectivity
tests.

Infectivity tests of fungus ARFI8: Isolate
ARF18-A infected more eggs in yellow fe-
males than did ARF18-B (Table 2). Isolate
ARF18-A infected more eggs in yellow fe-
males than in brown cysts.

Females infected by ARF18 turned
brown early and lost turgor pressure. A
mass of fungal hyphae was attached to the
cyst wall (Fig. 2D). Healthy and diseased
cysts could be distinguished readily. When
crushed, healthy females and cysts ex-
pelled most of the eggs, whereas diseased
females and cysts fractured and extruded
infected eggs which were attached by hy-
phae. Healthy eggs had shiny smooth sur-

)
B S

Colony Diameter (cm
el n

o

S 20 25 28

Temperature (C)
Fic. 4. Effect of temperature on colony diameters

of fungus ARF18 after 10 days of growth on cornmeal
agar. Standard deviation indicated by vertical bars.

faces (Fig. 3) and often contained devel-
oped J2. Diseased eggs were dark and had
fungal hyphae attached, and their surfaces
were shrunken and wrinkled (Figs. 2C, 3).
When the cuticles of the eggs were punc-
tured, the contents gushed from healthy
eggs and ]2 but not from diseased eggs and
J2. When placed in lactophenol cotton blue
stain, intact healthy eggs did not change
color but diseased eggs turned white in 1-
5 minutes.

Effect of temperature on parasitism of SCN
by ARF18: Tsolate ARF18 parasitized eggs
(20-59%) in SCN cysts at all temperatures
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Fic. 5. Effect of pH on colony diameter of fungus
ARF18 after 11 days of growth on cornmeal agar at
24 C. Standard deviation indicated by vertical bars.
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TasLE 4. Influence of soil treatments on the
number of Heterodera glycines (SCN) in field soil in-
fested with fungus ARF18.

Nematodes/g soil

Treatment Eggs Cysts
Untreated soilt 178 b 8b
Untreated soil + SCN# 251b 11b
Autoclaved soil + SCN 894 a 24 a

Soybean seedlings were planted in soil in 10-cm-d pots in
agreenhouse, and data were collected after 90 days. Numbers
within columns followed by the same letters are not different
(P < 0.01) according to Duncan’s multiple-range test. Values
are means of 5 replications for SCN-inoculated soil or 19 for
uninoculated soil.

1 Field soil naturally infested with fungus ARF18 from Pine
Tree, Arkansas, contained 118 eggs/g soil before test.

410,000 SCN eggs and juveniles were added.

tested (Table 3). Greater percentages of
eggs were parasitized at 20-28 C than at
15 C.

Parasitism of nematode species by ARFI18:
Isolate ARF18 infected eggs of Cactodera
betulae (83 = 30%), H. glycines (70 = 28%),
H. graminophila (89 £ 13%), H. lespedezae
(94 = 4%), H. leuceilyma (90 = 12%), H.
schachtii (100 = 0%), H. trifolii (95 * 3%),
and Meloidogyne incognita (63 = 30%). It did
not infect Globodera tabacum virginiae eggs
inside cysts. No control eggs were diseased.

Influence of temperature and pH on growth
of ARF18: Isolate ARF18 grew better at
25-28 Cthanat 15 or 20 C (Fig. 4). It grew
over a wide pH range but grew better at
pH 7-9 than at pH 4-6 (Fig. 5).

Effects of media and nutrition on sporulation
of ARF18: ARF18 did not sporulate on 28
media tested. Growth rates and character-
istics differed with culture media. Linear
growth was greater on cornmeal agar and
oatmeal agar (data not shown); no growth
occurred on Bilai-medium (Joffe) with hair
and snake skin or on casein glycerol me-
dium. Sclerotium-like structures were pro-
duced on or in cornmeal agar, hay infusion
agar, soil extract agar, potato carrot agar,
and Sach’s medium. Isolate ARF18 pro-
duced sclerotium-like structures on
CMA /2 supplemented with nematode,
chicken egg yolk, chitin, and chicken egg
albumin, but did not sporulate.

Mating, exposure to a low temperature

(5 C), and growth on a nutrient-poor me-
dium did not result in sporulation.

Suppression of SCN in field soil naturally
infested with ARF18: Three times as many
SCN developed (P < 0.01) in autoclaved
field soil inoculated with SCN as in un-
treated field soil inoculated with SCN or
in untreated, uninoculated field soil (Table
4).

DiscussioN

Fungus ARF18 warrants additional re-
search as a biological control agent. It in-
fects high percentages of eggs of six species
of cyst nematodes and Meloidogyne incog-
nita, and it may explain the suppression of
SCN in naturally infested soil (Table 4).
Although parasitism was studied in vitro,
parasitism occurred in the presence of
common contaminants such as bacteria, Al-
ternaria, Fusarium sp., and Penicillium sp.
The variability in infectivity (25-89%) may
have been caused by differences in the con-
dition of the nematode (brown cyst or yel-
low female or developmental stages of egg)
or of the fungus (medium, age of culture,
and time of transfer).

The resistance mechanism of cysts of G.
tabacum virginiaze to ARF18 is unknown.
Unlike Heterodera species, cysts of Globo-
dera species have an extra D layer in the
cuticle consisting of fibers arranged in a
repeating helicoidal pattern (18). This D
layer may provide a mechanical barrier to
fungi. Reduced cyst aperture and extra cu-
ticular layers may restrict parasitism of
Globodera spp. by fungi (22).

Many (50-70%) diseased J2 were ob-
served in July to September in field soil
(unpubl. data), but few (1%) J2 were par-
asitized in vitro. The higher levels of dis-
eased J2 in field soil are unexplained. Juve-
niles infected by ARF18 were distorted
similarly to those infected by the contor-
tion fungus (20); however, the contortion
fungus isolated from inside cysts grew very
slowly (0.3-1.0 cm /30 days in CMA). Iso-
late ARF18 from diseased J2 grew faster
(5 cm/10 days in CMA/2).

Isolate ARF18 has not been identified
because sporulation has not been ob-
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served. However, transmission electron
microscopy (6,7) indicated that the hyphae
have electron-transparent septa that con-
tain simple pores and Woronin bodies.
These observations suggest that ARF18 is
an Ascomycete (6,25).

LiTERATURE CITED

1. Endo, B. Y., and J. N. Sasser. 1958. Soil fu-
migation experiments for the control of the soybean
cyst nematode, Heterodera glycines. Phytopathology 48:
571-574.

2. Epps, J. M. 1958. Viability of air-dried Heter-
odera glycines cysts. Plant Disease Reporter 42:594-
595.

3. Epps, J. M., and A. Y. Chamber. 1965. Popu-
lation dynamics of Heterodera glycines under various
cropping sequences in field bins. Phytopathology 55:
100-102.

4. Jatala, P. 1986. Biological control of plant-par-
asitic nematodes. Annual Review of Phytopathology
24:453-489,

5. Kerry, B. R,, and D. H. Crump. 1977. Obser-
vations on fungal parasites of females and eggs of the
cereal cyst nematode, Heterodera avenae, and other
cyst nematodes. Nematologica 23:193-201.

6. Kim, D. G. 1989. Biological control of soybean
cyst nematode, Heterodera glycines, with a soil-borne
fungus. Ph.D. thesis, University of Arkansas, Fay-
etteville.

7. Kim, D. G., K. S. Kim, and R. D. Riggs. 1988.
Ultrastructure of soybean cyst nematode, Heterodera
glycines, parasitized by a fungus strain. Journal of
Nematology 20:644 (Abstr.).

8. Linford, M. B. 1937. Stimulated activity of nat-
ural enemies of nematodes. Science 85:123-124.

9. Mankau, R. 1961. An attempt to control root-
knot nematodes with Dactylaria thaumasia Drechsler
and Arthrobotrys arthrobotryoides Lindau. Plant Disease
Reporter 45:164-166.

10. Mankau, R. 1980. Biological control of nema-
tode pests by natural enemies. Annual Review of Phy-
topathology 18:415-440.

11. Morgan-Jones, G., B. O. Gintis, and R. Rodri-
guez-Kébana. 1981. Fungal colonization of Heterod-
era glycines cysts in Arkansas, Florida, Mississippi, and
Missouri soils. Nematropica 11:155-163.

12. Nigh, E. A,, I. J. Thomason, and S. D. Van
Gundy. 1980. Identification and distribution of fun-
gal parasites of Heterodera schachtii eggs in California.
Phytopathology 70:884-889.

18. Riggs, R. D. 1977. Worldwide distribution of
soybean-cyst nematode and its economic importance.
Journal of Nematology 9:34--39.

14. Riggs, R. D., and D. P. Schmitt. 1988. Com-
plete characterization of the race scheme for Heter-
odera glycines. Journal of Nematology 20:392-395.

15. Ross, J. P. 1962. Crop rotation effects on the
soybean cyst nematode population and soybean yields.
Phytopathology 52:815-818.

16. Sayre, R. M. 1980. Promising organisms for
biocontrol of nematodes. Plant Disease 64:527-532.

17. Sayre, R. M. 1986. Pathogens for biological
control of nematodes. Crop Protection 5:268-276.

18. Shepherd, A. M., S. A. Clark, and P. J. Dart.
1972. Cuticle structure in the genus Heterodera.
Nematologica 18:1-17.

19. Southey, J. F. 1986. Laboratory methods for
work with plant and soil nematodes. Reference book
402, Ministry of Agriculture, Fisheries and Food.
London: Her Majesty’s Stationery Office.

20. Tribe, H. T. 1977. Pathology of cyst-nema-
todes. Biological Reviews 52:447-507.

21. Tribe, H. T. 1977, A parasite of white cysts
of Heterodera: Catenaria quxiliaris. Transactions of
the British Mycological Society 69:367-376.

22. Tribe, H. T. 1980. Prospects for the biolog-
ical control of plant-parasitic nematodes. Parasitology
81:619-639.

23. Tuite,]. 1969. Plant pathology methods. Min-
neapolis: Burgess Publishing Co.

24. Willcox, J., and H. T. Tribe. 1974. Fungal
parasitism in cysts of Heterodera. 1. Preliminary inves-
tigations. Transactions of the British Mycological So-
ciety 62:585-594.

25. Wimber, D. B,, and T. W. K. Young. 1983.
Septum structure in Dactylella lysipaga. Mycologia 75:
174-175.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	91_277: 
	pdf: 

	91_278: 
	pdf: 

	91_279: 
	pdf: 



