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Interrelationship of Heterodera glycines and Fusarium 
solani in Sudden Death Syndrome of Soybean 1 

KATHY S. MCLEAN 2 AND GARY W.  LAWRENCE 3 

Abstract: Experiments were established in field microplots to examine the association between 
Heterodera glycines and the blue form ofFusarium solani in sudden death syndrome of soybean (SDS). 
Foliar disease symptoms occurred on more plants per plot, appeared 3 to 7 days earlier, and were 
more severe on plants grown in plots infested with F. solani + H. glycines than on those inoculated 
with F. solani only. Yields were suppressed only in treatments that included the nematode. Numbers 
of H. glycines cysts and second-stage juveniles were significantly lower in plots infested with F. solani 
+ H. glycines than with the nematode alone. Fusarium solani was able to infect cysts and eggs. 

Key words: Disease complex, Fusarium solani, Heterodera glycines, interaction, microplot, nematode, 
soybean cyst nematode, sudden death syndrome. 

Sudden death syndrome (SDS) of  soy- 
bean (Glycine max (L.) Merr.), is caused 
by a blue-pigmented, macroconidium-pro- 
ducing form of Fusarium solani (Mart.) Ap- 
pel & Wollenw. emend.  Snyd. & Hans 
(17,18). Symptoms of  SDS include root rot, 
crown necrosis, vascular discoloration of  
roots and lower stems, interveinal chlorosis 
and necrosis of  leaflets, defoliation, and 
pod abortion (6,17,18,20). SDS occurs in 
Alabama, Arkansas, Illinois, Indiana, Ken- 
tucky, Louisiana, Mississippi, Missouri, 
and Tennes see  (7,17,18). The  disease 
tends to occur on well-managed soybeans 
growing u n d e r  condit ions where  high 
yields are likely (5,18). Soybean yield losses 
up to 80% have been reported (7). 

The soybean cyst nematode, Heterodera 
glycines Ichinohe, has often been associated 
with SDS (5,10,17,18). In g reenhouse  
studies, inoculation of  soybean seedlings 
with the blue-pigmented F. solani and H. 
glycines produced more severe foliar symp- 
toms of  SDS (10,17) and they occurred 3-5 
days earlier (10) than those caused by F. 
solani alone. The role of  H. glycines in SDS 
under  field conditions has not been re- 
solved, although soybean cuhivars resis- 
tant to H. glycines have been less affected by 
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SDS than have H. glycines-susceptible culti- 
vars (5,19). 

Interactions between H. glycines and 
fungi that result in increased crop damage 
are well documented (15). Within 5 years 
after the first identification of  H. glycines in 
the Uni ted  States, the n e m a t o d e  was 
shown to increase the incidence and sever- 
ity of Fusarium wilt on soybeans (16). Het- 
erodera glycines race 3 and Phytophthora 
megasperma Drechs. var. sojae Hild. were 
shown to additively increase seedling dis- 
ease severity on soybean (1). Variable re- 
suits have been shown between Macro- 
phomina phaseolina (Tassi) Goid. and H. 
glycines. In one test, c rop losses were 
increased by M. phaseolina in the presence 
of  H. glycines (22); however, in a separate 
study, no interaction between the two 
pathogens was observed (4). Calonectria cro- 
talm~ae (Loos) Bell & Sobers enhanced H. 
glycines penetration in both susceptible and 
resistant soybeans (14). The objective of  
this research was to determine the influ- 
ence of  H. glycines on the development of  
SDS of soybeans under  field conditions. 

MATERIALS AND METHODS 

Tests were conducted in field microplots 
located on the North Plant Science Re- 
search Farm at Mississippi State Univer- 
sity. Microplots consisted of 76-cm-d fiber- 
glass cylinders placed 45 cm deep in a 
Stough fine sandy loam soil (68.4% sand, 
11.6% clay, 20.0% silt; 0.3% OM, 8.0 CEC, 
pH 6.4). The soil in the microplots was fu- 
migated with 680 g methyl bromide per 
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30.5 m 2 soil. These plots were covered with 
a 114-p.m (4.5-mil) thick polyethylene tarp 
for 72 hours. The tarp was removed and 
plots were planted 45 days later. Treat- 
ments were F. solani, H. glycines, F. solani + 
H. glycines combination, and an untreated 
control (no nematode or fungus). Four  
treatments were arranged in a randomized 
complete block design with six replications 
in 1990 and four replications in 1991. 

Fusarium solani was isolated from soy- 
bean roots. Roots were washed in running 
tap water for 5 minutes and cut into 3-5 
mm sections. The cortical tissue was sepa- 
rated from vascular tissue using sterile for- 
ceps. The tissues were surface-disinfected 
for 5 seconds in 100% ethyl alcohol and 1 
minu te  in 1.0% sodium hypochlor i te ,  
placed on potato dextrose agar (Difco Lab- 
oratories ,  Detroit ,  MI) a m e n d e d  with 
streptomycin sulfate (100 ~g/ml) and au- 
reomycin (2 Ixg/ml) (PDA/SA), and cul- 
tured for 5 to 7 days. Agar disks 5-mm-d 
containing F. solani were aseptically placed 
into sterile cornmeal-sand cultures (250 
cm s dry sand, 14 cm 3 cornmeal, and 100 
ml distilled water) and maintained in the 
dark for 21 days at 24 C (17). Cultures 
were shaken periodically to distribute the 
fungus. All the cornmeal-sand inoculum 
was removed from the flasks, combined, 
mixed by hand, and weighed. The appro- 
priate microplots were then infested by in- 
corporating the cornmeal-sand inoculum 
into the upper  15 cm of  soil (0.05% w/w) by 
mixing with a garden hoe. 

A race 3 population of  H. glycines was 
increased on soybean (Coker 156) in a 
greenhouse. Light brown to tan colored 
cysts were dislodged from the roots with a 
strong water spray and collected on nested 
sieves with pore sizes of  850 and 250 I~m. 
Cysts were placed into 20-ml glass test 
tubes and crushed with a modified Sein- 
horst cyst crusher (21). The resultant sus- 
pension was passed through a 75-txm-pore 
sieve nested on a 28-~m-pore sieve to re- 
move broken cysts and debris. The  inocu- 
lum was incorporated in the appropriate 
treatments by pipetting the nematode sus- 
pension into 10 depressions 5 cm deep and 
2 cm wide. Soil was then mixed with a gar- 

den hoe to a depth of  15 cm, obtaining an 
inoculum level o f  2,500 eggs and J2/  
250 cm s soil. 

Coker 156 soybean seed were surface 
sterilized for 10 seconds in 100% ethyl al- 
cohol, washed for 5 minutes in 1.0% so- 
dium hypochlorite, and placed on sheets 
of 26-cm x 39-cm sterile germination pa- 
per (Anchor Paper, St Paul, MN) for 36 
hours. Seedlings with radicles of  1-2 cm in 
length were plated in a single row in each 
plot. Plots were watered manually in 1990 
and with drip irrigation in 1991. Maxi- 
mum and minimum weekly temperatures 
and amount of  rainfall was recorded for 
both years. 

Foliar disease severity ratings were made 
at 3-day intervals beginning 10 weeks after 
planting using a 0 to 7 scale: 0 = no symp- 
toms, 1 = mosaic mottling, 2 = chlorotic 
mottling, 3 = interveinal chlorosis, 4 = 
interveinal chlorosis with leaf edge necro- 
sis, 5 = interveinal necrosis, 6 = defolia- 
tion with the leaflets separating from the 
petiole leaving the petiole attached to the 
plant, and 7 = plant death. The  incidence 
of  symptom express ion,  p lant  height ,  
number of  pods per plant, seed yield, and 
weight of  100 seed were also recorded. 

The  number  of Heterodera glycines was 
determined at soybean maturity. Six soil 
cores 2.25-cm-d x 15-cm deep were col- 
lected from the soybean root zone in each 
microplot. Heterodera glycines cysts were ex- 
tracted from 250 cm a soil by sieving as de- 
scribed for inoculum production. J2 pass- 
ing through the sieves used to collect cysts 
were extracted from the suspension using 
gravity-screening (2). Final separation of  
J2 in the fraction collected on the 28-p,m- 
pore sieve was by ~ucrose centrifugal flo- 
tation (sucrose specific gravity = 1.13) (8). 

The percentage of  H. glycines cysts colo- 
nized by F. solani was determined. One 
hundred  light brown to tan cysts were 
placed in 0.525% sodium hypochlorite for 
4 minutes ,  washed  th ree  t imes for  1 
minute each in 1.0% streptomycin sulfate, 
aseptically transferred to PDA/SA plates, 
and incubated in the dark for 7 days at 
25 C. 

Soybean root tissue was collected when 
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SDS symptoms appeared in the plots (soy- 
bean R3 to R5 growth stage) (3) from each 
treatment.  Samples were fixed in 2.5% 
glutaraldehyde buffered with 0.1 M phos- 
phate buffer ,  postfixed in 2% osmium 
tetroxide, dehydrated in a graded ethanol 
series, and critical-point dried in carbon 
dioxide. Specimens were mounted on alu- 
minum stubs and sputter coated with gold 
palladium. Mounted  samples were ob- 
served with a JEOL U.S.A. JSM-35CF 
scanning electron microscope at 15 kV, 
and images were recorded on Polaroid 
Type SSP/N film. 

Data were subjected to analysis of vari- 
ance. Means were compared using Fisher's 
protected least significance difference test. 

RESULTS 

Symptoms of sudden death syndrome 
developed only in the plots inoculated with 
F. solani alone or in combination with H. 
glycines. Foliar leaf symptoms, incidence, 
and severity of SDS were greater (P = 
0.05) on plants in the F. solani + H. glycines 
treatment than on plants grown in the F. 
solani treatment (Fig. 1). Symptoms of  SDS 
developed in the F. solani + H. glycines 
combinat ion t rea tment  plots 85 (R3-- 
beginning pod formation) and 98 (R5-- 
beg inning  seed format ion)  days af ter  
planting in 1990 and 1991, respectively. 
SDS symptoms developed in the F. solani 

treatment 7 and 3 days later in each of  
these years. The combination treatment 
produced 35% more symptomatic plants 
in 1990 and 18% more in 1991 than in the 
F. solani treatment. 

Percentage soybean plant survival, plant 
height, and weight per 100 seed were af- 
fected by treatment (Table 1). Soybean 
seed yields were similarly suppressed by F. 
solani + H. glycines and H. glycines. Pod 
production was also reduced by these two 
treatments. 

Heterodera glycines population numbers 
at the end of the season were lower in the 
presence of F. solani than with the nema- 
tode by itself (Table 2). The presence of 
the fungus resulted in 19, 57, and 40% 
fewer cysts, J2, and eggs, respectively. To- 
tal number of cysts, eggs, and J2 at harvest 
were correlated with SDS foliar ratings (r 
=- 0.51, P = 0.05). Fusarium solani colo- 
nized 17% (1990) and 14% (1991) of  the 
cysts recovered at harvest from the F. so- 
lani + H. glycines treatment. Eggs were also 
colonized with the fungus, but this coloni- 
zation was not quantified. F. solani was not 
isolated from H. glycines cysts or eggs from 
the H. glycines treatment. 

H. glycines females not associated with F. 
solani were lemon shaped and ruptured 
through the root epidermis. In contrast, 
females in the F. solani + H. glycines treat- 
ment were flattened and associated with 
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FIG. 1. Sudden death syndrome disease index ratings for soybean plants in 1990 (A) and 1991 (B) in 
microplots infested with Fusarium solani (FSA) and with or without Heterodera glycines (SCN). Foliar disease 
severity rating scale: 0 = no symptoms, 1 = mosaic mottling, 2 = chlorotic mottling, 3 = interveinal chlorosis, 
4 = interveinal chlorosis with leaf edge necrosis, 5 = interveinal necrosis, 6 = defoliation with the leaflets 
separating from the petiole, leaving the petiole attached to the plant, and 7 = plant death. 
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TABLE 1. Effect of Heterodera glycines (SCN) race 3 and Fusarium solani (FSA) on height, yield, number of  
pods/plant, survival (% of  control), weight/100 seed, and percentage of symptomatic plants of Coker 156 
soybean grown in field microplots. 

Plantt Survival Seed yield Pods per Seed 
Treatment height (cm) % (g/plot) plant g/100 

1990 
FSA + SCN 99.3 97 340 107.9 12.4 
FSA 102.6 92 467 141.1 12.6 
SCN 99.1 98 359 94.7 12.2 
Control 108.2 100 475 142.8 12.1 
FLSD (P = 0.05) NS NS 118 24.5 NS 

1991 
FSA + SCN 96.5 98 264 75.8 12.8 
FSA 101.0 98 334 86.8 12.4 
SCN 97.8 96 271 80.7 13.2 
Control 106.0 100 372 90.5 11.4 
FLSD (P = 0.05) 9.4 NS 112 NS NS 

All yield parameters were measured at plant maturity. Values are averages of six replications in 1990 and four replications 
in 1991. 

? Height of plants at R5 growth stage. 

fungal hyphae. Many of the females did 
not rupture  the root epidermis. 

In 1990, the average maximum and 
minimum ambient air temperatures  for 
weeks 1-3 after planting were 26.8 C and 
15.9 C, respectively; for weeks 4-12, they 
were 31.6 C and 20.2 C, respectively (Fig. 
2). Eighty percent of  the rainfall occurred 
during the 12 weeks before symptom ap- 
pearance. During week 13 when symptoms 
appeared,  the maximum and minimum 
weekly temperatures decreased 2-3 C to 
29.9 C and 17.1 C, respectively, then in 
week 14 increased 4 and 6 C to 35.5 C and 
21.8 C, respectively. During weeks 14-17, 
maximum and minimum temperatures av- 
eraged 34.8 C and 21.6 C, respectively. In 
1991, during weeks 1-3, average maxi- 
mum and minimum ambient air tempera- 
tures were 29.1 C and 20.7 C, respectively, 
followed by 31.8 C and 20.2 C, respec- 
tively, during weeks 4-12. Fifty percent of  

the rainfall for the growing season oc- 
curred during week 2 after planting. The 
rainfall  for  weeks 3 -13  was sporadic.  
Symptoms of  SDS were observed when 
plants reached the R5 soybean growth 
stage late in week 14. In 1991, a reduction 
in temperature was not observed in week 
13 or 14 prior to symptom development. 
Tempera tu res  remained relatively con- 
stant for weeks 15-19 after symptom ex- 
pression, and they averaged 31.9 C and 
21.0 C, respectively. Although more pre- 
cipitation was recorded in 1991, less oc- 
curred early in the season than in 1990. 
The lack of  rainfall early in the season re- 
quired supplemental moisture, which was 
provided through irrigation resulting in 
fluctuating levels of  soil moisture. 

DISCUSSION 

Fusarium solani (blue form) causes sud- 
den death syndrome, but  the disease is en- 

TABLE 2. End-of-season numbers of Heterodera glycines (SCN) race 3 per 250 cm 3 soil as affected by 
Fusarium solani (FSA). 

1990 1991 

Treatment Cyst J 2 Eggs/cyst Cyst J 2 Eggs/cyst 

FSA + SCN 1179 146 152 332 83 64 
SCN 1458 343 255 729 186 135 
FLSD (P = 0.05) 221 74 NS 170 NS NS 

Values are means of six replications in 1990 and four replications in 1991. 
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FIG. 2, Weather data for field microplot experiments involving sudden death syndrome in 1990 (A) and 
1991 (B). Rainfall (mm) is indicated by bars; maximum and minimum temperatures are represented by solid 
lines. 

hanced by Heterodera glycines. The large in- 
crease in SDS and the earlier expression of  
symptoms by H. glycines in microplots pro- 
vides evidence that the nematode is an im- 
portant factor in the disease as found in 
greenhouse research (10,12,13,17). The  
correlations between population levels of 
H. glycines at harvest and the ratings of  se- 
verity of  SDS foliar disease symptoms is 
large enough  to add suppor t  that the 
nematode enhances the disease. In addi- 
tion, soybean cultivars resistant to H. gly- 
cines are less affected by SDS than nema- 
tode-susceptible cuhivars (5). 

The reduction of  the numbers of  H. gly- 
cines may be a response to at least two fac- 
tors. The fungus causes a root rot, which 
would limit feeding sites and interferes 
with nematode development. The coloni- 
zation of  H. glycines cysts and eggs by F. 
solani probably accounts for some reduc- 
tion in the population density of  the nema- 
tode as found previously (10,12,13). Egg 
production by H. glycines females was also 
reduced. 

Suppression of  soybean seed yield has 
been associated with SDS (23). Yield was 
affected only by H. glycines in our experi- 
ment. The  relationship between SDS dis- 
ease ratings and yields has not been con- 
sistent (5,17,20). This relationship is likely 
influenced by the soybean growth stage 
when infection occurs and the conditions 

under  which symptoms occur (9). If  symp- 
toms d e v e l o p  b e f o r e  pods  are  ful ly  
formed, then yields tend to be suppressed 
(5). 

The difference in foliar disease indexes 
of  the F. solani + H. glycines treatment be- 
tween years may be due to variation in en- 
vironmental factors. The growing season 
in 1990 was cool and wet during May, 
moist in June and July, and hot and dry in 
August and September. The 1991 growing 
season was wet in May, hot and dry in June  
and July, and mild and wet in August and 
September.  Irr igation was required  in 
early June and resulted in fluctuations in 
soil moisture. We speculate that a growing 
season that begins cool and stays moist fol- 
lowed by relatively high temperatures cre- 
ates optimal environmental conditions for 
SDS symptom expression. Cool, wet condi- 
tions when soybean plants are in the seed- 
ling and early vegetative growth stages are 
conducive to SDS disease development (9). 
Early and late planted soybean plants have 
been reported to develop SDS symptoms 
during cool, wet growing seasons (5,6,9); 
however, severe disease has occurred dur- 
ing hot and dry weather conditions (18). A 
cool period with rain in early August is also 
associated with SDS appearance  (R. D. 
Riggs, pers. comm.). The variations in ap- 
pearance of  SDS symptoms, and their se- 
verity, stress the need for additional infor- 
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m a t i o n  o n  the  e n v i r o n m e n t a l  c o n d i t i o n s  
tha t  i n f l u e n c e  SDS s y m p t o m  expres s ion .  
T e m p e r a t u r e  a n d  m o i s t u r e  i n f l u e n c e s  o n  
p r e s y m p t o m a t i c  stages o f  SDS fol iar  symp-  
t o m  e x p r e s s i o n  s h o u l d  be  e x a m i n e d  fu r -  
t h e r  to e x p l a i n  a d e q u a t e l y  the  v a r i a t i o n  
obse rved .  

LITERATURE CITED 

1. Adeniji, M. O., D. I. Edwards, J. B. Sinclair, and 
R. B. Malek. 1975. Interrelationship ofHeterodera gly- 
cines and Phytophthora megasperma var. sojae in soy- 
beans. Phytopathology 65:722-725. 

2. Ayoub, S. M. 1980. Plant nematology: An agri- 
culture training aid. Sacramento, CA: NemaAid Pub- 
lications. 

3. Fehr, W. R., C.W. Caviness, D.T. Burmood, 
and J. S. Pennington. 1971. Stages of development 
descriptions for soybean, Glycine max (L.) Merr. Crop 
Science 11:929-931. 

4. Francl, L.J., and T. D. Wyllie. 1988. Influence 
of crop rotation on population density of Macropho- 
mina phaseolina in soil infested with Heterodera glycines. 
Plant Disease 72:760-764. 

5. Hershman, D. E., J. W. Hendrix, R. E. Stuckey, 
P. R. Bachi, and G. Henson. 1990. Influence of plant- 
ing date and cultivar on soybean sudden death syn- 
drome in Kentucky. Plant Disease 74:761-766. 

6. Hirrel, M. C. 1983. Sudden death syndrome of 
soybean: A disease of unknown etiology. Phytopa- 
thology 73:1689 (Abstr.). 

7. Hirrel, M.C. 1986. Disease severity and yield 
loss comparisons of soybean maturity groups affected 
with sudden death syndrome. Proceedings of the 
Southern Soybean Disease Workers 13:61 (Abstr.). 

8. Jenkins, W. R. 1964. A rapid centrifugal flota- 
tion technique for separating nematodes from soil. 
Plant Disease Reporter 48:692. 

9. Kiarie, S. K., P. T. Gibson, and O. Myers. 1990. 
Sudden death syndrome of soybean: Planting date 
and environmental influences. Phytopathology 80:89 
(Abstr.). 

10. Lawrence, G. W., K.W. Roy, and K. S. 
McLean. 1988. Soybean cyst nematode associations 
with sudden death syndrome of soybeans. Phytopa- 
thology 78:1514 (Abstr.). 

11. McGawley, E. C. 1992. Interactions with other 
organisms. Pp. 97-106 in R. D. Riggs and J. A. 

Wrather, eds. Biology and management of the soy- 
bean cyst nematode. St Paul: APS Press. 

12. McLean, K. S., G.W. Lawrence, and K.W. 
Roy. 1989. Histopathology of soybean roots inocu- 
lated with Fusarium solani and Heterodera glycines. Pro- 
ceedings of the Southern Soybean Disease Workers 
17:34 (Abstr.). 

13. McLean, K. S., and G. W. Lawrence. 1992. The 
interrelationship of Heterodera glycines and Fusarium 
solani in sudden death syndrome of soybean. Pro- 
ceedings of the Southern Soybean Disease Workers 
19:3 (Abstr.). 

14. Overstreet, C., and E. C. McGawley. 1990. In- 
teractions between Calonectria crotolariae and Hetero- 
dera glycines on soybean. Journal of Nematology 22: 
496-505. 

15. Powell, N .T .  1971. Interactions between 
nematodes and fungi in disease complexes. Annual 
Review of Phytopathology 9:253-274. 

16. Ross, J. P. 1965. Predisposition of soybeans to 
fusarium wilt by Heterodera glycines and Meloidogyne 
incognita. Phytopathology 55:361-368. 

17. Roy, K.W., G.W. Lawrence, H.H. Hodges, 
K.S. McLean, and J. F. Killebrew. 1989. Sudden 
death syndrome of soybean: Fusarium solani as incit- 
ant and relation of Heterodera glycines to disease sever- 
ity. Phytopathology 79:191-197. 

18. Rupe,J. C. 1989. Frequency and pathogenicity 
of Fusarium solani recovered from soybeans with sud- 
den death syndrome. Plant Disease 73:581-584. 

19. Rupe, J. C., E. E. Gbur, and D. M. Marx. 1991. 
Cultivar responses to sudden death syndrome of soy- 
bean. Plant Disease 75:47-50. 

20. Sciumbato, G. L., and B. L. Keeling. 1985. 
Sudden death syndrome of soybeans in Mississippi in 
1984. Proceedings of the Southern Soybean Disease 
Workers 12:64 (Abstr.). 

21. Seinhorst, J. W., and H. Den Quden. 1966. An 
improvement of Bijloo's method for determining the 
egg content of Heterodera cysts. Nematologica 12:170- 
171. 

22. Todd, T. C., C. A. S. Pearson, and R. W. 
Schwenk. 1987. Effect of Heterodera glycines on char- 
coal rot severity in soybean cultivars resistant and sus- 
ceptible to the soybean cyst nematode. Supplement to 
the Journal of Nematology 20:35--40. 

23. 'von Qualen, R. H., T. S. Abney, D. M. Huber, 
and M. M. Schreiber. 1989. Effects of rotation, till- 
age, and fumigation on premature dying of soybeans. 
Plant Disease 73:740-744. 


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

