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Abstract 

Keywords 

Shoot-tips 15cm long from 15 soybean cultivars and breeding lines were individually immersed in 
Hoagland's solution in 1 × 14cm test tubes, and supported by cotton plugs. All leaves were removed leaving 
about 1 cm of each petiole on the shoot. A 4mm mycelial plug of Sclerotium rolfsii Sacc., taken from the 
periphery of a 3-day-old culture grown on acidified potato dextrose agar (PDA) media was placed between 
the stem and a petiole in the middle of the shoot. Tubes with shoots were then placed in a polyethylene 
enclosure in a growth room where the day and night temperatures averaged 31+2°C and 24+2°C, 
respectively. Relative humidity (r.h.) was maintained at 80-90% by lining the bottom of the enclosure with 
wet burlap. Lesions appeared on shoot tips 2 days after inoculation, and their length was measured 2, 3 and 4 
days later. On three cultivars, TG x 1436-1 E, TG x 1596-2E and TG x 1614-1 E, the rate of lesion expansion 
was significantly less than that on the other cultivars. One week after inoculation, tubes were drained, and 
shoo;s left in the chamber at 50-60% r.h. to allow sclerotia to form. Sclerotia from each shoot were collected. 
The cultivars TGx 1436-1D and TGx 1596-2E produced the fewest sclerotia per shoot-tip. Sclerotial 
viability, determined by germination on PDA at 25 + 2°C in darkness, ranged from 38 to 99%. This method is 
effeclive in differentiating reactions of soybean cultivars to S. rolfsii. 
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Introduction 

Southern blight of  soybeans (Glycine max (L.) Merr.), 
incited by Selerotium ro~'ii Sacc., has generally been 
considered a minor disease of  soybeans. However, signifi- 
cant yield losses due to the disease can occur when 
soybeans are grown continuously or in short rotations with 
other crops susceptible to the disease, such as peanuts and 
potatoes. Soybeans are susceptible to S. rolfsii at any time 
and generally the disease develops on isolated plants. 
Under favourable conditions the disease can spread rap- 
idly to adjacent plants in a row. Infection usually occurs at 
or just below the soil surface and symptoms include 
yellowing, browning and wilting of entire plants. In moist 
humid conditions a white mat of  fungal mycelia forms on 
stem bases, leaf debris, and the soil surface around infected 
plants. Numerous tan to brown, spherical sclerotia also 
form on infected stem surfaces and on leaf debris in contact 
with the soil surface (Gazaway and Hagau, 1989). 

Epidemics of sclerotium blight of  soybean were 
observed for the first time in Nigeria in 1989 at Jos (Plateau 
State), Zonkwa (Kaduna State) and Ibadan (Oyo State). 
Because of the possibility of  the pathogen spreading in 
fields planted continuously to soybean, or in rotation with 
other crops susceptible to S. rolfsii such as peanuts, there 
was a need to screen some of our advanced breeding lines 
for reaction to S. rolfsii. 
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Simple and quick screening techniques have been 
developed to determine the reaction of soybean to other 
pathogens (Maduewesi and Lockwood, 1976; Cline and 
Jacobsen, 1983; Keeling, 1988) but there are no such 
techniques for evaluating the reaction of soybean to S. 
rolfsii. This paper describes a detached-shoot technique 
that has been developed and used for preliminary screening 
of soybean genotypes for their reaction to S. rolfsii under 
controlled conditions. The potential to adapt this tech- 
nqiue for other uses in soybean research is also discussed. 

Materials and methods 

Shoot-tips 15 cm long from 15 soybean cultivars (Table 1), 
taken from the main stems and branches of  6-week-old 
plants grown in a glasshouse were used in this study. The 
cultivars were selected from a large collection of soybean 
germplasm maintained in the soybean breeding pro- 
gramme at the International Institute of  Tropical Agricul- 
ture (IITA) in Ibadan, Nigeria. The breeding lines 
TG x 1025-12E, T G  × 1447-1D and cultivar (cv.) Samsoy 1 
were included in the tests because they were very suscep- 
tible to S. rolfsii in field plots at Jos and Zonkwa in 1989 
(Table 1). Other cvs were included because they have 
promising agronomic characteristics, including resistance 
to other important pathogens of soybeans such as 
Cercospora sojina Hara  and Xanthomonas campestris pv. 
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Table 1. Incidence of Southern blight on soybean cultivars in field 
plots in 1989 and 1990 

M e a n  m a x i m u m  
disease incidence (%)"  

Cul t ivar  1989 1990 

T G  x 1596-2E 5a 20a ' 
T G x  1436-1E 17a 24a 
Samsoy  2 ~ 30a 
T G x  1614-1E 38ab 35a 
T G  x 996-26E 60b 40ab 
T G  x 923-2E 50b 43ab 
Samsoy  1 63b 55b 
T G  × [439-2E - -  58b 
T G x  536-02D - -  60b 
Ma layan  60b 
T G  × 1497-2E - -  64b 
T G  × 1025-12E 82c 70bc 
T G  × 1437-1D - -  72bc 
T G  x 1447-1D 68bc 74bc 
Bossier - -  75bc 

"Southern blight was recorded on 18 September and 24 September for 1989 and 
1990, respectively. Percentage was obtained by dividing the number of infected 
plants by the total number of plants in the row and multiplying by 100; ~-- 
indicates that the cv. was not scored for Southern blight; "means followed by the 
same letter within columns are not significantly different (p = 0.05) according to 
Duncan's multiple range test 

glycines (Nakano) Dye. The culture of  S. rolfsii used for 
inoculation was isolated from infected soybean breeding 
line T G x  1025-12E and maintained on potato dextrose 
agar (PDA) containing lactic acid, at 25 i 2°C. 

All except primordial leaves on shoot tips were excised 
leaving about 1 cm of each petiole on the shoot. Individual 
shoots supported by a cotton plug were immersed in 
Hoagland's solution (Hoagland and Arnon, 1950) in 
1 × 14 cm test tubes. Each shoot was inoculated by placing a 
4 mm mycelial plug ofS. rolfsii, taken from the periphery of 
a 3-day-old culture grown on PDA, at the axil between the 
stem and petiole at about the middle of  the shoot. Test 
tubes with inoculated stems were placed in holes on 
wooden racks (10 x4  x 3 cm) in clear polyethylene cham- 
bers (70x70× 100cm), the bottoms of which were lined 
with wet burlap, and placed on benches in a growth room. 
The wet burlap maintained the relative humidity (r.h.) in 
the chambers between 80 and 90%. The temperature in the 
chambers averaged 25 ± 2°C at night and 29 + 2°C during 
the day. Ten shoots of each cv. were inoculated with S. 
rolfsii in each of two replicated tests, and shoots inoculated 
with plain PDA plugs served as controls. 

Lesion lengths (cm) were measured as the distance from 
the site of  inoculation to the farthest visible extent of  the 
lesion. This was recorded daily, from day 2 after inocula- 
tion to day 4 when some of the shoots were completely 
colonized by mycelia of S. rolfsii. Mean lesion lengths of 
each cv. in each test were calculated as the sum of 
individual lesion lengths divided by the total number of  
inoculated shoots, whether infected or not. Regressions 
were done of length of lesions against days after inocula- 
tion, to determine the rate of  lesion expansion, where the 
slope of the line represented the rate of  lesion expansion 
(cm day 1) on each cv. 

At the end of lesion measurements, the chamber doors 
were left open to lower the relative humidity in the 

chambers to 50-60%. The Hoagland solution was then 
drained from the test tubes. The tubes with infected shoots 
were left in the chambers for 2 weeks, during which time 
sclerotia were formed on the surface of infected stems. The 
average number of  sclerotia per shoot for each cv. was 
estimated 3 weeks after initial inoculation. 

Sclerotia were collected, washed under running tap 
water and surface sterilized with an aqueous solution of 
0.5% sodium hypochlorite for 3 mins. Five samples each of 
20 sclerotia randomly picked from infected soybean cvs 
were plated on PDA. Plates were incubated at 25 + 2°C, 
and the number of  germinated sclerotia in each plate 
recorded on the third day of incubation. 

Results and discussion 

The first symptoms on infected shoots were light brown 
lesions that formed at the points of  contact ofS.  rolfsii and 
the stem one day following inoculation. By the second and 
third days, cvs could be separated into four reaction 
groups: very resistant, resistant, moderately resistant and 
susceptible. These differences were maintained with longer 
incubations. On susceptible cvs, lesions expanded rapidly 
and completely girdled stems within 48 h; shoots began to 
wilt following complete stem girdling. In some cvs imme- 
diate wilting did not occur but the light brown lesions 
gradually expanded, giving the stem a rather soft texture. 
Cultivars that showed moderate resistance girdled slowly, 
starting with infection on one side. Infection did not spread 
further from points of  contact ofinoculum and stem on cvs 
that were resistant. 

Thus the following range of lesion types were observed 
on inoculated shoots: (1) no visible lesion (highly resistant); 
(2) small, scale-like lesions, < 0.2 cm in length and gener- 
ally restricted to point of contact of  inoculum and stem 
(resistant); (3) rapidly expanding lesions restricted to one 
side of the stem (moderately resistant), and (4) rapidly 
expanding lesions that completely girdled the stem and 
expanded to colonize the entire shoot (susceptible). 

The average lesion expansion rate on shoot tips was less 
for T G x  1436-1E, T G x  1596-2E and T G x  1614-1E, all of  
which had some resistance to S. rolfsii in field plots in 1989 
and 1990 (Table 1), than in the more susceptible cultivars, 
Samsoy 1, T G x  1447-2D, and T G x  1025-12E. Other cul- 
tivars had different lesion expansion rates (Table 2). 

Not all infected shoots produced sclerotia (Table 3). The 
entries TG x 1436-1D and TG x 1596-2E with slower rates 
of lesion expansion produced the fewest sclerotia per shoot 
(Table 3). The other cvs produced sclerotia in proportion to 
their varying rates of  lesion expansion. 

The percentage viability of sclerotia collected from the 
surface of soybean evs as determined by germination on 
PDA medium ranged from 38% (TG× 996-26E) to 99% 
( T G x  536-02D) (Table 2). Only fully matured sclerotia 
were plated. There was no apparent difference in size of  
sclerotia collected from the cvs. Sclerotia from the cvs 
Samsoy 1, T G x  1025-12E, T G x  1497-2E, TGx923-2E,  
Malayan and T G x  1447-1D, germinated significantly 
(p < 0.05) better than sclerotia from the other cvs (Table 3). 
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Table 2. Initial reaction, average lesion length (cm) per shoot and 
rate of lesion expansion (cm day ') of soybean cultivars following 
inoculation with Sclerotium rolfsii 

Days after inoculation 

Initial Rate of lesion 
Cultivar reaction" 2 3 4 expansion ~ 

T G x  1596-2E PI 0.2 1.1 2.2 1.00a c 
T G x  1436-1E PI 0.5 1.I 2.0 0.75a 
Samsoy 2 PI 0.4 1.5 3.3 1.45ab 
T G x  1614-1E PI 0.5 1.8 3.0 1.25a 
TG × 996-26E RG 2.0 5.5 7.4 2.40bc 
TG × 923-2E SI 1.1 4.0 4.0 1.70b 
Samsoy 1 RG 2.3 5.1 6.6 2.15b 
T G x  1439-2E SI 0.7 3.1 4.8 2.05b 
TG x 536-02D RG 2 1 5.0 6.9 2.40bc 
Malayan RG 1 5 3.6 5.9 1.45ab 
T G x  1497-2E PI 05  2.3 4.1 1.80b 
T G x  1025-12E RG 1 9 4.2 6.7 2.40bc 
TG× 1437-1D SI 1 4 4.5 6.6 1.93b 
TG× 1447-1D RG 1 8 4.2 6.7 2.60c 
Bossier SI 1 5 4.3 6.3 2.45bc 

aMore than 50% of shoots in the cu]tivar showed the typical initial reaction 
response indicated: PI, point infection: SI, one-sided infection; RG, rapid stem 
girdle; %alculated from a total of 20 shoots in 2 tests with 10 shoots in each. Linear 
regression model equation: y=a+bx; Cas in Table 1 

Table 3. Infection of soybean stems, sclerotial production and via- 
bility after inoculation with Sclerotium rolfsi i  

Stems Stem,,; Sclerotia 
infecte& with (av. no. Germination h 

Cultivar (no.) sclerotia (no.) per shoot) (%) 

conditions. Thus, the technique may also be useful in 
assessing resistance to Southern blight in soybean cultivars 
and in screening populations segregating for resistance to 
the disease in a breeding programme. It has several 
advantages over evaluation of intact plants. The detached- 
shoot assay requires only 5 6 weeks for completion 4-5 
weeks to grow the plants and 1 week for disease develop- 
ment and assessment. Thus it can give reproducible results 
in a short time without having to wait for seasonal field 
evaluations of whole plants. It also requires a minimum of 
laboratory or growth-room space. Several shoots can be 
detached from a single plant and evaluated as individual 
treatments. The technique could also be adapted for other 
uses, including evaluation for fungicide resistance and 
determination of pathogen races among isolates. However, 
it should not be used as a substitute for field evaluations 
because sometimes reactions in the field differ from those in 
the glasshouse. 

Our results showed that the lines TG×1436-1E, 
T G x  1596-2E, TG ×  1614-1E and Samsoy 2 have some 
resistance to S. rolfsii, whereas Bossier, TG × 1447-1D and 
T G x  1025-12E are very susceptible. These results correlate 
fairly well with field screening data for most of the 
genotypes during the 1989 and 1990 cropping seasons, in 
plots with a high natural level of inoculum. 

Notes 

T G x  1596-2E 7 6 65a 81b 
T G x  1436-1E 6 6 10a 40a 
Samsoy 2 10 8 145bc 74b 
TG× 1614-1E 8 7 131b 79b 
TG × 996-26E 10 10 90b 38a 
TG × 923-2E 10 8 86ab 97c 
Samsoy 1 10 9 95b 99c 
TG× 1439-2E 10 10 109b 77b 
TG × 536-02D 10 8 67a 99c 
Malayan 10 10 137bc 95c 
TG× 1497-2E 8 8 88b 91c 
TG×1025-12E 10 10 152c 97c 
TG× 1437-ID 10 9 141bc 93c 
TG×1447-1D 10 9 91b 88bc 
Bossier 10 10 106b 73b 

~lnfection was determined by the forraation of measurable lesions; shoots with 
point infection were not considered infected; maximum no of stems infected, 10; 
~sclerotia were plated on PDA medium in 5 replications of 20 sclerotia in each; 
germination counts were made 3 days after incubation at 254- 2"C in darkness; ' as 
in Table l 

The detached-shoot technique described in this paper 
provides a rapid evaluation procedure for preliminary 
screening of soybean cvs for resistance to S. rolfsii under 
controlled conditions. Most stem inoculations are made 
through wounds (Dixon, Thinlay and Sivasithamparam, 
1984; Brenneman, Phipps and Stips, 1988). Extrapolation 
of results from such tests could be misleading because such 
wounds are not normally provided under field conditions. 
In the technique reported here, we were able to induce 
infection on shoots of soybean cvs without wounding. 

The rate of lesion expansion, sclerotia production and 
viability are all parameter,; that could be used to rank 
soybean cvs for reaction to S. rolfsii under controlled 

Paper No.90/JA/27 of the Journal Series of the Interna- 
tional Institute of Tropical Agriculture. Mention of a 
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their approval to the exclusion of other products or 
vendors that also may be suitable. 
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