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Temperature and moisture are the primary variables that 

affect disease development. This study was done to eval-

uate the effect of temperature and humidity on disease 

development initiated by mycelium of Sclerotinia sclerotio-

rum in the greenhouse. Soybean cultivar SNK 500 was 

planted in the greenhouse, grown to V3 growth stage and 

inoculated with a mycelium suspension using an atomizer. 

Pots were covered with transparent plastic bags and ran-

domly placed in six incubation cabinets set at 18, 20, 22, 

24, 26 and 28°C for periods of three, six, nine and 12 days 

post-inoculation before being placed in the greenhouse. 

Control pots were placed directly on the greenhouse 

bench, without being bagged. Plants were scored for wilt-

ing incidence and leaf lesion development using a percent-

age and 0-5 rating scale respectively. Results from 

greenhouse trials indicated that temperature and periods 

of high humidity post-inoculation significantly (P<0.05) 

affected both wilting incidence and leaf lesion develop-

ment. Greatest wilting severity (47%) and leaf lesion devel-

opment rating (2.7) were recorded at a temperature of 

22°C and a period of high humidity post-inoculation of nine 

days. 
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Sclerotinia sclerotiorum (Lib.) de Bary, the causal organism 

of Sclerotinia stem rot of soybeans, is one of the most 

destructive diseases in the world’s temperate regions where 

cool and wet seasons prevail (Purdy, 1979). Disease incidence 

is largely dependent on weather (Phillips & Botha, 1990), 

specifically microclimate conditions within the crop canopy. 

According to Huang and Kozub (1993) temperature and 

moisture are the most important variables that affect mycelial 

survival. Temperature has been shown to have a significant 

effect on apothecial formation, ascospore germination, myce-

lial growth, initiation of infection and expansion of lesions. 

Moisture is one of the most important weather variables in the 

development of Sclerotinia stem rot epidemics. Optimum dis-

ease development requires a daily plant surface moisture 

duration of 12-16 h or continuous surface moisture for 42-72 

h (Abawi & Grogan, 1975; Steadman, 1983; Tu, 1989). The 

temperature x humidity interaction plays a critical role in dis-

ease development (Harikrishnan & Del Rio, 2006). A leaf 

wetness period of at least 48 hours is necessary with an air 

temperature of 20-25°C for germination of ascospores (Phil-

lips & Botha, 1990). This study was done to evaluate the 

effect of temperature and period of high humidity on disease 

development initiated by mycelium of S. sclerotiorum in the 

greenhouse.

Soybean cultivar SNK 500 was planted into 125 1 pots 

filled with steam sterilized soil. Pots were over seeded and 

after emergence thinned to 4 plants per pot. Plants were 

grown to V3 growth stage in the greenhouse at a 20/22°C 

day/night regime prior to inoculation using a spray mycelium 

method (Chen & Wang, 2005; Botha et al., 2009). Potato dex-

trose broth (PDB) was prepared and autoclaved. Three agar 

plugs (5 mm in diameter) were cut from a 3 day old PDA cul-

ture of S. sclerotiorum and then placed into the flasks. Flasks 

were placed in a rotary shaker for 3 days and harvested myc-

elium was homogenized for 12-20 seconds. The mycelial sus-

pension was placed in a hand atomizer and 15 ml was sprayed 

over each pot. After inoculation each pot was covered with a 

transparent plastic bag with four punched holes at the top to 

allow respiratory gas exchange while ensuring high humidity. 

Twenty pots were randomly placed in each of six incubation 

cabinets set at 18, 20, 22, 24, 26 and 28°C. Five pots that 

served as controls were placed directly on the greenhouse 

bench, without being bagged. This was regarded as 0 days 

humidity period post-inoculation. Three days after inocula-

tion, five pots (representing five replicates) from each incuba-

tion cabinet were randomly selected. The bags were removed 

and the pots were placed on the greenhouse bench. The 

remaining plants were similarly treated six, nine and 12 days 

after inoculation. Plants were scored daily for two weeks 

using a 0-5 rating scale to evaluate leaf lesion development 

and a percentage scale for wilting incidence. Leaves were 

scored on the following scale: 0 = no visible symptoms, 1= 

leaves showing small spots, browning of leaves and curling 

up; 2 = leaves are yellow, large brown lesions visible, 3 = 

infected leaves and petioles are brown and mycelial growth 

visible in some cases, 4 = 90% of plant leaves are dead and 

curled up or have been shed, mycelial growth may be visible, 

5 = all leaves infected, dead or shed, mycelial growth and 

sclerotia are visible in most cases.

Wilting incidence was scored as follows: 0% = no wilting 

visible, 10% = only infected leaves and stems show signs of 

wilting, 30% = upper parts of plants wilted (apical meristem 

and top leaves), 50% = infected leaves, stems and petioles 

wilted, 80% = leaves and apical meristem are wilted and 

lodged (apical meristem turned brown and dead), 100% = 

whole plant and main stem wilted, leaves dead and shed.

Data were analysed using NCSS (Hintze, 2001) with an 

analysis of variance to determine main and interaction effects 

on disease incidence and severity. Means were calculated for 

each treatment. The relationship between temperature, rela-

tive humidity treatment and disease severity were analyzed 

using the 3-dimentional Gaussian model of SigmaPlot 9.0.

Analysis of variance revealed that temperature and period 

of high humidity post-inoculation significantly (P<0.05) 

affected both wilting incidence and leaf lesion development 

caused by S. sclerotiorum. Significant (P<0.05) interaction 

effects between these variables were recorded. Greatest mean 

wilting incidence (47%) and leaf lesion development rating 

(2.7) were recorded with a temperature of 22°C and a high 

relative humidity period of nine days post-inoculation (Table 
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1). Regression analysis using the Gaussian equation provided 

similar optimum values for wilting incidence (temperature = 

20.95°C; wetness = 8.96 days) (Figure 1) while for leaf lesion 

development variation was such that the optimum duration of 

high relative humidity post-inoculation was projected at 

16.36 days (Figure 2). The former value is probably the more 

reliable since an R²=0.91** was recorded with wilting inci-

dence (Figure 1) compared with R²=0.79* with leaf lesion 

development (Figure 2). Wilting as a result of colonization by 

S.sclerotiorum is due to systemic infection (Purdy, 1979; 

Noyes & Hancock, 1981) compared with the colonization of 

leaf tissue which is more superficial. In the absence of free 

moisture lesion development quickly stops and the fungus 

remains quiescent in the lesion until it can be reactivated 

upon the return of free moisture (Tu, 1989). The extended 

optimum high humidity period for leaf lesion development 

may be assumed to be the result of more rapid desiccation of 

pathogen propagules in comparison with those associated 

with systemic infection. 

Studies to date have shown that Sclerotinia stem rot severity 

increases under cool, moist conditions (Phillips & Botha, 

1990; Purdy, 1979) and this was confirmed in the current 

study. Disease develops best at temperatures between 20°C 

and 25°C (Phillips & Botha, 1990; van den Berg & Lentz,

1968). In the current study optimum temperatures determined 

from greenhouse models indicate optimum temperature lies 

within a narrow range of 20.9°C to 22.8°C. Moisture is a crit-

ical component in the infection cycle of S. sclerotiorum. 

Abawi and Hunter (1979) and Phillips and Botha (1990) sug-

gested that more than 72 h of continuous leaf wetness are 

required for optimal infection of bean plants. In the green-

house, no disease occurred in plants that were not covered 

while disease was recorded at all the test temperatures after 3 

days (36 h) of high humidity facilitated by the plastic bag 

covers. Infection increased significantly the longer the high 

humidity was ensured. This study confirms the temperature 

and humidity limits of Sclerotinia stem rot in soybean and 

lays a foundation for further studies to develop a disease fore-

casting model. 

Table 1 Effect of temperature and high relative humidity periods post-inoculation on leaf lesion development and wilting 

incidence of soybeans caused by S. sclerotiorum in the greenhouse

Temperature (°C)

Humidity duration 

(Days) 18 20 22 24 26 28 Mean

Wilting (%)

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 24.28 21.43 30.00 32.86 10.00 30.0 24.76

6 38.57 50.00 67.14 35.71 27.14 32.86 41.90

9 50.00 50.00 80.00 58.57 12.86 30.00 46.91

12 58.57 50.00 58.57 35.71 10.00 30.00 40.48

Mean 34.28 34.29 47.14 32.57 12.00 24.57 30.81

Humidity duration 

(Days) 18 20 22 24 26 28 Mean

Leaf lesion development (0-5)

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 2.29 2.14 2.42 2.86 2.00 2.14 2.31

6 3.00 3.29 3.86 3.00 2.29 2.86 3.05

9 3.29 3.57 4.00 3.29 2.00 2.57 3.12

12 3.57 3.00 3.43 3.00 2.00 2.14 2.86

Mean 2.43 2.40 2.74 2.43 1.66 1.94 2.27

LSD (P<0.05)    

 

Temperature (Main effect) 

Humidity duration (Main effect) 

Temperature x Wetness (Interaction)

Wilting    

 

3.52 (F-value=86.43***) 

3.21 (F-value=275.88***) 

7.87 (F-value=15.54***)

Leaf lesion development    

 

0.17 (F-value=42.83***)    

0.15 (F-value=567.01***) 

0.37 (F-value=7.32***)
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Figure 1 Relationship between temperature and humidity periods on wilting of 

soybean caused by S. sclerotiorum in the greenhouse for varying periods of high 

humidity (0-12days) at 6 different temperatures (18-28°C)

Figure 2 Relationship between temperature and humidity period on leaf lesion 

development of soybean caused by S. sclerotiorum in the greenhouse for varying 

periods of high humidity (0-12 days) at 6 different temperatures (18-28°C)
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