






to 17 microsclerotia g- 1 soil) and considerable level of soybean root 

colonization during summer 1994 (Chapter II). The reason may be that 

the soil temperature was in the optimal temperature range for 

germinability and infectivity of C. ilicicola microsclerotia for several weeks 

prior to  and during optimal planting time (Fig. 3.7). In 1995, soil 

temperatures exceeded the optimal range for germinability (> 30°C) 

during late spring (3 wks prior to optimal planting) and reached the 

maximum limit for the pathogen survival (35°C) during early summer (Fig. 

3.7) \sdüch coincided with a dramatic decrease in the number of 

germinable microsclerotia in this field (Chapter II). Soil temperature level 

was above the high temperature limit for this pathogen for nearly 7 wks 

and even reached >40°C during a period of 2 wks (Fig. 3.7). This reduced 

level of viable microsclerotia in soil for the remainder of 1995 and in 1996 

in this field, was consequently leading to comparatively low level of soybean 

root colonization during the growing seasons in these 2 years (Chapter II).

Soil temperature was reported to be the most important 

environmental factor affecting the infection of peanut roots by C. ilicicola 

(Bell, 1966; Phipps and Beute, 1977). During the current study, we 

examined the optimal soil temperature range favorable for root 

colonization by C. ilicicola in soybeans grown in heavy alluvial soil in 

Louisiana. Our findings indicated that C. ilicicola invaded seedling roots 

Wien soybeans were grown at soil temperatures ranging from 25 to 35°C. 

However, the optimal soU temperature range for taproot colonization of 

young soybean plants by the red crown rot fungus was 25-30°C whereas for 

lateral root colonization it was 30®C. Soybean root colonization level by C.
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üidcola in this soil temperature range was independent of soil pathogen 

density a t the soil pathogen densities tested. Taylor etal. (1981) described 

a linear relationship of field soil population and peanut root colonization, 

but the inoculum density range described in his study was only 0-14 

microsclerotia g'  ̂ soil. Even though C. ilicicola could invade soybean 

seedlings, root colonization and probably further root invasions were 

suppressed Wien the soil temperature was 35°C. This fungus was not able 

to invade and/or colonize soybean roots at 40°C when soü population 

density was low. However, the fact that some level of root colonization 

was detected at 40°C at the highest population density indicates th a t a few 

microsclerotia in soil can infect a t this soil temperature if the soil is 

heavily infested.

An examination of average soil temperature during summer in 

Louisiana soybean fields shows a short period (i.e., a few weeks) during 

early summer when soil temperature levels are conducive (20-30°C) for 

soybean root colonization by C. üidcola. Our previous work suggested the 

importance of early soybean root colonization for the later development of 

red crown rot symptoms (Kuruppu and Russin, 1996). If soybeans are 

planted during the conducive period, there will be a considerable level of 

early root colonization consequently resulting in the development of red 

crown rot symptoms. Based on the  findings of the current study, high soil 

temperatures control the C. ilicicola survival in field soil as well as the 

soybean root colonization by this fungus. Therefore, soil temperature can 

be considered as the most im portant environmental factor controlling the 

development of red crown rot in soybeans in Louisiana.
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CHAPTER 4

ROOT COLONIZATION OF SOYBEAN BY CALONECTRIA lU CICG LA, 
THE RED CROWN ROT FUNGUS AS INFLUENCED BY HOST AGE
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Introduction

Red crown rot of soybean, Glycine max (L.) Merrill is caused by the 

soilbome fungus, Calonectria ilicicola Boedijn &. Reitsma (Rowe etal., 1973; 

Berggren and Snow, 1989; C r o u s e  etal., 1993) (synonym Calonectria 

crotalariae (Bell and Sobers, 1966; C r o u s e  et al., 1993). Cylindrodadium 

parasiticum (synonym Cylindrodadium crotalariae) is the imperfect stage of this 

fungus (Bell and Sobers, 1966; C r o u s e  et al., 1993). Foliar symptoms of red 

crown rot usually appear during beginning pod (R3) to full pod (R^) (Fehr et

al., 1971) soybean growth stages and include leaf chlorosis and interveinal 

necrosis followed by defoliation (Berggren and Snow, 1989). The fungus 

colonizes soybean roots during early vegetative stages (Chapter II) and 

diagnostic reddish-brown peritheda appear in the crown region 

coinddentally with leaf symptoms. In the United States, this disease was 

first reported in North Carolina in 1973 (Rowe eta l., 1973) and was first 

reported in Louisiana in 1976 (Bemer rt a/., 1986). In 1966, Bell and 

Sobers described this fungus as the causal agent for black root rot, also 

known as Cylindrodadium black rot, of peanut (Aradiis hypogea).

Delays in planting reduce inddence of soybean red crown rot (Russin 

eta l., 1985; Bem errta/., 1988). Recommended disease management 

strategies in Louisiana indude delayed planting and use of less susceptible 

cultivars (Bemer etal., 1988; Berggren and Snow, 1989). However delayed 

planting is the management strategy of choice for red crown rot because of 

lack of resistant cultivars. The mechanism behind reduced disease 

inddence following ddayed planting is not dear.

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



According to Kim etal. (1998), younger soybean plants (< 20 days 

old) were less susceptible to C  ilicicola than plants 20-30 days old. Low 

susceptibility of young plants to  the pathogen would reduce initial root 

colonization if soybeans were planted in the period during which field 

conditions are most conducive for root colonization. Because Kim et al.

( 1998) used a non-representative inoculation method, it is not known 

whether his results actually depict root colonization in the field. It is 

im portant to examine the susceptibility of soybean plants to C. ilicicola 

during the early growth stages because early root colonization is critical for 

the late development of red crown rot in soybeans (Kuruppu and Russin, 

1996). Therefore, the objective of this study was to examine effects of host 

age on soybean root colonization by C. ilicicola.

M a te r ia ls  a n d  M e th o d s  

Soil for these experiments was collected from the Louisiana State 

University Agriculture Center Ben Hur Research Farm, Baton Rouge. The 

soil type was Mhoon silty clay loam (in order Inceptisols, suborder: Aquept, 

in subgroup: Fluventic Haplaquepts, in family: Fine-silty, mixed nonaddic, 

thermic) and was free of C  ilicicola.

Inoculum preparation. Calonectria ilidcola isolate SG915 (Kim, 1994) was 

used to infest soil. Fungus cultures were grown on potato dextrose agar 

(PDA) at 25°C for 6 wks. Mycelia in agar were blended in distilled water 

for 1 min and the slurry was poured through nested sieves of 425 pore 

size over 150 [i pore size. Material on the 150 pore size sieve was 

washed under a stream of water to dislodge and remove hyphal fragments. 

Microsclerotia were then suspended in distilled water and enumerated.
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Host age effects on root colonization. Experiments were conducted in a 

greenhouse. Pots (20 cm in diameter) were filled with 1 kg of field soil 

free of C  üidcola. In each pot, 8 glass test tubes ( 1 x 8  cm) were placed to 

facilitate soil infestation without damaging plant roots. Glass tubes were 

placed in 2 circles (4 on each circle) in soil. Positions of tubes in the outer 

circle alternated with those in the inner circle. Tubes in the outer circle 

were forced 8 cm deep into soil and 4 glass tubes on the inner circle were 

forced 4 cm deep into soil. A single pregerminated seed of soybean cultivar 

Sharkey was planted at the center of 12-cm-diameter plastic pots. In order 

to get 6 soybean plants of each age group, 6 soybean seeds were planted 

each week, and planting was continued for 9 vrics. On the n in th  week, glass 

tubes were carefully removed and 100 ml of microsclerotia suspension 

sufficient concentration to give 50 microsclerotia soil (prepared as 

described previously) was pipetted into all holes in each pot. Equal 

volumes of microsclerotia suspension were added to each hole. Holes were 

filled with dry soil while the microsclerotia suspension was being added, 

hfinth batch of seeds was planted in soil infested with microsclerotia.

Plants were allowed to grow in the greenhouse (25+.5®C) and were watered 

once each day. Plants were harvested after 2 wks.

Determination of tap and lateral root colonization. Soybean roots were 

freed from soil by gentle washing under a stream of water. Tap and lateral 

roots were separated and then cut into segments 1 cm in length. From 

these, 20 taproot and 50 lateral root segments were selected a t random. 

These root segments were surface sterilized in 0.25% NaOCl for 30 sec, 

rinsed 3 times in sterile water, and blotted on sterile filter paper. These
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root segments were plated on modified Phipps medium (Phipps et al.,

1976) and incubated at room temperature (25-27°C) under continuous 

fluorescent light for 10-14 days. Root colonization was expressed as 

percentage of segments from which colonies of C  ilicicola were recovered. 

D ata were analyzed using SAS General Linear Models procedure (SAS 

Institute, Cary, NC) to determine the host age effect on soybean root 

colonization by C. ilicicola.

R esults

The effect of host age at the time of pathogen infestation was 

significant for both tap and lateral root colonization. Maximum taproot 

(50%) as well as lateral root (35%) colonization was detected vdien 

soybean seeds were planted in infested soil (Fig. 4.1). Both tap and lateral 

root colonization levels were reduced approximately 50% when the 

pathogen was introduced to 1-week-old plants (Fig. 4.1). Root colonization 

remained more or less at this level until the seventh week after seedling 

emergence. Then there was an increase in root colonization during the 

eighth week. However, to examine whether there is an increasing trend in 

susceptibility of soybean plants to C. ilicicola after this age, the experiment 

would have continued for several more weeks.

D iscu ssion

Several investigators (Russin eta l., 1985; Bemer rt a/., 1986) reported 

th a t red crown rot incidence in soybean was reduced by delaying planting. 

Previously we examined how soybean root colonization by C. ilicicola was 

affected by delays in planting (Chapter II). Initiation of root colonization
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F ig .4 .1 .  Relationship of plant age wi^i tip  an ^ ^ ^ lra l root colonization 
of soybeans by Calonectria ilicicola. Soil was infested with C. ilicicola 
microsclerotia when soybean plants were 0, 1 ,2 , 3, 4, 5, 6, 7, and 8 weeks 
old and root colonization was determined 2 week later. Bars with same 
letter in each panel did not differ significantly according to  least squares 
means (P ^O .0 5 ).
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was delayed and root colonization levels were reduced when susceptible 

soybean cultivars were planted 3 or 6 \̂ dcs later than th e  optimal time.

Differential host responses to pathogens based on host age have been 

reported for several crops. Soybean plants in early growth stages (Fehr et 

cd., 1971) were more susceptible to stem canker caused by Diaporthe 

phaseolarum var. ccadivara (Smith, 1989; Padgett, 1992) bu t less susceptible 

to brown stem rot caused by PhUdophoragregata (Phillips, 1972). Kim etal. 

(1998) reported that younger soybean plants were less susceptible to 

infection of C. ilicicola, vdiich is opposite of the findings of our study. They 

suggested that the reduced disease incidence following delayed planting 

may result from reduced susceptibility of young plants. In their 

experiments, however soybean plants of different ages were inoculated by 

placing mycelium of C. ilicicola in agar disks at stem bases and covering 

them with soil. Their conclusions were based on length of these lesions and 

number of peritheda produced on stems. We consider this is a non­

representative method of inoculation; a method closer to  the natural 

system of root invasion by the pathogen in the field is needed to make any 

inferences on the field situation. In our experiments, we exposed different 

vegetative growth stages of soybean plants to the pathogen by infesting 

field soil in pots with C. ilicicola microsderotia produced in the laboratory. 

W e were careful not to damage soybean roots during the infestation 

process. In the current study, up to 9-week-old soybean plants were 

examined, because according to our field studies the critical period of root 

colonization for red crown rot symptom development was for about 7 vdcs 

after planting. Contrary to findings of Kim etal. (1998), our results showed 

that soybean plants were most susceptible to C. ilicicola during the first

83

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



week after seedling emergence. Host susceptibility was reduced during the 

next few weeks at least till the eighth week after seedling emergence.

These results show that availability of infective inoculum in soil and 

optimal environmental conditions conducive for root colonization provide 

maximum opportunity for soybean root colonization by C. ilicicola during 

the first week after seedling emergence. Previously we have shown that, if 

soil temperature in a soybean field infested with C. ilicicola was in the range 

of 20 — 25®C for several weeks prior to planting, there could be a 

considerable am ount of infective microsclerotia in soil (Chapter III). 

According to our previous work this temperature range is the optimal 

range for soybean root colonization by this pathogen as well (Chapter III). 

This soil temperature range prevails during the optimal soybean planting 

time in Louisiana. If  soybeans are planted during the optimal soybean 

planting time, the m ost susceptible stage of the host is expoised to high 

level of infective microsclerotia in soil as well as the soil temperature 

conditions conducive for soybean root colonization by C. ilicicola. Roots of 

those soybeans planted during the optimal time would be considerably 

colonized during the early season which is critical for the later development 

of red crown rot.
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CHAPTERS

SUMMARY
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This study was designed to examine some of the important 

biological and epidemiological aspects of red crown rot disease 

development in soybean. Soybean root colonization by C  Uidcola and 

subsequent red crown rot disease incidence, as well as, changes of C. üicicola 

population in a soybean field, were examined over three years. Results 

revealed th a t soybean roots are colonized by C. Uidcola during early 

vegetative growth stages, but do not necessarily exhibit root discoloration 

or necrosis. According to our results, early soybean root colonization 

(about seven weeks after planting) by C. Uidcola is critically im portant for 

development of red crown rot symptoms in late reproductive stages. Early 

colonization of soybean taproots as well as lateral roots by C. Uidcola was 

important for red crown rot symptom development.

Initiation of soybean root colonization was delayed and root 

colonization levels were reduced in the more-susceptible cultrvar Sharkey 

following delayed planting, resulting in low red crown rot incidence.

Because field conditions are optimal for soybean root colonization only for 

a short period early in summer, it is advisable to avoid this period when 

planting susceptible soybean cultivars in fields with a history of red crown 

rot.

Root colonization during the critical period, as well as disease 

incidence, both were low in the less-susceptible cultivar Cajun, regardless of 

planting date. This indicates the effectiveness of planting less-susceptible 

cultivars for soybean red crown rot management and stresses the 

importance of developing resistant soybean cultivars. A possible 

relationship between reduced disease in the less-susceptible cultivar and its 

ability to limit early lateral root colonization by C. Uidcola was identified.
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A positive correlation between soybean root colonization and C  

üicicola population levels in field soil was detected. The correlation between 

taproot colonization and soil population level was weak but positive in all 

three cropping seasons (1994, 1995, and 1996). A strong positive 

correlation between lateral root colonization and soil population was 

detected only in 1994, the only year in vdüch red crown rot symptoms 

were expressed in soybean plants. This was likely due to deterioration of 

heavily colonized lateral roots (towards the end of the year), which 

contributed to the increase in C. Uidcola population in field soil. Negligible 

levels of early season root colonization in field plots in 1995, in spite of 

high soil pathogen population, suggested a probable involvement of high 

temperature experienced during planting tim e in reducing root 

colonization by C. üicicola. Soil population levels under soybean cultivars 

differing in susceptibility were not consistent during 1994, 1995, and 1996 

in this field. A higher C. üicicola population level under more-susceptible 

Sharkey was detected tow ^ds the end of 1994 but the difference 

disappeared after spring 1995. During the early summer 1995, C. üicicola 

population level in this field soil decreased dramatically and continued to 

be low for the remainder of the year as well as throughout 1996 growing 

season, even in the presence of a susceptible host. We found that 

microsderotia of C. üicicola are affected by unusually high temperatures 

experienced during growing seasons of 1995 and 1996.

High temperature effects on C  üicicola microsderotia in a heavy 

alluvial soil common to Louisiana soybean fields were examined in a series 

of laboratory and greenhouse experiments. Field soil infested with 

laboratory-produced microsderotia was exposed for different durations to a
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range of temperatures experienced during the soybean growing season in 

Louisiana. The ability of microsderotia to germinate and produce colonies 

on nutrient media after recovering from soil was referred to as 

germinabihty. Microsderotia germinability was affected by soil 

temperature, as well as, the duration of exposure to that temperature. 

Optimal soil temperature range for germinability of these microsderotia 

was 20-25°C. The longer the soil temperature was in the optimal range for 

germinability, the higher was the level of germinable microsderotia in soil. 

This level was considerably reduced with longer exposure to 30°C, vdiich 

appeared to be a marginal soil temperature for microsderotia 

germinability. According to these results, the number of microsderotia 

recovered from field soil in laboratory may not always reflect the real field 

C. Uidcola population levd, as microsderotia germinability may be 

influenced by soil temperatures at and prior to soil sampling. The ability of 

microsderotia to germinate in the soybean root rhizosphere and invade 

soybean roots was defined as infectivity of microsderotia. The optimal soil 

temperature range for infectivity of C. Uidcola microsderotia was 20-30®C. 

These microsderotia did not survive at soil temperatures ^  35°C. Changes 

of C. Uidcola population levds observed in experimental fidd plots in 1994, 

1995, and growing season in 1996 are explained by these findings. Results 

of this study indicate that the number of infective and viable C. Uidcola 

microsderotia in soybean fidds decrease in response to increasing soil 

temperatures during the growing season.

Experiments conducted in growth chambers examined the soil 

temperature effects on soybean root colonization by C. Uidcola. The
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optimal temperature range for soybean taproot colonization was 20-30®C 

and for lateral root colonization was 25-30®C. Although C. üicicola can 

invade soybean roots at 35°C, this temperature was not favorable for root 

colonization. These results support the role for high soil temperature for 

reduced root colonization during optimal planting time in 1995. In 1994, 

the only year in which red crown rot disease symptoms were expressed in 

soybeans, soil temperatures were optimal for soybean root colonization 

from April until the end of June.

Susceptibility to C. üicicola a t different soybean plant ages was 

examined in greenhouse experiments. The first week after seedling 

emergence was the most susceptible period of the soybean plant for C. 

üicicola infection. Host susceptibility was reduced during the  next few 

weeks at least till the eighth week after seedling emergence. Therefore, the 

highest soybean root invasion and colonization by C. üicicola can be 

expected during the first week after seedling emergence, if field conditions 

are favorable during that time.

Based on our results, we are able to explain the high levels of red 

crown rot incidence in soybeans following optimal planting. W hen planted 

during the optimal time, the most susceptible plant stage is exposed to 

infective microsderotia in soil a t temperatures generally condudve for root 

colonization. The critical early root colonization period may overlap with 

the most favorable soil temperature conditions for root colonization. 

During this time, infective microsderotia in soil cause substantial levels of 

early root colonization which subsequently result in high levds of disease 

inddence. However, the levd of infective microsderotia in fidd  soU will
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gradually decrease in response to increasing soil temperatures as the 

growing season progress. The soil temperature level might exceed the 

optimal range for soybean root colonization as well. Delaying soybean 

planting by a few weeks may expose the most susceptible host stage to a 

lower number of infective microsderotia at temperatures th a t are less 

conducive for root colonization. During the critical period for root 

colonization, conditions may be less favorable than th a t following optimal 

planting. This explains how early soybean root colonization is reduced in 

susceptible soybean cultivars planted a few weeks late.

A reas  fo r  F u tu r e  R e se a rc h  

W e examined red crown rot disease development in soybean for 

three years and attempted to understand several biological and 

epidemiological aspects of this disease. There were some questions raised 

during the study. Addressing these questions will h d p  understand the 

soyhc3i3\-Calonectria Uidcola pathosystem.

1. Based on our results, colonization of soybean lateral roots was more 

closely associated with red crown ro t symptom development than was that 

of taproots. This may be an important aspect to be examined in detail.

2. Hardly any information is available on root infection process by C.

Uidcola and subsequent pathogen development within the soybean root 

system. Histological studies of soybean root colonization by C. Uidcola will 

provide basic information on this aspect.

3. The current study stresses the  importance of planting resistant 

cultivars in the management of red crown rot in soybean. Although red 

crown rot resistant cultivars are no t available, some soybean cultivars are 

known to  be less susceptible. Understanding the mechanism behind this
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reduced susceptibility will provide information useful to enhance breeding 

and selection of soybean cultivars resistant to red crown rot.

4. During the current study, there were indications th a t low rainfall has 

an effect on C. Uidcola microsderotia survival and on soybean root infection 

by C. Uidcola as well. Effects of soil moisture, as well as the interaction of 

soil moisture with soil temperature, on C. Uidcola m icrosderotia and on 

soybean root infection by this fungus need to be examined.
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APPENDIX 

DOES AGE OF CALONECTRIA lU C IC O LA  MICROSCLEROTIA 
AFFECT S E N S m v n y  TO SOIL TEMPERATURE ?
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M aterials and M ethods

The effects of temperature on the germinability and infectivity of C  

Uidcola microsderotia were tested in a greenhouse experiment. Field soil 

was infested with microsderotia of C. Uidcola isolate SG 915 that were 

produced in the laboratory on potato dextrose agar (PDA). Fungus 

cultures were grown on PDA at 25°C for 8 wks. Microsderotia suspension 

was prepared as described in Chapter III. One kilogram of soil in each 

plastic bag was infested with C. Uidcola microsderotia using the procedure 

described in Chapter III. The amount of water that should be added to 

bring this soil to fidd capadty was predetermined and added to soil in 

plastic bags and then the weight of each bag was recorded. These bags of 

soil were incubated a t 20, 25, 30, 35, and 40®C for 3 or 6 wks. Soil 

moisture levd was maintained at fidd capadty during incubation by adding 

enough water to each bag to bring back to its initial weight. Each 

temperature treatm ent was replicated 5 times. At the end of each 

incubation period the number of germinable microsderotia in soils 

incubated at each temperature was assayed using the method described in 

Chapter III.

To determine the infectivity of microsderotia exposed to these 

different soil temperatures, seeds of soybean cultivar Sharkey were planted 

into 12-cm-diameter plastic pots (1 seed per pot) containing incubated 

soil. Each treatm ent was replicated 5 times. Plants were allowed to grow 

in a greenhouse at 25+.5°C and plants were harvested after 8 wks. Lateral 

and taproot colonization levels were assayed separately using the
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method described in Chapter HI. Soil population levels were assayed again 

a t the  end of the experiment. This experiment was conducted only one 

time. D ata were analyzed using SAS General Linear Models procedure 

[SAS Institute, Cary, NC] to  determine the main and interactive effects of 

temperature and duration on germinability and infectivity of C  Uidcola.

Results

Calonectria üicicola microsderotia were sensitive to incubation 

temperatures as well as duration of incubation at th a t temperature. W hen 

averaged across 2 incubation durations, microsderotia germinability 

decreased as incubation temperature increased. Very few microsderotia 

germinated when incubated a t temperatures above 35°C and that number 

was negligible at 40®C (Fig. A l) . More microsderotia were germinable 

after 6 wks incubation than a t 3 wks incubation when incubation 

temperatures were 20 or 25°C (Fig. Al). Incubation duration did not have 

an effect on the number of germinable microsderotia a t 30®C (Fig. A l). 

Levds of germinable micorsderotia in soil were considerably lower by the 

time soybeans were harvested than those im m ediatdy following 

incubations at different temperatures. At tha t tim e microsderotia levds 

were different only in infested soil incubated a t 20®C (Fig. A l).

Highest root colonization levd was detected in soybeans grown in 

infested soil incubated a t 25°C (Fig. A2). Higher levd of root colonization 

was detected in soybeans grown in infested soil incubated for 3 wks than 6 

wks a t 20°C (Fig. A2). Root colonization levds were not affected by the 

duration when infested soil was incubated at 30®C and this levd was 

similar to that in infested soil incubated at 20®C for 6 wks (Fig. A2). Only
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F ig .A l. Levels of germinable microsderotia of Calonectria Uidcola after 
incubating in soil for 3 and 6 weeks at 20, 25, 30, 35, and 400C (A) and 
when soybeans grown in these soil were harvested 8 weeks later (B). 
Treatment means marked with the same letter are no t significantly 
different within each panel according to least squares means (P ^ 0 .0 5 ) .
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F ig .A 2. Soybean root colonization by Calonectria Uidcola grown at 25°C for 
8 weeks in a green house in soil infested with microsderotia. The soils 
were previously incubated at 20, 25, 30, 35 or 400C for 3, or 6 weeks. 
Treatment means marked with the same letter did not differ significantly 
according to least squares means (P ^ 0 .0 5 ) .
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a negligible level of root colonization was detected in soybeans grown in 

infested soil incubated at 35 or 40®C (Fig. A2).

D iscu ssio n

According to theses results optimal soil temperature range for 

microsderotia germinability is between 20-30®C and 35°C is the high 

temperature limit. The number of germinable microsderotia after 

incubating a t different temperatures was apparently higher than tha t 

detected in experiments described in Chapter III. The age of the C. Uidcola 

cultures used to extract microsderotia was 6 wks in those experiments, 

where as it was 8 id(s in this experiment. Older cultures may have higher 

number of mature or older microsderotia and these mature or older 

microsderotia may withstand high soil temperature better than immature 

or younger microsderotia. However, more information is needed before 

suggesting any rdationship between temperature tolerance of C. üicicola 

microsderotia and th d r  age. M icrosderotia exposed to 35 and 40°C were 

not infective indicating that soil temperatures 35°C have an lethal effect 

on these microsderotia. Maximum infectivity was detected in 

microsderotia exposed to 25®C.
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