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ABSTRACT 

Soil inoculum density and the incidence of black root rot of 

cotton caused by Thielaviopsis basicola were monitored in two 

adjacent fields planted mid-April to Gossypium hirsutum 'Acala 

1517' at Duncan, AZ (1160 m elev.). Forty soil cores (3.5 x 

15 cm) were taken from the root zone and 80 plants were 

collected biweekly in the two fields from 5/7/87 to 9/28/87. 

The inoculum density (cfu/g air-dried soil) was determined by 

plating soil dilutions onto a selective medium. Disease 

severity was rated on a scale of 1 (slight cortical decay) to 

4 (severe cortical decay). Mean inoculum density in Field 1 

soil was 65 cfu/g 'soil and 20% of the seedlings were infected 

with a severity rating averaging 1.6. In Field 2 the inoculum 

density, percentage of infected plants, and disease rating 

were 225 cfu/g soil, 93, and 3.2, respectively. No cortical 

decay was noted after June 6 in either field. yields were 

similar in both fields. 

Field and laboratory studies indicate that high disease 

incidence of black root rot caused by T. basicola results in 

reduced incidence of seedling disease caused by Rhizoctonia 
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solani. For example, 1 mo after untreated seeds of Q. 

barbadense 'Pima 5-6' were planted into a cotton field in 

Coolidge, AZ with natural inoculum levels of 12 cfu/l00 g soil 

and 225 cfu/g soil of B. solani and ~. basicola, respectively, 

98% of the plants were infected by ~. basicola while only 2% 

were infected by B. solani. Eleven out of the 12 B. solani 

propagules were pathogenic to cotton. The same levels of 

inoculum were added to autoclaved field soil in growth 

chambers at 18 C and 5200 lux light in four treatments. The 

first treatment, ~. basicola alone, caused a 98% incidence of 

black root rot. Rhizoctonia sol ani alone resulted in a 38% 

incidence of disease, whereas inoculum of ~. basicola and B. 

sol ani together caused a 98% and 17% incidence of disease 

caused by ~. basicola and B. solani, respectively. 

simultaneous inoculations of 4-day-old Q. hirsutum 'DP 90' 

seedlings on water agar plates with inoculum of ~. basicola 

and B. solani resulted 5 days later in a significant decrease 

in infection by B. sol ani as compared to that in the seedlings 

inoculated with B. solani only. 
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INTRODUCTION 

Cotton is a major fiber crop grown in the tropics, sub

tropics, and warmer temperate regions worldwide. Average 

annual losses in yield of cotton in the U.s. due to seedling 

diseases total approximately 3.0 percent (9), despite the use 

of seed treatments. In those parts of the world where seed 

treatments are not used, the losses are probably greater. The 

maj or pathogen contributing to these losses is the fungus 

Rhizoctonia solani Kuhn [Thanatephorus cucumeris (A.B. Frank) 

Donk]. Another pathogen of seedling cotton is Thielaviopsis 

basicola (Berk. and Br.) Ferr. (=Chalara elegans Nag Raj and 

Kendrick) (48), the causal agent of black root rot. There are 

numerous fungi which contribute to the various seedling 

diseases of cotton: seed decay, pre-emergence damping off, and 

post-emergence damping off. In addition to B. solani and T. 

basicola, other fungal pathogens of seedling cotton are 

species of Glomerella, Ascochyta, Fusarium, and Pythium 

(5,54). These fungi are often considered as a complex rather 

than individually when studies are made on yield losses and 

fungicide efficacy (16,18,25,46,48) and when recommendations 

for control are given (14,21). 
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The interactions between two or more pathogens of seedling 

cotton are generally assumed to be synergistic, as has been 

shown to be the case between the root knot nematode, 

Meloidogyne incognita. and Fusarium oxysporum f.sp. 

vasinfectum on cotton (15). A 1982 study in Mississippi on the 

mycofloral relationships in the cotton seedling disease 

complex indicate that these interrelationships are unclear and 

complicated (54). The authors suggest that further work is 

needed to elucidate interactions amongst the individual cotton 

seedling pathogens. 

Thielaviopsis basicola and B. solani are considered to be the 

only fungal pathogens of seedling cotton in the state of 

Arizona (personal communication, R. B. Hine). since the 

interaction between these two fungi has not been studied, an 

objective of this research was to look at this phenomenon. 

RHIZOCTONIA SOLANI 

Rhizoctonia solani was first observed on potato tubers 100 

years ago by Julius Kuhn (35) in Germany. It is a worldwide 

soilborne pathogen infecting more than 400 flowering plants 

(19). As a species, its host range is almost unlimited having 

one of the largest host ranges of any plant pathogens. It is 

responsible for seed decay, stern cankers, damping off, root 



13 

rots, and foliage diseases. 

The species is mUltinucleate and is divided into at least nine 

anastomosing groups (AG) (2). The AG concept is a subspecies 

classification based upon the observation first reported by 

Schultz in Germany in 1937 (2), that hyphae from two 

confronted isolates of B. solani belonging to the same AG 

group will fuse. Isolates from different AG types will not 

fuse. The various AG types are generally restricted to 

particular hosts. For example, anastomosing group 4 (AG 4) 

causes a seed rot and a lethal hypocotyl infection of cotton 

seedlings, as well as disease in other plants from the 

families Chenopodiaceae, Leguminosae, and Solanaceae (52). 

This AG type makes up a large proportion of the AG's found in 

soils worldwide (29,52,64). It differs from the other AG's not 

only by the hosts it attacks but also morphologically, having 

longer sterigmata often nUmbering three instead of four, 

smaller basidiospores, and fewer scerotia in culture (52). 

Several workers have regarded it as a good biologic species, 

separate from B. solani, and advocate naming it B. practicola 

(2) or simply the "practicola type" of Thanatephorous 

cucumeris (49). 

Recent studies comparing the inter and intragroup homologies 

of several AG types by DNA hybridization techniques indicate 



14 

that there is extensive variation within many AGs (37). Most 

recently Vigalys and Gonzales (62) surveyed different 

intraspecific groups of R. solani for restriction fragment 

length polymorphisms (RFLPs) within DNA coding for ribosomes 

(rONA). They found that RFLPs in the ribosomal RNA-coding DNA 

from the isolates studied revealed a pattern that is 

consistent with current intraspecific classifications based 

on anastomosis behavior, pathogenicity, and cultural 

morphology. 

Rhizoctonia solani is considered to be a very successful and 

important plant pathogen not only because of its wide host 

range and ability to cause a variety of types of infection, 

but also because of its highly competitive saprophytic 

ability. Rhizoctonia solani is exceeded as a saprophyte only 

by Rosellinia~. (52). While damage to cotton seedlings by 

R. solani has been well documented (20,30), suppression of 

damping off of cotton seedlings caused by R. solani can occur 

under a variety of circumstances. Infection by R. solani has 

been reduced by non-virulent isolates of R. sol ani (29), by 

amendment of the soil with Trichoderma (8,17,42), with 

Gliocladium (38), and with specific compounds such as glucose 

and 3-0-methyl glucose (65). A beetle from the order 

Collembola, Proisotoma minuta, has been reported as an avid 

consumer of R. solani hyphae resulting in a decrease in cotton 
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seedling disease (13). In addition, the bacterium Pseudomonas 

fluorescens has been described as inhibiting B. solani through 

the production of an antifungal antibiotic, pyrrolnitrin 

(14,28). 

THIELAVIOPSIS BASICOLA 

Less is known of the biology and pathogenicity of T. basicola 

associated with cotton than of the well documented pathogen, 

B. solani. The fungal pathogen T. basicola has a narrower host 

range than B. solani, infecting around 100 species of plants 

(30). It is worldwide in distribution throughout temperate 

regions, especially in cold and wet soils. It was first 

described by Berkeley and Broome in England in 1850 when they 

found chlamydospores at the base of stems of peas and gave it 

the name Torula basicola (Berkeley and Broome). Thielaviopsis 

basicola produces subhyaline endoconidia, 6 x 4 um in size and 

darkly pigmented chlamydospores, 14-16 um long. The 

chlamydospores are believed to be the survival structures 

serving to initiate infection in the new growing season. 

Black root rot was first observed on cotton roots in Arizona 

in 1922 near Sacaton (32). In recent years it has received 

more notice as the acreage of cotton in Arizona has increased 

due to increased cotton prices. It was previously believed to 
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be a problem restricted to the elevations higher than 2000'. 

Lately, however, black root rot has been observed at lower 

elevations, as the longer growing season required of Pima 

cotton has necessitated planting early (45). This can mean 

planting into soils cooler than 20 C, which is considered to 

be the minimum temperature for good seed establishment (63). 

Thielaviopsis basicola is generally believed to be a pathogen 

associated with cold, wet soils, and is more prevalent in 

years with lower than normal temperatures. It also may be 

associated with soils of higher pH. In a study by Roy and 

Bourland in Mississippi in 1982 (54) a positive correlation 

was found between increasing soil pH and the incidence of 

isolation of ~. basicola from cotton roots. 

At inoculum levels above approximately 100 colony forming 

units (c.f.u.)/gram of soil, ~. basicola infects the cortical 

tissue of young cotton seedlings causing a brown cortical rot 

and decreased lateral root growth (44). As soil temperatures 

warm up and the cotton plant matures the diseased tissue is 

sloughed off and all visible signs of the disease disappear 

(10) • 

In order to better define ~. basicola's role as a pathogen, 

greenhouse studies have been conducted using pasteurized soils 
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infested with the fungus. However, these have failed to show 

any reduction in emerging or surviving cotton seedlings (21). 

In fact, work by Mathre showed either an increase or no 

difference in height of seedlings in pasteurized soil with 100 

or 1000 cfu/g soil as compared to those grown in sterile soil. 

Only with 10,000 cfu/g soil did some stunting occurr (44). 

Further, the boll set in greenhouse plants actually improved 

in plants grown in soil with up to 1000 cfu/g soil over those 

grown in sterile soil. 

The actual effect of infection by T. basicola on yields of 

cotton in the field has not been determined. Personal 

observations made in Arizona (R.B. Hine) suggest that 

infection by T. basicola may not affect cotton yields under 

climatic conditions when temperatures in the spring are 

favorable for cotton growth and an early frost in the fall 

does not occur. Therefore, one of the objectives of this study 

was to look at the effect of different soil population levels 

of T. basicola on yield of cotton. 

Thielaviopsis basicola and R. solani are common inhabitants 

in many Arizona soils where cotton is grown (personal 

observation, R. B. Hine). The interaction between these two 

fungi at the population levels found in Arizona soils has not 

been studied. Therefore, another objective of this research 
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was to look at the nature of the interaction between E. solani 

and T. basicola as pathogens of seedling cotton. 



CHAPTER 1 

EFFECT OF THE INCIDENCE AND SEVERITY OF BLACK ROOT ROT OF 
COTTON CAUSED BY THIELAVIOPSIS BASICOLA AND YIELD 

INTRODUCTION 

19 

The soilborne fungal plant pathogen Thielaviopsis basicoJ:a 

causes black root rot, a cortical rot of roots of seedling 

cotton grown in many temperate regions of the world. It is 

considered to be a cool temperature seedling disease and in 

Arizona is found in cotton planted at elevations higher than 

900 m or early in the year at lower elevations (45). 

Thielaviopsis basicola was identified as a pathogen of cotton 

seedlings in Arizona in 1922 (32,56) and can infect several 

Gossypium~. including short staple cultivars of Gossypium 

hirsutum and long staple cultivars of Gossypium barbadense 

(23). No chemical treatments are known to be effective against 

the disease. Occurrence of black root rot can vary from field 

to field and from year to year depending on the temperature 

at the time of planting, the previous cropping sequences, the 

isolate, and the inoculum level. with very high levels of soil 

inoculum, 10,000 colony forming units/ gram of soil (cfu/g 

soil), Thielaviopsis basicola may cause stunting of cotton 
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seedlings, although average inoculum levels (100-1,000 cfu/g 

soil) actually stimulated plant growth and enhanced boll yield 

in greenhouse studies (44). In experiments with T. basicola 

added to pasteurized greenhouse soil, reduction in the number 

of emerging or surviving seedlings was rarely noted (21). The 

pericycle apparently remains healthy during infection and with 

increased temperatures new cortical and epidermal tissues are 

regenerated. Under sui table growing conditions and with proper 

management procedures, the maturing cotton plant is apparently 

able to recover from early seedling infection (21,44). The 

objective of this study (Chapter 1) was to look at the 

relationships between fungal inoculum, disease incidence, 

disease severity, and yield. 

MATERIALS AND METHODS 

Field plot design and sampling method. Two adjacent commercial 

fields in Duncan, Arizona (1160 m elevation, 32 0 45 1 N 

latitude and 1090 7 1 W longitude), known to be infested with 

T. basicola were planted to g. hirsutum IAcala 1517 1 in mid

April, 1987. The soil temperature at planting at a 5 cm. depth 

was 17 C. Both fields were managed throughout the season by 

the same grower.The recent planting history for the two fields 

was as follows: Field 1 was planted to cotton in 1986 and 

1985, and to wheat in 1984; Field 2 was planted to cotton in 
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1986 and 1984 and to sorghum in 1985. study areas, 100 rows 

(1 m apart) by 100 meters, were chosen within each of the two 

fields. within each study area, 10 samples (one every fifth 

row) were taken along each of the four diagonals of a diamond 

pattern. At each sample site the soil was loosened with a 

shovel around two plants which were gently removed and placed 

into plastic bags. A soil core (3.5 cm. x 15 cm) was then 

taken from the root zone of one of the removed plants. The 10 

soil cores of each vector were combined, resulting in four 

composite soil samples and 80 plants per field per sample day. 

Sampling was done approximately biweekly from 5/7/87 to 

9/28/87. A composi'te soil sample from each field was analyzed 

for it's physical and chemical properties by lAS Laboratories, 

Phoenix, Arizona. 

Disease incidence and severity rating. Incidence of disease 

was the number of diseased plants on a percentage basis. Each 

plant was given a severity of disease rating on a scale of 0-

4 according to a method described by Tabachnik and Devay (16); 

a = no cortical decay; 1 = <25 %; 2 = 25 - 50 %; 3 = 50 - 75 

%; and 4 = 75 - 100 % cortical decay. 

Determination of propagules of ~. basicola in soil assays. 

Immediately after collection the four soil samples from each 

field were spread out on separate papers and air dried at room 
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temperature for 3 days. Each sample was then crushed and 

sieved (0.991 mm openings) and the larger components not 

passing through the sieve were discarded. Four days after 

collection from the field, the sieved soil samples were 

assayed to determine the number of T. basicola propagules. For 

this, the selective medium of Specht and Griffin (58) was 

modified as follows. Ten g of agar and 1 g of CaCOJ were added 

to 700 g. of distilled water and autoclaved for 25 min. 

Immediately after autoclaving 400 mg a.i./L. etridiazol and 

300 ml of carrot extract were added to the mol ten agar 

solution. The carrot extract was prepared by blending 150 g 

of fresh, peeled carrots with 200 ml of hot sterile, distilled 

water which was then strained through two layers of 

cheesecloth. To the cooled, carrot medium were added 100 ml 

of sterile, distilled water containing 50,000 units nystatin, 

500 mg a.i./L streptomycin sulfate,. and 30 mg a.i./L 

chlortetracyline. Ten g of an air-dried, sieved soil sample 

were added to 95 ml of 0.1% water agar in a 125 ml Erlenmeyer 

flask and stirred for 3 min. Quantities of 0.5 ml were taken 

from this soil suspension and spread evenly over each of three 

plates of the selective medium. This was repeated three times 

for each of the four sieved samples from a given field 

collection. After a 10-day inCUbation period at 18 C in the 

dark, colonies of T. basicola were counted to estimate the 

population density of the pathogen in the soil as colony 
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forming units (cfu) per g air-dried soil. 

The effect of increasinq amounts of ~. basicola on cotton 

seedlinqs qrown in autoclaved field soil. Soil from a cotton 

field in another part of the state (Coolidge, Az.) was 

collected and autoclaved for 2 hr on 2 successive days. 

Inoculum of T. basicola was prepared by flooding a 10 cm dia 

plate of a 2-wk-old culture of T. basicola (originally 

isolated from the Coolidge field plot soil) growing on 10% 

carrot agar with sterile distilled water to loosen the 

propagules and hyphal fragments. This suspension was poured 

over 100 g of autoclaved field soil, stirred and allowed to 

dry at room temperature for 2 days. The cfu/g of the inoculum 

was determined by plating three replications each of three 10-

1 (w/v) infested soil in 0.1% water agar on selective media as 

previously described. Sufficient inoculum of T. basicola was 

added to a large amount of autoclaved soil to attain a level 

of 1120 cfu/g soil. This soil was then diluted with non

infested autoclaved soil to make five treatments in all: 1) 

no inoculum 2) 280 cfu/g soil 3) 560 cfu/g soil 4) 840 cfu/g 

soil and 5) 1120 cfu/g soil. This experiment was repeated 

twice. 

Nine styrofoam cups of soil were prepared per treatment with 

five seeds of ~. hirsutum 'DP 90' per cup. All cups were 
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placed randomly in a growth chamber at 18 C with 5,200 lux 

light and a 12 hr diurnal cycle and irrigated as needed. The 

plants were harvested 10 days later. At that time the 

following information was recorded for each plant: plant 

height, total tap root length, and number of mm of the tap 

root infected with %. basicola. Percent germination of cotton 

was also determined. This experiment was repeated once. 

RESULTS AND DISCUSSION 

Mean propagule count of %. basicola throughout the 1987 season 

in soil from Field 1 was 65 cfu/g soil. Only 20% of the 

seedlings in Field 1 were infected. These had a severity 

rating averaging 1.6 until June 20 when root lesions were no 

longer observed (Tables 1, 2, and 3). In contrast, Field 2 had 

a mean propagule count of 225 cfu/g soil. Here 93% of the 

plants were infected with an average severity rating of 3.2. 

Cortical rot of the tap root in Field 2 also disappeared by 

June 20. Field 1 had a low inoculum density and a 

correspondingly low incidence of disease while Field 2 had a 

high inoculum density and nearly 100% disease incidence. 

Disease incidence was highest in both fields on the first 

sampling date, approximately 3 wk after planting. The 

average disease severity was highest 5 wk after planting on 

the second sampling date (Table 2). In both fields the number 



Table 1. Average propagule 
Thielaviopsis basicola in two 
Duncan, AZ, in 1987 

Sample date Field l a 

May 7, 1987 40b 

May 14, 1987 107 
June 3, 1987 20 
June 20, 1987 9 
Aug. 4, 1987 80 
Sept. 28, 1987 48 

counts (cfu/g 
adjacent cotton 

Field 2 

360 
280 

90 
130 
200 
171 

soil) 
fields 

25 

of 
in 

aField 1 and Field 2 are two adjacent cotton fields in Duncan, 
AZ. See text for cropping history. 
bpropagule counts of Thielaviopsis basicola (cfu/g soil) are 
the average of all samples collected for that field on that 
day. 
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Table 2. Disease incidence of Thielaviopsis basicola in Gossypium 
hirsutum '1517' within two adjacent cotton fields in Duncan; AZ, 
1987 

FIELD 1 FIELD 2 

Date 1-1· 1-2 1-3 1-4 2-1 2-2 2-3 2-4 

May 7 100b 5 0 45 95 100 95 90 
May 14 85 1 1 2 95 100 95 75 
June 3 1 1 0 0 65 35 40 35 
June 20 0 0 0 0 0 0 0 0 
Aug. 4 0 0 0 0 0 0 0 0 
sept. 28 0 0 0 0 0 0 0 0 

·One diagonal of a diamond shape within a 100 row by 100 meter area 
of each field. 
bThe percent of 20 plants (two plants from every five rows along a 
diagonal, 50 rows per diagonal) showing infection of the tap root 
by Thielaviopsis basicola. 
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Table 3. Average severity rating of infection of GossY12 ium 
hirsutum '1517' by Thielavio12sis basicola in two adjacent 
cotton fields in Duncan, AZ, 1987 

FIELD 1 FIELD 2 

Date 1-1· 1-2 1-3 1-4 2-1 2-2 2-3 2-4 

May 7 2.5b 2.0 0 1.5 3.3 3.8 3.0 2.8 
May 14 2.6 2.0 1.0 2.4 3.4 3.4 3.4 3.5 
June 3 1.0 1.0 0 0 1.8 1.1 1.6 1.3 
June 20 0 0 0 0 0 0 0 0 
Aug. 4 0 0 0 0 0 0 0 0 
sept. 28 0 0 0 0 0 0 0 0 

·One diagonal of a diamond shape within a 100 row by 100 meter 
area of each field. 
bThe average severity rating of 20 plants (two plants from 
every five rows along a diagonal, 50 rows per diagonal). 
Disease severity rating is based on percent of the tap root 
cortex rotted: 0 = no cortical rot; 1 = 1 - 25%; 2 = 26 -
50%; 3 = 51 - 75%; and 4 = 100%. 
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declined until June 20 when the mean soil temperature over a 

24-hr-period at a 5 cm soil depth had risen from 17 C at 

planting to 25 C. At this time no cortical decay was noted in 

either field. Regardless of the population density of T. 

basicola in each field or early incidence of black root rot, 

no disease symptoms were observed by mid-June. It can be seen 

from Table 1 that the population density of T. basicola 

remained relatively high in Field 2 throughout the season and 

so the disappearance of symptoms can not be attributed to 

absence of the pathogen. Symptoms of cortical root rot 

disappeared faster however in Field 1 as the disease incidence 

and severity was nearly zero by June 3, while in Field 2 35% -

65% of the roots still showed symptoms until June 20 (Table 

2) • 

The decrease and disappearance of symptoms was probably due 

to a combination of temperature effects on the host and on the 

pathogen. Thielaviopsis basicola has a temperature optimum for 

growth and pathogenicity of 18-21 C (4) . Increased 

temperatures favor growth of the cotton plant and the 

formation of cork cambium layers increasing resistance to 

infection by seedling pathogens (32). 

The reason is not clear for the quantitative difference in 

propagule count of T. basicola between the two fields. It is 
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possible that the difference in soil texture (Table 4) had an 

effect on viability of ~. basicola inoculum. The lower disease 

incidence and severity of black root rot in Field 1 as 

compared to Field 2 may be have been due to higher soil 

temperatures in Field 1, thereby decreasing germinability of 

~. basicola propagules. In an early study of the effects of 

temperature on the viability of ~. basicola propagules, 

Papavizas and Lewis (51) showed that with an increase in 

temperature there is a decrease in germinability of 

endoconidia and chlamydospores of ~. basicola. Lighter 

textured soils have a lower moisture holding capacity and 

often a higher quartz constituent both of which increase the 

thermal conductivity of the soil (23). 

yields as determined at harvest in mid-october by the grower 

were similar in both fields; approximately 1100 kgm/ha of 

cotton lint. Thus, these data suggest that a nearly 100% 

incidence of black root rot with a high disease severity 

rating may have no more effect on yield than a 20% disease 

incidence with a low severity rating. 

Experiments in growth chambers with different amounts of 

inoculum of ~. basicola showed that differences in plant 

height associated with increasing inoculum density and percent 
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Table 4. Chemical and physical soil characteristics for Fields 
1 and 2, Duncan, AZ, 1987 

Calcium (Ca) (ppm) 
Magnesium (Mg) (ppm) 
Sodium (Na) (ppm) 
Potash (K) (ppm) 
Salinity (EC x K) (mmhos/cm) 
Nitrate nitrogen (NOJ-N) (ppm) 
Phosphorous (bicarb-soluble P) 
pH 
Computed % Sodium (ESP) 
Free Lime Level 

Particle Size Analysis: 
% Sand 
% silt 
% Clay 

FIELD 1 

6400 
440 
207 
505 

2 
45 

(ppm) 13.9 
8.5 
2.4 

High 

46 
42 
12 

FIELD 2 

7000 
710 
308 
580 

3.8 
55.7 
13.1 
8.2 
3.8 

High 

32 
52 
16 
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infection of the root were not statistically significant (Fig. 

1). The greatest amount of T. basicola tested was 1120 cfu/g 

soil, an amount rarely found naturally in soils. Most soils 

assayed in California (44,60), Arizona (10), a.ndMichigan (43) 

have 200 or fewer propagules per gram, although this can 

depend on the time of year of sampling (45) and the assay 

method used. The results reported here support those of Mathre 

et al (44) showing that inoculum levels up to 1,000 cfu/g soil 

will either not cause plant stunting or will actually increase 

plant height. Mathre et al in their 1966 study found no 

differences throughout the season between an infested'and non

infested field and found an increase in boll yield in 

greenhouse grown plants with inoculum levels up to and 

including 1,000 cfu/g soil (44). 

Early in the season, plants in Field 2 appeared to be stunted 

as compared to those in Field 1. According to the above growth 

chamber studies and the work by Mathre et al (44), the 

stunting was not necessarily due to the increased inoculum 

level of T. basicola. Besides population density of T. 

basicola, a number of differences existed between soils of the 

two field (Table 4). Therefore, it is conceivable that one (or 

a combination) of these other factors were responsible, at 

least in part, for the observed early season stunting of 

plants in Field 2. 
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100 

80 

80 

40 

20 

o 
o 280 680 840 1120 

T. basicola (cfulg soil) 

!iii Plant holght (mm) IS:SJ '%. .-oot Infoctod 

Fig. 1. Height and percent of total tap root length of 
Gossypium hirsutum 'DP 90' seedlings infected with 
Thielaviopsis basicola, as a function of the density of T. 
basicola soil inoculum after 10 days in a growth chamber at 
18 c. The differences were not significant. 
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Specific weekly air and soil temperatures at 5-cm and 10-cm 

depths for the 1987 field season at Safford, AZ, a nearby 

location (1), are recorded in Table 5 and 6. The temperatures 

for that year are close to the average for that location (12). 

Observations in California and Arizona indicate that the 

disease is worse in a particular location in years when cool 

spring temperatures are prolonged and growth of the cotton 

plant is delayed. It is possible that under such conditions 

infection by T. basicola may contribute to lowered yields 

since the plant would remain affected for a longer period of 

time. yield reduction could also occur if early cold weather 

in the fall restricted boll development and maturity. However, 

in a year of favorable temperatures for a cotton growing 

region the results of this study suggest that regardless of 

the soil popUlation of T. basicola and the corresponding 

incidence and severity of disease, the cotton plant is capable 

of recovering without significant loss in yield. 
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Table 5. Soil temperatures at 5 and 10 cm below the surface 
from Safford, AZ. for the 1987 field season 

Week 

10 April 
17 April 
24 April 
1 May 
8 May 
15 May 
22 May 
29 May 
5 June 
12 June 
19 June 
25 June 
3 July 
10 July 
17 .July 
24 July 
31 July 
7 Aug 
14 Aug 
21 Aug 
28 Aug 
4 Sept 
11 Sept 
18 Sept 
25 Sept 
2 Oct 
9 Oct 
16 Oct 
23 Oct 
30 Oct 

Max. 
5 cm 

23.00" 
22.60 
24.39 
25.37 
24.50 
24.71 
25.04 
27.20 
26.30 
29.24 
32.24 
31. 27 
31.90 
31. 09 
33.63 
32.99 
32.83 
32.81 
34.04 
31.17 
31. 56 
30.84 
30.54 
26.31 
26.86 
26.84 
26.79 
25.74 
24.17 
21.13 

Min. 
5cm 

15.78 
14.14 
16.66 
17.20 
17.22 
17.81 
16.96 
19.41 
20.21 
21.84 
22.77 
23.14 
22.56 
23.19 
24.61 
25.26 
25.19 
25.46 
23.87 
23.06 
21.96 
21.49 
20.90 
18.93 
18.14 
16.43 
17.70 
15.66 
16.64 
17.70 

Mean 
5cm 

17.24 
17.97 
20.19 
20.90 
20.41 
20.96 
20.74 
23.02 
22.90 
25.21 
27.03 
26.77 
26.91 
26.69 
28.63 
28.41 
28.40 
28.44 
36.59 
26.40 
26.11 
25.71 
25.21 
22.19 
22.00 
21. 06 
21. 60 
19.66 
19.79 
17.36 

Max. 
10cm 

21.50 
21.18 
23.06 
24.14 
23.03 
23.31 
23.53 
25.70 
25.10 
27.66 
30.14 
29.61 
30.44 
30.54 
32.86 
32.26 
32.63 
32.44 
33.14 
30.90 
30.93 
30.10 
29.49 
26.09 
26.54 
25.94 
25.96 
23.84 
23.41 
20.76 

Min. 
10cm 

13.26 
15.47 
17.93 
18.56 
18.17 
19.09 
18.40 
23.10 
21.23 
22.87 
23.80 
24.23 
24.10 
24.94 
26.30 
26.83 
26.69 
27.14 
26.19 
24.99 
24.44 
23.74 
23.34 
20.99 
20.53 
18.86 
22.71 
17.79 
18.50 
16.51 

Mean 
10cm 

17.67 
18.21 
20.44 
21. 24 
20.49 
21. 23 
20.96 
24.40 
23.06 
25.17 
26.91 
26.86 
27.24 
27.57 
29.34 
29.29 
29.39 
29.51 
29.57 
27.69 
27.51 
26.77 
26.29 
23.47 
23.39 
22.24 
22.76 
20.67 
20.79 
18.53 

"All temperature data are presented in degrees C and were 
taken under a bare (no vegetation) surface. 



35 

Table 6. Air temperatures from Safford, AZ. for the 1987 field 
season. 

Week Max Min Mean 

10 April 28.37 5.14 17.90 
17 April 28.00 9.55 18.69 
24 April 30.22 13 .20 21. 86 
1 May 29.16 11.93 21.10 
8 May 32.59 13.53 23.11 
15 May 31.13 12.17 21.40 
22 May 29.89 9.26 20.63 
29 May 34.74 13.31 25.13 
5 June 35.27 16.90 25.73 
12 June 39.90 16.31 28.87 
19 June 38.20 13.90 27.27 
25 June 39.34 16.03 28.40 
3 July 39.41 12.01 27.51 
10 July 37.29 17.29 28.10 
17 July 38.14 18.30 28.67 
24 July 34.54 20.19 26.21 
31 July 35.89 20.89 27.17 
7 Aug 34.16 20.03 26.00 
14 Aug 32.01 15.11 25.94 
21 Aug 33.77 17.46 24.44 
28 Aug 34.70 15.34 24.54 
4 Sept 33.50 13.59 23.07 
11 Sept 33.23 11.47 22.60 
18 Sept 32.43 13.36 22.16 
25 Sept 31. 70 11.89 21.19 
2 Oct 34.13 9.21 20.70 
9 Oct 31. 69 11.21 20.49 
16 Oct 29.20 7.96 17.79 
23 Oct 28.64 11.07 18.96 
30 Oct 25.99 9.91 16.59 

"All temperature data are presented in degrees C 
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CHAPTER 2 

REDUCED INCIDENCE OF INFECTION OF COTTON SEEDLINGS BY 
RHIZOCTONIA SOLANI IN THE PRESENCE OF THIELAVIOPSIS BASICOLA 

INTRODUCTION 

In the U.S. since 1952, the average percent loss in yield of 

cotton due to seedling diseases has been 2.8% (9). In 1986 the 

National Cotton Council estimated that the economic losses to 

cotton growers due to seedling diseases that year was at least 

$71.9 million, despite the use of seed treatments (9). The 

major pathogen contributing to this loss is the soilborne 

fungus Rhizoctonia solani. This pathogen causes seed rots, 

hypocotyl decay, and damping off. Two other major groups of 

pathogens of seedling cotton in the U.S. are pythium §QQ., and 

Fusarium §QQ. (63). Thielaviopsis basicola, the cause of black 

root rot of cotton, is also an important incitant of seedling 

disease (63). In the state of Arizona, although inoculum of 

pythium §QQ. may be present in the soil, the disease is 

apparently unimportant. This may be due to the fact that 

growers pre-irrigate the soil, letting it dry out some before 

planting (personal communication with M. Stanghellini). Most 

Fusarium §QQ. that attack seedling cotton ,apparently prefer 

acid soils (54) and probably do not cause significant loss in 
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the neutral to alkaline soils of Arizona. The soilborne fungus 

Thielaviopsis basicola is present in Arizona soils. At 

inoculum levels above approximately 100 colony forming units 

(cfu) /g of soil, T. basicola can infect the cortical root 

tissues of young cotton seedlings causing a brown cortical rot 

and decreased lateral root growth. As temperatures rise and 

the cotton plant matures, the diseased tissue is sloughed off 

and all visible signs of the disease disappear (10). Personal 

observations made in Arizona (personal communication with R.B 

Hine) as well as field data (10) suggest that infection by T. 

basicola may not affect cotton yields under climatic 

conditions when temperatures in the spring are favorable for 

cotton growth and an early frost in the fall does not occur. 

Thielaviopsis basicola and B. solani are present together in 

the soil in many areas of Arizona. Personal obse~vations (R.B. 

Hine) of untreated cotton seeds planted into soil containing 

high levels of B. solani did not appear to show the expected 

disease incidence when plants were infected by T. basicola. 

Interactions between pathogens are generally presumed to be 

synergistic based on the assumption that infection by the 

first pathogen reduces the defenses of the host or actually 

provide a mode of entry for the second pathogen. There are, 

however, an increasing number of examples of cross protection 
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whereby initial inoculation with a mild isolate of a pathogen 

subsequently decreases the severity of symptom expression from 

a more virulent isolate. An example of cross protection in 

cotton is a study by Schnathorst and Mathre (55) with 

Gossypium hirsutum cultivars tolerant to verticillium wilt. 

Inoculation with a mild isolate of verticillium albo-atrum 

Reinke and Berth reduced the incidence of infection following 

subsequent inoCUlation with a more severe isolate of the same 

fungus. Several studies have described phytoalexins, such as 

the gossypol-related naphthaldehydes vergosin and 

hemigossypol, which are elicited when the appropriate cotton 

cultivars are inoculated with y. albo-atrum 

(5,6,40,41,67,68,69)and Fusarium oxysporum f.sp. vasinfectum 

(31,36) • 

According to studies by Weinhold (64), soils with inoculum 

levels of 10 cfu/100 g soil of B. solani should cause a 50% 

incidence of seedling infection. One field in Coolidge, AZ 

with inoculum levels of 10 cfu/100 g soil of B. solani and 200 

cfu/g soil of T. basicola was chosen to investigate the 

possibility of an interaction between B. solani and T. 

basicola as pathogens of cotton seedlings. These studies were 

initiated in order to verify the field observations that the 

incidence of infection by B. sol ani might be reduced in the 

presence of T. basicola. 
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MATERIALS AND METHODS 

Field study in Coolidqe, AZ. Untreated cotton seeds of 

Gossypium barbadense 'Pima S-6' were planted April 15, 1988 

in three completely random plots. Each plot consisted of 6 one 

meter rows by 3.2 rn in length, in a cotton field in Coolidge, 

AZ which had been in cotton for the last 4 yr Two weeks later 

four soil cores (3.5 cm x 15 cm) were collected in a random 

manner from each plot and combined. The soil samples were 

spread out on paper and air-dried for three days immediately 

after collection and subsequently analyzed for T. basicola as 

described in Chapter 1. 

On May 16, 1988 approximately 100 plants were removed from 

each of the three plots and evaluated for the incidence of 

diseases caused by T. basicola and B. solani. Incidence of 

disease caused by T. basicola was determined by examining the 

tap roots for the occurrence of cortical rot. Incidence of 

disease caused by B. solani was determined by observation of 

hypocotyl rot and isolation of the fungus from hypocotyl 

tissues as follows. Excised hypocotyls were washed in running 

tap water, surface sterilized in fresh 10% hypochlorite for 

3 min, rinsed with sterile distilled water for 5 min, then 

gently pressed into 1% water agar in petri plates. The 
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hypocotyls in agar were examined microscopically 24 and 48 hr 

later for the presence of the fast growing hyphae of R. 

solani. Soil populations of R. sol ani were determined by a 

modification of Weinhold's wet screening technique (63) using 

three, 50 g air-dried soil samples from each of the field 

plots. Colony counts on plates were averaged and converted to 

a cfu/100 g soil basis. 

The following year two adjacent fields were selected for 

further study. On March 15, 1989, before planting, soil 

samples were taken every 5 rows along the diagonals of a 100 

row by 100 m diamond shape pattern in each of the two fields. 

Samples were also taken from the field of the previous year's 

study. Soil samples taken along each diagonal of each diamond 

were combined and analyzed separately from those from the 

other diagonals. The soil samples were air dried on paper and 

two 10 g subsamples from each soil sample were prepared as a 

suspension and assayed for T. basicola as described in Chapter 

1. The level of inoculum of R. sol ani was also determined in 

the same collected soils from each of the three fields using 

the modified procedure of Weinhold (63). 

Determination of the AG type and nuclear status of 

representative field isolates of Rhizoctonia. To confirm that 

the field populations of R. solani should be pathogens of 
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cotton, a study was conducted of the AG type and nuclear 

condition of representative field isolates. Two 50 g soil 

samples were taken from the combined field plot soil samples 

of 1988. Based on results from the previously described wet 

screening technique, populations of B. solani were 

approximately 10 cfu/l00 g soil. Pure cultures of B. solani 

were obtained by hyphal tip isolations. Of these, seven 

isolates from one 50 g soil sample and five isolates from the 

second soil sample were tested for their ability to anastomose 

with AG 4, AG 2, and AG 1 type cultures (courtesy of Scott 

Rasmussen), using the method of Kronland and Stanghellini 

(33). Young hyphae were stained with Safranin 0 and KOH (64) 

to determine their nuclear condition. The 12 field isolates 

were used in pathogenicity tests described below. 

Preparation of inoculum of Rhizoctonia. Inoculum was prepared 

from each of the 12 field isolates of Rhizoctonia (la - Ig and 

2a - 2e), the tester isolates AG 4 and AG 1, and an isolate 

of B. solani from a field-infected cotton seedling (W6). 

Untreated wheat seeds were soaked overnight in sterile 

distilled water followed by 1 hr of autoclaving on 2 

successive days. A 7-mm-dia plug of a culture of a particular 

isolate of Rhizoctonia grown on potato dextrose agar was 

aseptically buried in the autoclaved wheat seeds contained in 

1 1 glass beakers and maintained in a sterile environment at 
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room temperature for 2 wk. At that time the colonized wheat 

seeds were spread out to dry at room temperature for 5 days 

and then ground in a waring Blendor for 3 min. The ground 

inoculum was then sifted through a 0.991 mm mesh sieve and 

collected from the surface of a 0.354 mm mesh sieve. The 

resulting inoculum was of a size most commonly occurring in 

soils in California (66). 

Test of pathogenicity of the representative field isolates of 

Rhizoctonia against cotton. Five g of each of the prepared 

inocula described above was mixed into 800 g of pasteurized 

greenhouse soil and put into plastic flats. Fifteen seeds of 

~. hirsutum 'DP 90' were surface sterilized for 15 min in 

fresh 20% ethanol, rinsed with sterile distilled water, and 

planted into each flat in April, 1989. After 2 wk in a 

greenhouse with daytime temperatures approximating 25 C, the 

percent germination and the percent infection as previously 

described of the remaining seedlings were determined. This 

experiment was repeated three times. 

Increasing levels of inoculum of R. solani. Inoculum of R. 

solani isolated from a field infected cotton seedling (W6) was 

prepared as previously described. The cful10 mg of this 

inoculum was determined by sprinkling 10 mg amounts onto each 

of five 9-cm petri plates of water agar and averaging the 
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number of colonies formed after 48 hr. Increasing levels of 

inoculum of B. solani were added to autoclaved field soil and 

planted with cotton to test the pathogenicity of the inoculum 

as compared to field inoculum levels. Five 6-cm-dia styrofoam 

cups of autoclaved field soil each with five surface 

sterilized seeds of g. hirsutum 'DP 90' were prepared for 

each of the four following treatments: 1) no inoculum 2) 12 

cfu/l00 g soil 3) 25 cfu/l00 g soil and 4) 37 cfu/l00 g soil. 

The cups were then placed at 18 C in growth chambers under 

5,200 lux fluorescent light on a 12 hr diurnal light cycle. 

At the end of 10 days percent germination and percent 

infection of remaining seedlings were noted. Also, inoculum 

levels in the soil for each treatment were redetermined to 

check if they had changed in the absence of competition from 

other microorganisms. This experiment was repeated twice. 

Field soil vs. autoclaved field soil in growth chambers. To 

see if the results from the field experiment could be 

duplicated in growth chamber tests under more controlled 

conditions, fresh field soil was collected from the Coolidge, 

Az. field study site. The next day five surface sterilized 

seeds of Q. hirsutum 'DP90' were planted into each of 40 6-

cm-dia styrofoam cups filled with the field soil. Twenty cups 

each were placed in 18 C (the same average soil temperature 

as in the field test) and 22 C (a temperature more favorable 
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for growth of the cotton seedling) growth chambers, each with 

5,200 lux of fluorescent light on a 12 hr diurnal light cycle. 

As a control, a portion of the same field soil was also 

autoclaved for 2 hr on 2 successive days. Again, seeds of ~. 

hirsutum 'DP 90' were planted into each of 40 6-cm-dia 

styrofoam cups, which were equally distributed between the 18 

C and 22 C growth chambers. After 10 days all plants were 

removed from the growth chambers and the following data 

recorded: percent germination, plant height, total tap root 

length, percent of the tap root infected with T. basicola (as 

an indication of severity of infection), disease incidence of 

T. basicola, disease incidence of R. solani, and population 

levels of T. basicola and R. solani in the soils. This 

experiment was repeated twice. 

Autoc1aved field soil with inoculum of ~. basico1a and R. 

solani added. To determine if reduced incidence of disease 

caused by R. solani was due to the presence of T. basicola 

rather than another soil microorganism, field soil was 

autoclaved and inoculum of T. basicola and R. solani was 

added back to it and the resulting disease incidence of R. 

solani compared with the R. solani only treatment. Twelve cups 

each with five surface sterilized seeds of ~. hirsutum lOP 90 I 

were planted into approximately 180 g of autoclaved field soil 

for each of four treatments: 1) no inoculum 2) T. basicola 
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only at 200 cfu/g soil 3) B. solan~ only at 10 cfu/l00 g soil 

and 4) ~. basicola at 200 cfu/g soil and B. solani at 10 

cfu/l00 g soil together. After 10 days at 18 C under 5,200 lux 

of fluorescent light on a 12 hr diurnal light cycle, plants 

were harvested and the following information obtained: percent 

germination, plant height, disease incidence of B. solani, 

disease incidence of ~. basicola, and average severity of ~. 

basicola. 

Pasteurized potting soil with inoculum of ~. basicola and B. 

solani added. To see if the results in the above test with 

field soil could be obtained with a different soil, a similar 

experiment was performed with potting soil. Ten 10 cm pots 

were filled with pasteurized potting soil to which inoculum 

of R. sol ani had been added at the rate of 12 cfu/IOO g soil. 

Five seeds of surface sterilized Q. hirsutum I DP 90 I were 

planted in each pot. The second treatment was the same plus 

the addition of ~. basicola at 200 cfu/g soil. The pots were 

placed in a growth chamber at 18 C with 5,200 lux of 

fluorescent light on a 12 hr diurnal light cycle and the 

plants harvested 10 days later. Percent germination and 

disease incidence caused by B. solani (as previously 

described) was determined for all surviving plants for each 

treatment. This experiment was repeated two times. 
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RESULTS AND DISCUSSION 

For the field study performed in Coolidge, Arizona in 1988, 

the results of the selective media assay for 1:. basicola 

showed that there was an average of 200 cfu/g soil 1 month 

after planting. The average soil inoculum of B. solani was 

found to be 12 cfu/100 g soil. Of the sampled plants, 98% were 

infected with 1:. basicola and 2.1% were infected with B. 

solani (Table 1). It is expected that with a soil inoculum 

level of 200 cfu/g soil of 1:. basicola, that close to 100% of 

the plants will be infected (Chapter 1). However, according 

to studies in California (63), when the inoculum level of B. 

sol ani is 12 cfu/100 g soil, it is expected that nearly 50% 

of the cotton seedlings will be infected with B. solani. Since 

only 2% of 'the plants were infected with B. solani it appears 

that some factors were acting to reduce the expected incidence 

of disease. 

Weinhold's wet screening technique for counting a population 

of Rhizoctonia sps. in soil does not discriminate between 

binucleate or mUltinucleate types and AG types within a 

population of B. solani. To eliminate the possibility that the 

lack of disease in cotton in the field experiment was due to 

a population of B. solani not pathogenic to cotton, 
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Table 1. Number of Gossypium barbadense 'Pima S-6' plants 
infected with Rhizoctonia solani 4 wk after planting in 
Coolidge, AZ in 1988 

Percent plants 
infected with 

Field plot Total plants R. solani" 

W6-1 96 0 

W6-2 70 2.8 

W6-3 86 3.4 

"Average inoculum density of B. solani was 12 cfu/100 g soil; 
average no.of plants infected with B. solani = 2.1%. Average 
inoculum density of T. basicola was 200 propagules/g soil; 98% 
of the plants were infected with T. basicola. 
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characterization of representative field isolates was 

performed. Investigation of the r.epresentative field isolates 

from the Coolidge field plots showed that all but (le) one of 

the field isolates were mUltinucleate. This suggests that more 

than 90% of the field population was B. solani. However, not 

all of the representative field isolates anastomosed clearly 

with one of the three tester isolates of B. solani. Since 

these results were ambiguous, the field isolates were tested 

directly for their pathogenicity to cotton by infesting soil 

planted to ~. hirsutum 'OP 90' with each one of the 

representative field isolates. All of the representative field 

isolates, except the binucleate isolate (le), caused a 100% 

mortality under the conditions of the four experiments. This 

eliminates the possibility that the reduced incidence of 

disease caused by B. solani was due to a field population of 

B. solani that was nonpathogenic to cotton. Presumably all the 

field isolates except 1e were AG 4, the AG type specific to 

cotton as well as hundreds of other plants worldwide. 

Mordechai (47) found that most of the AG types in agricultural 

soil in California were AG 4. Thus, a similar situation may 

occur in Arizona. 

The results of the experiment with increasing levels of 

inoculum of B. solani in artificially infested, autoclaved 

soil indicate that at 12 cfu/100 g soil, close to half of the 
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cotton seedlings either damped off or had lesions (Table 2). 

These results confirm Weinhold's study (64). The lack of 

competition may have influenced the ability of B. sol ani to 

cause such a high incidence of disease under these conditions. 

Plants of Q. hirsutum 'OP 90' grown in growth chambers in non

autoclaved field soil had a 97 to 98% incidence of disease 

caused by~. basicola at both temperatures (18 and 22 C), and 

approximately 2% of the plants were infected with B. solani 

(Table 3). These results are similar to those observed with 

the same soil in the field study in Coolidge. There was no 

difference in percent germination of cotton seeds between the 

autoclaved and non-autoclaved soil treatments indicating that 

there probably was no pre-emergent damping off disease. There 

also were no losses due to post emergent damping off at the 

end of the 10 day experiment. This suggests that the low 

number of plants infected with' B. solani in the field study 

was not due to missed damped-off seedlings. Plant height 

between the two temperature treatments for each of the two 

soil treatments, autoclaved and non-autoclaved, was 

significant at the P = 0.05 level using the student's t-test. 

This is not surprising and merely confirms the well known 

benefit of planting cotton into soil warmer than 18 C. The 

previous experiment supports the idea that under these 

experimental conditions, the disease reactions of cotton 

seedlings grown in a growth chamber were similar to those 
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Table 2. Influence of increasing levels of Rhizoctonia solani 
in autoclaved field soil on germination and infection of 
Gossypium hirsutum 'OP 90' 

Treatment 
cfu/100 g soil 

o· 

12 

25 

37 

Germinated seeds 
(out of 25) 

14 

12 

1 

4 

·The inoculum density of B. solani. 
bDetermined after 10 days. 

Percent seedlings with 
lesions on hypocotylb 

o 

41 

100 

100 
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Table 3. Germination of Gossypium hirsutum lOP 90 I and 
incidence of disease caused by Thielaviopsis basicola and 
Rhizoctonia solani in autoclaved vs. non-autoclaved field soil 
at 18 C and 22 C 

Temp. Non-autoclaved Autoclaved 
C soila soilb 

Percent 18 86% 82% 
germination 22 80% 84% 

Plant 18 35.5 mm 36.6 mm 
height 22 58.2 rom 69.3 mm 

Disease 18 97% 0 
incidence of 22 98% 0 
T. basicolac 

Avg. severity 18 63% 0 
T. basicolad 22 71% 0 

Disease 18 2% 0 
incidence 22 3% 0 
B. solanic 

aField soil non-autoclaved with natural inoculum levels of 210 
cfu/g soil T. basicola and 8-10 cfu/l00 g soil B. solani. 
bThe same soil autoclaved. 
cDisease incidence is the percent of emerged seedlings 
infected by the pathogen. 
dAve rage severity is the percent of the tap root infected by 
T. basicola. 
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found in field-planted cotton. 

In growth chamber studies with artificially infested, 

autoclaved field soil the inoculum levels were set at the same 

level as those found in the naturally infested field plots: 

T. basicola at 200 cfu/g soil and B. solani at 10 cfu/100 g 

soil. The incidence of infection by ~. basicola was virtually 

the same (97% -98%) whether the ~. basicola was used alone or 

in combination with B. solani (Table 4). Apparently the 

presence of B. solani had no effect on the incidence of 

disease caused by ~. basicola. However, the seedlings in soil 

with B. solani inoculum had a 40 % incidence of disease caused 

by B. solani while those in the soil with B. solani and ~. 

basicola together had only a 13 % incidence of disease caused 

by B. solani (Table 4). This difference was significant at the 

P = 0.05 level and indicates that the presence of ~. basicola 

reduced the incidence of disease caused by B. solani. However, 

B. solani inoculum was not reduced by the presence of ~. 

basicola and in fact increased during the course of the 

experiment (Table 4). Therefore, the reduction in disease by 

B. solani is probably not due to direct parasitism or 

antibiosis by ~. basicola of the B. solani propagules. Rapid 

colonization of organic matter by B. sol ani in the autoclaved 

soil may have occurred due to the lack of competition from 

other microrganisms. 
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Table 4. Response of Gossypium hirsutum 'DP 90' after 10 days 
at 18 C in autoclaved field soil artificially infested with 
no inoculum, Thielaviopsis basicola only (Tb), Rhizoctonia 
solani only (Rs), or~. basicola and B. solani together (Tb 
and Rs) 

No inoculum Tb Rs Tb and Rs 

Percent 79 72 71 76 
germination 

Plant height (rom) 14 10 13 15 

Disease incidence 0 97 0 98 
~. basicola" 

Average severity 0 48 0 46 
~. basicolab 

Inoculum density 0 320 0 53 
~. basicolac 

Disease incidence 0 0 40 13 
B. solani" 

Population density 0 0 20 17 
R. solanid 

"Disease incidence is the percent of emerged seedlings 
infected by the pathogen. 
bAverage severity is the percent of the tap root infected by 
T. basicola. 
"Population density of ~. basicola, cfu/g soil at the end of 
the experiment (at the beginning of the experiment it was set 
at 200 cfu/g soil). 
dpopulation density of B. sol ani in cfu/100 g soil at the end 
of the experiment (at the beginning of the experiment it was 
set at 10 cfu/100 g soil). 
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The artificially infested autoclaved field soil with B. solani 

and T. basicola together resulted in a higher incidence of 

disease due to B. solani as compared to both the field 

experiment and the non-autoclaved field soil in the growth 

chamber, both of which would have contained the full range of 

soil microorganisms. Many other organisms such as a Collembola 

beetle (17, Pseudomonas fluorescens (31), Gliocladium virens 

(26,27,38), Trichoderma harzianum (11,17,38), verticillium 

biguttatum (61), and a non-pathogenic B. solani (57) have been 

reported to reduce the incidence of disease by B. sol ani . 

Therefore, in spite ot the presence of T. basicola, it seems 

probable that B. solani could cause more infection in 

autoclaved than in non-autoclaved soil because of less 

competition from other micro-organisms. 

Resul ts from the experiment with pasteurized potting soil 

artificially infested with B. solani alone or B. solani and 

T. basicola together (Table 5) agree with both the field 

observations and the experiments in the growth chamber with 

artificially infested, autoclaved field soil. Seventeen 

percent of the ~. hirsutum 'DP 90' seedlings in the B. solani 

only treatment were infected while 6% of the plants with B. 

solani and ~. basicola together in the soil were infected with 

B. solani. These results (which differ significantly at P = 
.05) indicate that in both a low organic soil (the field soil) 
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Table 5. Percent of Gossypium hirsutum 'DP 90' seedlings 
infected with Rhizoctonia solani in autoclaved field soil and 
pasteurized potting soil containing B. solani alone, or B. 
sol ani and Thielaviopsis basicola together 

Treatment Autoclaved 
field soil 

B. solani4 

R. solani and ~. basicola 
togetherb 

40 

13 

Pasteurized 
field soil 

17 

6 

4Inoculum density of B. solani was 10 cfu/I00 g soil. 
blnoculum density of B. solani and ~. basicola, was 10 cfu/l00 
g soil and 200 cfu/g soil, respectively. The differences 
between treatments for each soil were significant (P = .05) 
using the student's t-test. 
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and a high organic soil (the potting soil) the presence of T. 

basicola in the soil reduces the disease incidence of B. 

solani. 

The apparent reduction of infections by B. solani in cotton 

seedlings in the presence of T. basicola may be due to the 

superior competitive ability of T. basicola. The population 

levels of T. basicola in the soil at 200 cfu/g soil are 2000 

times greater than the population of B. solani at 

approximately 10 cfu/100 g soil. It is possible that T. 

basicola is more competitive simply because it is more 

numerous and attacks the cotton host first, excluding B. 

solani. 

According to a study by Tabachnik, et al., (59) the root 

exudates of a cotton seedling infected with T. basicola 

apparently include a ten fold increase in the amount of methyl 

acetate as compared to a healthy root. They hypothesized that 

methyl acetate is phytotoxic and causes the swelling and 

browning of the epidermal cells associated with black root 

rot. Methyl acetate as a component of the root exudate may 

play a direct role in inhibiting B. solani or it may 

sufficiently alter the root epidermal cells to affect 

recognition sites or stimuli required for infection by B. 

solani. 
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In addititon to changed and possibly toxic plant exudates 

caused by infection with T. basicola, T. basicola itself may 

also produce an antibiotic compound, which acts to inhibit 

infection by B. solani. 

After infecting a cotton root, T. basicola produces numerous 

endoconidia in chains (Fig. 1). It is very likely that under 

these conditions the topography of the hypocotyl (where B. 

sol ani primarily attacks) is changed. One study by Armentrout, 

et al (3) suggests that the initiation of the formation of 

infection cushions by B. solani is an example of 

thigmodifferentiation. According to their study, the fungus 

must sense and align with the ridges and grooves of the 
-

epidermal cells of the hypocotyl before internode shortening 

and increased branching can occur which initiate the formation 

of the infection cushion. It is possible that infection by T. 

basicola changes the hypocotyl topography sufficiently in many 

cases to inhibit infection by B. solani. Attack by T. basicola 

in addition to changing the topography of the hypocotyl may 

also induce the formation of localized phytoalexins inhibitory 

to B. solani. Numerous studies have shown that several 

different phytoalexins are induced in cotton seedlings when 

attacked by the fungal root pathogens verticillium albo-atrum 

and Fusarium oxysporum (6,7,22,31,36,40,41,68,69). 
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Fig. 1. A root section of Gossypium hirsutum 'DP 90' grown on 
water agar showing numerous endoconidial chains, 4 days after 
inoculation with W6, a cotton isolate of Thielaviopsis 
basicola. 
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The evidence suggests that colonization of the root by the 

fungal pathogen ~. basicola reduces the disease incidence of 

B. solani in cotton seedlings. The mechanism of this 

interaction is not clear and further study would be necessary 

to elucidate the nature of ~. basicola I s effect on the 

infection process of B. solani. 



CHAPTER THREE 

FURTHER INVESTIGATION OF THE INTERACTION BETWEEN 
RHIZOCTONIA SOLANI AND THIELAVIOPSIS BASICOLA. 
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Previous work indicated an interaction between Rhizoctonia 

solani and Thielaviopsis basicola as pathogens of seedling 

cotton. Apparently infection by ~. basicola reduced the 

incidence of infection by B. solani. This phenomenon occurred 

in fields naturally infested with both pathogens and in 

subsequent laboratory studies with both naturally and 

artificially infested soil. The mechanism of this interaction 

was not investigated and could only be hypothesized. The 

purpose of this study was to investigate several possible 

mechanisms for disease reduction of B. sol ani by T. basicola. 

Additionally, isolates of T. basicola that were used in the 

studies showing an interaction between the T. basicola and B. 

sol ani were: 1) the population of T. basicola in one cotton 

field near Coolidge, AZ for the field study and 2) one isolate 

from a field infected plant for the laboratory experiments. 

Therefore, another objective of this study was to see if the 

same interaction would occur with another isolate of T. 

basicola from a non cotton host. 
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MATERIALS AND METHODS 

Effects of mycelial exudates of ~. basico1a on growth of B. 

solani. To determine if ~. basicola produces toxins to B. 

solani, an experiment was performed allowing exudates from 

actively growing mycelial cultures of ~. basicola to pass 

through a cellophane membrane onto an agar medium on which B. 

sol ani was subsequently cultured. Discs of cellophane 9 cm in 

diameter were sterilized in an autoclave. The discs were then 

aseptically placed over either half strength (5%) or full 

strength (10%) carrot agar in 9-cm petri dishes. A 5-mm 

diameter plug of a culture of ~. basicola was placed in the 

center of the dish on top of the cellophane after which the 

plates were put in the dark in a 19 C incubator. After 3 wk 

the culture of ~. basicola had reached the edges of the plate 

and was lifted off by removing and discarding the cellophane. 

A 5 rom disc of a B. solani culture originally grown on Difco 

potato dextrose agar (PDA) was then placed onto the agar. The 

petri dishes were again placed in a 19 C incubator. The growth 

rate was monitored periodically and compared with controls. 

Ten dishes were prepared for each of the four treatments: half 

strength carrot agar, with and without ~. basicola previously 

cultured on the plate and full strength ~. basicoia, with and 

without ~. basicola previously cultured on the plate. The 
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experiment was repeated three times. 

Inhibition of B. solani by ~. basicola in culture. Rhizoctonia 

sol ani and T. basicola were grown simultaneously in culture 

on the same plates to check for inhibitory effects. Two 5-mm 

plugs of a T. basicola culture were placed on opposite sides 

of a 9-cm petri plate, each 15 mm from the edge. Ten plates 

with 10% carrot juice agar and 10 plates with PDA agar were 

similarly inoculated and all were incubated for 10 days at 19 

C at which time the two colonies on each plate had grown to 

within 7 rom of each other. A 5 rom diameter plug of a B. solani 

cuI ture was then placed midway between the colonies. The 

plates were placed back in the incubation chamber at 19 C and 

the diameter of the growth of the B. solani colony was 

measured periodically. The experiment was repeated three 

times. 

Comparison of infection of 2. hirsutum by a cotton isolate and 

by a tobacco isolate of ~. basicola To determine if a 

tobacco isolate of T. basicola would infect cotton seedlings 

as well as a cotton isolate, "rag dolls" for growing the 

seedlings were prepared. Two sheets of 26 x 39 cm germination 

paper (Anchor Paper, st. Paul, Mn.) were placed between two 

30 x 48 cm sheets of Reynolds Oven Wrap (Consumer Products 

Division, Reynolds Metal Co., Richmond, Va.). These sheets 
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were rolled up, placed into 400 ml beakers each with 300 ml 

of distilled water, and autoclaved. A suspension of the 

propagules of NC 1529 (courtesy of Peg Mauk), a T. basicola 

tobacco isolate, was prepared for inoculation of the seedlings 

by flooding a 2-wk old, 10% carrot agar culture of NC1529 with 

5 ml of sterile distilled water. The petri dish was gently 

shaken and the resulting spore suspension was poured back into 

95 ml of sterile distilled water. This suspension was stirred 

for 10 min. The endoconidia and chlamydospores were counted 

using a haemocytometer and a final suspension of 3 x 103 

cellslml was prepared by dilution. Seeds of ~. hirsutum 'DP90' 

were surface dis infested by stirring them for 20 min in 15 % 

ethanol. The seeds were then rinsed by stirring them in pure 

sterile distilled water for 5 min. After 5 min of air drying, 

20 seeds were placed in a row approximately 1.5 cm from the 

top edge of a germination paper inside an unrolled, previously 

sterilizPQ rag doll. The rag doll was then rolled up, placed 

back into the 400 ml beaker, and incubated at 20 C in a growth 

chamber with 5,200 lux fluorescent lights on a 12 hr diurnal 

light cycle. After 4 days of incubation, the roots which were 

approximately 2 cm long and hypocotyl area were dipped for 10 

sec into a just stirred suspension containing 3 x 103 cells 

Iml of endoconidia and chlamydospores of T. basicola (isolate 

NC1529). The seedlings were returned to the rag dolls and the 

growth chamber for 5 more days. At this time the seedlings 
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were removed and the percent of the tap root infected with ~. 

basicola recorded. Three rag dolls with 20 seeds each were 

prepared per experiment. The test was repeated three times. 

The same procedure was followed with a cotton isolate of ~. 

basicola (W6) and the results compared with those of the 

tobacco isolate. 

The ability of B. solani to infect seedlings of §. hirsutum 

and §. barbadense by simultaneous inoculation with B. solani 

and varying concentrations of a cotton isolate of ~. basico1a. 

Petri plates (150 x 15 mm) were prepared with 0.8% water agar 

poured approximately 12 rom thick. When the agar had 

solidified, one fourth of the agar was cut out across the top 

to provide a space for leaves of cotton seedlings to develop 

with the roots pressed into the agar. Ragdolls were prepared 

as described above. Surface disinfested seeds of g. hirsutum 

(OP 90) or g. barbadense 'Pima S-6' were placed in the rag 

dolls and incubated at 19 c. After 4 days the radicals 

averaged 2 cm in length. Seedlings were aseptically removed 

from the ragdolls and dipped for 10 sec into a just stirred 

suspension containing 0, 3,000, 30,000 or 300,000 propagules 

(endoconidia and chlamydospores) per ml of a cotton isolate 

of ~. basicola (W6), after which the roots were gently pressed 

into the water agar. Ten seedlings (inoculated with a given 

concentration of propagules) were pressed into each plate. 
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Twelve mg of E,. sol ani inoculum, prepared from inoculated 

autoclaved wheat seeds as previously described, was then 

sprinkled evenly across the hypocotyls of the 10 seedlings of 

a given cultivar on each plate. Preliminary experiments showed 

that a 12-mg-amount of E,. solani inoculum was sufficient to 

cause a 50 - 80% incidence of infection in 10 seedlings 

inoculated with E,. sol ani alone. After 5 days in a growth 

chamber under 5,200 lux of fluorescent light on a 12-hr 

diurnal cycle at 20 C, the seedlings were removed, hypocotyls 

were cut out, washed vigorously under running tap water, and 

pressed into 1% water agar petri plates. Each hypocotyl was 

checked at 24 and 48 hr for the presence of fast growing B. 

solani hyphae. The occurrence of lesions plus the 

characteristic E,. solani hyphae were considered to be a 

positive indication of infection. Ten Q. hirsutum or Q. 

barbadense seedlings were placed on each plate and three 

plates of each cultivar were prepared for each of the four 

inoculum levels of ~. basicola. This procedure was repeated 

three times. Individual treatment means of the three levels 

of ~. basicola were compared with the control mean (no ~. 

basicol~) with the student's t test. 

simultaneous inoculation of §.. hirsutum seedlings with E,. 

solani and with a tobacco isolate of ~. basicola. The above 

experiments were repeated but with seeds of Q. hirsutum lOP 
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90' inoculated with 0 and 3,000 propagules/ml of NC 1529, a 

tobacco isolate of ~. basicola. Three plates with 10 seedlings 

each were prepared per level of ~. basicola and this was then 

repeated three times and the mean of the ~. basicola treatment 

(3,000 conidia/ml) compared with the control mean (no ~. 

basicola) using the student's t test. 

The role of timing of inoculation with varying concentrations 

of ~. basicola and inhibition of infection by B. solani in g. 

hirsutum seedlings. These experiments were performed to see 

if there was a protective effect by inoculating with ~. 

basicola 1 day before B. sol ani or if infection by B. sol ani 

could be reversed by later inoculation with ~. basicola. The 

same methods were used as previously described, varying the 

timing only, except when the inoculation by ~. basicola 

followed inoculation by B. solani by 24 hr. In this case, the 

seedlings were inoculated with ~. basicola by pipetting 150 

um of the endoconidial suspension over the hypocotyl and root 

of each seedling previously inoculated on the hypocotyl with 

B. solani and already in place on the water agar. Three plates 

of 10 seedlings each were prepared for each of four levels of 

~. basicola (0, 3,000, 30,000, and 300,000 conidia/ml) and 

then repeated two more times. The treatment means of the three 

levels of ~. basicola in each case were compared with the mean 

of the control (no ~. basicola) using the student's t test. 
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The effect on hypocotyl infection by .B. solani of seedlings 

of §. hirsut~ when inoculated below the hypocotyl with ~. 

basicola (W6) followed 24 hr later by hypocotyl inoculation 

with B. solani. The purpose of these experiments was to see 

if prior infection with T. basicola might cause a systemic 

protective effect against B. solani. Seedlings were inoculated 

wi th sterile distilled water or one of the three 

concentrations of T. basicola to within 1 cm of the hypocotyl, 

placed on water agar plates, and then inoculated 24 hr later 

on the hypocotyl with B. solani, as described above. Three 

plates with 10 seedlings each were prepared for the three 

levels of T. basicola; the experiment wan repeated two more 

times. The treatment means of the three levels of T. basicola 

were compared with the mean of the control (no T. basicola) 

using the student's t test. 

Experiments 

previously 

RESULTS AND DISCUSSION 

on mycelial 

cultured with 

growth of B. 

T. basicola 

solani on plates 

indicated that T. 

basicola did not exude anything toxic to B. solani under the 

conditions of the tests. Rhizoctonia sol ani grew equally on 

the plates on which T. basicola had previously been cultured 

as on the control plates. It appears that the protective 
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effects of ~. basicola are probably not due to exudation of 

a substance toxic to B. solani. 

Thielaviopsis basicola did not inhibit mycelial growth of B. 

solani during the first 24 hr when cultured on the same carrot 

agar or PDA plate. However, after 24 hr, measurements of 

mycelial growth of B. solani growing between ~. basicola had 

stopped growing towards each ~. basicola colony but continued 

to grow at right angles to it. There was not a clear zone of 

inhibition of growth of B. solani but rather an increase in 

density of the mycelia near the~. basicola colony (Fig. 1). 

This suggests that at least in culture ~. basicola is capable 

of competitively excluding B. solani. 

Seedlings of ~. hirsutum 'DP90' grown on water agar plates and 

inoculated with B. solani and one of 3 levels of ~. basicola 

showed reduced infection by B. solani with the moderate level 

of ~. basicola (3,000 propagules/ml) as compared to the 

controls with no ~. basicola (Table 1). The difference in 

means was significant at the P = 0.05 level. The same trend 

was observed in the experiment performed with ~. barbadense 

'Pima S-6', although the difference in means was not 

significant at the P = 0.05 level (Table 2), but at the P = 

0.14. For both ~. hirsutum and ~. barbadense the lOx and 100x 

levels of ~. basicola inoculum caused either no difference in 
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Fig. 1 Two 13-day-old colonies of Thielaviopsis basicola on 
carrot agar with a 3-day-old colony of Rhizoctonia solani 
growing between them (right) and a culture of B. sol ani alone 
(left). 
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Table 1. The percentage of Gossypium hirsutum 'DP 90' and Q. 
barbadense 'Pima S-6' seedlings infected with Rhizoctonia 
solani after simultaneous inoculation with R. solani and a 
cotton isolate of Thielaviopsis basicola -

Inoculum treatment 
~. basicola B. solanib 

(propagules/ml) " 

o 12 mg 

3,000 12 mg 

30,000 12 mg 

300,000 12 mg 

Percent Q. hirsutum 
infected with B. solanic 

39%b 

67%a 

86%c 

"Ten 4-day-old Q. hirsutum seedlings were dipped for 10 
seconds in a suspension of propagules of W6, a cotton isolate 
of ~. basicola,then pressed into water agar. 
bThe amount of artificial inoculum of B. solani sprinkled over 
10 seedlings; 12 mg equals approximately 25 propagules. 
cThe average number of seedlings per plate infected with B. 
sol ani presented as a percentage. Means are based on the 
results from three tests. Observations made after 5 days. 
dLetters beside the means that are different indicate a 
statistically significant difference at P = 0.05. 
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Table 2. The percentage of Gossypium barbadense 'Pima S-6' 
seedlings infected with Rhizoctonia solani after simultaneous 
inoculation with R. solani and Thielaviopsis basicola 

Inoculum treatment 
T. basicola R. solanib 

(propagules/ml)a -

o 12 mg" 

3,000 12 mg 

30,000 12 mg 

300,000 12 mg 

Percent infected 
with R. sol ani 

60% 

67% 

71% 

"Ten 4-day-old Q. barbadense seedlings were dipped for 10 
seconds in a suspension of propagules of W6, a cotton isolate 
of T. basicola, then pressed into water agar. 
bThe amount of artificial inoculum of R. sol ani sprinkled over 
ten seedlings: 12 mg equals approximately 25 propagules. 
"The average number of seedlings per plate infected with R. 
solani presented as a percentage. Means are based on data from 
three tests. Observations made after 5 days. 
dDifferences between means were not significant at P = 0.05. 
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infection as compared to the controls without T. basicola or 

actually caused an increase in infection (Tables 1 and 2). 

Apparently these extremely high levels of T. basicola damage 

the cotton root so much that whatever protection is afforded 

by the moderate levels of T. basicola is overwhelmed. These 

results may support the idea that infection with T. basicola 

induces the production of phytoalexins which protect against 

infection by B. solani. Since intact cells are required for 

the phytoalexins to be produced and be effective (36), 

·vtremely high levels of T. basicola which have been shown to 

whelm at least the physical defenses of a cotton root 

Iced by moderate levels of T. basicola (44) may have killed 

. t phytoalexin-producing cells, thereby reducing the 

Jmical defenses. 

Icubated seedlings of g. hirsutum I DP90 I grown in ragdolls 

nd inoculated with an endoconidial suspension of the tobacco 

.solate of T. basicola (NC1529) had only 2% of the tap root 

Length infected with T. basicola. Cotton seedlings inoculated 

in the same manner with W6, the cotton isolate of T. basicola, 

had an average of 40% of the tap root infected with T. 

basicola. The tobacco isolate NC1529 did not appear to afford 

any protection against infection with B. solani in experiments 

with g. hirsutum on water agar plates (Table 3). The results 

of these two experiments suggest that actual infection by ~. 
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Table 3. The percentage of Gossypium hirsutum 'OP 90' 
seedlings infected with Rhizoctonia solani after simultaneous 
inoculation with B. solani and a tobacco isolate of 
Thielaviopsis basicola 

Inoculum treatment 
T. basicola R. solanib 

(propagules/ml) 4 
-

o 12 mg 

3,000 12 mg 

Percent infected 
with B. sol ani 

66% 

"Ten 4 day old Q. hirsutum seedlings were dipped for 10 
seconds in a suspension of propagules of NC1529, a tobacco 
isolate of ~. basicola and pressed into water agar. 
bThe amount of artificial inoculum of B. solani sprinkled over 
10 seedlings; 12 mg equals approximately 25 propagules. 
cThe average number of seedlings per plate infected with B. 
solani presented as a percentage. Means are based on data from 
three tests. Observations made after 5 days. 
dOifferences between means were not significant at P = 0.05. 



basicola rather than just it's presence, is required for 

protection against infection by B. solani. 
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Inoculating cotton seedlings with 3,000 propagules/ml of T. 

basicola 24 hr before inoculating with B. solani did not 

appear to provide any extra protection against B. sol ani as 

compared to inoculating with the two fungi together (Table 4 

•.. ~le 1). It appeared to prevent the increase in infection 

olani at the higher levels of T. basicola as seen when 

) fungi were inoculated simultaneously. If seedlings 

loculated with B. solani 1 day prior to T. basicola, the 

inoculation was apparently not able to reverse the 

ion by B. solani (Table 5). 

seedlings inoculated 1 cm below the hypocotyl with T. 

La 24 hr prior to inoculation of the hypocotyl with B. 

, were not protected against infection by B. solani. The 

: of phytoalexins can be very local (2). Thus, this 

,ment does not clearly preclude the role of phytoalexins 

~d by infection with T. basicola in protecting the cotton 

ing from infection by B. solani. 

pears that in order for T. basicola to protect a cotton 
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Table 4. The percentage of Gossypium hirsutum 'OP 90' 
seedlings infected with Rhizoctonia solani after inoculation 
with a cotton isolate of Thielaviopsis basicola 24 hrs before 
inoculating with R. solani 

Inoculum treatment 
T. basicola R. solanib 

(conidia/ml) 4 

o 

3,000 

30,000 

300,000 

12 mg 

12 mg 

12 mg 

12 mg 

Percent infected 
with R. solanic 

34%b 

44%a 

56%a 

4Ten 4 day old g. hirsutum seedlings were dipped for 10 
seconds in a suspension of propagules of W6, a cotton isolate 
of 1. basicola, then pressed into water agar. 
bThe amount of artificial inoculum of R. solani sprinkled over 
10 seedlings; 12 mg equals approximately 25 propagules. 
cThe average number of seedlings per plate infected with R. 
~olani presented as a percentage. Means are based on data from 
}~ee tests. Observations made after 5 days. 
t;~~ers beside the means that are different indicate a 
s 'stically significant difference at P = 0.05. 
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Table 5. The percentage of Gossypium hirsutum 'DP 90' 
seedlings infected with Rhizoctonia solani when inoculated 
with Thielaviopsis basicola 24 hr after inoculating with B. 
solani 

Inoculum treatment Percent infected 
T. basicola B. solanib with B. solani 
(propagulesjrnl) " 

0 12 mg 51c 

3,000 12 mg 59 

30,000 12 mg 62 

300,000 12 mg 53 

"150 ul of a suspension of propagules of W6, a cotton isolate 
of T. basicola were pipetted over each seedling. 
bThe amount of artificial inoculum of B. solani sprinkled over 
10 seedlings; 12 mg equals approximately 25 propagules. 
cThe average number of seedlings per plate infected with B. 
solani presented as a percentage. Observations made after 5 
days. Means were based on the results form three tests. 
Differences between the treatments were not significant. 
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seedling against infection by R. solani, propagule numbers 

must be within a certain range, it must be inoculated with a 

cotton isolate of ~. basicola, the infection by ~. basicola 

must include the hypocotyl where R. solani normally attacks, 

and the infection by ~. basicola must occur either before or 

at the same time as infection by R. solani. The effect of ~. 

basicola apparently is not antibiotic although T. basicola may 

induce the production of phytoalexins effective against R. 

solani in the root. It is still not clear whether~. basicola 

operates competitively with R. solani by niche exclusion or 

if infection of the epidermal cells of the hypocotyl and the 

numerous endoconidia produced so alters the topography that 

R. solani can not recognize it to initiate formation of the 

infection cushions (3). 
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APPENDIX A 

THE EFFECT OF STORAGE OF SOIL SAMPLES ON PROPAGULE COUNTS 
OF THIELAVIOPSIS BASICOLA 

Soil samples taken in 1987 from two commercial cotton fields 

in Duncan, Az, as described in Chapter 1, were stored at 4 C 

for one year. Then in 1988 the assays for soil population 

counts of T. basicola using a modification of Specht and 

Griffin's selective medium technique (58), were repeated in 

the same way as in 1987. 

The number of viable propagules of T. basicola in soil samples 

remained fairly constant after a year's storage at 4 C (Tables 

1 and 2). This indicates that soil samples need not be assayed 

immediately after collection and can be stored at 4 C for up 

to one year. 
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Table 1. Average propagule counts of Thielaviopsis basicola 
(cfu/g soil) in two adjacent cotton fields in Duncan, AZ, in 
1987 

Sample date 

May 7, 1987 
May 14, 1987 
June 3, 1987 
June 20, 1987 
Aug. 4, 1987 
Sept. 28, 1987 

Field lA 

40 b 

107 
20 

9 
80 
48 

Field 2 

360 
280 

90 
130 
200 
171 

AField 1 and Field 2 are two adjacent cotton fields in Duncan, 
AZ. 
bpropagule counts of Thielaviopsis basicola (cfu/g soil). 



80 

Table 2. The effect of storage of soil samples for 1 year at 
4 C on viability of propagules of Thielaviopsis basicola 
(cfu/g soil), 1988 

Sample date 

May 7, 1987 
May 14, 1987 
June 3, 1987 
June 21, 1987 
Aug. 4,1987 
Sept. 28, 1987 

Field I" 

40b 

182 
39 

1 
44 
36 

Field 2 

368 
425 
115 

71 
168 
150 

"Field 1 and Field 2 are two adjacent cotton fields in Duncan, 
AZ. 
bAverage propagule counts of rhielaviopsis basicola (cfu/g 
soil) assayed in 1988. 
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