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ABSTRACT 

A highly virulent isolate of Rhizoctonia solani 

completely masked any effect Meloidoqyne incognita may have 

had on seedling disease expression in cotton. Conversely, 

the least virulent isolate of R. solani did not increase 

disease severity when in combination with M. incognita. 

Severity of seedling disease was significantly increased 

when an isolate intermediate in virulence was in combination 

with the nematode. This isolate was used in all subsequent 

experiments. 

Greatest disease severity occurred at soil tempera

tures of 18 and 21 C and with R. solani in combination with 

M, incognita. 

When 2500 or 5000 M. incognita larvae were added to 

the root system of each seedling, disease severity increased 

over that observed on seedlings infected by R. solani alone. 

When 100 or 500 larvae were added, no increased effect on 

disease severity was noted. 

As the sand content of the growth medium was in

creased from 60 to 90 per cent, disease severity increased 

significantly. Soil moisture levels of 50 and 90% field 

moisture capacity did not affect disease severity. 
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Cotton cultivars susceptible and resistant to M. 

incognita showed an equal increase in disease severity when 

challenged with both the nematode and R. solani. 

When M. incognita was introduced 7, 14, or 21 days 

before the fungus, the increase in disease severity was not 

significantly greater than R. solani alone. Simultaneous 

inoculations of the nematode and fungus resulted in a sig

nificant increase in disease severity. Penetration of M. 

incognita larvae into roots was greatest when the nematode 

was added to the soil simultaneously with R. solani. 

During the early stages of disease development no 

histological differences in the degree of fungus penetration 

were detectable between nematode-infected and noninfected 

seedlings, However, after 72 hours, R. solani appeared to 

penetrate the central cylinder more readily in seedlings 

infected with M, incognita than in seedlings not infected by 

the larvae. 

Puncture wounds in the hypocotyl of the cotton 

seedling significantly increased disease severity. Wounds 

of the roots, however, were not a factor in production of 

seedling disease caused by R. solani. 

No differences in the quantity of water soluble 

carbohydrates and catechin-like compounds in hypocotyls 

were detected between nematode-infected and noninfected 

seedlings. Higher concentrations of carbohydrates and 

catechin were found at 21 C than at 27 C. 



INTRODUCTION 

Seedling diseases of cotton, Gossypium hirsutum L., 

constitute a complex problem involving many factors. Almost 

any factor that will reduce the vigor of cotton or its 

ability to respond to attack will increase the susceptibility 

of the plant to seedling diseases (Baker and Martinson 1970). 

Seed quality, soil texture, climate, insect damage, cultural 

practices, and agricultural chemicals, in addition to the 

seed borne and soil inhabiting microorganisms, are involved 

in the full expression of disease. Several kinds of micro

organisms, including fungi, bacteria, and nematodes are 

associated with diseased cotton seedlings. These organisms 

are found throughout the cotton-producing areas of the United 

States, Although inciting organisms vary from area to area, 

the pathogens most often implicated in cotton are Rhizoctonia 

solani Kiihn, Thielaviopsis basicola (Berk, and Br.) Ferr,, 

Glomerella gossypii Edg., Pythium sp., Fusarium sp,, and 

nematodes, particularly Meloidogyne incognita (Kofoid and 

White) Chitwood (Neal 1953), 

Rhizoctonia solani is found in all cotton-producing 

areas, Damage to cotton from R, solani can occur at any of 

three periods after the seeds are plantedt decay of seed 

prior to germination or pre- or postremergence damping-roff, 

The seed may be invaded by the fungus from infested soil, 

1 
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The infected seed may serve as a food base enabling the 

pathogen to infect adjacent seedlings. The longer seedling 

emergence is delayed, the greater the opportunity for 

invasion and pre-emergence damping-off, Excesses of cold 

weather, soil moisture, or soil salinity delay germination 

and may increase damping-off if the condition is not also 

detrimental to R. solani (Leach 1947, Beach 1949, Peace 

1962) . Post-emergence, as compared to pre-emergence, 

damping-off represents a delay in attack, expression of 

symptoms, or both. Post-emergence damping-off is character

ized by necrosis of the hypocotyl at or just below the soil 

surface, resulting in death of the seedling. The symptom 

commonly referred to as "sore shin" develops when necrosis 

of the hypocotyl is incomplete and the plant survives with a 

wound at its base. Susceptibility of the seedling to attack 

by R, solani declines with maturation, probably as a result 

of lower sugar concentrations, higher phenolic concentra

tions, and an increase in oxidative enzymes and tannins in 

hypocotyl tissues (Hunter 1968). 

The root-knot nematode, Meloidogyne incognita, has 

long been recognized as an important root parasite of cotton 

(Atkinson 1889). Because of its general distribution 

throughout cottons-producing areas, root-knot caused by M. 

incognita is the most important nematode disease of cotton 

(Sasser 1972). This is especially apparent where a warm 
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climate and sandy soils permit a rapid and early population 

increase of the nematode. 

Cotton plants, although seldom killed by M. incog

nita, are often stunted, wilt during the heat of the day, 

and have reduced yields; these conditions are manifesta

tions of restricted root growth caused by the root-knot 

nematode. 

Although R, solani and M. incognita each may cause a 

distinct disease, there is often a concomitant relationship 

between the pathogens, A combination of the two organisms 

constitutes a potentially more serious problem than either 

would alone, providing certain conditions prevail. Thus, 

the problem of disease control requires an understanding not 

only of each individual organism involved, but also of their 

roles in combination with one another. 

The present study was concerned with the disease 

complex involving the parasitic nematode, Meloidogyne 

incognita .(Kofoid and White) Chitwood, and one of the soil-

inhabiting fungal pathogens of cotton seedlings, Rhizoctonia 

solani Kiihn. The objective of this study was to demonstrate 

the interaction between R. solani and M. incognita on the 

survival and growth of cotton seedlings and to examine some 

of the factors that influence the interaction. The role of 

nematode and fungus inoculum density on the severity of 

seedling disease was investigated. The significance of soil 

temperature, soil fractions, and soil moisture was studied. 



The effect of infection of roots by M. incognita on penetra' 

tion and development of R. solani in hypocotyl tissue was 

determined, Alterations in concentrations of carbohydrates 

and phenols in hypocotyl tissue after infection of roots by 

M. incognita was examined. 



LITERATURE REVIEW 

In 1858, Ktihn described the morphology and attached 

the binomial Rhizoctonia solani to a fungus found growing on 

diseased potato tubers. R. solani is the imperfect stage of 

a basidiomycere Thanatephorus cucumeris (Prank) Dank. Since 

then this fungus has gained the reputation of being a wide

spread, destructive, and versatile plant pathogen. Atkinson 

(1892) first reported R. solani on cotton, describing it as 

"the,sterile damping-off fungus." Following this initial 

report, R, solani was found by Walker (1928) on cotton in 

Florida, Eventually, the fungus was shown to cause serious 

losses in every cotton producing state (Leyendecker 1955). 

Ranney (1962) stated that R, solani was isolated from more 

than 60% of the cotton samples collected in the Mississippi 

delta. 

Walker (1928) first reported the importance of 

certain soil temperature regimes to the incidence of damping-

off of cotton seedlings. In controlled temperature studies, 

he found that damping-off caused by R. solani was most 

severe at 18-23 C. Arndt (1957) confirmed these studies. 

Richards (1923) found the maximum attack of cotton by R. 

solani was at 21-23 C and the optimum range for infection 

of pea was 18-20 C. Leach (1947) found that the incidence 

of damping-off at various temperatures did not correspond 

5 



6 

closely with the growth rate of either R. solani or the host 

it was attacking. Instead, disease incidence was inversely 

related to the ratio between the coefficient of velocity of 

seedling emergence and the growth rate of the fungus. Thus, 

if a rise in temperature increased the rate of seedling 

growth proportionally more than the growth rate of the 

pathogen, the incidence of pre-emergence damping-off was 

reduced. Fahmy (1931) found that cotton plants attacked by 

R. solani at high temperatures were apparently induced to 

produce suberized cell layers below the invaded tissue and 

these have been considered to function in limiting pathogen 

movement and aiding host recovery. Hunter, Staffeldt, and 

Maier (1960) isolated three strains of R. solani from cotton 

and found that disease development with different strains 

varied with temperature. Hunter and Guinn (1968) found that 

the increased sugar content of cotton hypocotyls associated 

with low root temperatures appeared to favor growth of R. 

solani and disease development. 

Most of the hosts of R. solani are particularly 

susceptible to penetration and tissue invasion during the 

seedling and juvenile stages of growth and the plants become 

more resistant with age (Shepard and Wood 1963). The in

creased resistance associated with plant age has been 

attributed to thickening of host cell walls (Flentje 1957) 

and lignification (McClure and Robbins 1942), wound periderm 

formation (Thatcher 1942), calcium content of host tissue 
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(Bateman and Lumsden 1965), and lower sugar and higher 

phenolic concentrations (Hunter 1968). Resistance of mature 

tissues does not preclude disease in older plants. Neal 

(1942) reported a situation in which infection by R. solani, 

ordinarily confined to early planted cotton seedlings, 

persisted and the fungus caused considerable damage in older 

plants, Fulton, Waddle, and Thomas (1956), working with 

cotton seedlings, found that R. solani played a very 

important role as a pathogen when soil temperatures were low 

early in the season, and a less prominent role as the 

temperature increased later in the season. 

Penetration into plants by R. solani may be accom

plished in a number of ways. The fungus may directly pene-

trate through the intact cuticle and epidermis either from 

complex, organized infection structures or without defined 

morphological structures (Dodman and Flentje 1970). The 

fungus may also penetrate through natural openings and 

through wounds, Nakayama (1940) described the development 

of infection cushions on cotton seedlings. He also showed 

that penetration into roots commonly occurred at the point 

of development of lateral roots, where the root cortex and 

epidermis are ruptured by the emerging root tip. Khadga, 

Sinclair, and Exner (1963) showed that isolates that usually 

penetrate cotton hypocotyls from infection cushions also 

easily penetrated seedlings through wounds. Soil popula

tions of^R, solani can increase to significant levels 
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rapidly, Chester (1941) found that seedlings infected with 

R, solani constituted a threat to seedlings in adjoining 

hills. 

Walker (1928) found that practically all soil 

moistures at which cotton would germinate and grow were 

sufficient to allow R. solani to attack cotton plants, 

providing the soil temperatures were favorable to the fungus. 

The threat to cotton culture by parasitic nematodes 

has long been recognized. The first report of root-knot of 

cotton was in 1889 by Atkinson in which he pointed out the 

seriousness of the disease. Since then it has been shown 

that root-knot constitutes a major cotton disease problem 

throughout the cotton belt, although it is a more serious 

threat in light sandy soils of the Southeast (Smith 1954). 

The same abiotic conditions that affect R. solani 

also influence M. incognita. Tyler (1933) stated that the 

generation time of root-knot is dependent, among other 

things, on the susceptibility of the host, soil moisture, 

and temperature conditions, Kincaid (1946) reported that 

27 C was the optimum temperature for maximum development and 

reproduction of the root-knot nematode; there was no develop

ment at 14,5 C or 31.5 C, the minimum and maximum tempera

tures, Reynolds (1969) found that the rate of penetration 

and development of M. incognita in cotton was greatly 

inhibited at 18 C compared to 23 and 28 C. Optimum tempera

ture for the maximum rate of development to maturity on 
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cotton appeared to be near 28 C. Thomason and Lear (1961) 

found maximum egg mass production occurred for most species 

of Meloidogyne in the range of 25-32 C, 

The relationship between soil texture and the 

distribution of Meloidogyne sp, can be quite marked. In

festation of Sesbania exaltata (Raf) Cory by M, javanica 

was found to be extremely low when grown in a fine-textured 

or clay loam soil and very high in a coarse-textured or 

loamy sand soil (Sleeth and Reynolds 1955). Infestation and 

gall development were intermediate in a series of mixtures 

of the two soils but increased as the soil texture increased 

in coarseness, O'Bannon and Reynolds (1961) later found 

that damage to cotton by M. incognita was correlated with 

coarse soil texture. In this study, coarse textured soils 

were ideal for M, incognita as measured by root galling and 

yield of cotton lint, 

Godfrey (1926) found, that moisture played only a 

small part in root-knot development in tomato as long as 

the moisture content of the soil was favorable to the growth 

of the plant. Within a range of 40 to 80 per cent of the 

moisture-holding capacity of the soil there was little 

difference in root-knot development, Minton, Cairns, and 

Smith (1960) found that rainfall and field population of M. 

incognita were not closely correlated. However, soil 

moisture does have an effect on survival (Peacock 1957), 
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movement of larvae (Wallace 1956), and hatching of eggs 

(Viglierchio and Lownsbery 1960) under field conditions. 

The expression or development of seedling disease 

caused by R. solani may be affected by other biological 

factors. 

Certain plant viruses predispose hosts to infection 

by R. solani, such as cucumber-mosaic virus (Bateman 1961), 

barley yellow-dwarf virus (Smith 1962), and beet curly top 

virus (Erwin and Flack 1963). 

Neal and Newsom (1951) showed a relationship between 

thrips injury and cotton soreshin caused by R. solani. They 

demonstrated that when cotton seedlings are damaged by 

thrips, the leaf area is greatly reduced and the incidence 

of seedling disease is much higher. 

Plant damage due to agricultural chemicals was shown 

to increase the incidence of R. solani on cotton seedlings 

(Erwin and Reynolds 1958, Miller and Ahrens 1964, Ranney 

1964, Pinckard and Standifer 1966). 

Nematodes are known to participate with other micro

organisms to produce disease, the effects of which may be 

independently unique, additive, or synergistic. The 

complexes involving nemas and fungi have received the most 

attention. This subject has been thoroughly (Powell 1963, 

1971a, 1971b; Weischer 1968; Pitcher 1965; Miller 1965; 

Dittmann 1963; Myuge 1959; Fielding 1959; Holdeman 1954). 
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Atkinson (1892) first noticed the nematode-fungus 

association when he observed that infection by Meloidogyne 

sp. (Heterodera marioni) increased the severity of Fusarium 

wilt in cotton. Since then this interaction has received 

considerable attention. 

Another nematode-fungus complex frequently observed 

is R, solani in combination with Meloidogyne sp. or 

Heterodera sp. or Pratylenchus sp. Smith and Prentice (1929) 

observed that an association existed between R. solani and 

Heterodera schactii on sugarbeets. Grainger and Clark (1963) 

reported a synergistic effect between the fungus and H. 

rostochiensis on potato. Mountain and Benedict (1956) found 

that the combination of R. solani and Pratylenchus minyus 

reduced growth of wheat plants by half, Taylor and Wyllie 

(1959) showed that pre-emergence damping-off of soybeans 

caused by R. solani was greatly increased by the presence of 

M, hapla and somewhat increased by M. javanica. Sayed (1961) 

showed a significant increase in damping-off of pea caused 

by R. solani in association with M. hapla. Soudah (1965) 

found an increase in the incidence of R. solani in presence 

of M, incognita in alfalfa. Similarly, infection by the 

nematode was increased by the presence of R. solani. Batten 

and Powell (1971) demonstrated that predisposition of tobacco 

by M, incognita to attack by R. solani is most pronounced 

after the nematodes have been in roots for a period of time. 

Polychronopoulos (1967) showed that the combination of H. 
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schachtii and R, solani on sugarbeets produced damage more 
1 _ 

serious than that produced by either pathogen alone, A 

minimum population density of the nematode was necessary to 

obtain greater combined damage. 

Nematodes and fungi have long been implicated to

gether in seedling diseases of cotton (Arndt and Steiner 

1931). The importance of nematodes in the seedling diseases 

of cotton was not fully realized until Reynolds and Hanson 

C1957) observed less damage caused by R, solani to cotton 

seedlings in fields fumigated for control of root-knot, 

Arndt and Christie (1937) conducted experiments with 

4 genera of nematodes (Aphelenchoides, Aphelenchus, 

Cephalobus, and Acrobeles) and 3 species of fungi (Fusarium 

moniliforme, F. vasinfectum Atk., and Glomerella gossypii 

Edg,) to determine if the nematodes were involved either 

independently or synergistically in the damping-off of cotton 

seedlings. Their experiments failed to show any involvement 

in damping-off of cotton but they did observe that large 

numbers of these nematodes may have a stunting effect on 

plants, 

Reynolds and Hanson (1957) found the percentage of 

plants infected by R. solani was increased when either M, 

incognita or the fungus was added to soil previously in

fested by only the other microorganism. Simultaneous addi

tion of both nematode and fungus resulted in significant 

increases. In plots fumigated for nematode control, 
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seedling disease caused by R. solani was less than in non-

fumigated plots. Excision of cotyledons also increased 

damping-off caused by R. solani. 

Norton (1960) demonstrated that damping*-off of cotton 

seedlings caused by R, solani, Pythium debaryanum Hesse, or 

Fusarium oxysporum f. vasinfectum, in each case, was much 

greater when the seedlings were previously inoculated with 

M, incognita than without the nematode inoculum. Addition

ally, he noted that soil temperature was important for full 

expression of symptoms; damage was greater at 18 and 21 C 

than at 24 or 27 C. 

In greenhouse tests with a nematicide (1,2-dibromo-

3-chloropropane) and a fungicide (pentachloronitrobenzene) 

on soil naturally infested with R. solani and M. incognita, 

White (1962) demonstrated an additive interaction between M. 

incognita and R. solani and M. incognita and Thielaviopsis 

basicola (Berk, and Br.) Ferr. Simultaneous addition of 

either fungus and the nematode to sterile soil resulted in 

more severe disease symptom expression and reduction of 

growth of cotton than when similar plants were exposed to 

either pathogen alone. 

Brodie and Cooper (1964) showed that cotton seedlings 

grown in soil infested with M. arenaria Chitwood, M. hapla 

Chitwood, M, incognita, Rotylenchulus reniformis Linford and 

Oliveria, or Hoplolaimus tylenchiformis Daday were suscep

tible to R, solani longer than seedlings grown in 
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nematode-free soil, Prolonged susceptibility to R, solani 

was associated with reduction in seedling growth and was 

attributed to retarded peridermal development caused by the 

nematode. Removal of cotyledons increased the incidence of 

damping-off by R. solani comparable to that in nematode-

infested soil. Hefner (1967) found that a "soil-run" 

population of nematodes (nematodes not identified, apparently 

nonparasitic) in combination with R, solani arid several 

other soil-borne microorganisms tended to cause greatest 

disease severity in cotton seedlings at 18,3 to 20,6 C 

compared to 23,9 to 26,1 C, The nematodes were thought to 

be acting as carriers of bacteria to the fungal lesions and 

to be responsible for lowering host resistance, 

Lambe and Home (1963) implicated R. reniformis and 

R. solani with dwarfing, chlorosis, and a loss of secondary 

roots in cotton. Isolations from cankers near the soil line 

consistently yielded R, solani. 

Cauquil and Shepherd (197 0) showed.that the combined 

effect of M, incognita and each of four fungi, Alternaria 

tenuis Auct,, Fusarium oxysporum f. vasinfectum Synd, and 

Hans,, Glomerella gossypii Edg., and R, solani, was greater 

than either the fungi alone or the nematode alone. Cotton 

seedling disease, however, was severe in the presence of 

high inoculum levels of G, gossypii and R. solani without 

nematodes. No significant differences were reported for the 
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variety-treatment interaction between cottons susceptible 

and resistant to M, incognita. 

Bird, McCarter, and Roncadori (1971) found that the 

nematodes Pratylenchus brachyurus, Trichodorus christiei, 

and T, porosus and the soil-borne fungi R. solani, Pythium 

debaryanum, P, irregulare, P. ultimum, and Fusarium spp. 

were the pathogens most frequently found in the roots and 

rhizosphere of field grown cotton showing "stunt" symptoms. 

Greenhouse temperature tank experiments using soils from 2 

locations showed significantly improved root and shoot 

growth following fumigation with methyl bromide at both 25 C 

and 18 C and more severe "stunt" at the lower temperature. 

Copious amounts of information on interactions 

between parasitic nematodes and phytopathogenic fungi have 

been collected through the years. However, after nearly 15 

years since the interaction between R. solani and M. incog

nita was first recognized as important in the seedling 

disease complex of cotton plants, the intimacies of the 

relationship have not yet been garnered from the data. 

Reynolds and Hanson (1957) illustrated the importance 

of the M. incognita-R. solani interaction; however, few 

experimental conditions were controlled. Soil temperatures 

varied with ambient, nematode inoculum was low, and the R. 

solani was a mixed culture. Brodie and Cooper (1964) did 

not attempt to control environmental conditions. Nematode 

inoculum was based on egg masses, and soil type was not 
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reported. Cauquil and Shepherd (1970) and White (1962) 

attempted to control few variables and again seemed mostly 

interested in illustrating that an interaction exists. 

Norton (1960) was primarily interested in the effect of soil 

temperature on the nema-fungus interaction, but went no 

further with his experiments. 

It was the goal of the following series of experi

ments to control some of these environmental variables and 

to determine their influence on the M. incognita-R. solani 

interaction. 



MATERIALS AND METHODS 

Source of Biological Materials 

Host Cultivars 

Seeds of Gossypium hirsutum L. cv. Deltapine 16 

(DP16-S), susecptible to the root-knot nematode M. incognita, 

were obtained from the Cotton Research Center, U.S.D.A., 

Phoenix, Arizona, Seeds of G. hirsutum cv. Clevewilt 6-3-5 

(CW-R), resistant to M. incognita, were obtained from the 

Department of Plant Pathology, The University of Arizona. 

A single source of seed of each cultivar of cotton was used 

in all experiments. 

Nematode 

The isolate of M. incognita used throughout the 

study was isolated from cotton plants in Pinal County, 

Arizona, 

Fungus 

Isolates of Rhizoctonia solani Kiihn were obtained 

from cotton seedlings showing symptoms of soreshin. The 

field isolates were induced to produce basidiospores using 

the soil-over^agar method of Flentje and Stretton (1964) . 

Single basidiospore isolates were obtained and tested for 

virulence in DP16-S cotton seedlings. Three isolates, 

17 



slight, intermediate, and high in virulence to cotton were 

selected and used throughout the study. 

Preparation and Maintenance of 
Biological Materials 

Host Cultivars 

DP16-S and CW-R seed were immersed in water at 80 C 

for 60 seconds. For surface sterilization, the seeds were 

soaked in 0.5% NaHClO^ for 20 minutes followed by 3 rinses 

in sterile distilled water. The surface sterilized seeds 

were incubated for germination at 28 C for 18 hrs on moist 

filter paper in petri dishes. Seeds with the tip of the 

radicle showing were selected from dishes visibly free of 

contaminating microorganisms. The surface sterilization 

procedure did not reduce germination of the cottonseeds. 

Unless otherwise stated, the germinated seed were placed 

directly in cylindrical 5.5 x 20 cm plastic containers and 

grown to test size without subsequent transplanting. 

Nematode 

Populations of M. incognita were maintained in the 

greenhouse on Sesbania exaltata (Raf) Rydb. or tomato, 

Lycopersicum esculentum Mill, planted in infested soil, 

Inocula of parasitic M. incognita larvae were harvested as 

needed by the method of Lownsbery and Viglierchio (1961). 

Larvae were collected at 24 hr intervals and placed in an 
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aqueous solution composed of 133 ppm Aretan (ethoxyethyl-

mercuric chloride, Plant Protection Ltd., Yalding, Kent, 

England) and 150 ppm dihydrostreptomycin sulfate for 1 hr 

(O'Bannon 1965, Das and Raski 1968). This was followed by 

centrifugation at 1000 x g. The larval pellet was washed 

with sterile distilled water 3 times and the larvae collected 

between each washing by centrifugation. This axenization 

procedure did not reduce larval vitality. 

Fungus 

The R, solani isolates were maintained in culture 

on potato dextrose-yeast-extract agar (PDYA). For soil 

inoculations, the fungus was grown 7 to 9 days on steam 

sterilized grain sorghum. Each infested kernel of grain 

sorghum was counted as 1 unit of inoculum. 

Soil 

Unless otherwise stated, a single source of soil 

was used in all experiments. A local field soil was amended 

with sufficient 60-mesh silica sand to produce a soil with 

87% sand content. Soil analyses for sand, silt, and clay 

were performed according to Day*s modification of the 

Bouyoucos method (Day 1956); the soil consisted of 87% sand, 

3% coarse silt, 2.5% silt, and 7.5% clay. Soil moisture 

holding capacity was determined by the method of Olmstead 

(1937), Per cent moisture holding capacity of the above 

soil was 8,7%. Other physical properties measured were 
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bulk density—1.46; per cent pore space—41.56; and 

particle density—2.51. 

The soil was prepared for experiments by exhaustive 

leaching of the soil with distilled water. The soil was 

then heated in dry air at 80 C for 10-12 hrs. The pH of 

the soil after this treatment ranged from 7.2 to 7.6 

Disease Indices and Abbreviations 

Disease Indices 

The damage to cotton seedling by R. solani was 

measured by the following index: 0 = no infection;' 1 = 

yellowing only of hypocotyl, no lesion present; 2 = 

lesion(s), no girdling of hypocotyl; 3 = lesion(s), complete 

girdling of hypocotyl; 4 = dead plant; 5 = pre-emergence 

damping-off, 

The root galling index used to measure infection of 

cotton roots by M. incognita was based on the per cent of 

the roots with galls: 0%--no infection; 1 to 25%—light 

infection; 26 to 50%'—moderate; 51 to 75%—heavy; 76 to 100% 

-rsevere, 

Abbreviations 

The following is a list of abbreviations used 

throughout the text: 

1, DP16tS: Deltapine 16, susceptible to M. incognita. 

2. CW-R: Clevewilt 6-3-5, resistant to M. incognita. 
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3. PDA: Potato dextrose agar. 

4. PDYA: Potato dextrose-yeast-extract agar. 

5. HNS: Hoagland's nutrient solution. 

6. FAA: Formalin-Acetic Ac id-Alcohol—26 ml 20% 

Formalin, 10 ml Glacial Acetic Acid, 400 ml 50% 

ethyl alcohol. 

7. SDW: Sterile distilled water. 

Predisposition of Cotton to Seedling Disease by 
M. incognita and by Isolates of R. solani 

plttermg in virulence «=• 

Three isolates of R. solani designated Ap3-1, AP7-2, 

and Apl2-1 were obtained from single basidiospore isolates 

as described in general procedures. Tests of pathogenicity 

showed Ap3^1 to be highly virulent, AP12-1 to be inter

mediate in virulence, and AP7-2 to be slightly virulent. 

Second stage larvae of M. incognita and DP16-S cottonseed 

were processed as previously described in general procedures. 

The following treatments were applied to the DP16-S 

seedlings: 

1. Non-inoculated. 

2. M. incognita, 300 larvae per plant. 

3. R. solani—AP3-1, 3 units per container. 

4. R. solani—AP12-1, 3 units per container. 

5. R, solani—AP 7-2, 3 units per container. 

6. R, solani—AP3-1, 3 units plus M, incognita, 300 

larvae. 
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7, R, solani—AP12-1, 3 units plus M. incognita, 300 

larvae, 

8, R. solani—AP7-2, 3 units plus M. incognita, 300 

larvae, 

Each of the above treatments was subjected to soil 

temperatures of 18, 23, and 28, each ±1 C. Soil temperatures 

were maintained by immersing the sealed 5.5 x 20 cm 

containers in constant temperature water baths for the 

duration of the experiment. 

The arrangement of inoculum and cotton seed is 

illustrated below. 

CS = Cotton seed 

RS = R. solani 

One unit of inoculum (infested kernel) was placed at the 

indicated positions in each container receiving a fungal 

treatment 30 mm below the surface of the soil. The 
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containers were then watered to 90% of moisture holding 

capacity by weight with 0.5 strength Hoagland*s nutrient 

solution (HNS) (Hoagland and Arnon, 1938)« All containers 

inoculated with R. solani were incubated at 23 C for 48 hrs 

before planting of seed and inoculation with nematodes. 

Containers were then placed in either an 18, 23, or 28 C 

tank and allowed to equilibrate for 24 hrs, 

A single seed of DP16-S cotton was planted 30 mm 

deep at the sites indicated above. Three hundred second 

stage larvae of M. incognita in 5 ml of sterile distilled 

water were pipetted into the soil around each seed and then 

covered with soil. 

Each treatment was replicated 6 times for a total 

of 18 plants for each treatment. The experiment was 

terminated 21 days after inoculation with M. incognita. 

The presence of R. solani in fungus treated plants was 

determined by plating bits of surface sterilized (0.5% 

NaHC103 for 10 min) plant tissue on PDA. 

Criteria for measuring the effect of treatments were 

(1) the rate of seedling emergence, (2) the number of 

emerged and surviving seedlings, (3) the total fresh and 

dry seedling weight, and (4) a disease index based on damage 

to the seedling by R. solani. All seedlings inoculated with 

nematodes were observed for the presence of galls on roots. 

The dry weights were determined by placing seedlings in an 



oven at 80 C and drying to constant weight. The experiment 

was performed twice. 

Effect of Soil Temperature, R. solani, and 
Nematode Inoculum Density on Seedling 

Disease of Cotton 

Cottonseed (DP16-S), second stage larvae of M. 

incognita and R. solani isolate AP12-1 (intermediate 

virulence) were maintained and collected as described in 

general procedures. The experimental containers, the plant 

growth medium, and the procedure for planting seeds and the 

introduction of inoculum were the same as described previ

ously. 

The following test treatments were each made at soil 

temperatures of 15, 18, 21, 24, 27, and 30 Cs 

1, M, incognita, 100 larvae per plant, 

2, M. incognita, 500 larvae per plant, 

3, M, incognita, 2500 larvae per plant. 

4, M, incognita, 5000 larvae per plant, 

5, R. solani, AP12-1, 3 units per container. 

6, M, incognita, 100 larvae plus R. solani, 3 units. 

7, M. incognita, 500 larvae plus R. solani, 3 units. 

8, M. incognita, 2500 larvae plus R. solani, 3 units. 

9, M, incognita, 5000 larvae plus R. solani, 3 units. 

10, Noninoculated control (sterile distilled water 

only), 
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Concentrations of M. incognita larvae were adjusted 

by adding sterile distilled water so that the desired number 

of nematodes for each inoculum level was contained in 5 ml 

of water. By using the inoculation procedure previously 

described, a uniform distribution of larvae was obtained. 

As a control, 5 ml of sterile distilled water was transferred 

into containers which did not receive nematode inoculum. 

Ten replicates of each treatment were arranged in a 

randomized design. Inoculation with R. solani was made 4 

days prior to planting of the cottonseed and addition of the 

nematodes, This allowed complete infestation of the soil by 

the fungus. The nematodes were added at the time of plant

ing, Experimental containers as described in the previous 

section were immersed to a level slightly above the soil in 

constant temperature baths in the greenhouse. 

Twenty-one days after inoculation with nematodes, 

all treatments were harvested. The presence of R. solani in 

fungus treated plants was determined by plating bits of 

surface sterilized (0.5% NaCHlO^ for 10 min) plant tissue 

on PDA, 

Criteria for measuring the effects of treatments 

were (1) rate of emergence, (2) numbers of emerged and 

surviving seedlings, (3) total fresh and dry seedling weight, 

and (4) a disease index based on damage to the seedling by 

R, solani. All seedlings receiving nematodes were observed 
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for galls on fresh roots under a stereozoom microscope. The 

experiment was performed 3 times. 

Effects of R. solani Inoculum Concentration and 
Ml incognita on seedling Disease of Cotton 

Cotton seedlings of DP16 and second stage larvae of 

M. incognita were maintained and collected as described in 

general procedures. The R. solani isolate API2-1 (inter

mediate virulence) was used throughout this experiment. The 

experimental containers and soil were the saine as described 

in general procedures. 

Inoculation procedures were as previously described 

in the previous section with the following modification. 

One to 4 holes 7 mm wide and 20 mm deep were made in the 

soil in each container. Inoculum was placed at the bottom 

of each hole and immediately covered with soil. The soil 

was then moistened with 0.5 strength HNS, 

The test treatments included inoculations with R. 

solani and/or M, incognita as follows: 

1, R, solani, 1 unit per container, 

2, R, solani, 3 units per container, 

3, R, solani, 5 units per container, 

4, M, incognita, 2500 larvae per plant (7500 per 

container). 

5, M. incognita, 2500 larvae plus R, solani, 1 unit, 

6, M, incognita, 2500 larvae plus R, solani, 3 units. 
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7. M, incognita, 2500 larvae plus R. solani, 5 units. 

8. Noninoculated controls (3 noninfested kernels of 

grain sorghum). 

The 1 unit of R. solani inoculum was placed in a 

hole in the center of each container receiving a fungus 

treatment. Three seed of DP16-S cotton were planted 

approximately 26 mm from the center and 120° apart. In 

treatments receiving 3 units of fungal inoculum one unit was 

placed at each of three sites 20 mm from the center and 

spaced at 120° intervals. Cottonseed were planted along 

the same arc midway between each point of inoculum. In 

treatments receiving 5 units of fungal inoculum, three of the 

units of inoculum were placed at the points of an equilateral 

triangle as described above with 2 units located in the 

center. Cottonseed were planted the same as in the treatment 

receiving 3 units of inoculum and 4 days after inoculation 

with R, solani. Five ml of sterile distilled water con

taining 2500 M. incognita larvae were pipetted into the soil 

next to each seed (15 ml containing 7500 larvae per con

tainer) , Experimental containers were immersed to a level 

slightly above the soil in constant temperature baths 

maintained at 21 + 1 C. The experiment was arranged in a 

randomized design and replicated 8 times for a total of 24 

plants for each treatment. 
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All treatments were harvested 21 days after inocula

tion with nematodes. Seedlings from containers receiving 

R. solani were tested for the presence of the fungus by 

plating surface sterilized (0.5% NaHClO^) hypocotyl tissue 

on PDA, All seedlings exposed to nematodes were micro

scopically examined for galls on roots. 

Criteria for measuring the effects of treatments 

werej (1) rate of emergence, (2) emerged and survived 

seedlings, and (3) a disease index based on damage to the 

seedling by R. solani. The experiment was performed twice. 

Penetration of M. incognita into Roots of Nematode 
' Resistant and Susceptible Cottons Growing in 

Soil Infested with R. solani 

Cotton seedlings of DP16-S and CW-R, R. solani . 

AP12-1, and second stage larvae of M. incognita were main

tained and collected as previously described. Larvae of 

M. incognita were soaked in a 133 ppm aqueous ethoxyethyl-

mercuric chloride solution for 4 hours. This treatment was 

followed by rinsing the larvae with sterile distilled water 

3 times and centrifugation at 1000 x g for 5 minutes to 

collect nematodes. The experimental containers and plant 

growth medium were as described in general procedures. 

Treatments consisted of the following: 

1, M, incognita, 100 larvae per plant, 

2, M, incognitar 500 larvae per plant, 

3, incognita, 2500 larvae per plant. 
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4. M. incognita, 5000 larvae per plant. 

5. R. solani, 12-1, 4 units per container. 

6. M. incognita, 100 plus R. solani, 4 units. 

7. M, incognita, 500 plus R. solani, 4 units, 

8. M. incognita, 2500 plus R. solani, 4 units. 

9. M. incognita, 5000 plus R, solani, 4 units. 

10, Noninoculated controls. 

One seed of DP16-S or CW-R cotton was planted 25 mm 

deep in the center of each container. The containers were 

then placed in growth chambers at 30 + 2 C until the 

cottonseed had germinated and seedling had emerged. The 

temperature was then lowered to 21 + 1 C and soil tempera

tures allowed to equilibrate for 24 hrs before infestation 

with the fungus. Light intensity at plant level was approxi 

mately 24,800 lux. 

Five days after the seed had germinated and the 

seedlings emerged, R, solani inoculum was added to the soil. 

Two holes 35 mm deep were made in the growing medium at the 

edge of the containers and directly across from one another. 

Two units of inoculum were placed at the bottom of each 

hole. The holes were then filled with soil. 

The specified concentrations of M. incognita larvae 

were prepared by diluting a concentration of larvae with 

sterile distilled water so that the desired number of 

nematodes for each inoculum level was contained in 5 ml of 
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water. Seventy-two hours after the R. solani was introduced 

into the containers, the specified quantity of larvae was 

pipetted into a shallow depression in the soil next to each 

seedling, 

The experiment was randomized and replicated 8 times 

for a total of 8 plants per treatment. All plants were 

harvested 4 days (96 hrs) after inoculation with M. 

incognita. The roots were then stained in boiling acid 

fuchsin-lactophenol and cleared in lactophenol (McBeth, 

Taylor, and Smith 1941) and the number of penetrating larvae 

counted. 

The Influences of Soil Texture on the Interaction 
Between M. incognita and R. solanf 

Cotton seedlings of DP16-S and second stage larvae 

of M, incognita were treated as previously described in 

general procedures. The R, solani isolate AP12-1 (inter

mediate virulence) was used throughout the experiment. 

Soil from Field A-2 of the University of Arizona 

Cotton Research Center, Phoenix, Arizona, was used as a basic 

soil for the following soil texture experiments. A quantity 

of soil was screened through a 10-mesh wire screen to remove 

stones and large pieces of organic matter. Three soil 

mixtures were made by adding varying amounts of 60-mesh 

silica sand. 

Particle-size analyses were made by the hydrometer 

method of Day (1956). Two 40-gram samples of each soil were 
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measured for texture analysis and moisture determination. 

Soil moisture was determined on one sample by oven drying 

at 105 C for 18 hrs and weighing. The sample for texture 

analysis was placed in a 600 ml beaker and 50 ml of a 10% 

metaphosphate (Calgon) solution added. The sample was 

brought to approximately 500 ml with distilled water and 

allowed to soak 10 minutes and then mixed for 5 minutes in 

a dispersing cup. The sample was then transferred to a 

sedimentation cylinder, distilled water was added for a 

total displacement of 1000 ml and the suspension brought to 

room temperature (23 C). A standard hydrometer (ASTM 152H, 

with Bouyoucos scale in grams per liter) was calibrated in 

10% metaphosphate. The suspension was thoroughly agitated 

with a perforated plunger. The hydrometer was immediately 

lowered into the suspension and read after 0.5, 1.0, 3.0 

10,0, 3 0,0, 90,0 minutes, and 18 hrs. Calculations for 

determination of soil fractions were made for each reading 

as described by Day (1956). 

Physical properties of the soils were as follows: 

Original Constructed Soils 
Soil Fractions Field Soil A B C 

Sand 34.5% 46.5 69.0 87.0 
Coarse silt 18.5 14.0 6.0 2.0 
Silt 20.5 17.5 10.0 2,5 
Clay 26.5 22.0 15.0 7.5 
Bulk density 1.29 1.34 1.39 1.42 
Per cent pore space 43.77 42.82 40.10 38.08 
Particle density 2,29 2.43 2,48 2.52 
Moisture holding capacity 16.4 12,9 8.7 



32 

The constructed soils ranged in sand and coarse silt 

content from 60 to 89% or approximately 15% intervals (A = 

60%; B = 75%; and C = 89%). Before use, the soils were 

thoroughly leached with distilled water and the pH deter

mined, The soils were treated in dry heat at 80 C for 

12 hrs. 

The test treatments for each of the constructed 

soils included inoculations with R. solani and M. incognita 

as follows: 

1, M, incognita, 2500 larvae per plant. 

2, R, solani, AP12-1, 3 units per container. 

3, M, incognita, 2500 larvae plus R. solani, 3 units, 

4, Noninoculated controls. 

Planting of cottonseed and introduction of R. solani 

and M.^incognita were as described in general procedures. 

Cottonseed were planted 3 days after inoculation with R. 

solani. Larvae of M. incognita were added simultaneously 

with planting of the seed. 

The containers were placed in constant temperature 

water baths at 21 + 1 C. The experiment was completely 

randomized and replicated 8 times for a total of 24 plants 

for each treatment. All treatments were harvested 21 days 

after introduction of M, incognita. Seedlings exposed to 

R, solani were tested for the presence of the fungus by 

plating sections of surface sterilized (0.5% NaHClO^) 
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hypocotyl tissue on PDA. All seedlings exposed to nematodes 

were microscopically examined for galls on roots. 

Criteria for measuring the effects of treatments were 

(1) rate of emergence, (2) the numbers of emerged and sur

viving seedlings, (3) total fresh and dry seedling weights, 

and (4) a disease index based on damage to the seedlings by 

R. -vsolani. The experiment was performed twice, 

Influence of Soil Moisture on the Interaction 
Between R. solani and M. incognita "* 

Cotton seedlings of DP16-S and second stage larvae 

of M. incognita were treated as previously described in 

general procedures. The R. solani isolate AP12-1 (inter

mediate virulence) was used throughout the experiment. The 

soil used was as described in general procedures. 

Twenty empty 5,5 x 20 cm plastic containers were 

weighed and the average container weight obtained. Indi

vidual containers were weighed to determine if variations 

among containers were significant. One of the above con

tainers was filled with oven dried soil to within 40 mm of 

the top and weighed. This weight of soil was added to all 

containers in the experiment. 

Approximate field capacity of the soil was deter

mined by a method similar to that by Olmstead (1937). This 

method consists of irrigating 18-inch'-high soil columns and 

allowing the excess water to drain into dry soil beneath. 

After 48 hours a sample of moist soil was removed 1 inch 
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below the surface, weighed, and oven-dried. The moisture 

lost by drying the sample was expressed as a percentage of 

the weight of oven-dry soil. Field capacity of the soil 

used, determined in the above manner, was 8.7 per cent. 

The test treatments for soil adjusted and maintained 

at 50 and 90% field moisture capacity were as follows: 

1. M, incognita, 2500 larvae per plant. 

2. R. solani, 3 units per container. 

3. M. incognita, 2500 plus R. solani, 3 units per 

container, 

4. Noninoculated controls. 

The soil was initially watered with 0,5 strength HNS; 
i 

subsequent waterings were with distilled water. The soil 

was maintained at approximately 50 or 90% of field moisture 

by weighing the containers daily and adding water as needed. 

Inoculation procedures with R. solani and M. 

incognita and planting of the cottonseed were described in 

previous sections. The experimental containers were placed 

in constant temperature water baths in the greenhouse and 

soil temperatures maintained at 21 + 1 C, The experiment 

was completely randomized and replicated 8 times for a 

total of 24 plants for each treatment. All treatments were 

harvested 20 days after inoculation with M. incognita. 

Criteria for measuring the effect of treatments were 

(1) rate of seedling emergence, (2) the numbers of emerged 
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and surviving seedlings, (3) the total fresh and dry 

weights of seedlings in each treatment, and (4) a disease 

index based on damage to the seedlings by R. solani. The 

experiment was performed twice. 

Severity of Seedling Disease Caused by R. solani in 

Cottons Resistant and Susceptible to M. incognita 

Seed of DP16-S cotton and CW-R were processed as 

previously described in general procedures. Isolate AP12-1 

(intermediate in virulence) of R. solani was used throughout 

the experiment. Inoculation procedures with the fungus 

and nematode are as described in previous sections. 

The test treatments for DP16-S and CW-R included 

inoculation with pathogens as follows: 

1. M, incognita, 2500 larvae per plant. 

*L* solan^> AP12-1, 3 units per container, 

3. M, incognita, 2500 plus R, solani, 3 units. 

4, Noninoculated controls. 

The experimental containers were maintained in 

constant temperature water baths at 21 + 1 C, The experi

ment was arranged in a completely randomized design and 

replicated 10 times for a total of 30 plants for each treat

ment, All treatments were harvested 22 days after intro

duction of nematodes. 

Criteria for measuring the effects of treatments 

were (1) rate of emergence, (2) emerged and surviving 
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seedlings, (3) fresh and dry seedling weights, (4) disease 

index based on damage to the seedling by R. solani, and (5) 

the M. incognita galling index. The experiment was per

formed twice. 

Seedling Disease as Affected by Inoculation of 
Cotton Seedlings with R. solani at Various 

Intervals after Inoculation with 
M. incognita 

Seed of DPI6 cotton and second stage larvae of M. 

incognita were processed as previously described in general 

procedures. Isolate AP12-1 (intermediate virulence) of R. 

solani was used in all treatments receiving the fungus. 

The soil used was that described in general procedures. 

The test treatments included inoculations with R. 

solani and M, incognita as follows: 

1, M, incognita, 2500 larvae per plant. 

2, R, solani, AP12-1, 3 units per container. 

3, M. incognita, 2500 larvae and R. solani, 3 units 

added simultaneously. 

4, R, solani added 7 days after M. incognita. 

5, R. solani added 14 days after M. incognita. 

6, R« solani added 21 days after M. incognita. 

7, Noninoculated controls. 

The containers were prepared by a modified method of 

Powell (1971a), Fifteen-centimeter clay pots were filled 

7 mm deep with soil. Three open-end glass tubes 15 cm long 
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with an inside diameter of 10 mm were vertically placed in 

the soil at the edge of the pot and equidistant from one 

another. Additional soil was added to within 4 cm of the 

top of the pots. Inoculations were made through these 

tubes. The assembled apparati were treated in dry heat at 

80 C for 12 hrs. Three DP16-S cottonseed were then planted 

in each container between the tubes and 45 mm from the edge 

of the pot. Five days after seedlings had emerged, each 

seedling receiving nematode treatment was inoculated through 

the inoculation tube with 2500 M. incognita larvae in 10 ml 

of water. 

Inoculum suspensions of R, solani were prepared by 

blending two tablespoons of infested grain sorghum in 100 ml 

of sterile distilled water for ten seconds. Plants were 

inoculated by dispensing 20 ml of the suspensions through 

each inoculation tube. 

Soil temperatures were maintained at 21±2 C by 

placing the pots in air cooled boxes. The experiment was 

randomized and replicated 5 times for a total of 15 plants 

for each treatment. All plants were watered weekly with 0.5 

strength HNS and at all other times with distilled water. 

Tests were terminated 45 days after inoculation with 

the fungus. Fresh weights of the plants were recorded and 

the M, incognita galling index and Rhizoctonia disease 

index, both described in general procedures, were determined 
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for the root system of each plant. The experiment was per<-

formed twice. 

The Effects of R. solani on the Penetration 

of Cotton Roots by M. incognita "" 

Seed of DP16-S cotton and second stage larve of M. 

incognita were processed as previously described in general 

procedures. Seed was germinated at 30 C in 5.5 x 20 cm 

plastic containers, one seedling per container. R, solani, 

isolate AP12*-1 (intermediate virulence) was used for 

inoculum. Five days after seedling emergence, all containers 

were transferred to a growth chamber at 21±1 C for 18 hrs. 

Light intensity at plant level was approximately 25,800 lux. 

The test treatments included inoculating with M. 

incognita and R, solani as follows: 

1. a, M. incognita, 1000 larvae per plant simultane

ously with R. solani, 4 units. 

b. M, incognita alone, 1000 larvae. 

2. a, M. incognita 7 days after R, solani. 

b, M. incognita alone. 

3. a. M. incognita 14 days after R. solani. 

b. M. incognita alone. 

Treatments la, 2a, and 3a were simultaneously 

inoculated with R. solani. Two units of R. solani were 

placed 3 cm deep and 2 cm on either side of the seedling. 

Treatments la and lb each received 1000 M. incognita larvae 
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at the same time la received R. solani. The larvae in 10 ml 

of distilled water were pipetted into a shallow depression 

next to each seedling. Treatments 2a, 2b, and 3a, 3b 

received M, incognita larvae 7 and 14 days, respectively, 

after inoculations with R. solani were made. Each treatment 

was replicated 10 times. 

Individual treatments were harvested, gently washed 

in tap water, and placed in FAA 72 hrs after inoculation 

with M, incognita. The roots were then stained in boiling 

0.1% acid fuchsin in lactophenol and cleared in lactophenol. 

Each root system was carefully examined with aid of a stereo-

zoom scope and the number of larvae within root tissue 

recorded, 

Penetration and Development of R_t__solani 
in Cotton Seedlings Infected With 

M^incognita 

Seeds of DP16-S cotton were surface sterilized as 

previously described in general procedures. Twenty-five 

seeds were placed between two sheets of autoclaved germina

tion paper (30 x 46 cm) and 3 cm from the top of the paper. 

The two layers of paper were then placed on a sheet of wax 

paper. The 2 layers of germination paper and the wax paper 

were rolled, secured with a rubber band, and placed in a 

250 ml beaker containing 0.5 strength HNS. The seeds were 

germinated at 30 C for 48 hrs in the dark and then trans

ferred to fresh autoclaved germination paper. The cotyledons 
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were placed above the top of the paper and the roots between 

two 45 x 3 cm strips of moistened Miracloth (Chicopee 

Mills). Twenty seedlings per germination paper were 

positioned so that only the root tips were between the 

Miracloth. 

Seedlings were inoculated by pipetting 1000 axenized 

larvae of y incognita in 0.15 ml of sterile distilled water 

onto the Miracloth over each seedling. Seedlings were 

removed from the papers 5 days after inoculation with the 

nematodes. Control seedlings were similarly treated but 

were not inoculated with M. incognita. 

Seedlings were exposed to R. solani by a modified 

method of Polychronopoulos (1967). Forty nematode infected 

and 40 noninfected DP16-S seedlings were each secured with 

a rubber band to a 5.0 x 7.5 cm glass microscope slide. 

Each slide was placed in a 14 cm petri dish containing 0.5 

strength HNS to a depth of 3 cm. A glass rod support was 

placed beneath one end of the slide to hold the top of the 

seedling above the nutrient solution while the roots were 

immersed. Petroleum jelly was spread at the juncture of 

the root and rubber band to prevent movement of solution and 

growth of the fungus beyond this point. An 18 x 4 x 2 mm 

block of R, solani grown on PDYA was cut from the periphery 

of an actively growing culture. This block of inoculum was 

placed parallel to and 3 mm from the hypocotyl. The 

seedlings were inoculated at room temperature (25 C). 
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Seedlings were examined for symptom and fungus 

development at 16, 24, 36, 38, 60, and 72 hrs after intro

duction of R. solani. Free-hand fresh sections were cut 

through hypocotyl, stained in 0.1% cotton blue in lacto-

phenol, cleared in an aqueous saturated solution of chloral 

hydrate, and mounted for microscopic examination. Five 

seedlings were taken as a sample for sectioning at each time 

interval. The experiment was performed 3 times. 

Effects of Extracts and Exudates from Cotton 
Plants Infected by M. incognita on 

the Growth of R. solani 

Effect of Extracts from Cotton Hypocotyls 

Seeds of DP16-S and CW-R cottons were germinated in 

papers as described in the previous section. After 48 hrs 

at 30 C 15 seedlings per paper were transferred to fresh 

germination paper. Thirty plants of each cultivar were 

inoculated with 2500 larvae of M. incognita and thirty non-

inoculated plants of each cultivar served as controls. The 

papers with seedlings were placed in 0.5 strength HNS in a 

beaker and incubated at 25 C for 5 days in a growth chamber 

at a light intensity of approximately 25,800 lux. 

Five grams, fresh weight, of hypocotyl tissue from 

plants of each treatment were obtained by excising roots and 

cotyledons. The tissue was ground in a mortar in 0.05 

potassium phosphate buffer, pH 6,98, and filtered through 
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No. 1 Whatman filter paper. The filtrate was then filtered 

through an ultrafine Morton bacteria filter apparatus (pore 

size 0,9 to 1,4 y) to yield a sterile extract. To 10 test 

tubes, each containing 15 ml of melted 4% potato dextrose 

agar, was added 1,5 ml of the sterile filtered extract. 

This was repeated for each cotton cultivar and nematode-

infected and noninfected plants. The contents of each tube 

were thoroughly mixed and immediately poured into separate 

petri dishes, 

A 3 cm disc excised from the periphery of the R. 

solani culture was added to each petri dish and incubated at 

25 C. The growth of the colonies was measured daily across 

2 different diameters perpendicular to one another. The 

growth habit of the fungus was observed for each treatment. 

The experiment was performed 5 times. 

Effect of Root Exudates from Cotton Plants 

Seedlings of DP16-S and CW-R cotton were obtained 

and inoculated with M, incognita by the method described in 

the previous section. Exudates were collected from the 

plants 5 days after inoculation with nematodes. The roots 

of each seedling were immersed in a 0.5 strength HNS in a 

15 x 1,8 cm test tube and secured by placing cotton lint in 

the opening. Each seedling was excised 15 mm above the 

root-hypocotyl transition zone, A 25 mm section of Tygon 

tubing (3/32 I.D.) was immediately fitted over the stump and 
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plugged with cotton lint. The tubes containing the root 

systems were then partially immersed in warm water (50 C) to 

encourage flow of the exudates into the plastic tubing. 

The exudate collected by this method was bioassayed 

by a modified method of Kerr and Flentje (1957). Filter-

paper discs 4 mm in diameter were saturated with the exudate 

(0.005 ml). The discs were placed in the center of the 

petri dishes containing distilled water agar and covered 

with sterilized cellophane discs approximately 8 cm in 

diameter. The top of the cellophane was inoculated 1 cm 

from the edge of the treated filter-paper disc with a 6 mm 

disc of R. solani (AP12-1). The apparatus was incubated at 

25 C. When the fungus had grown to the edge of the discs, 

observations of the growth habit of the fungus were made 

twice a day. The treatments were replicated 10 times and 

the experiment performed 4 times. 

The differential response of R. solani growing over 

paper filter discs treated with exudates from susceptible or 

resistant plants noninfected or infected by M, incognita was 

the criterion for measuring the effects of the treatments. 

Attraction to R. solani of M. incognita Infected 
Nematode-Susceptible or Resistant Cotton 

Hypocotyls and Roots 

Seedlings of DP16-S and CW-R cotton were grown and 

inoculated with M. incognita by the method described in the 

previous section. 
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Individual 5 cm-long sections of tap roots, from 

which lateral roots were excised, and hypocotyls, from which 

cotyledons and excess hypocotyl tissue were excised, were 

severed from M, incognita-infected or noninfected seedlings 

of both cotton cultivars. Sections were separated by cotton 

cultivar, tissue, and treatment, and sterilized in 0.5% 

NaHC103 for 20 min and rinsed 3 times in SDW. A root and 

hypocotyl section from the same seedling were then placed 4 

cm from and parallel to one another on PDA in a petri dish* 

An 8 cm disc of sterilized cellophane was placed over the 

root and hypocotyl sections, A 6 mm disc of agar from an 

actively growing culture of R. solani (AP12-1) was placed on 

top of the cellophane and between the sections. Six petri 

dishes of each cultivar and treatment were incubated at 21 C 

and 6 at 25 C. The experiment was performed 4 times. 

Criteria for measuring differences between treat

ments and cotton cultivars were (1) prolific side branching 

of hyphae and (2) formation of mycelial mats or infection 

cushions overrroots or hypocotyls. 

Effects of Wounding Root and Hypocotyl Tissue 
on the Interaction Between M. 

incognita and R. solani 

Each container (5,5 x 20 cm) was filled with sand to 

within 3 cm of the final soil line. Glass tubes 5 cm long 

(5 mm 1.0.) were placed in the center of each container and 

an additional 3 cm of sand added. Seeds of DP16-S cotton 
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were treated and planted as described in the section on 

predisposition of cotton by M. incognita to R. solani, 3 

seeds per container, and the containers incubated at 30 C. 

After all seedlings had emerged, 2500 axenized larvae of M. 

incognita were pipetted into a depression next to each 

seedling receiving a nematode treatment. A 7 day old 

culture of R, solani grown on grain sorghum was ground in 

sterile distilled water in a Waring blender for 10 seconds 

and 3 ml of the mixture was pipetted into the glass tube. 

The side of the tube was then washed down with 3 ml of 

sterile distilled water. The temperature of the growth 

chamber was lowered to 21 C at the time of inoculation with 

R. solani. 

Seedlings were wounded 24 hrs after inoculation with 

R. solani as follows: 

1, Puncture wound—on the side facing the glass tube, 

each hypocotyl was transversely punctured to the 

pith 1 cm below the soil line with a sterile 

dissecting needle. 

2, Root pruning—a sterile 1 xcm wide spatula was thrust 

6 cm deep into the soil 1 cm from each seedling and 

facing the glass tube. 

Test treatments including inoculations with R. 

solani and M. incognita and wounding as follows: 
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1. Noninoculated, no wounding. 

2. Noninoculated, hypocotyl wound, 

3. Noninoculated, root pruning. 

solani alone, no wounding, 

5, R, solani alone, hypocotyl wound, 

6, R, solani alone, root pruning. 

7, M, incognita alone, no wounding. 

8, M, incognita alone, hypocotyl wound, 

9, M. incognita alone, root pruning, 

10, R. solani plus M. incognita, no wounding, 

11, R. solani plus M. incognita, hypocotyl wound, 

12, R. solani plus M. incognita, root pruning, 

13, R. solani plus M. incognita, hypocotyl wound plus 

root pruning. 

Each treatment was replicated 6 times for a total of 

18 plants per treatment. All plants were harvested 21 days 

after inoculation with R. solani. The presence of R. solani 

and M. incognita on individual seedlings was determined as 

described in previous sections. 

Criteria for measuring effects of treatments were 

(1) per cent of surviving seedlings, (2) the R. solani 

disease index, and (3) fresh and dry weights of seedlings. 
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Determination of Total Carbohydrates and Catechin 
in Hypocotyls of Cotton Seedlings 

Infected With M. incognita 

Seeds of DP16-S and CW-R were germinated in germina

tion paper for 48 hrs at 30 C as previously described. All 

seedlings were transferred to fresh paper, placed in 0.5 

strength HNS and incubated at 27 C for 24 hrs. 

One-half of the DP16-S and CW-R seedling treatments 

was inoculated with 3000 freshly hatched, axenized M. 

incognita larvae. The remaining seedlings of each treatment 

served as noninoculated controls. 

One-half of each treatment was then transferred 

separately into growth chambers maintained at 21 C and 27 C, 

All plants were harvested 5 days after inoculation with M, 

incognita and at the end of a 14 hr photoperiod. 

Roots and hypocotyls were excised from all seedlings 

and divided into 2 lots of 10 for each treatment and fresh 

weights obtained. Each sample was placed in 10 ml of SDW in 

a Ten Broeck 40 ml homogenizer and thoroughly ground. The 

extract was centrifuged at 1200 x g, 10 ml filtered through 

a HA 0,45y Millipore filter with vacuum, poured into a vial, 

and stored at 3 C. 

Carbohydrate Determination 

Total water soluble carbohydrates were determined by 

the method of Dubois et al. (1956). One ml of the above 

extract was added to 1 ml of a 5% aqueous phenol solution 
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and immediately stirred. Five ml of concentrated sulfuric 

acid was added by rapid delivery into the phenol-extract 

solution. The mixture was allowed to cool 20 minutes and 

then read at 485 nm on a Beckman Spectronic 20. Sterile 

distilled water in lieu of the extract served as a control. 

Maltose was used to prepare a standard curve. 

Total carbohydrates were determined per mg/g fresh 

weight for each treatment. The experiment was performed 

twice, 

Catechin Determination 

Catechin concentrations were determined by the 

method described by Bell (1973). One ml of a 10% methanol 

extract was added to 1 ml of 1% 2,4 dimethoxybenzaldehyde 

in absolute ethyl alcohol, 3 ml of 95% ethyl alcohol, and 

5 ml of concentrated hydrochloric acid. The mixture was 

thoroughly stirred and read after 20 min from addition of 

the HC1 at 510 min, A standard catechin curve was prepared 

and mg catechin per gram fresh weight of hypocotyl tissue 

were calculated by comparison with the standard curve. The 

experiment was performed 3 times. 



RESULTS 

Predisposition of Cotton Seedlings by M, incognita 
to Isolates of R. solan! Differing 

in Virulence 

Soil temperature had greater influence on the rate 

of seedling emergence than did other individual treatments 

(Table 1). (For convenience in handling, all figures and 

tables are located in the Appendix.) Seedlings began to 

emerge the third day after planting at soil temperatures of 

23 and 28 C but not until the sixth day at 18 C. No further 

emergence was noted after 9 days. Final seedling emergence 

was influenced primarily by soil temperatures of 18 and 23 C 

and R, solani, 3-1 (Table 2). 

M, incognita had no effect on germination or sur

vival of cotton seedlings (Table 2). The most consistently 

damaging treatment was the combination of M. incognita and 

R, solani, 3<-l, The effect of this treatment was most 

pronounced at soil temperatures of 18 and 23 C, and less so 

at 28 C, At 18. C, only 11% germination occurred (2 of 18 

seeds) of which no seedlings survived. At 23 C, 24% 

germination occurred and none survived. When the soil 

temperature was held at 28 C, 72% germination occurred and 

61% survived. 

The next most damaging treatment was R. solani, 3-1 

alone, and its effect was moderated as the soil temperature 
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increased. At 18 C no seeds germinated; at 23 C 11% both 

germinated and survived; and at 28 C 83% germinated and 78% 

survived. 

Table 2 also shows that R. solanif 12-1 and 7-2 are 

progressively less virulent than R. solani, 3-1. 

Fresh weights of cotton seedlings reflect essen

tially the same effect as shown in emergence and survival 

(Table 3). The greatest reduction in fresh weights occurred 

in treatments receiving R. solani, 3-1. The differences 

between all treatments were highly significant (P < 0.01) 

with the exception of M. incognita alone (NS). 

Values for seedling disease index (Table 4) were 

highest for isolate 3-1 and progressively less for isolate 

12-1 and 7-2, Soil temperature of 28 C moderated the effect 

of R. solani, 3-1 so that a significant interaction between 

M. incognita and R. solani, 3-1 was observed. Soil tempera

ture, R. solani and soil temperature-R. solani-interaction 

were highly significant (P < 0.01). The effect of M, 

incognita was significant at the 5% level. No other values 

were significant. 

Root-knot galls were present on all surviving 

seedlings that initially received larvae of M. incognita. 
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Effects of Soil Temperature and Nematode Inoculum 
Density on the Interation Between 

M. incognita and R. solani 

Soil temperatures of 15 and 18 C severely restricted 

the rate of seed germination and seedling emergence (Table 

5), At 15, 18, 21, 24, 27, and 30 C maximum emergence 

occurred after 13, 9, 8, 6, 5, and 6 days, respectively. 

Hence, optimum soil temperature for germination and 

emergence appeared to be between 24 to 30 C. 

Variable levels of M. incognita inoculum alone or 

variable levels of M, incognita with a constant level of R. 

solani did not appear to reduce significantly the rate of 

seedling emergence. 

Greatest reduction in emergence occurred at 15 C and 

in treatments receiving M. incognita and R. solani (Table 

6), The statistical significance (P < 0,01) is due in part 

to the large number of degrees of freedom (599) in this 

experiment. 

Survival of cotton seedlings was significantly 

reduced by R, solani in combination with M, incognita (Table 

7), This was especially apparent at 18 and 21 C and at M, 

incognita inoculum levels of 2500 and 5000 larvae per 

seedling in combination with R, solani. Soil temperature, 

R, solani, the soil temperature-R. solani^interaction, and 

the soil temperature-M, incognita-R. solani interation all 

significantly affected cotton seedling survival. 
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Fresh weight of seedlings was primarily reduced by 

soil temperatures of 15 and 18 C (Table 8), R. solani plus 

incognita at levels of 2500 and 5000 larvae also sig

nificantly (P < 0.01) reduced fresh weights of cotton 

seedlings at soil temperatures of 18 and 21 C. 

Highest R, solani disease index values were obtained 

at soil temperatures of 18 and 21 C and with R, solani in 

combination with M, incognita at inoculum levels of 2500 and 

5000 larvae per seedling (Table 9). Lesions usually remained 

localized in the lower hypocotyl area in all treatments that 

received R. solani. All surviving seedlings generally had 

satisfactorily developed root systems and damage from R. 

solani or M. incognita should not have precluded their sur

vival and further development. Galls were present on roots 

of all seedlings receiving larvae of M, incognita. 

Effects of R. solani Inoculum Density on 

the R. solani and M. incognita 
Interaction 

Differences among treatments were not observed in 

seedling emergence (Table 10). Final emergence was sig

nificantly (P < 0.05) affected by R. solani inoculum density. 

Neither M, incognita alone nor the M. incognita-R. solani 

combination affected emergence (Table 11). 

Greatest reduction in the number of surviving 

seedlings was obtained with 5 units of R. solani in combina

tion with M, incognita (Table 11). However, the reduction 
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was not significantly (P > 0,01) lower when 1 or 3 units of 

R. solani in combination with M. incognita were compared. 

R, solani alone had no effect on survival of seedlings. 

All values for the R. solani disease index were 

significantly increased when R. solani was in combination 

with M. incognita (Table 12). Five units of R. solani 

significantly increased the value (P < 0.01) more than 1 or 

3 units. Five units of R. solani alone also significantly 

increased the disease index value over 1 and 3 units of R. 

solani alone. The R. solani-M. incognita interaction was 

not significant. 

Effects of Soil Texture and Soil Moisture 
on the Interaction Between R, 

solani and M. incognita 

Soil Texture 

Seedlings began to emerge in all treatments by the 

third day; however, emergence was slowest in soil A (60% 

sand) (Table 13), 

No significant differences in the final number of 

emerged seedlings were observed among soils or treatments 

(Table 14), 

The most pronounced decrease in seedling survival 

(79%) occurred when seedlings were grown in soil C (90% 

sand) in the presence of both R. solani and M, incognita 

(Table 14), No significant differences were recorded among 

treatments for soil A (60% sand) and soil B (75% sand), 
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Fresh weight of individual treatments decreased as 

sant content of soil increased (Table 15). Seedlings 

showing greatest reductions in fresh weight from control 

seedlings were grown in soils B and C, the soils containing 

the highest percentage sand. The most dramatic decrease in 

fresh weight (43,8%) was from seedlings grown in soil C and 

inoculated with R. solani in combination with M, incognita. 

The highest R. solani disease index value (2,9) was 

obtained from seedlings grown in soil C and exposed to both 

R. solani and M. incognita (Table 16). R, solani alone in 

soil C was statistically equal to the R. solani-M, incognita 

combination and R, solani alone in soil B, Index values 

increased for individual treatments as sand content increased. 

Galls were present on all seedlings receiving larvae of M, 

incognita. 

Soil Moisture 

No differences were observed in rate of emergence 

between soils at 50% and 90% FMC (Table 17). No statisti

cally significant values were obtained for differences in 

seedling emergence (Table 18), 

The greatest reduction in seedling survival occurred 

with R, solani and M. incognita in combination (Table 18). 

No significant differences in survival were found between 

50% FMC (83,3% reduction) and 90% FMC (79,2% reduction)^ 
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No significant differences in fresh weights were 

found between 50% and 90% FMC (Table 19). The greatest 

reduction in seedling weight occurred with the R. solani-M. 

incognita combination at both 50% and 90% FMC (P < 0.01). 

M, incognita alone significantly (P < 0.01) reduced seedling 

fresh weight more than R. solani at both 50% and 90% FMC. 

The M, incognita-R. solani interaction was highly signifi

cant; however, the soil moisture-R. solani-M. incognita 

interaction was not significant. 

R. solani disease index values were not signifi

cantly different between soil moisture levels, but were 

highly significant between treatments (Table 20). Highest 

values were obtained for R. solani and M, incognita in 

combination at both 50% and 90% FMC, 

Gall were present on the roots of all seedlings 

receiving larvae of M, incognita. 

The Effect of Cotton Cultivars Resistant and 
Susceptible to M. incognita on the Seedling 

' Disease Interaction 

No differences in the rate of emergence were 

observed between cotton cultivars or among treatments (Table 

21), Seedlings began emerging the 3rd day and the process 

was completed by the 8th day after planting. Final 

emergence between varieties or among treatments was not 

significant (Table 22). 
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A significant decrease (P < 0.01) in seedling sur

vival resulted when M. incognita and R. solani were in 

combination (Table 22). Neither R. solani alone nor M, 

incognita alone affected seedling survival. No differences 

in survival occurred between cultivars. 

Fresh weights of seedlings were significantly dif

ferent between cotton cultivars (Table 23), The per cent 

decrease in fresh weight between controls and individual 

treatments, however, was approximately equal between 

cultivars. R, solani and M, incognita in combination 

resulted in the greatest decrease for both CW-R (37.9%) and 

DP16-S (42,9%). M, incognita alone significantly (P < 0.01) 

reduced the fresh weight of both CW-R and DP-S. 

The R, solani disease index values were not signifi

cantly different between cultivars; however, values were 

highly significant (P < 0,01) between treatments (Table 24), 

The highest ratings were obtained from seedlings exposed to 

R, solani in combination with M, incognita. 

Values for the galling index were highly significant 

between cultivars and nonsignificant for treatments (Table 

25). Roots of DP16-S seedlings were heavily galled and 

roots of CW-R seedlings lightly to moderately galled. 

Effects of R. solani Applied at Intervals After 

Inoculation with M. incognita 

Fresh weight of cotton seedlings was primarily 

reduced by M, incognita (Table 26), Seedlings grown in the 
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presence of R. solani alone were significantly lower than 

noninoculated control seedlings. The greatest reduction 

occurred when seedlings were simultaneously inoculated with 

R,-solani and M. incognita; however, the value was not 

significantly lower than R. solani inoculations 7 and 14 

days after M, incognita, 

R. solani inoculated simultaneously with M, 

incognita resulted in a significantly higher (P < 0.01) R, 

solani disease index value than all other treatments (Table 

27). No differences were found among other treatments. 

No significant differences in the root galling index 

were observed among treatments (Table 28), 

Penetration of M, incognita Applied at Various 
Intervals After Inoculation with R. solani 

Penetration of M. incognita larvae into roots was 

significantly higher (P < 0,01) when inoculation was at 0 or 

7 days after inoculation with R, solani than with M, 

incognita alone (Table 29). No significant difference in 

larval penetration was found between M, incognita in 

combination with R. solani or when infected by M, incognita 

alone after 14 days. 

The Effect of Wounding on the Interaction 
Between M. incognita and R. solani 

Reductions of fresh weight of cotton seedlings was 

most pronounced when seedlings were subjected to" M. incognita 
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and hypocotyl wounding (Table 30). The highest reduction in 

fresh weight occurred when seedlings were subjected to a 

combination of hypocotyl wounding and M. incognita plus R. 

solani, although the value was not statistically significant 

from several other means. Root pruning generally increased 

fresh weights. 

Hypocotyl wounding and R, solani in combination with 

M, incognita increased the R. solani disease index (Table 

31), The greatest values were obtained with all possible 

combinations (R. solani + M. incognita + root and hypocotyl 

wounding) and R, solani plus M. incognita plus hypocotyl 

wound ing. 

Values among treatments for the root galling index 

were not significant (Table 32). 

M, incognita Penetration at Various Inoculum Densities 

into Roots of Cotton Seedlings in Soil 
Infested with R. solani 

Numbers of M. incognita larvae penetrating roots of 

DP16-S and CW-R seedlings were not significantly different 

between the cultivars at inoculum levels of 100 and 500 

larvae per seedling (Table 33), At inoculum levels of 2500 

or 5000 larvae per seedling, DP16-S roots contained a 

significantly higher (P < 0.01) number of larvae than CWTR 

seedlings. 
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Penetration and Development of R. solani 

in Hypocotyls of Cotton Seedlingi" 

Within sixteen hours after exposure of nematode-

infected and noninfected seedlings to R. solani, a yellow 

discoloration began to form on lower hypocotyls. After 24 

hours, mycelial structures in the form of dome-shaped, 

compact cushions began to appear in both nematode-infected 

and noninfected seedlings (Figure 2). Sections excised from 

hypocotyl tissue revealed that fungal invasion had not yet 

progressed into the cortex. Thirty-six hours after exposure 

of seedlings to the fungus, small yellow-brown lesions began 

to appear on the hypocotyls. Fungal invasion had progressed 

into cortical tissue, Several (8 to 15) mycelial cushions 

could be observed on the hypocotyl of each seedling, 

nematode-infected and noninfected, 48 hours after exposure 

to R. solani (Figures 3 and 4), Sections of infected 

hypocotyl tissue showed that the fungus had invaded deeply 

into the cortex, occasionally to the outer cell layers of 

the central cylinder. Cortical cells immediately under 

infection cushions would sometimes show a yellow-^ brown 

discoloration (Figure 4), Seventy-two hours after exposure 

to R, solani, both nematode-infected and noninfected 

seedlings had large necrotic lesions. Infection cushions 

and discoloration had progressed up the hypocotyl and down 

to the vaseline barrier, Hyphae had grown massively through 

the cortex in both nematode^infected and noninfected 
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seedlings (Figure 5). A major difference between treat-
> 

ments began to appear at 72 hours. After 72 hours in 

nematode-infected seedlings, hyphae frequently began 

penetrating into the vascular tissues of the hypocotyl 

(Figure 6). Hyphae penetrated the central cylinder less 

frequently in seedlings that were not infected with M. 

incognita (Figure 5). This difference was not, however, 

consistently observed. The nematode-free seedlings did 

appear to have a greater tendency to restrict penetrating 

hyphae to cortical tissue. 

Attraction of R. solani by Hygdcotyls and Roots 

of DP16-S and CW-R Cotton Seedlings 

The growth of R. solani on cellophane was sub

stantially different than its growth on hypocotyl sections, 

but essentially identical to its growth on root sections of 

both DP16-S and CW-R (Figures 7 and 8). After 4 days at 

21 C, a dense mycelial mat formed on the cellophane over 

the hypocotyl sections from nematode-infected and non-

infected DP16-S and CW-R seedlings. However, the growth 

character of the fungus on cellophane over roots was not 

altered for either DP16-S or CW-R. At 25 C, no difference 

in the growth character of the fungus was observed when 

the fungus was cultured on cellophane covering root and 

hypocotyl sections from nematode free DP16*-S seedlings 

(Figure 7). However, comparable cultural techniques for 

the fungus on hypocotyls from nematode infected DP16«-S 



61 

seedlings produced heavy and dense growth. A similar 

effect was not observed over roots. At 25 C, seedlings 

of CW-R had more dense growth of the fungus hypocotyl than 

on root section from both nematode infected and non-

infected seedlings. Growth of R. solani was less at 25 C 

than at 21 C for all treatments. 

Effect of Extracts from Cotton Plants Infected by 
M. incognita on the Radial Growth of R. solani 

No significant differences in the radial growth of 

R, solani was found among any of the treatments compared to 

the control which contained no plant extract (Table 34). No 

differences in growth habit were observed among any of the 

treatments. 

Total Carbohydrates and Catechin in Hypocotyls 
from Nematode-Infected and Noninfected 

Cotton Seedlings 

Total water soluble carbohydrates in hypocotyls of 

both DP16-S and CW-R were primarily affected by temperature 

(Table 35). Concentration of carbohydrates was higher at 

21 C than 27 C, No differences were found between treat

ments for cultivars at a given temperature. 

Total catechin in hypocotyls was affected primarily 

by temperature in both DP16-S and CW-R, concentrations being 

lower at 27 C than at 21 C (Table 36), 



DISCUSSION 

The results of the experiments indicate that M. 

incognita and R, solani in combination produce damage to 

cotton seedlings greater than that produced by either 

pathogen alone. This effect, however, occurred only when 

certain physical and biological requirements were satisfied. 

The virulence of the isolate of R. solani was an 

important factor in disease expression. The highly virulent 

isolate (AP3-1) of the fungus completely masked any effect 

the nematode may have had on the complex, except at soil 

temperatures of 28 C, At that temperature, the fungus was 

sufficiently suppressed so that the effect of the nematode 

was evident. Conversely, the least virulent isolate (AP7-2) 

was not able to induce severe seedling disease even when in 

combination with the nematode and at an optimum soil tempera

ture for the fungus. Although disease index values were 

greatest at the highest inoculum level of R. solani, 

inoculum density was probably not as important as other 

factors so long as conditions were favorable for growth of 

the fungus, Hunter et al, (I960) found that pathogenicity 

of R. solarvi varied with soil temperatures and each isolate 

they studied exhibited a temperature dependent pattern of 

virulence. This appeared to be true for the isolates used 

in the experiments reported here. In naturally infected 
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soils, isolates of R, solani are probably present which 

could cause severe injury to cotton growing at the optimum, 

minimum, and maximum temperatures for host-plant growth. 

Soil temperature affected not only the fungus, but 

also the nematode and host plant. The most dramatic effect 

of soil temperature was on the host plant as reflected in 

the rate of emergence (Table 1), fresh weights (Table 8), 

and total carbohydrates (Table 3 5) and catechin (Table 36). 

Norton (1960) found that survival of cotton seedlings was 

lowest at 18 to 21 C when challenged simultaneously with 

R,^solani and M, incognita. This compares favorably with 

data obtained in this study and presented in Table 7, 

Disease severity, as estimated by symptom expression, 

was increased over that observed on seedlings infected only 

by R. solani when 2500 or 5000 nematodes and R. solani were 

added to each cotton seedling, but not when 100 or 500 

nematodes were added to each seedling along with R. solani. 

Apparently, a certain minimum population density of M. 

incognita must be present to produce nematode-fungus damage 

to seedlings which is significantly greater than that pro

duced by either pathogen alone. A similar situation was 

observed by Khoury and Alcorn (1973). They reported a 

certain minimum density of M. incognita was necessary to 

induce a significant increase in Verticillium wilt of 

cotton, 
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The absence of competitive or antagonistic micro

organisms in these experiments could enhance fungus growth 

and pathogenicity (Baker et al., 1967). If sof damage by 

the fungus to seedlings may have masked the damage produced 

by nematodes at densities less than 2500 larvae per 

seedling. 

The number of larvae penetrating into roots of 

cotton seedlings increased as inoculum density increased in 

the susceptible variety DP16-S. The number of larvae 

penetrating into roots of the resistant variety CW-R was 

significantly lower than DP16-S at inoculum levels of 2500 

and 5000 larvae, Ellis (197 0) found no significant differ

ence in penetration between the susceptible and resistant 

variety. This could be due in part to the low inoculum 

level of M, incognita he used in his experiment. An 

interesting phenomenon is that penetration of larvae into 

DP16-S roots was significantly higher than inoculation of 

the fungus and nematode was simultaneous (Tables 28 and 33) 

or when the nema was added to the soil 7 days after inocula*-

tion with the fungus than in seedlings not receiving the 

fungus. However, if the nematode was added 14 days after 

inoculation with R, solani penetration was essentially 

equal (Table 28), The presence of R, solani appeared to 

stimulate or enhance the attractiveness of roots to the 

nematode, Soudah (1965) found that when both M. incognita 

and R, solani were present nematode infection in a 
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susceptible alfalfa was suppressed at 15 and 20 C but was 

increased at 25 C, The degree of nematode attack increased 

in the resistant alfalfa slightly in the presence of the 

fungus at 15 and 20 C, James (1968) found that a grey 

sterile fungus decreased invasion of Heterodera 

rostochiensis Woll. larvae into tomato roots. 

Soil texture was found to be an important factor in 

disease expression. Rate of emergence was delayed 1 day in 

the low (60%) sand content soil. This was probably physical* 

however, since clay soils tend to be more compacted thus 

retarding seedling emergence. Although soil texture did not 

influence final emergence, survival was greatly reduced, 

especially at 90% sand and with M. incognita and R, solani 

in combination, Fresh weights of seedlings were generally 

lower in sandier soils (Table 15). This is probably a 

reflection on the available nutrients being lower in the 

sandier soils even though Hoagland*s nutrient solution was 

added to all soils equally. Apparently the available 

substrates were adequate for growth and parasitism by the 

fungus. It is not known if R. solani draws nutrients from 

soil solutions during its growth (Papavizas, 1970). The 

grain sorghum used as a food base to produce inoculum and 

subsequently introduced into the soil in these experimentsf 

could have served as an adequate food base for the fungus 

thus insuring nearly equal R, solani inoculum in all soils. 
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O'Bannon and Reynolds (1961) and Sleeth and Reynolds 

(1955) observed that soil texture was an important factor in 

determining the incidence of M. incognita and its influence 

on cotton yields. They concluded that sandy-textured soils 

were ideal for activity (sic) of M. incognita and M, 

javanica. The R. solani disease index (Table 16) indicates 

that the role of the nematode in full expression of the 

seedling disease of cotton becomes increasingly important 

as sand content of the soil increases. Hunter (1973) has 

also observed that attack of cotton seedlings by R. solani 

is generally more severe in sandy soils. 

Soil water can be a factor in inoculum potential and 

of disease potential. In experiments with R. solani (Roth 

and Riker, 1943; Beach, 1949; Wright, 1957) optimum damping-

off has been obtained at moisture concentrations of 20-80% 

of saturation. Disease was less consistent at saturation, 

O'Bannon and Reynolds (1961) have shown that water consump^ 

tion by cotton is not inhibited by M, incognita as long as 

there is no water stress, Thus, soil moisture would most 

likely become a limiting factor in growth and development of 

the host plant before it adversely affected either R. solani 

or M, incognita. However, M, incognita could contribute 

greatly to increased water stress (O'Bannon and Reynolds, 

1961), In these experiments, the soil moisture level did 

not affect rate of emergence, total emergence, survival, nor 

fresh weights of cotton seedlings. It could also be 



concluded that soil moisture had no effect on R. solani or 

the ability of the fungus to produce disease symptoms as 

reflected in the R, solani disease index. Apparently the 

nematode-fungus interaction was not affected by either the 

low or high soil moisture level since a significant 

increase in the disease index occurred at either moisture 

level when both organisms were present. 

Penetration into plants by R. solani may be 

accomplished in a number of ways. Entry may occur through 

the intact cuticle and epidermis either from complex 

organized infection structures or without defined morpho

logical structures. The fungus may also penetrate through 

natural openings and through wounds. In experiments 

reported here, root wounding of cotton seedlings did not 

significantly increase damping-off by R. solani, even in 

the presence of M, incognita (Table 31), Brodie and Cooper 

(1964) also found that root pruning neither reduced growth 

of the cotton seedling nor increased damping-off by R, 

solani. If wounding of roots does not increase the inci

dence of damping-off by R. solani, it seems unlikely that 

penetration by larvae of M. incognita would influence the 

incidence of damping-off by R. solani. 

Puncture wounds in the hypocotyl of the cotton 

seedling significantly increased the severity of disease 

produced by R. solani. This effect was further increased 

when nematodes were also present on roots. Hunter (1973) 
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has found that puncturing hypocotyls of cotton seedlings 

increases the severity of R. solani but not the incidence 

of disease, Khadga et al. (1963) showed that isolates of 

R. solani that usually penetrate cotton hypocotyls from 

infection cushions easily penetrated seedlings through 

wounds in the hypocotyl. Isolates of R, solani that cause 

damping-off and soreshin of cotton are most active in the 

hypocotyl region of the seedling and not on the roots. It 

is likely that hypocotyl wounds provide infection sites for 

the fungus and allow more rapid development of the fungus 

within host tissues. The fact that R, solani is much more 

attracted to hypocotyls compared to roots of cotton (Figure 

7) emphasizes that penetration of cotton roots by the fungus 

is probably not of major importance for disease expres

sion. 

An increase in severity of seedling disease pro

duced by R, solani in combination with M, incognita was 

evident in cotton cultivars both resistant and susceptible 

to M, incognita. Larvae of M. incognita do penetrate roots 

of resistant CW (Ellis, 197 0), even thought the number of 

larvae penetrating resistant roots is lower at high 

inoculum densities than in susceptible roots (Table 33), 

Apparently, the physiological changes produced within the 

host by M, incognita that enable R, solani to attack with 

greater virulence are produced in both resistant and 

susceptible cultivars, Cotton seedlings are normally most 
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susceptible to R. solani 1 to 2 weeks after emergence. M. 

incognita are active within nematode resistant cotton roots 

during this period of susceptibility to the fungus. 

Cotton seedlings were most susceptible to R. solani 

when inoculated simultaneously with M. incognita. This may 

be due to the fact that cotton seedlings become more 

resistant to attack by R. solani with increasing age 

(Hunter, 1968). Although M. incognita increases the 

susceptibility of cotton seedlings to R. solani, the 

effect of the nematode is not adequate to overcome the 

physiological and morphological changes occurring within 

the host with increasing age. Penetration of M, incognita 

into roots was significantly greater when added to the soil 

simultaneously with R. solani. The increase in nematode 

penetration could also partially explain the increase in 

severity of disease symptoms produced with simultaneous 

nematode and fungus inoculations. Penetration of larvae 

decreases as physiological age of cotton increases (Ellis, 

1970), Earlier data emphasized the importance of a minimum 

nematode inoculum density in producing maximum disease 

symptoms, The increase in penetration of M. incognita 

larvae was greatest in the nematode susceptible DP16<-S 

cultivar, 

Histological studies provided little information 

as to how M, incognita enhances the susceptibility of cotton 

seedlings to R, solani. No differences between nematode 
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predisposed and non-predisposed cotton seedlings were 

observed in penetration into hypocotyl tissues during the 

early stages of development of the fungus. 

The only difference in penetration observed was in 

advanced stages of disease development. After 72 hours, 

R, solani appeared to penetrate the central cylinder more 

readily in seedlings infected with M. incognita than in 

seedlings not predisposed by the nematode. This was not, 

however, a consistent observation, but it did occur in a 

great many instances. This would seem to be in agreement 

with other workers (Evans, 1959; Brodie and Cooper, 1964) 

who reported that development of resistance of cotton 

seedlings to hypocotyl infection was correlated with 

rapidity of periderm development. Perhaps periderm develop

ment in nematode-infected seedlings is delayed sufficiently 

to permit development of the fungus in vascular tissues. 

Quick death accompanies vascular invasion by Rhizoctonia 

while cortical infection results in a more chronic disease. 

No differences were detected in total carbohydrates 

and catechin in hypocotyls from nematode-infected and non-

infected seedlings. Temperature, however, did affect 

concentration of both carbohydrates and catechin in DP16*-S 

and CW-R, This is in agreement with Hunter and Guinn 

(1968) . 

The changes produced in cotton seedlings infected by 

M. incognita are such that they promote both infection and 
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growth of the fungus in hypocotyl tissue. This appears to 

be physiological rather than mechanical. Brodie and Cooper 

(1964) concluded that reduction in host growth appeared to 

be a major factor in predisposition of cotton seedlings to 

damping-off by R. solani. This is in agreement with data 

presented here. Treatments which reduced seedling growth, 

such as low soil temperatures, high sand content, and high 

nematode populations increased the incidence of damping-

off. Thus, the same factors that reduce growth of the host 

plant, also appear to increase the susceptibility of the 

host to R. solani. Conversely, treatments that did not 

retard growth of the seedling, such as higher soil tempera

tures, low nematode populations, soil moisture, and root 

pruning, did not increase seedling disease. These would 

also indicate physiological changes in the host as being 

responsible for increased susceptibility to R, solani. 

Root pruning alone did not increase susceptibility 

of the host to R, solani which would indicate that penetra

tion into the root by the nematode is not an important factor 

in predisposing the plant to R, solani. Apparently entry 

of the fungus into root tissues through wounds, whether 

nematode induced or not, is not important in seedling 

disease of cotton caused by R. solani. Any factors in this 

study that reduced the ability of the plant to grow normally 

also increased susceptibility of the cotton seedling to R, 

sslani. Also the host tissues the two parasites normally 
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attack are spatially and anatomically separate. R, solani 

prefers to attack the hypocotyl tissue of the cotton 

seedling while M. incognita attacks the roots. 

These facts indicate that the increased suscepti

bility of the cotton seedling predisposed by M. incognita 

to R, solani can be attributed to physiological changes 

induced by the nematode within host tissues and not to 

mechanical injury by the nematode. It is also apparent that 

several other factors in addition to M, incognita have an 

important influence in full expression of disease symptoms. 

The following theories are 2 examples in which the 

nematode could interfere with the host metabolism and 

effectively reduce resistance to R, solani and are offered 

as possibilities and not explanations. Most likely, there 

are several pathways being effectively blocked or reduced 

which in combination increase susceptibility to R, solani, 

M, incognita could, perhaps, sufficiently interfere 

with the plant metabolism to decrease the resistance of the 

host to attack by R, solani. For instance, as cotton 

seedlings age, pectins are converted to Mg and Ca pectates, 

which are more resistant to attack by polygalacturonase 

produced by R. solani. If Mg and Ca were mobilized through

out the plant and transferred to the site of nematode 

infection resistance to R. solani in the host could be 

decreased or delayed. 



Another possible mechanism for predisposition would 

be nematode interference in amino*-acid metabolism, Lewis 

(1973) demonstrated that tryptophan could be transported 

from cotyledons to the site of nematode infection, Amino 

acids such as phenylalanine and tyrosine are precursors of 

condensed tannins are substances which tend to inhibit or 

retard protein degrading enzymes released by R. solani. 

If phenylalanine or tyrosine were being transported to the 

site of nematode infection rather than to produce tannins 

in response to infection by R. solani, resistance to the 

fungus could be lowered. 



SUMMARY 

This investigation was conducted to demonstrate the 

interaction between R, solani and M. incognita on the sur

vival and growth of cotton seedlings and to examine some of 

the factors that influence the interaction. 

The results of these studies may be summarized as 

follows! 

1, A highly virulent isolate of the fungus completely 

masked any nematode effect, except at soil tempera

tures high enough to suppress the fungus. Con

versely, a weakly virulent isolate of R. solani was 

not able to induce severe seedling disease even when 

in combination with M. incognita. Severity of 

seedling disease was significantly increased when an 

isolate intermediate in virulence was in combination 

with the nematode. This isolate was used in all 

subsequent experiments, 

2, Mortality of cotton seedlings was greatest when R. 

solani was in combination with M. incognita, This 

was especially apparent at 18 and 21 C and at M. 

incognita inoculum levels of 2500 or 5000 larvae per 

seedling. 

3, The higher the sand content of soil, the greater the 

decrease in seedling survival and the greater the 

74 



increase in the disease index value. The most 

pronounced decrease in seedling survival occurred 

when seedlings were grown in 90% sand in the presence 

of both R, solani and M, incognita, 

s°lani. inoculated simultaneously with M. incognita 

resulted in a significantly higher seedling disease 

values than if the fungus was inoculated 7, 14, or 

21 days after the nematode. 

5, Penetration of M. incognita larvae into roots was 

significantly higher when inoculation was at 0 or 7 

days after inoculation with R. solani than at 14 

days or with M. incognita alone. 

6, Root pruning did not significantly increase damping-

off by R. solani; however, puncture wounds in the 

hypocotyl of the cotton seedling did significantly 

increase the severity of the disease. 

7, An equal increase in the severity of seedling disease 

produced by R. solani in combination with M. incog

nita was evident in cotton cultivars both resistant 

and susceptible to M, incognita. 

8, Numbers of M. incognita larvae penetrating nematode-

resistant and susceptible seedings were not sig

nificantly different between cultivars at 100 and 

500 larvae per seedling. At nematode inoculum 

levels of 2500 and 5000 larvae per seedling. 
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susceptible roots contained a significantly higher 

number of larvae than resistant roots. 

9. No differences between nematode-infected and non-

infected cotton seedlings were observed in penetra

tion of the fungus into hypocotyl tissues until 72 

hours after inoculation. R. solani then appeared to 

penetrate the central cylinder more readily in 

seedlings infected by M. incognita, 

10, Both catechin and water soluble carbohydrates in 

hypocotyls increased as soil and air temperature 

decreased. No differences were found between 

nematode-infected and noninfected seedlings and 

between nematode-susceptible and resistant cultivars. 



APPENDIX 

TABULAR DATA AND PHOTOGRAPHS OF EXPERIMENTAL 
METHODS AND RESULTS 
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Table 1. Rate of emergence of cotton seedlings exposed to M. incognita and 
isolates of R. solani differing in virulence. 

Soil 
Temperature Treatments 

Number of seedlings emerged 
Days from planting seed 

8 

18 C No inoculum 
M, incognita 
R, solani, 3-1 
R. solani, 7-2 
R. solani, 12-1 
R. solani, 3-1 + M. incognita 
5, solani, 7-2 + M. incognita 
R, solani, 12^-1 +"14. incognita 

23 C No inoculum 
M, incognita 
R, solanrT^T^l 
R, solani, 7-2 
R. solani, 12-1 
R, solani, 3-1 + M. incognita 
R. solani, 7-2 + M. incognita 
R, solani, 12-1 + M. incognita 

28 C No inoculum 
M. incognita 
R, solani, 3-1 
R. solani, 7-2 
R, solani, 12-1 
R, solani, 3-1 + M. incognita 
R. solani, 7-2 + M. incognita 
R, solani, 12-1 + M. incognita 

0 0 0 0 9 10 17 17 
0 0 0 1 8 11 12 18 
0 0 0 0 0 0 0 0 
0 0 0 3 13 17 18 18 
0 0 0 2 15 16 18 18 
0 0 0 0 1 1 1 2 
0 0 0 0 7 15 17 17 
0 0 0 1 8 12 18 18 

0 4 13 15 18 18 
3 15 15 16 16 
0 0 2 2 
0 5 17 17 
0 9 18 18 
0 4 4 4 
0 6 18 18 
0 5 18 18 

0 9 17 17 18 18 
0 10 18 18 
0 6 15 15 
0 8 18 18 
0 11 18 18 
0 3 13 13 
0 9 18 18 
0 8 18 18 



Table 2, Emergence and survival of cotton seedlings exposed to M. incognita and 
to isolates of R, solani differing in virulence. 

Soil 
Tempera

ture 

Number of seedlings that emerged 
and survived^/ 

% % 
Treatments Emerged Emergence Survived Survival 

18 C 

23 C 

28 C 

No inoculum 
M, incognita 
R, solani, TTI 
R, solani, 7-2 
R. solani, 12-1 
R, solani, 3-1 + M. incognita 
R, solani, 7-2 + M. incognita 
R, solani, 12-1 + M. incognita 

No inoculum 
M, incognita 

solani, 3-1 
solani, 7-2 
solani, 12-1 
solani, 3-1 + M, incognita 
solani, 7-2 + 

R. 
R. 
R. 
R. 
R. 
-R, 

M, incognita 
solani, 12-1 + M, incognita 

No inoculum 
M, incognita 
R. solani, 3-1 
R. solani, 7-2 
R, -vsolani, 12-1 

17de-/ 94.4 17def 94.4 
18e 100 18f 100 
Oa 0 0a 0 

18e 100 16cde 88.9 
18e 100 14b-e 77.8 
2ab 11.1 0a 0 

17de 94.4 17def 94.4 
18e 100 12bc 66.7 

18e 100 18f 100 
16de 88.9 16c-f 100 
2ab 11.1 2a 11.1 

17de 94.4 17def 94.4 
18e 100 16c-f 88.9 
4b 22.2 0a 0 
18e 100 17def 94.4 
18e 100 13bcd 72.2 

18e 100 18f 100 
18e 100 17def 94.4 
15cd 83.3 14b-e 77.8 
18e 100 17def 94.4 
18e 100 17def 94.4 



Table 2, —Continued 

Number of seedlings that emerged 
and survived 

% % 
Treatments Emerged Emergence Survived Survival 

R. solani, 3-1 + M. incognita 13c 72.2 lib 61.1 
R. solani, 7-2 + M. incognita 18e 100 17def 94.4 
R, solani, 12-1 + M. incognita 18e 100 16c-f 88.9 

^Possible total of 18 seedlings. 

2/ — Values followed by the same letter are not significantly different at 
the 1% level according to Duncan*s Multiple Range Test. 

F values: Soil temperature 
R, solani 
M, incognita 

Soil temperature x R. solani 
Soil temperature x M, incognita 
R, solani x-M, incognita 
Soil temperature x R. solani x M, incognita 

Soil 
Tempera
ture 

Emerged Survived 
** ** 

** ** 

NS * 

** ** 

NS NS 
NS NS 
* NS 
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Table 3. Fresh weights of cotton seedlings exposed to M. 
incognita and to isolates of R. solani differing 
in virulence. 

Soil temperature (C) 
Fresh weight (gms) 

Treatments 18 23 28 

NO inoculum 1,07cdi/ 2,3 Oghi 2 .48k 
M, incognita 1.23e 2,41jk 2 ,701 
R. solani, 3-1 Oa 0.97b 2 . 22g 
R. solani, 7-2 1.04bcd 2.32hij 2 .40jk 
R. ̂solani, 12^1 l.OObc 2,25gh 2 .45k 
R. "solani, 3-1 + M, incognita Oa Oa 2 . 12f 
R. solani, 7-2 + M, incognita l.lOd 2,39ijk 2 .661 
R. solani, 12-1 + M. incognita 1,08cd 2.33hij 2 .611 

—^Values followed by the same letter are not 
significantly different at 1% level. 

F values: Soil temperature ** 
R. solani ** 
M. incognita (NS) 
Soil temperature x R. solani ** 
Soil temperature x M. incognita ** 
R, solani x M, incognita ** 
Soil temperature x M. incognita 

x R. solani ** 
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Table 4. R. solani disease index values of cotton seedlings 
exposed to M. incognita and to isolates of R. 
solani differing in virulence. 

Main disease index 
Soil temperature (C) 

Treatments 18 23 28 

R. solani, 3-1 
R. solani, 7-2 
R. solani, 12-1 
R, solani, 3-1 + M. incognita 
R, solani, 7-2 + M. incognita 
R. solani, 12-1 + M. incognita 

5, OOd— 
0.8 9a 
0.83a 
4.83d 
1.00a 
1.11a 

4.89d 
0.83a 
1.50a 
4.67d 
1.22a 
1.58a 

2.72b 
1.44a 
1.00a 
3.56c 
1.56a 
1.56a 

^Values followed by same letter not significantly 
different at 1% level. 

F values: Soil temperature ** 
R. solani ** 
M. incognita * 
Soil temperature x R, solani 
Temperature x M. incognita NS 
R. solani x M. incognita NS 
Soil temperature x R. solani 

x M. incognita NS 

** 



Table 5, Rate of seedling emergence as affected by soil temperature, R. solani, 
and inoculum density of M. incognita. 

Soil 
Tempera

ture Treatments 

Number of seedlings 
Days from planting seed 

8 9 10 11 21 

15 C 

18 C 

No inoculum 
M, incognita, 

incognita, 
incognita, 
incognita, 
solani 

M. 

M. 
K. 
M. _ incognita, 
M. incognita, 
M, incognita, 
M, incognita, 

No inoculum 
M. incognita, 
M, incognita, 
M, incognita, 
M, incognita, 
R. solant 
M, incognita, 
M? incognita, 
M, incognita, 
FT, incognita, 

0 0 0 1 3 7 16 21 24 
100 0 0 0 3 7 10 15 20 24 
500 0 0 0 1 10 13 18 22 24 
2500 0 0 0 0 2 7 13 21 24 
5000 0 0 0 0 0 5 6 18 24 

0 0 0 0 3 8 13 23 24 
100 + R. solani 0 0 0 0 1 7 16 20 21 
500 + R. solani 0 0 0 0 1 6 14 19 23 
2500 + R. solani 0 0 0 0 0 3 12 20 21 
5000 + R. solani 0 0 0 0 0 4 9 17 21 

1 8 19 22 24 
100 2 8 20 22 24 
500 0 9 21 24 
2500 1 8 20 24 
5000 0 7 18 21 24 

2 8 20 21 22 23 
100 + R. solani 0 8 20 23 23 24 
500 + R. solani 1 11 24 
2500 + R, solani 1 8 23 23 24 
5000 + I. solani 0 5 16 20 22 



Table 5.—Continued Rate of seedling emergence as affected by soil temperature, 
R. sola"nT, and inoculum density of M, incognita. 

Soil 
Tempera
ture Treatments 

Number of seedlings 
Days from, planting seed 

8 

21 C 

24 C 

27 C 

No inoculum 
M. incognita, 

incognita, 
incognita, 
incognita, 
solani 

M. 
M. 
M. 
R. 
M. _ incognita, 
M. ̂incognita, 
M. incognita, 
M, incognita, 

No inoculum 
M.-incognita, 
M, incognita, 
M. incognita, 
M,^incognita, 
R, solani 
M. incognita, 
M, incognita, 
M,^incognita, 
M,^incognita, 

No inoculum 
M, incognita, 
M, incognita, 
M, incognita, 

1 8 14 22 24 
100 0 6 16 24 24 
500 0 4 16 23 24 
2500 0 7 13 23 24 
5000 0 4 12 20 23 24 

0 5 15 18 22 24 
100 + R. solani 0 4 13 22 23 23 
500 + R. solani 0 6 14 22 22 24 
2500 + R. solani 0 5 10 21 24 
5000 + R. solani 0 5 9 17 22 23 

2 14 24 
100 3 11 24 
500 5 14 24 
2500 3 12 23 
5000 2 10 21 24 

3 15 23 23 24 
100 + R, solani 2 17 24 
500 + R. solani 4 19 24 
2500 + R. solani 2 15 24 
5000 + R. solani 3 10 20 23 24 

8 20 22 
100 6 23 24 
500 8 21 24 
2500 7 20 24 

24 



Table 5,^Continued Rate of seedling emergence as affected by soil temperature, 
R. solani, and inoculum density of M. incognita. 

Soil 
Tempera

ture Treatments 

Number of seedlings 
Days from planting seed 

8 

M, incognita, 
-R. solani 
R, incognita, 
M. incognita, 
M. incognita, 
M, incognita, 

30 C No inoculum 
M. incognita, 
M. incognita, 
M, incognita, 
M, incognita, 
R, solani 
M, incognita, 
M. incognita, 
M. incognita, 
M, incognita, 

5000 6 20 24 
6 21 24 

100 + R. solani 7 23 24 
500 + R. solani 7 22 23 
2500 + R. solani 6 21 24 
5000 + R. solani 5 19 21 24 

14 24 
100 10 23 24 
500 8 23 23 
2500 10 22 24 
5000 8 20 23 24 

12 21 24 
100 + R. solani 9 23 24 
500 + R. solani 8 22 23 23 
2500 + R. solani 9 23 24 
5000 + R. solani 7 19 22 24 

24 



Table 6. Effect of soil temperature, R, solani, and inoculum density of M. 
incognita on seedling emergence. 

Number of seedlings-
Soil temperature (C) 

Treatments 15 18 21 24 27 30 

No inoculum 24c-/ 24c 24c 24c 23bc 24c 
M. incognita, 100 24c 24c 24c 24c 24c 24c 
M. incognita, 500 

incognita, 2500 
24c 24c 24c 24c 24c 23bc 

M. 
incognita, 500 
incognita, 2500 24c 24c 24c 23bc 24c 24c 

M. incognita, 5000 24c 24c 23bc 24c 23bc 24c 
R. solani, 12-1 24c 23bc 24c 24c 24c 24c 
M. incognita, 100 + R. solani 21a 24c 24c 24c 24c 24c 
M. incognita, 500 + R. solani 23bc 24c 24c 24c 23bc 23bc 
M. incognita, 2500 + R. solani 21a 24c 24c 24c 24c 24c 
M. incognita, 5000 + R, solani 22ab 23 be 23bc 24c 24c 24c 

^Possible total of 24 seedlings. 

2/ — Values followed by the same letter are not significantly different at 
the 1% level, 
F valuesi Soil temperature ** 

M, incognita NS 
R. solani *"* 
Soil temperature x R, solani ** 
Soil temperature x M, incognita ** 
R. solani x M. incognita NS 
Soil temperature x M, incognita x R. solani ** 



Table 7, Effect of soil temperature, R. solani, and inoculum density of M. 
incognita on survival of cotton seedlings. 

TT Number of seedlings-
Soil temperature (C) 

Treatments 15 18 21 24 27 30 

24e!/ 24e 24e 24e 22cde 24e 
24e 24e 24e 24e 24e 24e 
24e 24e 24e . 24e 24e 23de 
24e 24e 24e 23de 24e 24e 
24e 24e 23de 24e 23de 24e 
24e 22cde 22cde 24e 24e 24e 
20abc 20abc 21bcd 24e 24e 24e 
23de 21 bed 21bcd 24e 23de 23de 
21bcd 18a 19ab 22cde 24e 24e 
22cde 19ab 19ab 23de 24e 24e 

No inoculum 
M, incognita, 100 
M. incognita, 500 
M. incognita, 2500 
M, incognita, 5000 
R. solani, 12-1 
M. incognita, 100 
M. incognita, 500 

solani + R. 
+ R, solani 

incognita, 2500 + R. solani M. ^ 
M, incognita, 5000 + R. solani 

impossible total of 24 seedlings, 

2/ — Values followed by the same letter are not significant at the 1% level. 
F valuest Soil temperature ** 

M. incognita * 
If, solani ** 
Soil temperature x M. incognita NS 
Soil temperature x R. solani ** 
M, incognita x R. solanT 
Soil temperature x M. incognita x R. solani ** 



Table 8, Fresh weights of cotton seedlings as affected by soil temperature and 
inoculum density. 

Soil temperature (C) 
Weight (gms) 

Treatments 15 18 21 24 27 30 

No inoculum 0. 59ab^ 1. OOdef 2. 16ijk 2 . 3 6k-n 2. 40k-o 2. 67q 
M. incognita, 
M, incognita, 

100 0. 59ab 1. 12ef 2. 27i-l 2 , 32i-m 2. 441-p 2. 5Sn-q M. incognita, 
M, incognita, 500 0. 64ab 1. 21f 2. lOi 2 .4 61-q 2. 67q 3. 06s 
M. incognita, 2500 0. 67ab 0. 97de 1. 43g 2 .24i-l 2. 52m-q 2. 441-p 
M. incognita, 5000 0. 67ab 0. 93cde 1. 47g 2 .17ijk 2. 461-q 2. 48m-q 
R. solani, 12-•1 0. 60ab 1. OOdef 1. 7 Oh 2 .23i-l 2. llij 2. 60opq 
M, incognita, 100 
+ R, solani 0. 54a 0. 98de 1. 80h 2 .34k-n 2. 64pq 2. 86r 

M. incognita, 500 
+ R, solani 0. 60ab 1. 06ef 2. 13ij 2 .35k-n 2. 52m-q 2. 451-q 

M, incognita, 2500 
+ R. solani 0. 56a 0. 75abc 1. 09ef 2 .33j-m 2. 28i-l 2. 64pq 

M. incognita, 5000 
+ R. solani 0. 58ab 0. 80bcd 1. 02def 2 .27i-l 2. 28i-l 2. 56n-q 

Values followed by the same letter are not significant at the 5% level. 

F values: All highly significant ** 



Table 9, R. solani disease index values of cotton seedlings exposed to different 
soil temperatures and to varying inoculum levels of M. incognita. 

Mean disease index values 
Soil temperatures (C) 

Treatments 15 18 21 24 27 30 

R. solani, 12-1 0. 67ab^/ 1. 17 bed 1. 08a-d 1. OOa-d 0. 83abc 0. 58a 
ff. incognita, 100 
+ R. solani 1. 14 bed 1. 29cde 1. 04a-d 1. 08a-d 1. 04a-d 0. 83abc 

M. incognita, 500 
+ R, solani 1. 13 bed 1. 29cde 1. 42def 1. 33c-f 1. 29cde 1. 04a-d 

M. incognita, 2500 
+ R. solani 1. 86fgh 2. 25ghi 2. 46i 2. 09ghi 1. 79e-h 1. 36c-f 

M. incognita, 5000 
+ R, solani 1. 75efg 2. 30hi 2. 42i 2. OOghi 1. 80e-h 1. 27cde 

i^Values followed by the same letter are not significantly different at 
the 1% level. 

F valuest Soil temperature ** 
Treatments ** 
Soil temperature x Treatments * 
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Table 10, Rate of emergence of cotton seedlings as affected 
by M. incognita and different inoculum levels of 
R. solani (21 C). 

Number of seedlings 
Days from planting seed 

Treatments 3 4 5 6 7 

NO inoculum 7 15 20 24 

R. solani, 1 unit 8 13 22 24 

R. solani, 3 units 6 11 17 23 23 

R. solani, 5 units 5 14 18 23 23 

M, incognita 5 12 18 24 

R. solani, 1 unit + M, incognita 8 15 22 24 

R. solani, 3 units + M. incognita 7 11 20 24 

R. solani, 5 units + M. incognita 6 11 19 22 22 



Table 11. Effect of M. incognita and varying levels of R. solani inoculum density 
on seedling emergence and survival (21 C) . ~~ 

Treatments 

Numbers of seedlings^/ 

Treatments Emerged % Emergence Survived % Survival 

NO inoculum 241/ 100 24c-/ 100 
R. solani, 1 unit 24 100 24c 100 
R. solani, 3 units 23 95.8 24c 100 
R. solani, 5 units 24 100 23bc 95.8 
M. incognita 23 95.8 24c 100 
R. solani, 1 unit + M. incognita 24 100 20ab 83.3 
R. solani, 3 units + M. incognita 22 91.7 21abc 87.5 
R. solani, 5 units + M, incognita 24 100 19a 79.2 

impossible total of 24 seedlings. 

2 /  — N o  s i g n i f i c a n t  d i f f e r e n c e s .  

3/ 
—'Values followed by the same letter are not significantly different at 

the 1% level. 

F values'—Emergence: No treatments significant at 1% level; R. solani 
significant at 5% level, 

F values-<-Survival: R. solani ** 
M. incognita ** 
R. solani x M, incognita NS 
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Table 12, R. solani disease index values as affected by M. 
incognita and inoculum density of R. solani 
(21 C) 

Mean disease 
Treatments index valuesi/ 

R. solani, 1 unit 1.41ai^ 

R. solani, 3 units 1,36a 

R. solani, 5 units 1.72b 

R. solani, 1 unit + M. incognita 2,48c 

R. solani, 3 units + M. incognita 2,51c 

R. solani, 5 units + M. incognita 2.73d * 

Values followed by the same letter are not 
significantly different at the 1% level. 

F values: R. solani ** 
M, incognita ** 
R. solani x M, incognita NS 
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Table 13, Rate of emergence of cotton seedlings as affected 
by soil texture, R. solani, and M. incognita 
(21 C). 

Number of seedlings emerged 
Days from planting seed 

Treatments 3 4 5 6 7 8 

Soil A (60% Sand): 
No inoculum 2 10 18 21 24 
R. solani 2 8 16 19 24 
M. incognita 0 7 15 20 24 
R. solani + M,. incognita 1 7 14 20 23 23 

Soil B (75% Sand): 
No inoculum 7 13 20 24 
R. solani 5 12 20 24 
M. 'incognita 5 15 19 24 
R. solani + M. incognita 8 14 18 21 21 

Soil C (90% Sand): 
No inoculum 6 16 21 24 
R. solani 7 13 23 23 23 
M. incognita 5 13 20 24 
R. ̂solani + M. incognita 6 12 18 19 19 
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Table 14. Emergence and survival of cotton seedlings as 
affected by soil texture, R. solani, and M. 
incognita (21 C). 

Treatments 

Number of plants^/ 

Treatments Emerged % Emergence Survived 1 Survival 

Soil A (60% Sand): 
No inoculum 24— 100 24 b— 100 
R. solani 24 100 24b 100 
M. incognita 24 100 24b 100 
R. solani + M. incognita 23 95.8 23b 95.8 

Soil B (75% Sand): 
No inoculum 24 100 24b 100 
R. solani 24 100 24b 100 
M. incognita 24 100 24b 100 
R. "solani + M. incognita 22 91.7 22ab 91.7 

Soil C (90% Sand): 
No inoculum 24 100 24b 100 
R. solani 23 95.8 23b 95.8 
M. incognita 24 100 24b 100 
R. solani + M. incognita 22 91.7 19a 79.2 

^Possible total of 24 seedlings 

2/ 
— N o  s i g n i f i c a n t  d i f f e r e n c e s ,  

—^Values followed by the same letter are not significantly different at 
the 1% level. 

Emerged Surv ived 
F values: Soils NS *" 

M, incognita NS ** 
R. solani NS ** 
Soils x M. incognita NS NS 
Soils x R. solani NS * 
M. incognita x R. solani NS ** 
Soil x M. incognita x R. solani NS NS 
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Table 15. Fresh weights of cotton seedlings as affected by 
soil texture, R. solani, and M. incognita (21 C). 

Treatments 
Fresh weight 

(gms) 
% Reduction 
from control 

Soil A (60% Sand): 
No inoculum 
R, solani 
M, incognita 

solani + M. incognita 

Soil B (75% Sand): 
No inoculum 
R, solani 
M. incognita 
R. solani + M. incognita 

Soil C (90% Sand): 
No inoculum 
R. solani 
M. incognita 
R. solani + M. incognita 

2.4lh— 
'2.07gh 
2,25ef 
2.21e 

2.32fg 
2, lOd 
1.92c 
1.65b 

2.25efg 
2.Olcd 
1.59b 
1.27a 

1.7 
6.7 
8.3 

9.5 
17.2 
28.9 

11.1 
29.6 
43.8 

Values followed by the same letter are not 
significantly different at the 1% level. 

F values: Soils ** 
M. incognita ** 
R, solani ** 
Soils x M. incognita ** 
Soils x R. solani *"* 
R. solanT x M. incognita NS 
Soils x R, solani x M, incognita NS 
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Table 16, R. solani disease index values as affected by 
soil texture and M. incognita (21 C). 

V ^ 

T r e a t m e n t s M e a n  d i s e a - e  index values—^ 

Soil A (60% Sand): 
R. solani 1.4ab 
R. solani + M, incognita 1.2a 

Soil B (75% Sand): 
R. solani 1.6abc 
R. solani + M. incognita 2.2c 

Soil C (90% Sand): 
R. solani 2.0bc 
R. solani + M. incognita 2, 9d 

—^Values followed by the same letter are not 
significant at the 1% level. 

F values: Soils ** 
Treatments * 
Soils x Treatments * 
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Table 17. Rate of emergence of cotton seedlings as affected 
by soil moisture, R. solani, and M. incognita. 

Number of seedlings 
Days from planting seed 

Treatments 1 2 3 4 5 6 7 

50% Field Moisture Capacity: 
No inoculum 0 0 5 12 18 24 
M, incognita 0 0 6 13 19 24 
R, solani 0 0 7 13 20 23 23 
M. incognita + R. solani 0 0 7 11 16 20 21 

90% Field Moisture Capacity: 
No inoculum 0 0 4 10 21 24 
M, incognita 0 0 6 13 20 24 
R, solani 0 0 5 14 21 24 
M, incognita + R, solani 0 0 6 13 18 21 22 



Table 18, Effect of soil moisture, R. solani, and M. incognita on emergence and 
survival of cotton seedlings. 

Total number of seedlings that 
and survived!/ 

emerged 

Treatments Emerged % Emergence Survived % Survival 

50% Field Moisture Capacity: 
No inoculum 
M. incognita 
R. solani 
R. solani + M. incognita 

241/ 
24 
23 
22 

100 24c-/ 
100 24c 
95.8 23bc 
91.7 20ab 

100 
100 
95.8 
83.3 

90% Field Moisture Capacity: 
No inoculum 
M. incognita 
R. solani 
R. solani + M. incognita 

24 
24 
24 
22 

100 24c 
100 24c 
100 24c 
91.7 19a 

100 
100 
100 
79.2 

1/ —Possible total of 24 seedlings. 

2/ —'No significant differences, 

—/values followed by the same letter are not significant at the 1% level. 
Emergence Survival 

P values: Soil moisture NS NS 
M, incognita NS ** 
R. solani * ** 
Soil moisture x M, incognita NS NS 
Soil moisture x R, solani NS ** 
M, incognita x R. solani NS 
M, incognita x R. solani x Soil moist. NS 

** 
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Table 19, Fresh weights of cotton seedlings as affected by 
soil moisture, R. solani, and M. incognita. 

Level of soil moisture—'' 
Fresh weight (gms) 

Treatments 50% 90% 

NO inoculum 2.3 Ocd-/ 2.39d-/ 

R. solani 2.3led 2.25c 

M. incognita 1.63b 1.70b 

R. solani + M. incognita 1.35a 1.41a 

—^Expressed as % of field moisture capacity. 
2/ —' Values followed by the same letter are not 

significantly different. 

F values: Soil moisture * 
M. incognita ** 
R, solani *"* 
Soil moisture x M. incognita NS 
Soil moisture x R. solani 
M. incognita x R. solani ** 
Soil moisture x M. incognita 

x R. solani NS 
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Table 20. R. solani disease index as affected by soil 
moisture and M. incognita. 

Mean disease index values 
Level of soil moisturei/ 

Treatments 50% 90% 

R. solani 1.5a-/ 1.3a-/ 

R. solani + M, incognita 2.5b 2.7b 

—^Expressed as % of field moisture capacity. 

2/ — Values followed by the same letter are not 
significantly different at the 1% level. 

F values: Soil moisture NS 
Treatments ** 
Soil moisture x Treatments NS 
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Table 21. Rate of emergence of cotton seedlings resistant 
and susceptible to M. incognita as affected by 
M, incognita and R. solani. 

Number of seedlings 
Days from planting seed 

Treatments 1 2 3 4 5 6 7 

DP16-Susceptible: 
No inoculum 0 0 3 8 16 24 29 30 
M. incognita 0 0 0 5 10 26 29 29 
R. solani 0 0 2 4 13 24 30 
M, incognita + R, solani 0 0 0 4 11 19 29 30 

CW-Resistant t 
No inoculum 0 0 4 9 14 23 30 
M. incognita 0 0 0 6 8 20 27 29 
R. solani 0 0 2 12 16 25 26 29 
M. incognita + R, solani 0 0 6 11 14 21 21 27 



Table 22. Emergence and survival of cotton seedlings resistant and susceptible to 
M. incognita as affected by M, incognita and R. solani. 

Number of seedlings-

Emerged % Emergence Survived % Survival 

Treatments DP16-S CW-R DP16-S CW-R DP16-S CW-R DP16-S CW-R 

No inoculum 30 3 0— 100 100 30b— 30b 100 100 
M. incognita 29 29 96.7 96.7 29b 29b 96.7 96.7 
R. solani 30 29 100 96.7 29b 29b 96.7 96.7 
R. solani + M. incognita 30 27 100 90.0 27ab 25a 90.0 83.3 

impossible total of 30 seedlings, 

2/ — Values followed by the same letter are not significantly different at 
the 1% level. 

Emergence Survival 
F valuesi Cotton cultivar NS NS 

M. incognita NS ** 
R. solani NS ** 
Cotton cultivar x M. incognita NS NS 
Cotton cultivar x R. solani NS NS 
R, solani x M. incognita NS NS 
Cotton cultivar x M. incognita x R, solani NS NS 



Table 23. Fresh weights of cotton cultivars susceptible and resistant to M. 
incognita as affected by R. solani and M. incognita. 

Treatments 

Fresh weight (gms) 

Treatments DP16-S % Decrease CW-R % Decrease 

No inoculum 1.96e—^ 1.69d2/ 
M. incognita 1.33bc 32.1 1.19ab 29.6 
R. solani 1.73de 11.7 1.54cd 8.9 
R. solani + M, incognita 1,12ab 42.9 1.05a 37.9 

—^Values followed by the same letter are not significantly different at 
the 1% level. 

F values: Varieties ** 
M. incognita ** 
R. solani ** 
Cotton cultivar x M. incognita ** 
Cotton cultivar x R. solani ** 
M. incognita x R. solani NS 
Cotton cultivar x M, incognita x R. solani NS 
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Table 24, R. solani disease index in cotton cultivars 
susceptible and resistant to M. incognita as 
affected by R. solani in combination with M. 
incognita. 

Mean disease index values 

Treatments DP16-S CW-R 

R. solani 1. 1.1a 

R. solani + M. incognita 2.2b 2.0 b 

—^Values followed by the same letter are not 
significantly different at the 1% level. 

F valuesi Cotton cultivar NS 
Treatments ** 
Cultivar x Treatments NS 
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Table 25, M. incognita galling index in cotton cultivars 
resistant and susceptible to M. incognita. 

Mean galling index values 

Treatments DP16-S CW-R 

M. incognita 76.0b-/ 34.9a 

R. solani + M. incognita 85.6b 28.2a 

—/Values followed by the same letter are not 
significantly different at the 1% level. 

F values: Cotton cultivar ** 
Treatments NS 
Cotton cultivar x Treatments NS 
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Table 26, Fresh weight of cotton seedlings as affected by 
inoculation with R. solani at various intervals 
after inoculation with M. incognita. 

Treatments Fresh weight (gms) 

1/ No inoculum 12.6d— 

R. solani 10.4c 

M. incognitay 2500 8.6b 

M, incognita + R, solani, 0 days 6,7a 

M, incognita + R. solani, 7 days 7.5ab 

M, incognita + R, solani, 14 days 8.2ab 

incognita + R. solani, 21 days 8,9b 

—^Values followed by the same letter are not 
significantly different at the 1% level, 

F value: Treatments ** 
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Table 27. R. solani disease index values as affected by 
inoculation of cotton seedlings with R. solani 
at intervals after inoculation with M. incognita. 

Treatments Mean Disease Index Value 

R. solani 1.53a—^ 

M.^incognita + R. solani, 0 days 2,67b 

M. incognita + R. solani, 7 days 1.96a 

M. incognita + R. solani, 14 days 1.86a 

M. incognita + R, solani, 21 days 1.73a 

Values followed by the same letter are not 
significantly different at the 1% level. 

F value: Treatments ** 
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Table 28. Mean galling index values as affected by 
inoculation of cotton seedlings with R. solani 
at intervals after inoculation with M. incognita. 

Treatments Mean Galling Index Values 

M, incognita, 2500 70.3 

M. incognita + R, solani, 0 days 65,3 

M. incognita + R. solani, 7 days 65.8 

M. incognita + R. solani, 14 days 66.3 

M. incognita + R. solani, 21 days 72,3 

F value: Treatments NS 
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Table 29. Penetration of larvae into cotton roots as 
affected by inoculation with M. incognita at 
various intervals after inoculation with R. 
solani. 

Treatments Number of larvae/seedling 

R, solani + M, incognita, 0 days 52.5c-/ 

M. incognita, 0 days 20.8a 

R, solani + M. incognita, 7 days 41.lbc 

M. incognita, 7 days 25.2a 

R, solani + M. incognita, 14 days 28,Oab 

M, incognita, 14 days 31,4ab 

i/Values followed by the same letter are not 
significantly different at the 1% level. 

F value: Treatments ** 
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Table 30. Fresh weight of cotton seedlings as affected by 
root pruning, hypocotyl puncture, R. solani, and 
M. incognita. 

Treatments 
Fresh weight 

(gms) 

No inoculum or wounding 2.93dei/ 

NO inoculum + hypocotyl wounding 2.81b-e 

No inoculum + root wounding 3,07e 

R. solani alone 2.90cde 

R. solani + hypocotyl wounding 2,80b-e 

R. solani + root wounding 3.Olde 

M. incognita, along 2.7 9bed 

M. incognita + hypocotyl wounding 2,7 5bcd 

M. incognita + root wounding 2.8 9cde 

R. solani + M. incognita, alone 2.60ab 

R. solani + M. incognita + hypocotyl wounding 2.47a 

R. solani + M, incognita + root wounding 2,63abc 

R, solani + M, incognita + hypocotyl 
+ root wounding 

• 

2,53ab 

—^Values followed by the same letter are not 
significantly different at the 1% level. 

F values: Treatments ** 
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Table 31. R. solani disease index of cotton seedlings as 
affected by root pruning, hypocotyl puncture, 
R. solani, and M. incognita. 

Treatments 
Mean disease 

Index 

R, solani, alone l^abi7 

-R. solani + hypocotyl wounding 1.6bc 

R, solani + root wounding 1.1a 

R, solani + M. incognita 2. Id 

R. solani + M. incognita + hypocotyl wounding 2, 6e 

R. solani + M. incognita + root wounding 2. Ocd 

R. solani + M. incognita + root + hypocotyl 
wounding 2.7e 

^Afalues followed by the same letter 
significantly different at the 1% level. 

are not 

F values: Treatments ** 
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Table 32, M. incognita root galling index of cotton 
seedlings as affected by root pruning, hypocotyl 
puncture, and R. solani. 

Mean galling 
Treatments index 

M. incognita, alone 65.2 

M. incognita, hypocotyl wounding 70.1 

M. incognita, root wounding 62.8 

R. solani + M. incognita 66.9 

R. solani + M, incognita, hypocotyl wounding 68.7 

R. solani + M. incognita, root wounding 60.2 

R. solani + M. incognita + root + hypocotyl 
wounding 

incognita + root + hypocotyl 
63.4 

F value: Treatments NS 



113 

Table 33. The number of M. incognita larvae penetrating 
roots of nematode resistant and susceptible 
seedlings growing in soil infested with R. 
solani. 

Number of larvae/seedling 

Treatments DP16-S CW-R 

M. incognita, 100 7. 8ab^ 3.8ai/ 

M. incognita, 500 63.2cde 36.6abc 

M. incognita, 2500 141.Of 97.4e 

M. incognita, 5000 284.Oh 82. 6de 

R. solani + M. incognita, 100 5.0a 3.0a 

R. ̂solani + M, incognita, 500 41.2abc 26.2abc 

R. solani + M. incognita, 2500 187.4g 48.6bcd 

R. solani + M. incognita, 5000 385.6i 98.6e 

—^Values followed by the same letter are not 
significant at the 1% level, 

F values: Cotton cultivar ** 
Treatments ** 
Variety x Treatments ** 
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Table 34, Radial growth of R. solani on hypocotyl extracts 
from nematode-free and nematode-infected cotton 
seedlings. 

Growth average/mm 
Days from inoculation 

Treatments 2 3 4 

DP16-S, no nematode inoculation 42. 0 60 .6 80.2 

DP16-S,-M. incognita 41. 3 61 .0 80.6 

CW-R, no nematode inoculation 38. 5 63 .0 78.4 

CW-R, M. incognita 38. 1 57 .3 76.7 

Control, no hypotocyl extract 39. 1 58 .4 76.5 

F values: NS for all treatments. 
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Table 35. Total carbohydrates in hypocotyls from nematode-
infected and noninfected cotton se dlings. 

Treatments 

mg C^O/gm hypocotyl fresh weight 

21 C 27 C 

DP16-S, Control 

DP16-S, M. incognita 

1.592 

1.526 

0.944 

0.818 

CW-R, Control 

CW-R, M, incognita 

1.296 

1.032 

0 .822  

0.900 
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Table 36. Total catechin in hypocotyls from nematode-
infected and noninfected cotton seedlings. 

Treatments 

mg Catechin/gm hypocotyl fresh weight 

Treatments 21 C 27 C 

DP16-S, Control 3.22 1.88 

DP16-S, M. incognita 2.83 1.56 

CW-R, Control 3.02 1.85 

CW-R, M. incognita 3.41 1.95 
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Figu~e 1. Cross-section through hypocotyl of noninoculated 
control DP16-S seedling. 

Figure 2, Mycelial mass beginning to form on surface of 
hypocotyl of nematode-free seedling 24 hours 
after inoculation with R. solani. 
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Figure 3. Mycelial mass from infection cushion on nematode
free seedling 48 hours after exposure to R. 
solani. 

Figure 4. Infection cushion on nematode-infected seedling 
48 hours after exposure to R. solani -- Note the 
intense browning under the mycel1al mass. 



Figure 5, Hyphae penetrating ~nto cortical tissue of 
hypocotyl from nematode-free seedling 72 hours 
after exposure to R. solani. 
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Figure 6. Hyphae penetrating into the vascular cylinder of 
hypocotyl from nematode-infected seedling 72 
hours after exposure to R. solani. 



Figure 7. Growth of R. so1ani on cotton roots and 
hypocoty1s: (1) DP16-S, nematode-free, 21 C; 
(2) DP16-S, nematode-infected, 21 C; (3) 
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DP16-S, nematode-free, 25 C; (4) DP16-S, nematode
infected, 25 C 



Figure 8. Growth of R so1ani on cotton roots and 
hypocoty1s: (1) CW-R, nematode-free, 21 C; 
(2) CW-R, nematode-infected, 25 C; (3) CW-R, 
nematode-infected, 21 C; (4) CW-R, nematode
free, 25 c. 
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