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ABSTRACT 

Fungistasis and increased fungal contamination were 

induced in Phymatotrichum omnivorum sclerotia by sublethal 

dosages of 1,3-dichloropropene (1,3-D). In addition, 

growth of hyphal strands developing from a single sclerotium 

was reduced. Inoculation of cotton plants with sclerotia 

exposed to the above dosages resulted in delayed root rot 

lesion development. These direct effects of the fumigant 

may induce the delayed establishment of cotton root rot 

which was observed when moderate rates of 1,3-D were 

applied under field conditions. 

Biocidal concentrations of 1,3-D on P. omnivorum 

strands were not reached in the field after 146 and 187 1/Ha 

of the fumigant were applied in the row at 30 and 45 cm 

depths. Although the disease incidence was consistently 

reduced for three years, the final effect was a delay in 

establishment of the disease. The yield increments obtained 

were not profitable at current market prices. Infection of 

cotton by endomycorrhizal fungi was reduced in fumigated 

plots when root samples were taken 80 days after planting. 

Fungal propagules, macroscopically similar to P. 

omnivorum sclerotia, were consistently recovered from soil 

samples which were obtained from the 10-40 cm depths of 

soils naturally infested by the pathogen. These propagules, 

xii 
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previously considered as produced by the pathogen, were 

demonstrated to have different microscopic morphological 

characteristics and cultural requirements than P. omnivorum 

sclerotia. 

A simple laboratory procedure was devised for 

producing large numbers of P. omnivorum sclerotia and 

strands in nonsterile soil. Strands and sclerotia exposed 

in their site or production to 25, 50, and 100 p,g g ^ day 

of 1,3-D showed little difference in response to the 

fumigant. Increasing dosages were required to obtain 

equivalent effects of the fumigant on sclerotia as the 

temperature of the soil was decreased from 24 to 18 and to 

12°C. Fungistasis was induced in sclerotia subjected to 

50 |ig g ^ day of 1,3-D. Germination in situ of sclerotia 

reached 27.5, 45.7, and 66.7% at 10, 20, and 30 days, 

respectively, after the propagules were exposed to the above 

dosage of the fumigant and used in inoculation of cotton 

plants. j[n situ germination of nontreated sclerotia was 

84% by 10 days. Sclerotia subjected to the fungistasic 

dosage of the fumigant were more contaminated by soil fungi 

(64.1 to 80.9%) than nontreated sclerotia (2.5 to 12.5%). 

Root rot lesion development of cotton plants inoculated 

with sclerotia subjected to 50 iig g ^ day of the fumigant 

was 0, 0.3, and 0.5, on a 0-5 scale, by 10, 20, and 30 days 

after inoculation respectively. Root lesion development 

was 0.8, 1.0, and 2.5, on 0-5 scale, after the above time 



xiv 

intervals, when nonfumigated sclerotia were used to inocu

late cotton plants. 

Vital staining of sclerotial cross sections and 

culturing of peripheral and central areas of sclerotia 

showed that fungistasis is due to a reduced growth rate in 

all pseudoparenchyma cells of the propagule, rather than a 

localized biocidal effect of the peripheral pseudoparenchyma 

layer of cells. Growth rate of hyphal strands was reduced 

by the fungistatic dosage for the first 10 to 12 days. 

Average linear growth of hyphal strands from a sclerotium 

treated with 50 p,g g ^ day of 1,3-D was significantly less 

than that from nontreated sclerotia, in nonsterile soil. 



CHAPTER 1 

INTRODUCTION 

Phymatotrichum omnivorum (Shear) Duggar, a soil-

borne plant pathogen, native of the southwestern United 

States, north and central Mexico, attacks a wide range of 

cultivated and native dicotyledonous plants. Many soils 

infested by the fungus are planted to cotton and alfalfa 

crops and extensive losses can occur (81). The economic 

impact of Phymatotrichum root rot is worse in fruit crops 

such as grapes, pecans, and other fruit trees which require 

a high initial establishment cost and several seasons to 

start production. 

The absence of resistant germplasm to this pathogen 

has focused early research into evaluation of many cul

tural practices for their effect on the disease (32, 33, 

47, 64, 65, 66, 72, 80) and on the fungus (14, 72, 80). Two 

outstanding effective practices for annual crops, crop 

rotation (32, 64, 70), and manuring (13, 33, 66) of in

fested areas, are restricted in use by factors beyond their 

inherent effectiveness. Long crop rotations are required 

for this practice to be effective. In addition most highly 

resistant crops have a low profitable value. The use of 

manure is discouraged by is scarcity near areas where the 

1 
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pathogen is prevalent. The relative long period and large 

tonnage of manure required for the practice to be effective 

and high cost in transporting and applying it further dis

courages its use to control the disease. 

The chemical approach has met with little economic 

success. Many chemicals have been shown to affect the 

survival structures of the pathogen. The physico-chemical 

characteristics of many fungicides prevent their placement 

or movement to the deep layers of soil where sclerotia are 

most commonly found (41, 72). Several chemicals because of 

their moderate to high vapor pressure (fumigants) are 

capable of diffusion into soil spaces far from their place

ment. 

Attempts to control cotton root rot with volatile 

chemicals (fumigants) in the field were made by Ezekiel (20, 

21). Application of 246 ml/sq foot of tetrachloroethane or 

xylene placed at 15 cm depth produced a delay of the root 

rot of the cotton planted the same year of the treatment. 

A residual effect was observed the year following the fumi

gation treatment. However the fungus was not eradicated, 

but was killed in colonized cotton roots at least at a 

depth of 61 cm following fumigant treatment. 

Encouraging experimental control of the disease in 

cotton was obtained in 1967 (46). The successful control of 

cotton root rot was accomplished by proper deep placement 

of Telone, 1,3-dichloropropene, and related hydrocarbons, 
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in artificially infested fields. Experimental control of 

cotton root rot by fumigants containing 1,3-dichloropropene 

has been confirmed several times in soils naturally infested 

with the pathogen in different cultivated areas. Robison 

(6 8) in 1969 reported improvements in cotton root rot con

trol in Nevada by combined application of barley residues, 

NH^- nitrogen fertilizer, and fumigation with Telone. Pro

portion of control was directly correlated with the concen

trations of the chemical used. Bloss (7) reported a sub

stantial reduction of cotton root rot by deep placement 

injection of Telone at 467 and 701 1/ha. Vorlex injected in 

the furrow at 56 and 84 1/ha reduced the disease by 50%. 

Subsequently, Bloss (8) reported absence of residual effect 

in shallow placement of Telone at 46 7 1/ha the following 

year after 19 6 6 fumigation. 

The experimental use of 1,3-dichloropropene con

taining fumigants to control cotton root rot was again 

reported by Lyda (40) in 1972. Excellent control was ob

tained in two sites when 1,3-dichloropropene was injected 

50 cm deep at 467 1/ha. The disease was reduced over 60% 

(40.0 to 15.9%) when 158.9 1/ha were used. Moore (54) 

reported a delay on the onset of the disease when 234, 468, 

and 702 1/ha of Telone were injected at 40 cm depth, with 

chisels 48 cm apart in a naturally infested field in 

Arizona. Mortality rates between the lowest and highest 

rates of Telone tested were not different. 



4 

Evaluation of benefit from fumigation in controlling 

root rot has been made in few instances. Lyda, Robison, and 

Lembright (46) reported that yield increases of 140 to 150% 

were obtained with 747.9 1/ha. The disease was reduced from 

36% in the untreated plots to 1% in fumigated soils. 

Nixon, Heilman, and Smithey (60) reported a delay of root 

rot development that was associated with increased plant 

growth and yield. The increment in yield was maximum when 

250 1/ha were applied with chisels separated at 4 8 cm apart. 

Application of 375 1/ha favored excessive plant growth and 

development of boll rot and poor insect control. The above 

undesired effects after applying this fumigant rate were 

considered responsible for yield values below those obtained 

in non-fumigated soil. 

Efficient utilization of fumigants may be obtained 

through better understanding of the mechanism(s) involved in 

control of soil-borne diseases. Experimental evidence from 

studies to control other soil-borne plant pathoges indicates 

that the mechanism may not be simple. Armillaria mellea is 

controlled by a combined chemical and biological action when 

soil is fumigated with methyl bromide (61, 62, 63). Methyl 

bromide induces fungistasis on the pathogen. This induced 

fungistasis affects the defense of the colonized host root 

(61). Trichoderma spp. are little-affected by the fumigant; 

they colonize the root and replace the pathogen in the host 

tissue (56, 57). Verticillium wilt damage and infection of 
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potato by Verticillium spp. have been reduced by fumigation 

with Telone (19, 88). The inoculum density of the pathogen 

was apparently not affected (88). 

Little work has been done to assess the mechanism 

which results in delay of cotton root rot following fumiga

tion with moderate rates (150-350 1/ha) of 1,3-dichloro-

propene. Moore (54) detected quantitative and qualitative 

changes in microflora and nitrogen status of the soil in

duced by 1,3-D and nitropyrin. Significant reduction of 

cotton root rot was obtained by fumigating field soil with 

Telone at 234, 468, and 702 1/ha. The sclerotia which were 

obtained from fumigated fields infested by P. omnivorum were 

not affected by the fumigant. Moore (54) concluded that 

control of P. omnivorum by ammonia form of nitrogen is 

mediated by microflora, when nitrification is reduced by 

inhibitors as 1,3-dichloropropene or Nitrapyrin. 

The relative importance of the biological and 

physical phenomena that occur during and after soil fumiga

tion and influence the effective inoculum of the pathogen 

needs to be studied. A rational approach is to assess the 

relative importance of the direct effect of the chemical on 

the known survival structures of the pathogen under con

trolled conditions. 

No ideal method has been worked out to test the 

activity of soil fumigants in propagules of P. omnivorum. 

Ezekiel (20) reported the result of several years of 
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extensive laboratory work to evaluate a large number of 

contact and volatile mercury containing compounds, 

halogenated volatile hydrocarbons, and many other unrelated 

chemicals. Formaldehyde, acetone, xylene, benzene, gasoline, 

kerosine, cresilic acid, turpentine, naphthalene, carbon 

tetrachloride, and lubricating oil were some of the volatile 

chemicals tested. Promising volatile chemicals were eval

uated under varied conditions. Pentachloroethane, tetra-

chloroethane, xylene, and carbon disulfide were the most 

effective chemicals (20). Godfrey and Young (25) exposed 

P. omnivorum sclerotia to methyl bromide and chloropicrin. 

The propagules were killed at rates equivalent to 600-633 

lbs/acre foot. 

Sleeth (74, 75) produced sclerotia, stands, and 

mycelia of P. omnivorum in sterile soil in glass columns 

and exposed the propagules to different fumigants for 4 8 

hours. The fumigants were applied as soil drenches and the 

propagule viability was checked after 7 days. Tetrahydro-

2H-3,5-dimethyl-l,3,5-thiadiazine-2-thione (Mylone, DMTT) 

and sodium methyl dithiocarbamate (VAPAM) were the most 

effective in killing hyphae and sclerotia. DD-MENCS and 

formaldehyde were next in effectiveness but the movement of 

these chemicals in soil was limited. 

Hine et al. (31) exposed P. omnivorum for 48 hours 

to the action of VAPAM, Vorlex, and Telone. These fumi

gants were applied as water suspensions in enough water to 
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wet the soil in 50 cm long plexiglass columns. VAPAM showed 

the best diffusion and toxicity to the pathogen. Water 

suspensions of VAPAM as low as 50 ppm for 4 8 hours killed 

the fungus in soil columns 50 cm from the point of applica

tion. Comparative tests between VAPAM and Telone showed 

that fumes from direct placement of liquid VAPAM in soil at 

20 ppm for 4 8 hours killed the fungus. Similar concentra

tion of Telone was not effective. Sclerotia and mycelium 

in infested sorghum seed were killed by exposure for 24 

hours to water containing either 100 ppm of Vorlex, 1000 ppm 

of DD or 1,3-D, or 10,000 ppm of DBCP. The suspension of 

the fumigants was placed in a small container at the center 

of the agar or non-sterile soil where the fungus had been 

grown (30). Moore (54) incorporated 1,3-D into 70 agar 

medium and measured radial growth at 4 8 hours. The fungus 

was restricted but not killed at 150 (j,g/g. 

It has been known since the first use. of soil fumi

gants that these chemicals produce results beyond those 

accounted for in the decrease of the target pest (1, 83). 

In general, fungi are more susceptible to the fumigants than 

bacteria, but less than nematodes (3, 53). Cis-1,3-

dichloropropene, D-D mixture, VAPAM, and chloropropene 

alcohols (cis and trans 3-chloropropene-2-ol-l) have very 

similar fungicidal and bactericidal properties (53) . 

An important early recognized nontarget effect of 

soil fumigation is the temporary inhibition of nitrification 
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produced by some chemicals. Methyl bromide, chloropicrin, 

and 1,3-dichloropropene containing fumigants have biocidal 

effects on nitrifying bacteria (17, 38). 

Recently it has been demonstrated that endomycor-

rhizal fungi play an important role in plant nutrition and 

other plant-soil interactions (27-55). Toxicity of soils 

attributed to treatment by heat or soil fumigants was found 

to be produced by the elimination of spores of endomycor-

rhizal fungi (37). Plants highly dependent on the above 

association for their nutrition showed phytotoxicity 

symptoms after fumigation. These symptoms were overcome by 

the addition of endomycorrhizal fungi inoculum (37). 

Endomycorrhiza of cotton were increased by fumiga

tion of soil with DBCP (5). Fumigants containing 1,3-D and 

related hydrocarbons at 188 1/ha appeared to produce the 

same effect when soil taken from one fumigated plot was 

planted with cotton in observation boxes (5). 

Rich and Bird (67) obtained a significant increase 

in cotton growth, early flowering, and boll maturity by 

inoculating cotton in the glasshouse with Endogone 

calospora. Fumigation of field soil with 1,3-dichloro

propene and addition of 1.26 kilograms of soil from a 

highly productive area containing twice as many endomycor

rhizal fungus spores than the fumigated soil, resulted in 

a significant increase in stand, early seedling growth, 

and early seasonal development of endomycorrhiza. 
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Enddmycorrhiza formation was correlated with increased 

growth and yield of cotton (67). Schonbeck and Dehne (73) 

demonstrated Glomus mosseae reduces damage to cotton 

seedlings by Thielaviopsis basicola. The significance of 

infection of cotton by endomycorrhizal fungi on Phymato-

trichum root rot has not been studied. 

Field and laboratory work was performed to test the 

hypothesis that strands of the pathogen could be more 

vulnerable to 1,3-D than fungal sclerotia. Differential 

reduction of strand concentration could account for a de

crease of the disease incidence in fumigated fields. Ex

posure of strands and sclerotia to different dosages of the 

chemical in preliminary laboratory tests indicated little 

difference between these propagules in response to several 

concentrations of the chemical. Germination of sclerotia 

was delayed when exposed to some concentrations of the 

fumigant. The importance of this phenomenon as a possible 

manifestation of the mechanism resulting in a delay of the 

onset of the disease in the field was studied under con

trolled laboratory and glasshouse conditions. Field tests 

were continued to attempt improvement of disease control. 

Factors, as precision deep placement of the fumigant with 

little modification of economically feasible dosages, were 

manipulated in attempts to obtain a balance between cost and 

return from disease control. 
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Endomycorrhizae of cotton after fumigation treatment 

were monitored in view of the strong evidence for the 

favorable role of endomycorrhizal fungi in plant nutrition 

and water relation in cotton and other crops (55)• 



CHAPTER 2 

FACTORS AFFECTING COTTON AND COTTON ROOT ROT 
DEVELOPMENT FOLLOWING APPLICATION OF 1,3-

DICHLOROPROPENE IN SOILS NATURALLY 
INFESTED BY PHYMATOTRICHUM 

OMNIVPRUM 

Obj ective 

The objective was to detect the effect of 1,3-

dichloropropene on viability of Phymatotrichum omnivorum 

known propagules, strand and sclerotia, under natural in

fested soil. Disease incidence and yield were obtained to 

gain information on the economical feasibility of cotton 

root rot control by manipulation of factors affecting 

efficiency of the fumigant. Incidence of cotton endomycor-

rhiza following fumigation with 1,3-D was investigated to 

obtain information on the effect of the chemical on the 

natural infection by endomycorrhizal fungi. 

Materials and Methods 

Soil Characteristics, Soil Conditions, 
and Equipment Used in Application of 
1,3-Dichloropropene 

Soil naturally infested by P. omnivorum was fumi

gated with 1,3-dichloropropene at a farm near Aguila, 

Arizona. The soils of this farm, classified as Mojave clay 

loam, have the following physical and chemical 

11 



characteristics: pH 7.9 to 8.2, sand 33-46%, silt 32.5-

35.0%, clay 21-32%, cation exchange capacity 11.7-13.5 

milliequivalents per 100 grams, and organic nitrogen 617 

ng/gr. 

The relationship between matric water potential and 

gravimetric water in this soil can be obtained from the 

following pair of values for water tension in bars and per 

cent moisture on a dry soil weight basis, respectively: 

zero bars, 47.8%; -0.3 bars, 25.0%, -1 bar, 19.2%; -10 bars, 

15.1%; and -15 bars, 14.5%. 

The soil was prepared before fumigation to facili

tate uniform penetration of the fumigation chisels and 

diffusion of the chemical. The soil was ripped to 40-50 cm 

depth by perpendicular double passages of subsoil chisels 

100 cm apart at an angle 45 degrees from the direction of 

the planting rows. The soil was plowed, disked, and the 

planting rows were marked 95 cm apart in 1975 and 100 cm 

apart in 1976 and 1977 before fumigant application. 

The chemical was delivered from a 208 liter tank to 

a constant head gravity flow device. The device used was 

equipped with a manifold and removable disks, which had a 

central perforation of different diameter for calibration. 

The calibrated amount of the fumigant was then channeled 

through the plastic tubing into a 1.27 cm internal diameter 

steel tube welded at the back of 3.8 cm thick steel chisels. 

These chisels were mounted on an implement rig and were 
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positioned to inject the chemical at the center of the 

previously marked planting row (Fig. 1). The planting row 

was formed simultaneously with the fumigant application by 

coupling v-shaped wide-blade plows (Fig.l, D) with the same 

implement rig or by passing a rototillage cultivator no more 

than 5 hours after fumigant application. This procedure 

was used to leave the row ready for planting, to break the 

clods, and pack the soil for closing the opening, which was 

made by the injection chisels. Some factors of possible 

influence on fumigation efficiency are shown in Table 1. 

Three treatments were established in 1975. They 

were: soil fumigated with 1,3-D at 146.2 1/ha, Nitrapyrin 

at 9.35 1/ha, and non-fumigated soil. The treatments were 

arranged in a randomized complete block design with four 

replications. The experimental unit consisted of ten rows 

with cotton in a four-row planted, one-row skipped pattern. 

The Nitrapyrin treatment was omitted in the 19 76 

experiment. The fumigated and non-fumigated treatments were 

placed in an alternate pattern in several infested fields. 

Four replications were placed in one field, one and two 

replications in two other fields. The size of the experi

mental unit varied according to the length of the rows in 

the different fields were the plots were located. It con

sisted of 72 rows x 305 m for 2 replications, 64 rows x 366 

m for 3 other replications, and 87 rows x 244 m for 2 other 

replications. 
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I 

II 

Fig. 1. Equipment used in application of 1,3-dichloropro
pene in field tests carried out in 1976 (I) and 
1977 (II) -- Fumigant was injected at the center of 
the previously marked row, at 30 em depth in 1976 
and 40-45 em depth in 1977. Tank of 208 liter 
capacity (A); air vent for tank open during 
operation (B); constant head device with manifold 
(C); mold board plow to form the planting beds (D). 
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Table 1. Soil conditions at the dates of 1,3-dichloro-
propene (1,3-D) application. 

Year and 
date applied 

Rate 
1/Ha 

Depth 
injection 
average 

Soil 
temp ° Ca 

Soil moisture 
content %k 

Feb. 18, 1975 146.2 30 cm 12° 12.5 

Feb. 20, 1976 146.2 3 0 cm 12° 10.8 

Mar. 15, 1977 187.0 45 cm 11.7° 11.8 

Temperature measured at 30 cm from the top of 
planting rows after they were formed. 

Per cent moisture content on a dry soil weight 
basis. 
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In the test established in 1977, the experimental 

unit in some plots of the 1976 experiment were divided into 

two subplots. Fumigated and non-fumigated treatments were 

placed for evaluation where diseased plants had more uniform 

distribution in fumigated and non-fumigated plots of 1976. 

The experimental subunit was 36 rows x 30 5 m as subplot in 

one replication and 32 rows x 366 m in 2 other plots. Steer 

manure, at an average of 2 7.2 tons/ha, was applied over the 

entire field in 1977. 

A test was placed in 1977 to assess the relative 

efficiency of the work done by forming the bed and packing 

the soil immediately after fumigation. Formation of the 

planting bed was intended to prepare the soil for planting 

and reduce the loss of the fumigant through the vertical 

opening made by the pass of the fumigation chisel. A 22.9 

m long 3 mil plastic cover was placed on two fumigated rows 

immediately after fumigation. The treatment was replicated 

at 3 sites and the plastic removed 5 days after it was 

placed (Fig. 2). Pima cotton, S-4, was planted in all 

years the, experiments were performed. 

Effect of 1,3-Dichloropropene on 
Phymatotrichum orrnivorum Propagules 
Under Natural Infested Soil 
Conditions 

Soil Sampling. Composite soil samples were obtained 

from fumigated and non-fumigated soils on May 4, 19 75. Soil 



Fig. 2. Field after fumigating with 1,3-dichloropropene 
and placing 3 mil plastic cover on two planting 
beds in 1977 -- The effect of 1,3-D on P. 
omnivorum propagules in covered fumigated soil 
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was compared with the effect on propagules obtained 
in area of similar size of fumigated noncovered 
and nonfumigated soil as indicator of the effi
ciency of work done to reduce loss of 1,3-
dichloropropene to the atmosphere. 



18 

was obtained from 10 sites randomly chosen within the middle 

rows of the experimental unit in the area where diseased 

plants were more uniformly distributed among treatments for 

a replication. A soil auger, 15 cm long, was used to obtain 

soil from the 10 to 40 cm layer at the center of the 

planting row, just above and below the site of placement of 

the fumigant. 

Composite soil samples were taken on April 28, 1977, 

from 6 random sites within the 22.9 m of the two covered 

fumigated rows and within the same space of two adjacent 

fumigated rows which were not covered. Composite samples 

were similarly taken from two rows which were neither 

fumigated nor covered. A tapered straight shovel, 40 x 

15 x 12.5 cm, was introduced 10 cm apart from the center of 

the row. A 30 cm long x 3 to 5 cm wide core of soil was 

the obtained from the center of the shovel after discarding 

about 10 cm of the top soil. The samples were protected 

from heat, transported to the laboratory, and stored at 5°C 

+ 1° until processed. 

Separation of P. omnivorum Propagules from Soil. 

The composite soil samples obtained in 1976, having an 

average dry weight of 4.7 kg, were processed for propa-

gule determination. A 1.7 kg subsample was obtained from 

the composite samples collected in 1977. The soil suspen

sion decanting method used by•Moore (54) was slightly 



modified as follows: the soil was suspended in water in a 

10 liter plastic container and stirred with a wooden rod. 

The soil suspension was allowed to stand for 15 to 20 

seconds. The supernatant was then passed through a series 

of sieves with openings of 2.0 mm (10 US standard mesh), 

0.850 mm (20 mesh), 0.350 mm (45 mesh), and 0.250 mm (60 

mesh). The residue in the plastic container was again 

suspended in water, stirred, and the supernatant passed 

through the above cited sieves. This process was repeated 

3 to 5 times until most of the organic particles, clay, and 

silt were separated from the heavy residue. This residue, 

consisting of gravel, sand, and large carbonized organic 

particles, was discarded. The material retained on the 

sieves, which consisted mainly of plant debris, fungal 

structures, and adhered clay and silt, was then washed with 

a slow stream of water. 

Plant residues and other organic material were 

placed on moist paper towel and scanned by means of a 

stereoscopic dissecting microscope. The P. omnivorum 

propagules were immediately placed in tap water in petri 

dishes, recorded, and then stored at 5°C ± 1°C and cultured 

to determine their viability. Sclerotia and strands were 

surface sterilized for 3 minutes in 0.525% and 0.0525% 

sodium hypochlorite, respectively. They were rinsed in 

sterile distilled water and cultured in Difco water agar 

containing the antibiotics novobiocin, penicillin, 
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bacitracin, and a chloramphenicol, each at 100 p,g/ml (88) . 

Viability was recorded 48-72 hours after culturing. 

Characterization of Sclerotia Obtained 
from Soil Naturally Infested by 
Phymatotrichum omnivorum 

Sclerotia were separated from soil samples which 

were taken from 0-40 cm depth in cultivated areas naturally 

infested by P. omnivorum. These sclerotia were previously 

assumed to be produced by the pathogen (54). The assump

tion was based on examination of macroscopic morphology and 

propagule dimensions which closely resembled P. omnivorum 

propagules (54) . 

Microscopic morphology of native sclerotia and 

sclerotia produced by fungal isolates from the above propa

gules was examined to determine if microscopic character

istics correspond with those observed in native and cultured 

P. omnivorum sclerotia. 

The pattern formed by cells of the sclerotial rind 

was examined in sections of sclerotia obtained from the . 

field and some produced in soil culture. The pattern formed 

by rind cells was also examined in sclerotia which had been 

fixed dehydrated and embedded in paraffin. These sclerotia 

were obtained by Moore (54) from soil naturally infested by 

P. omnivorum. 

Growth characteristics in culture were observed by 

transferring 4 isolates of the unknown fungus to potato 
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dextrose agar, V-8 juice agar, and 0.1% nutrient broth agar 

(w/v) and incubating the cultures at 15°C and 24-28°C. 

Sclerotia and infested sorghum seed of both the 

pathogen and the unknown fungus were placed on the surface 

of moist autoclaved soil in 100 x 20 mm petri dishes and on 

sterile moist Whatman No. 1 filter paper to promote forma

tion of cruciform hyphae on strands (12). 

Blocks of sorghum seed, 20 mm x 20 mm x 10 mm, in

fested by two isolates of the unknown fungus, were placed in 

the center of autoclaved soil in 940 ml glass jars to obtain 

formation of sclerotia in soil. The same treatments were 

prepared in triplicate using an isolate of P. omnivorum 

which was obtained from strands on cotton roots grown in the 

field where the unknown fungus sclerotia were obtained. The 

materials for strand and sclerotia production prepared as 

above were incubated at room temperature which fluctuated 

between 24 and 28°C. 

Pathogenicity of an isolate of the unknown fungus 

was tested by inoculating fifty-day old cotton plants 

growing in soil in 15 cm plastic pots. The plants were 

inoculated by an average of 13 sclerotia of the unknown 

fungus and 4 6 small sclerotia of P. omnivorum in the space 

left after removing a glass tube 17 cm long and 7 mm 

internal diameter placed beside the seed at the time of 

planting. Eight replications were prepared for each fungus 

as above and 4 plants were left noninoculated, as controls. 
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The plants were placed after inoculation in a growth chamber 

set to give 28°C in soil temperature and photoperiod of 14 

hours incandescent and 13 hours fluorescent daylight. 

Presence of lesions and dead plants were recorded 30 days 

after inoculation. 

Cotton Root Rot Incidence and Yield 

Cotton root rot incidence was determined on August 

30, 19 75. Dead and live plants were counted in 61 m of each 

of the 2 pair of middle rows of the experimental unit which 

consisted of two strips of 4 rows and one skip row each. In 

an experiment carried out in 19 76, the disease incidence was 

obtained on September 18 by counting dead and live plants in 

122 m each of 6 cotton rows. The 6 rows were randomly 

assigned after 6 rows from each side of the 64 or 72 rows of 

the experimental unit had been omitted. The same procedure 

was followed in the 1977 experiment except that counts were 

made in 4 rows of the experimental subunit. Per cent dead 

plants was calculated in all cases on the basis of the total 

number of plants in the space sampled. 

Seed-cotton yield was obtained by using a mechanical 

harvester. All rows of the experimental unit were harvested 

and pairs of replications of the same treatment were pooled 

in 19 75. The seed cotton yield was obtained separately for 

each repliction in 1976. The number of rows harvested 

varied from 40 to 66 for 5 replications and from 60 to 75 



rows for the other 2 replications. The yield was estimated 

on basis of the average yield per row. All the rows of the 

subplot unit were harvested for each replication of the 

treatments established in 1977. 

Endomycorrhizal Fungi Infection of Cotton 
Following Fumigation with 1,3-Dichloropropene 

Root samples for staining and endomycorrhizal eval

uation were obtained from fumigated and non-fumigated plots 

at 27, 47, and 80 days after cotton was planted in 1977. 

The complete root system of 1 to 2 cotton seedlings 

was first obtained from 10 random sites in the experimental 

subplot unit for the first sampling. The cotton roots, with 

some moist soil, were placed in plastic bags and protected 

from heat by placing them on ice in an insulated chest. 

They were transported to the laboratory and stored at 5°C 

+ 1°C. 

The roots were washed and cut in pieces 2 to 3 cm 

long. They were then clarified and stained by a modifica

tion of the method of Bevege (4). The root pieces were 

placed in beakers and approximately 100 ml of 10% KOH were 

added and the material immediately autoclaved at 121°C, 

15 psi for 10 min. 

The material was allowed to cool and then the roots 

were rinsed once with fresh 10% (w/v) KOH. Subsequently 

100 ml of 3% (v/v) alkaline (pH 8.0) were added and 

the material was allowed to stand for 10-12 minutes, then 
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rinsed twice with distilled water. Approximately 50 ml 0.1% 

(v/v) HCl were added immediately and allowed to stand for 

5-10 minutes. The acidified water was discarded and 0.05% 

(w/v) trypan blue in lactophenol was added (4). The 

material was autoclaved at 121°C for 30 min. 

The roots were allowed to cool or stand overnight 

in the stain-lactophenol mixture and then transferred to 

clear lactophenol in petri dishes for destaining. The roots 

were then placed in tap water and evaluated for endomycor-

rhizal fungi infection. Thirty root pieces per replication 

were obtained at random and observed for presence of in

fection under a stereoscopic dissecting microscope. 

The root system of one cotton plant and moist soil 

containing small secondary lateral roots were obtained from 

six random sites for the second and third sampling. For 

the third sampling, the lateral roots were separated before 

staining as follows: roots with diameter larger than 2 mm, 

roots with diameter between 0.8 mm and 2 mm, and roots with 

diameter less than 0.8 mm. Fifty lateral roots were ob

served for presence and intensity of infection. 

Results 

Effect of 1,3-Dichloropropene on 
Phymatotrichum omnivorum Propagules 
Under Natural Infested Soil 
Conditions 

Number of propagules and their viability obtained 

from P. omnivorum infested soil 75 days after fumigation in 



1976 is presented in Table 2. Mean propagule number and 

viability values of both types of propagules are smaller in 

fumigated than non-fumigated treatments. However, the dif

ferences are not statistically significant. Propagule 

number and viability from fumigated noncovered treatments 

were statistically the same as propagule number and via

bility from nonfumigated soil in 19 77 (Table 3). Covering 

the fumigated soil with plastic for five days reduced sig

nificantly the viability of strands and sclerotia (Table 3). 

More strands were obtained in 19 77 than in 1976 but strands 

had very low viability in both years 1976 and 1977, re

gardless of treatment (Tables 2 and 3) . 

Data for sclerotia and strands were extremely 

variable. Sclerotia were consistently obtained from 1976 

soil samples but their numbers were highly variable in soil 

samples processed in 1977. 

The number of strands obtained in samples collected 

in 1976 ranged from 0 to 1.5/kg. Strand number varied from 

0 to 33.1 strands per kilogram in soil samples collected in 

1977. 

Characterization of Sclerotia Obtained 
from Soils Naturally Infested by 
P. omnivorum 

Most sclerotia obtained from infested fumigated and 

nonfumigated soil were spindle shaped, elongated, and dark 

brown to black in color (Fig. 3C). Mean length of 
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Table 2. Number and viability of propagules obtained from 
soil naturally infested by P. omnivorum after 
fumigation with 1,3-dichloropropene. 

Sclerotia Strands 

Treatment Per Kg 
Viability 
per cent Per Kg 

Viability 
per cent 

1,3-D 146 1/Ha 2.14a 74.0b 0. 423 10.0 

Nonfumigated 2.35 75.5 0.602 17.5 

• 

>
 • 

a
 48.0% 95.6% 

Mean propagule number from five replications by 
processing 4.7 Kg. Mean dry soil weight of composite 
sample obtained by taking soil randomly from ten sites 
within the P. omnivorum infested area of the experimental 
unit. 

Per cent viability of cultured propagules in water 
agar containing bacitracin, penicillin, chloramphenicol, 
and novobiocin each at 100 [iq/ml. 
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Table 3. Number and viability of propagules obtained from 
soil naturally infested by P. omnivorum after soil 
was fumigated with 1,3-dichloropropene and 
covered with plastic. 

Sclerotia Strands 

Treatment 
of soil Per •rr 3 Kg 

Viability 
per cent Per Kga 

Viability 
per cent 

Fumigated and 
covered*3 1 .  6 2 7 . 7  7 .  1  0 . 0  

Fumigated and 
not covered 0 .  8 1 0 0 . 0  4 .  1  4 0 . 0  

Nonfumigated 1 .  5 1 0 0 .  0  1 2 .  6 3 4 . 3  

aMean of three replications by processing 1.69 Kg 
subsamples. Avg. weight of composite soil sample = 5.2 Kg 
obtained by taking soil randomly from six sites within 22.9 
m of two adjacent covered or noncovered rows. 

Soil fumigated with 187 liters 1,3-dichloropropene/ 
Ha and 3 mil plastic cover placed immediately and retrieved 
five days after fumigation. 
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Fig. 3. Sclerotial propagules of Phymatotrichum omnivorum 
and an unknown fungus obtained from soil naturally 
infested by the pathogen (top) and produced in the 
laboratory (bottom) -- P. omnivorum sclerotia and 
sclerotial rinds obtained from field soil (A) and 
pathogen sclerotia produced in soil (B). Unknown 
fungus sclerotia separated from field soil (C) and 
artificially produced in steamed soil (D). 
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sclerotial propagules ranged from 1.2 mm to 4.5 mm. 

Diameter of sclerotia ranged from 0.11 to 0.88 mm. They 

germinated readily in 4 8 to 72 hours. Germination was 

usually from the point of attachment or from a broken area 

of the rind. The mycelium from these sclerotia grew very 

slowly at 2 8°C and the fungus formed more sclerotial struc

tures when cultured in water agar. More sclerotia were pro

duced from mycelium when the unknown fungus was transferred 

as sclerotia or mycelium to new water agar medium (Fig. 4). 

Strands produced by the unknown fungus in water agar 

were macroscopically similar to those produced by P. 

omnivorum in the same culture medium. The central hyphal 

cells of the strands of the unknown fungus in water agar 

had a diameter ranging from 6 to 8 (j,m. The diameter of the 

central cell of P. omnivorum strands in water agar was 12-14 

^xm. The mycelium of isolates of the unknown fungus grew 

better at 15°C than at room temperature 25-28°C) in any 

culture media tested and had the tendency to form fan shaped 

structures on PDA (Fig. 5). 

Two isolates of the unknown fungus produced 

stromatal structures that are similar to those produced by 

a member of the genus Xylaria, when sorghum seed infested by 

the fungal isolates was placed on 0.1% nutrient broth agar 

and on water agar at room temperature (Fig. 5). The unknown 

fungus produced at the end of the elongated stromata, whorls 

of sporangiophores with hyaline single-celled conidia as 
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Fig. 4. Sclerotia-like structures produced by culturing, on 
water agar, sclerotia of an unknown fungus obtained 
from field soil naturally infested by P. ornnivorurn. 



31 

A 

B 

Fig. 5. Characteristic stromatal structures of the unknown 
fungus in culture -- Fan shaped stromatal initials 
produced by the unknown fungus cultured in PDA at 
l5°C (A) and stomatal structures produced when 
infested seed is placed on water agar and incubated 
at room temperature (B). 
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described for Xylaria (48, 86). A closely packed head of 

conidiophores with conidia similar to those produced by the • 

free sporangiophores were produced at the distal end of 

elongated stromata, which was formed in 0.1 nutrient broth 

agar. No perfect stage has been found in sections of the 

stromata formed. 

P. omnivorum strands were not obtained from the un

known fungus sclerotia nor from sorghum seed infested with 

the unknown fungus isolate obtained from those sclerotia. 

P. omnivorum strands were readily obtained in autoclaved 

soil and on filter paper from sclerotia of the plant patho

genic fungus or from sorghum seed infested with P. omnivorum. 

Elongated, globose, but mostly spindle-shaped structures, 

identical to the sclerotia of the unknown fungus, were 

produced in autoclaved soil by placing sorghum seed blocks 

infested with isolates of the unknown fungus (Fig. 3, D) . 

P. omnivorum sclerotia have a rind which is formed 

by a layer of 3 to 4 cells of irregular size with brown 

pigmented cell walls (Fig. 6). The cells of the external 

surface of the rind form a characteristic pattern resembling 

a letter G or a spiral (Fig. 6). The sclerotia of the un

known fungus have a rind which consists of a single layer 

of cells. These cells have the exposed internal area of the 

cell wall thicker than the internal surface of the cell 

walls (Fig. 7). The spiral pattern was never observed in 

several rind pieces of these sclerotia. 



A 

B 

Fig. 6. Microscopic characteristics distinctive of P. 
omnivorum sclerotia -- Cross section of P. 
omnivorum sclerotium showing the irregular size 
of cells and two- to three-celled layer forming 
the rind (A). External surface of rind showing 
the spiral or letter G pattern (arrows) formed by 
some cells (B). 
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A 

B 

Fig. 7. Microscopic characteristics of unknown fungus 
sclerotia obtained from soil naturally infested by 
P. omnivorum -- Cross section of sclerotium showing 
the single-celled layer of the rind and thickened 
outer area of the cell wall in rind cells (A); 
cells of the external surface of rind (B). 
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Pathogenicity tests with sclerotia of the unknown 

fungus were negative. Six of eight plants inoculated with 

P. omnivorum either died or had most of the tap root 

destroyed. The upper part of the tap root of the other two 

plants was well colonized by strands. 

A high proportion of the unknown fungus sclerotia, 

obtained from soil naturally infested by P. omnivorum, pro

duced sclerotia on water agar. These results were also 

observed when composite soil samples were taken at a depth 

of 5-35 cm from two fields in preliminary experiments in 

1975 (Appendix Tables A.l and A.2). This sampling was done 

to determine the distribution of P. omnivorum propagules 

within and outside well defined infested areas where the 

cotton plants had been killed by the pathogen in 19 74. 

Twenty-one from 70 of these samples contained either 

sclerotia or sclerotial rinds. Fifty-two sclerotia were 

separated from the above samples. Only one sclerotium, 

which appeared slightly different than most of the sclerotia 

assumed to be P. omnivorum, formed the characteristic 

acicular cruciform hyphae on strands produced on water agar. 

The sclerotia rinds, later identified as belonging to P. 

omnivorum, were found in samples taken from the interior of 

the area where the disease had occurred in 1974 (Appendix 

Table A.1). The unknown fungus sclerotia were found in 

approximately equal numbers at any location of the interior, 
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perimeter, and exterior of the pathogen infested area 

(Appendix Table A.l). 

Strands of P. omnivorum were obtained at increasing 

numbers as the season progressed and many of these strands 

appeared yellow and of small diameter. The detection of 

strands was always associated with the presence of dead 

plants in the year 1974 (Appendix Table A.l). 

The soil samples obtained from soil naturally in

fested by P. omnivorum contained in some cases many other 

small sclerotia that were easily distinguished from the un

known fungus sclerotia. These sclerotia were uniformly 

spherical with very black rind and they were abundant (14 0 

per kilogram) in some samples. These sclerotia measured 

approximately 0.9 mm in diameter and produced identical 

sclerotia on water agar. The sclerotia were identified as 

Sclerotinia spp. by Dr. J. Troutman. Several other small 

fungal propagules, which were cultured in water agar, be

longed to fungi other than P. omnivorum. 

All the soil samples obtained in 1976 from fumigated 

and nonfumigated soil infested by P. omnivorum contained 

sclerotia. These sclerotia had the appearance of the 

sclerotia now considered to be produced by the unknown 

fungus. Seven of nine soil samples obtained in 1977 con

tained sclerotia. Eighteen of twenty sclerotia obtained had 

the appearance of the unknown fungus and twelve of the 

sclerotia produced more spindle-shaped, elongated sclerotia 



37 

in water agar. Twelve sclerotia obtained from Moore (54) 

had the microscopic characteristics of the unknown fungus. 

Relationship of Root Rot Incidence 
and Cotton Yield 

Cotton root rot incidence was recorded at the end of 

the period favorable for rapid growth of Phymatotrichum 

omnivorum and is presented in Tables 4 and 5. Percentage of 

dead cotton plants was lower in plots fumigated with 1,3-

dichloropropene than in the non-fumigated treatments in 1975 

and 1976 (Table 4). The reduction in disease incidence 

amounted to 40% in 1975 and 50% in 1976. Application of 

Nitrapyrin had no effect on the disease incidence (Table 4). 

Cotton root rot incidence was significantly reduced 

by application of 187 liters of 1,3-D per hectare in soil 

which was not previously fumigated (Table 5). Soil fumi

gated with 146 liters of 1,3-D/ha in 1976 with no further 

treatment in 1977 did not produce any residual effect on 

disease incidence. The difference between the above treat

ment and nonfumigated plots was not statistically signifi

cant. Large variability was present in the disease inci

dence data obtained for replications of the 19 77 experiment 

(Table 5). 

Cotton root rot was temporarily arrested by the 

fumigation with 1,3-dichloropropene. This phenomenon, 

observed since 1975, is shown in Fig. 8. Disease symptoms 

were delayed, then increased rapidly at the end of the 
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Table 4. Per cent dead cotton plants and seed-cotton 
yield following preplant application of 1,3-
dichloropropene (1,3-D). 

Treatment 

1975 1976 

Treatment % Disease Kg/Hab % Disease Kg/Ha 

1,3-D 146 1/Ha 40.6 A 2793 18.3 A 2428 

Nitrapyrln 9.3 1/Ha 76.8 B 2250 

Nontreated 67.1 B 2305 36.3 B 2105 

LSR (P = 0.01)c 24.1 NS 13.4 NS 

CV 15.1% 5.4% 24.7% 10.0% 

Mean from counting in 61 m each of four middle 
rows, four replications on August 30, 1975 and 122 m each 
of six randomly assigned middle rows, seven replications on 
September 18, 1976. Means in a column followed by the same 
letter are not statistically different at P = 0.01 by 
Duncan's new multiple range test. 

Estimated mean values obtained by harvesting 
complete experimental unit and pooling pair of replications 
in 1975 and by harvesting slightly different areas Crows) 
of individual replications in 1976. NS = not statistically 
significant. 

c Least significant range at probability level of one 
per cent. 
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Table 5. Per cent dead cotton plants and seed-cotton yield 
following one and two year preplant fumigation 
with 1,3-dichloropropene (1,3-D). 

Treatments3 
Per cent dead Yieldc 

1976 1977 plants*3 Kg/Ha 

1,3-D 1,3-D 26. 5 AB 2778. 6 

1,3-D Nontreated 27. 3 AB 2488. 3 

Nontreated 1,3-D 20. 1 A 2799. 9 

Nontreated Nontreated 49. 3 B 2474. 8 

LSD (P = 0.05)d 

Subplots within main plots 15. 4 NS 

Subplots among main plots 30. 0 

CV = 54. 5 

Application of 187 1/Ha of 1,3-D in 1977 in half 
the area of plots fumigated and nontreated with 146 1/Ha 
in 1976. 

Mean from counts in 122 m each of 4 randomly 
assigned rows, 3 replications. Means followed by the same 
letter are not significantly different at P = 0.05. 

Mean values from three replications in fumigated 
and non-fumigated treatments of both years 1976 and 1977. 
Mean from two replications for treatment fumigated in 1976 
only and single value for fumigation in 1977 only. 

^Least significant difference at probability of 
5 per cent. 
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A 

B 

Fig. 8. Delayed appearance of symptoms of Phymatotrichum 
root rot of cotton following current year fumiga
tion of soil with 1,3-dichloropropene -- Photos 
taken August 25 (A) and October 5 (B), 1977. 
Fumigated (right) and non-fumigated plots (left of 
arrows). 
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period favorable for fungus growth. The disease reached 

about equal incidence in both fumigated and non-fumigated 

treatments at the end of the growing season (Fig. 8). 

It was observed that the wilted plants in the 

fumigated treatments attained larger size and produced more 

cotton bolls than the dead plants of the nonfumigated treat

ments. The disease was delayed in areas of high root rot 

incidence (Fig. 9A) and reduced in infested areas which were 

in a recovering stage (Fig. 9B). 

Seed-cotton yield estimates are presented in Tables 

4 and 5. Fumigation of soil with 1,3-D produced increments 

of 17.5, 13.4, and 11.0 per cent over the non-fumigated 

treatments in 1975, 1976, and 1977, respectively. The yield 

increases are consistent and associated with a reduction of 

the disease and in response to the soil fumigation carried 

out at the same year (Tables 4 and 5). Statistical analysis 

of the seed-cotton yield values showed that differences are 

not significant at probability level of 0.05%. 

Mean seed-cotton yield of plots fumigated with 

1,3-dichloropropene in 1976 with no fumigation treatment in 

1977 is the same as that of non-treated soil (Table 5). 

This indicates there was not a residual effect from fumiga

tion carried out in 1976. 
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Fig. 9. Aerial view of plot fumigated with 1,3-dichloro
propene showing different effects of the treatment 
on Phymatotrichum root rot control -- The symptoms 
were delayed in a heavily infested area (A) , were 
largely reduced in a recovering circular spot (B), 
and disease incidence was decreased in the remainder 
of the fumigated plot. 
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Endomycorrhizal Fungi Infection of 
Cotton Following Fumigation 
with 1,3-D 

Per cent of cotton roots with endomycorrhizal fungi 

infection was not different in samples taken from fumigated 

and non-fumigated soils at 27 and 47 days after cotton was 

planted (Table 6). The roots of 0.8 to 2.0 mm diameter 

obtained from non-fumigated soil were significantly more 

infected by endomycorrhizal fungi than roots obtained from 

fumigated soil in samples taken 80 days after cotton was 

planted. Roots from fumigated and non-fumigated treatments 

with diameter 0.8 mm or less had equal proportion of endo

mycorrhizal fungi infection and roots with diameter of 2.0 

mm or larger were not infected (Table 6). Arbuscules were 

the dominant structure of endomycorrhizal fungi observed in 

roots obtained in the first sampling. Hyphae were abundant 

in root tissue of well colonized root sections and few 

vesicles were observed in the cotton roots infected by the 

endomycorrhizal fungi in all sampling dates. Endomycor-

rhizae were never formed in the taproot. 

Discussion 

The lack of effect of 1,3-D on P. omnivorum 

sclerotia in the field (54) was not confirmed because it was 

determined that the majority of the propagules separated 

from 0-40 cm depth of soil were not those of P. omnivorum. 
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Table 6. Per cent of cotton roots infected by endo-
mycorrhizal fungi in 1,3-dichloropropene fumigated 
and nonfumigated field soil. 

Days after cotton planting3 

Treatments 27 47 80b 

1,3-D 187 1/Ha 61.6 77.3 A 75.0 

B 8.7 

C 0.0 

Nontreated 65.8 77.6 A 74.1 

B 24.0 

C 0.0 

£ Soil fumigated on March 15, cotton planted in dry 
soil on April 5, water applied on April 7, first samples 
were taken on May 5, 1977. 

Evaluation was made in roots having approximate 
diameter 0.8 mm or less (A), between 0.8 mm and 2 mm (B), 
and larger than 2.0 mm (C). 
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Although strand number was highly variable and 

strand viability was low, there was no difference between 

number and viability of strands obtained from fumigated and 

non-fumigated treatments in 1976 and 1977. This indicates 

that dosages lethal to strands are not reached when 146 to 

187 liters of 1,3-dichloropropene per hectare are applied 

under the soil preparation, temperature, moisture, and time 

of application that prevailed in these tests. 

The depth of sampling, number of subsamples, and the 

disease distribution in the area samples were adequate to 

detect the strands where they are more abundant (5 2). 

Furthermore, the processing of the soil samples and scanning 

of plant debris to search for propagules were thoroughly 

done. Therefore, the high variability of data for strands 

is probably the result of the characteristic of the fungus 

to form colonies from infection centers as random (50, 52). 

This large variability makes comparative quantification 

difficult. 

The field used in fumigation tests had been planted 

to wheat during winter 1974 and spring 1975 and maintained 

fallow until cotton was planted' in 1976 and 1977 when the 

fumigation tests were made. The above conditions may 

explain the larger number of strands obtained in 1977 when 

cotton followed cotton, than in 1976 when cotton followed 

wheat since strands are known to lose viability in one 

year (87). 



46 

Microscopic morphological characteristics which 

permit rapid differentiation of sclerotia of the unknown 

fungus from those of P. omnivorum were described. The un

known fungus does not appear to have any relationship to 

that reported by Neal and Wester (58). Several morpho

logical characteristics do not correspond in the two fungi. 

The spiral pattern formed by external rind cells of P. 

omnivorum sclerotia has been reported (35). Patterns formed 

by rind cells appear to be a constant morphological char

acteristic which is useful in identification of sclerotia 

producing fungi (10) . 

Most of the field data on sclerotia obtained here 

did not verify the report by Moore (54) that sclerotia of 

P. omnivorum were found in abundance in a farm near Aguila, 

Arizona. First, the sclerotia of the unknown fungus were 

the predominant sclerotial propagules in samples which were 

taken in preliminary work to study the distribution of P. 

omnivorum propagules in circular areas infested by the 

pathogen and in the soil samples collected to assess the 

effect of 1,3-D on propagules of the pathogen. Moore (54) 

obtained more viable sclerotia at the early spring of 1974 

from soil samples taken at the perimeter of the areas where 

cotton had been killed by the soil-borne pathogen the year 

previous to the sampling. Samples taken in the same area on 

July 10, 19 75 (Appendix Table A.2) rendered the same pattern 

of distribution but sclerotia of the unknown fungus were the 
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only sclerotia obtained. In addition, the 10 sclerotia 

obtained from Moore (54) have all the characteristics of the 

sclerotia of the unknown fungus. 

Sclerotia of P. omnivorum have been more frequently 

found at soil depths of 15-100 cm than at shallower or 

deeper soil depths in areas infested by the fungal pathogen, 

and planted to cotton and alfalfa in Arizona (34, 79). 

Rogers (72) and Lyda (41) reported approximately the same 

pattern of distribution (30-110 cm) for the pathogen 

sclerotia in infested Texas soils. Moore (54) separated 

more sclerotia from P. omnivorum infested soil samples taken 

at 0-15 cm depth than from samples taken from 15-30 cm and 

very few sclerotia were obtained at the 30-45 cm layer of 

infested soil. The different pattern of distribution of 

sclerotia reported by Moore (54) can be explained by the 

knowledge that the sclerotia most frequently obtained from 

soil of the above mentioned farm belong to an unknown fungus 

rather than to P. omnivorum. All the evidence therefore 

indicates that sclerotia of the pathogen are scarce in these 

infested soils at depths of 0-40 cm. 

The few P. omnivorum sclerotia and rinds that were 

obtained and verified to be produced by P. omnivorum indi

cates that sclerotia of the pathogen are produced in the 

infested soils of the cotton area of Aguila, Arizona. P. 

omnivorum sclerotial rinds and strands were consistently 
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detected during the summer of 1975 in samples obtained 

within the area infested by the pathogen. 

The method of sampling by taking subsamples at 

random in an area partially and randomly infested by the 

pathogen and the property of the fungus to produce sclerotia 

at random locations (50) may be responsible for the ex

tremely low occurrence of P. omnivorum sclerotia in samples 

collected in 1976 and 1977. These results were obtained 

even though the depth of sampling in both 19 76 and 19 7 7 was 

the same as for samples taken in the summer of 19 75 when 

sclerotial rinds were consistently detected. 

The knowledge that sclerotia obtained from soils 

naturally infested by P. omnivorum were erroneously con

sidered as of the pathogen also explains why sclerotia of 

the unknown fungus were found at approximately equal fre

quency at the interior, perimeter, and exterior of areas 

infested by the pathogen. On the contrary, P. omnivorum 

sclerotial rinds and, more consistently, strands of the 

pathogen were always obtained at locations of areas where 

the disease was invariably present. The lack of a pattern 

of distribution of P. omnivorum sclerotia confirms other 

similar studies which were done to check the distribution of 

these propagules in the interior of infested areas (34). 

Studies on the distribution of P. omnivorum strands in areas 

infested by the pathogen have not been previously reported. 
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The viability of the unknown fungus sclerotia and 

P. omnivorum strands was significantly reduced by covering 

the planting row with plastic. However, the viability of 

the above propagules in fumigated noncovered soil was not 

affected. The above indicates that part of the fumigant is 

being lost in uncovered soil. The loss of the fumigant 

probably occurs through the low resistance offered by the 

loose soil at the space left by the pass of the fumigation 

chisel. Direct measurement of 1,3-dichloropropene is needed 

to assess the loss of the fumigant quantitatively. 

The highly significant differences in per cent of 

plants killed by the pathogen between fumigated and non-

fumigated fields, under different soil and conditions in 

which the fumigation experiments were performed since 1975, 

provides clear evidence of the consistent effect of this 

practice in reducing the incidence of the disease. The pro

portion of root rot reduction is similar to that obtained by 

other researchers in Texas (60) and Nevada (46). However, 

the final effect is a delay on the onset of the disease. 

This delay has also been reported to occur when rates of 

1,3-D similar to those used here have been applied (40, 60). 

Therefore, the time the disease is evaluated will have 

effect on the magnitude of the difference in disease inci

dence between fumigated and non-fumigated treatments. 

Random selection of 4 to 6 rows from those available 

in the experimental unit for determination of disease 
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incidence and evaluation of treatments established in 1976 

and 1977 produced values which differed greatly from one 

replication to another within the same treatment. This 

method of evaluating the treatments was considered adequate 

to give the average value of the diseas incidence in the 

treated plots. However, the characteristic of the pathogen 

to infest soil in isolated or coalescing circular areas, 

which do not always have the same disease intensity (51), 

makes this approach difficult. This method of evaluating 

the treatments requires uniform distribution of the soil 

infested by the pathogen. The lack of uniform soil infesta

tion is likely to be found when treatments are established 

in large field areas. 

The yield increases obtained in the three-year test 

were neither statistically nor economically significant. 

The uneven distribution of the disease in the 

fields where the tests were performed made it difficult to 

have similar disease incidence and size of the area infested 

by the pathogen in the different replications of the treat

ments. Although the yield was always higher for the 

fumigated plots, this could be the result of uneven distri

bution of the infested area among replications of the treat

ments. 

The large proportion of root sections having endy-

mycorrhiza showed that infection of cotton roots by 

endomycorrhizal fungi was well advanced at the first 



sampling, 2 7 days after cotton was planted. The lower per 

cent of cotton root sections of intermediate diameter, which 

were infected by endomycorrhizal fungi in fumigated treat

ment at the third sampling, indicate that biocidal dosages 

to spores of mycorrhiza fungi might have been attained at 

soil depths close to the point of fumigant placement. Most 

small roots are present at these depths as the cotton plant 

develops. Two to three week old seedlings and younger 

seedlings have most of the laterals and feeder roots at the 

upper soil layers. High fungicidal dosages are difficult 

to obtain at the uppermost layers of soil, because of rapid 

diffusion of fumigant to the atmosphere (26, 49). 

The data obtained in this study represent the effect 

of deep placement of the fumigant on the native vesicular 

arbuscular mycorrhizal (VAM) fungi. These results differ 

from those reported by Bird, Rich, and Glover (5) and Rich 

and Bird (67). Bird et al. (5) obtained a greater per-

centgage of endomycorrhizal fungi infection of cotton in 

soil fumigated with 1,3-D than in nonfumigated soil. How

ever, the results of this report are questionable since no 

replications were made. They reported the result of VAM 

infection of cotton plants grown in 4 boxes after soil was 

taken from a fumigated site and an adjacent nonfumigated 

site. No information was available on the distribution of 

VAM inoculum in the" fumigated area (5) . The VAM inoculum 

could not have been uniform. 



Rich and Bird (67) reported a higher early VAM in

fection in cotton roots from 1,3-dichloropropene-fumigated 

fields. They used similar rates as used in the fumigation 

tests reported here. However, the differences between 

fumigated and nonfumigated plots were not statistically 

significant. The test by Rich and Bird (67) differs from 

the tests here performed in that fumigated soil was 

inoculated after fumigation with soil containing twice as 

many VAM fungi spores as the native soil. 

The previously reported effect of the fumigant on 

improvement of cotton growth (60) was observed, but it was 

not consistent. The cotton plants in the fumigated plots 

appeared to stand water stress better than cotton plants in 

nonfumigated plots. Studies are needed to detect differ

ences in hyphal network of endomycorrhizal fungi which might 

develop external to infected roots with no detectable dif

ference in per cent root infection. The above effect might 

result in improved growth or other beneficial effect on the 

plant with no relationship to proportion of endomycorrhiza 

in roots obtained from fumigated and nonfumigate soil. 

Conclusions 

The lack of effect of 1,3-dichloropropene on P. 

omnivorum sclerotia could not be confirmed because these 

propagules were obtained from naturally infested soil at 

extremely low frequency from the 10 to 40 cm soil depth. 
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Biocidal dosages were not reached in P. omnivorum strands 

when soil was fumigated with 146 to 187 liters of 1,3-D/ha. 

Indirect tests indicate that lethal dosages of 

1,3-D to strands can be reached at the rates used if loss 

of the fumigant is reduced. 

Microscopic morphology, cultural characteristics, 

and lack of pathogenicity were provided to show that 

sclerotia, frequently obtained from the 6-40 cm layer of 

soil naturally infested by P. omnivorum and previously re

ported to belong to the pathogen, are produced by an unknown 

fungus, which produces sclerotial structures macroscopically 

similar to sclerotia of the root rot pathogen. 

Cotton root rot incidence was consistently reduced 

in the field by deep placement, in the row application of 

1,3-dichloropropene at rates of 146 and 187 1/ha. The final 

effect of the fumigant application was a delay on the onset 

of the disease. 

Seed-cotton yield from soil fumigated with 1,3-D 

was not statistically different from the yield of non-

fumigated soil. Yield increases are not of current 

economical value. 

Proportion of roots of intermediate diameter (>0.8 

mm < 2.0 mm) and having endomycorrhizal fungi infection were 

lower in samples obtained from fumigated than from non-

fumigated fields at a third sampling, 80 days after planting. 

Further work is needed to ascertain if fungicidal dosages to 
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endomycorrhizal fungi spores are reached at different soil 

layers under the dosages and conditions of the tests here 

reported. 

i 



CHAPTER 3 

EFFECT OF 1,3-DICHLOROPROPENE ON VIABILITY AND 
PATHOGENICITY OF P. OMNIVORUM PROPAGULES 

Objective 

The main objective of the work was to ascertain 

under controlled laboratory conditions a possible difference 

between propagules of P. omnivorum, sclerotia and strands, 

in response to 1,3-dichloropropene exposure. Since no 

satisfactory method to produce sclerotia in nonsterile soil 

was available, work was done to improve a technique used in 

preliminary tests which were done to expose sclerotia and 

strands of the pathogen to 1,3-dichloropropene in their 

site of production. 

The pathogenic capability of propagules exposed to 

sublethal dosages of the fumigant was studied to obtain in

formation on the possible relationship between a fungi

static effect induced by the fumigant and the delay of the 

disease observed under field conditions. 

Materials and Methods, 
General Procedures 

An isolate of P. omnivorum obtained in 1976 from 

strands on cotton roots was used. Roots were collected at 

the farm near Aguila, Arizona, where field fumigation tests 
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had been established since 1974. Soil was taken from 

Marana farm of The University of Arizona from the 5 to 2 0 cm 

depth at an area which has had a long history of cotton root 

rot and has been planted to several fruit trees since 1973. 

The soil, unless otherwise specified, was used after it was 

sieved through a screen with 1 cm square openings. 

The physical and chemical characteristics of this 

soil classified as Gila silt loam are as follows: pH 8.0, 

total soluble salts 595 |j,g/gr, sand 42%, silt 37%, clay 21%, 

organic matter 0.95%, and cation exchange capacity 15.6 

m.e./lOO g. The. relationship between the matric water 

potential and gravimetric water can be obtained from the 

following pairs of values for water tension in bars and per 

cent moisture on a dry soil weight basis, respectively: 

0.0 bars, 39.4%; -0.3 bars, 18.4%; -1.0 bar, 16.1%; -5.0 

bars, 13.6%; -10 bars, 12.1%; and -15.0 bars, 11.4% soil 

moisture content. 

The fumigant, 1,3-dichloropropene, was applied to 

nonsterile soil of known moisture content. This soil was 

weighed to an equal weight required to fill most of the 

volume of the fumigation .containers, transferred to them, 

and incubated at the temperature of the treatment for a 

period of 24 hours. To apply the fumigant, unless otherwise 

specified, half of the preweighed soil was transferred to 

another container, then a calculated volume of the liquid 

fumigant was injected by microsyringe at the center, 5 cm 



below the soil surface. The amount of fumigant was cal

culated' to expose the propagules to a given dosage; that is, 

the chemical concentration and time to which the propagules 

were going to be subjected. The calculated amount was based 

on the fumigant weight, dry soil weight, and number of days 

needed to reach the required dosage with a given initial 

fumigant concentration. The dosage was then expressed as 

micrograms of the fumigant per gram in one day (p,g g day) . 

This method of expression allows, within certain threshold 

concentrations given by the susceptibility of the target 

organism(s), degradation and adsorption rate of the fumi

gant in soil, that a dosage can be applied in different 

intervals by manipulating the initial concentration and 

vice versa (26, 49). 

The material containing the propagules was then 

placed on the surface of this soil and the remainder of 

the preweighed soil was immediately added. The container 

was immediately closed and sealed with paraffin. The sealed 

fumigation flasks were placed in the incubator which was set 

to maintain the soil temperature at 18°C ± 1°C. By this 

procedure, the fumigant was placed at the lower one-fifth 

of the soil column in the flask and approximately 5 cm from 

the material containing the propagules. The moisture 

content of the soil for exposure of the propagules to the 

fumigant and of the soil containing the propagules was 

monitored by taking representative small soil samples per 



58 

duplicate and drying them in an overdraft air oven at 105°C 

for 24 hours. When needed, the soil was allowed to attain 

the desired moisture content by allowing it to lose water 

until the moisture content of the soil was within the range 

of 10-13% before it was used. 

Soil was suspended in tap water and the supernatant 

was passed through #10, 20, 45, and 60 U. S. standard mesh 

sieves to separate the propagules after the fumigation 

treatment. After this step, the residue was again suspended 

in water and the supernatant passed through the above sieves. 

The procedure was repeated 3 to 4 times until no propagules 

were observed on the sand and gravel residue. The propa

gules on the sieves were then transferred to a 100 mesh 

sieve by inverting the sieve or sieves containing the de

sired propagules on the 100 mesh sieve. The propagules were 

washed and freed from most adhering soil by applying a 

strong jet of water projected down through the inverted 

upper sieve. The washed sclerotia and strands were then 

transferred to tap water in a petri dish or plastic con

tainer. 

Sclerotia were surface sterilized for 3 minutes and 

strands for one minute in 0.52% sodium hypochlorite to check 

their viability. The propagules were subsequently rinsed 

three times in sterile distilled water and cultured in 2% 

water agar containing Bacitracin, 65 units/mg; Novobiocin, 

914 |j,g/mg; Chloramphenicol and Penicillin G (1585 units/mg); 
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each at 100 (j,g/ml according to the formula devised by 

Wheeler (87) . 

The data obtained from the different experiments 

were statistically analyzed according to the procedures 

outlined by Steel and Torrie (78). 

Production of P. omnivorum 
Propagules in Nonsterile 
Soil 

Several methods were used to produce sclerotia and 

strands of P. omnivorum in nonsterile soil. Each new 

method was a modification of the previous one, as improve

ments of the methods were sought in order to produce large 

numbers of propagules and devise a simple method for ex

posing the propagules to the fumigant without disturbing 

them in their site of production. 

Sclerotia Production in Nonsterile Soil in Petri 

Dishes. Barley seed infested by P. omnivorum was used for 

this method and was prepared as follows: barley seed was 

washed, then immersed in distilled water overnight. The 

excess water was drained and the moist seed was placed in 

Petri plates, 150 x 20 mm until 3/4 full. The material 

prepared as above was autoclaved for 30 minutes. A 6 mm 

disk with mycelium of P. omnivorum from a three-week culture 

on #70 medium (22) was placed at three equidistant sites 

over the cooled seed. The barley cultures were then in

cubated at 28°C until used. 
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Nonsterile dry soil was sifted through a sieve with 

2 mm opening (10 U. S. standard mesh) and added to 150 x 20 

mm Petri plates. Two hundred grams of soil were used per 

plate", and soil moisture was brought to 27.5% (v/w) by 

adding distilled water. Barley seed infested with P. 

omnivorum as described above and incubated for two weeks was 

placed and spread on the soil to form a single seed layer. 

The plates were sealed with masking tape and incubated in 

darkness at 2 8°C for one month. 

Production of Sclerotia in Plastic Pots Using Cubes 

of Sorghum Seed Infested by Mycelium of P. omnivorum. This 

method was developed after observing that a few sclerotia 

had been produced in soil in 15 cm diameter plastic pots 

where cotton plants had been grown and inoculated with 

sorghum seed infested by P. omnivorum. Infested sorghum 

seed was prepared by washing the seed in tap water then 

immersing it for 24 hours in distilled water. After the 

immersion period the water was drained and the moist seed 

was placed in 150 x 20 mm petri plates. The seed was spread 

to form a layer as close as possible to 1.5 cm thick. The 

material was then autoclaved for 30 minutes at 121°C and 15 

lbs/sq in. When the seed was cool, 6 to 8 sorghum seeds 

infested by P. omnivorum were placed on the autoclaved 

sorghum seed. The plates were sealed with masking tape and 

incubated in darkness at 2 8°C. 
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Plastic cups (Solo Cup Co., Urbana, Illinois 61801) 

of 320 ml capacity were used. They were prepared for proper 

water drainage by making two 2 mm perforations at opposite 

sides of their bottom. Nonsterile soil, previously sieved 

through a screen with 1 cm square openings, was added to 

the plastic cups to form a layer 1.5 to 2.0 cm thick. Sub

sequently, one 2 cm x 2 cm x 1.5 cm block of sorghum seed 

was cut from a 55-day old culture of P. omnivorum and 

placed at the center on the surface of the soil. More soil 

was added until it was about 1 cm from the rim of the 

Plastic cup. One Deltapine 16 cotton seed was placed at the 

center and 2 cm below the soil surface in half of the cups 

prepared as described above. The cups were placed in a 

growth chamber (Sherer Gillet CEL 25-7HL) set to maintain 

the temperature of the soil at 2 8°C and photoperiod of 14 

hr incandescent-12 hr fluorescent daylight. Luminous in

tensity measured at the top of the leaves averaged 17,640 

lux (1800 f.c.). Water was added as needed to avoid 

complete dryness of the soil surface. 

Production of Sclerotia in Nonsterile Soil Using 

Blocks of Sorghum Seed Completely Covered by Mycelium of 

P. omnivorum. Blocks of sorghum seed infested by P. 

omnivorum mycelium were prepared as was done for sclerotia 

production in plastic cups with the following modification: 

Blocks of sorghum seed 2 cm x 2 cm x 1.5 cm were aseptically 
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cut from a 45-day old culture of P. omnivorum. The blocks 

were separated to leave 3 to 5 mm spacings among them and 

incubated for 7 days more. This period allowed the new 

fungus growth to cover the seed surface which was exposed to 

the cutting procedure and separation of the sorghum blocks 

infested by mycelium (Fig. 10). Marana soil was weighed to 

have 1800 gr (dry weight basis) in a tared container. Part 

of this weighed soil was placed in 1.9 It glass Mason jars. 

A block of infested seed averaging 7 gm was placed at 3 cm 

and another at 13 cm from the bottom of the flask by alter

nate addition of soil and placement of sorghum blocks at 

the center on the surface of the soil and finally adding the 

rest of the preweighed soil. Tap water was immediately 

added to give 22% soil moisture content on a dry soil weight 

basis. The flasks were then loosely closed to avoid loss of 

moisture and to allow gas exchange with the exterior of the 

flask. They were placed in an incubator adjusted to give 

28°C soil temperature and incubated in darkness for one 

month. 

Response of P. omnivorum Sclerotia 
and Strands to Exposure of 
1,3-Dichloropropene 

Sclerotia and strands produced in nonsterile soil 

were subjected to the gas which was released from liquid 

1,3-dichloropropene injected into the soil in sealed Mason 

jars. The nonsterile soil containing sclerotia and strands 



Fig. 10. Blocks of infested sorghum seed used to produce 
sclerotia of P. omnivorum in non-sterile soil 
(0.8X). 
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produced in petri dishes or in plastic cups was carefully 

separated from the production container to avoid disruption 

of the propagules. The barley or sorghum seed which was 

used as nutrient source for the fungus was then removed and 

discarded. The soil blocks containing the propagules were 

then wrapped in a single layer of 30 mesh nylon cloth and 

exposed to the fumigant as described in general.procedures. 

Two experiments which differed as to number and 

size of propagules per block and position of propagules in 

the fumigation flask were carried out. These differences 

were due mainly to the method used to produce the propagules. 

For the first experiment, the propagules were pro

duced in nonsterile soil in petri dishes and the soil con

taining the propagules consisted of irregular square blocks, 

approximately 1.5 cm thick. The treatments were dosages 

(ng g day) applied in different periods. The initial 

amount of 1,3-D was 0, 25, 50, and 100 ^g/g and the periods 

were 2, 4, and 8 days. The mean soil moisture content was 

11.3% and the moisture ranged from 11.7 to 12.3%. The 

treatments were replicated three times for soil containing 

sclerotia and one for strands. 

The propagules were produced in nonsterile soil in 

plastic cups for the second experiment. The soil containing 

the propagules consisted of two conical to roughly spherical 

soil blocks per jar. Strands produced in the field on 

cotton roots were exposed simultaneously to the same 
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dosages as sclerotia and strands produced in soil in plastic 

cups. For this purpose the tap roots of cotton plants that 

had been recently killed and contained abundant strands were 

collected and carefully washed to free them from adhering 

soil. The washed tap roots were then cut in sections 5 to 

7 cm long and blotted in paper towels. Three root sections 

were wrapped in a single layer of 30 mesh nylon cloth. 

They were then wrapped with moist paper towels and stored 

at 5°C ± 1°C until used. The root sections were placed 

below the soil pads containing the propagules and separated 

by a layer of soil 2-3 cm thick for exposure to the fumigant 

in the 1.9 liter Mason jars. The moisture content of the 

soil containing the propagules was 12.2% and ranged from 

10.0 to 13.5%. The treatments were dosages of 0, 25, 50, 

100, and 200 p,g g applied in a 48-hour period. The treat

ments were replicated five times as randomized complete 

blocks. 

The soil blocks and cotton root sections containing 

P. omnivorum propagules were retrieved from fumigation con

tainers and separately placed in tap water in plastic 

containers. The propagules were then separated from soil 

and roots and washed free from most adhering soil. The 

washed sclerotia and strands were then transferred to tap 

water in 100 x 20 mm petri plates. 

Sclerotia and strands were then surface sterilized 

and cultured in water agar as described in general 



procedures. Ten sclerotia or strands were cultured per 

plate in the first experiment. All sclerotia in sterile 

distilled water were poured on the medium in sufficient 

plates to avoid interference among propagules in the second 

experiment. The excess of sterile distilled water was 

discarded and the propagules were separated when two or more 

were very close to each other. Germination of propagules 

was checked 48 hours, and 7 and 14 days after culturing. 

Activity of 1,3-Dichloropropene 
on P. omnivorum Sclerotia at 
Three Temperatures 

One experiment was performed and duplicated to 

assess the effect of three soil temperatures on the activity 

of 1,3-dichloropropene against P. omnivorum sclerotia. 

Sclerotia were exposed in 1.89 1 glass jars in nonsterile 

soil as described in general procedures for the first repli

cation of the experiment. Twenty sclerotia per replication 

of the treatment were placed in a 30 mesh nylon screen bag 

and used to expose them in soil containing 11.5% moisture. 

For the second replication of the experiment, the 

required amount of fumigant was injected into nonsterile 

soil which contained sclerotia and strands in their site of 

production. The fumigant was deposted about 5 cm below the 

soil surface. The soil temperatures were 12, 18, and 24°C, 

and were maintained within + 1°C of the stated number. 

The fumigant dosages were 0, 25, 50, and 100 p,g g  ̂ <^y 
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and they were applied in a 4 8-hour period. The sclerotia 

were separated from soil, washed, surface-sterilized, and 

cultured in water agar as described in general procedures. 

Pathogenicity of P. omnivorum in 
Cotton Plants Inoculated with 
Sclerotia Exposed to 1,3-
Dichloropropene 

The activity of 1,3-dichloropropene on pathogenicity 

of P. omnivorum was determined' by inoculating cotton plants 

with sclerotia which were exposed to several dosages of the 

fumigant and inspecting root lesion development at several 

intervals after inoculation. 

Cotton plants, 36 to 40 days old, were inoculated 

with sclerotia exposed to 0, 25, 50, and 100 p,g g day of 

the fumigant. The roots were inspected for root lesion 

development at 10, 20, and 30 days after inoculation. The 

above treatments were placed in a 4 x 3 factorial experiment 

which was carried out twice, the first with 4 and the second 

with 6 replications. 

The experimental unit consisted of one plant for 

recording root lesion development and ten sclerotia were 

used to inoculate each cotton plant and to observe effect of 

the fumigant on germination ill situ and survival of the 

propagules. 

Deltapine 16 cotton plants were grown in nonsterile 

sieved Marana soil in 15 cm diameter plastic pots. The^e 

pots were placed in a waterproof plywood chamber in the 
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glasshouse. This chamber, a 1.22 x 2.44 x. 0.48 m box, was 

equipped with electrical timers, a 800 BTU/hr window type 

air conditioner (Model K 2 8110D Kelvinator), and a 400-watt 

lead shielded General Electric cable. This chamber was 

designed to maintain a pre-set temperature of the circu

lating air within the frame of the box by proper calibration 

of the heating and refrigeration unit. Soil temperature 

was maintained at 28°C + 2°C. 

The cotton plants were prepared for inoculation at 

the time of planting by inserting, vertically, at the center 

of the pot and 10 cm into the soil, a glass tubing 17 cm 

long and 7 mm internal diameter (Fig. 11). Two to three 

cotton seeds were then placed beside the glass tubing 

approximately 1.5 to 2.0 cm below the soil surface. Three 

days after emergence the seedling at the best position near 

the glass tubing and with best uniform development among 

plants in other pots was left in each pot (Fig 11). The 

plants were watered as needed and 200 ml of Hoagland solu

tion (84) were added per pot every two weeks. 

Ten sclerotia of approximately equal size were 

placed in an envelope approximately 3 cm long and 1.5 cm 

wide. This envelope, which was made of 30 mesh nylon cloth, 

was used for rapid and uniform placement and retrieval of 

sclerotia in and out of the fumigation containers and 

inoculation sites. Four sets of sclerotia in their nylon 

screen envelope were blotted in paper towels until free 



Fig. 11. Position of glass tubing (arrows) placed in soil 
at time of planting to assure uniform placement 
of inoculum, and avoid damage to roots during 
inoculation of cotton plants growing in 15 em 
diameter plastic pots. 
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water was removed. They were immediately placed on the soil 

in the fumigation containers and subjected to the fumigant 

dosages at 18°C as described in general prodedures. 

One set of 10 sclerotia per replication was used to 

culture the propagules in water agar to check their via

bility at the end of the fumigation treatment. The other 

three sets were used to inoculate cotton plants. The 

plants were inoculated by retrieving the glass tubing placed 

at the time of planting and then placing the nylon screen 

envelope containing the sclerotia about 0.5 to 1.0 cm beside 

and parallel to the tap root, about 5 cm below the soil 

surface. Equal numbers of plants as replications of the 

treatments in each experiment were left without inoculation 

and checked at each observation date as controls. Plants 

and sclerotia were retrieved from the soil in pots and the 

adhering soil carefully rinsed. 

The extent of tap root lesion development and root 

length colonization by strands of the pathogen were recorded 

separately by using the following arbitrary scale: 0 = tap 

root with no lesions; 1 = 12.5%; 2 = 25%; 3 = 50%; 4 = 75%; 

and 5 = root with root rotting covering at least 90% of the 

root length. The germination in situ of sclerotia was 

recorded by observing the development of strands from 

sclerotia in the nylon cloth envelope (Fig. 12). Survival 

of sclerotia was determined by culturing the sclerotia in 

water agar with antibiotics (87) after sterlization in 
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Fig. 12. Nylon cloth envelope used for rapid and uniform 
placement and removal of Phymatotrichum omnivorum 
sclerotia at and from fumigation containers, 
sites of inoculation, and for observation of 
sclerotia germination in situ -- Strands (arrows) 
developed from nontreated-sclerotia (A), sclerotia 
exposed to 25 ~g g-1 day 1,3-D (B), and 50 ~g g-1 
day 1, 3-D (C) • 



0.525% NaCIO for 5 minutes. Germination of sclerotia was 

recorded at 2, 5, and 15 days after cultivation. In addi

tion, the number of sclerotia from which fungal mycelium 

developed in the water agar cultures besides or in place of 

P. omnivorum mycelium development was recorded. 

Results 

Production of P. omnivorum Propagules 
in Nonsterile Soil 

Propagules Produced in Nonsterile Soil in Petri 

Dishes. Propagules produced in petri dishes consisted of 

elongated structures with several small spindle shaped 

sclerotia attached by the strands in which they were formed. 

The average length of the propagules separated from soil was 

4.1 mm with 1 to 4 sclerotia per propagule. The average 

dimensions of sclerotia were 0.93 mm in length and 0.53 mm 

in diameter. Their size ranged from 0.77 to 1.26 mm in 

length and from 0.4 7 to 0.65 mm in diameter. The strands 

produced in petri dishes had a maximum of 0.1 mm in thick

ness. 

Propagules Produced in Nonsterile Soil in Plastic 

Cups. Sclerotia produced in plastic cups were usually 

spherical to ovoid and few were elongated structures. The 

average dimensions of these sclerotia were 1.87 mm in length 

and 1.1 mm in diameter with a range from 1.5 to 2.25 in 



length and 0.95 to 1.23 mm in diameter. Their dry weight 

averaged 1.42 mg and ranged from 0.9 to 2.7 mg. An average 

of 40 sclerotia were produced per cup in 50% of the cups. 

Production ranged from 16 to 56 sclerotia per cup. The 

material prepared for production of sclerotia in plastic 

cups with one cotton plant growing in the soil produced 

mostly strands. 

Production of Sclerotia in Glass Jars. Abundant 

sclerotia and strands formed in 90% of the 1.9 1 Mason jars 

(Fig. 13) . An average of 1092 sclerotia were produced per 

jar (Fig. 13). The fresh and dry weight of sclerotia per 

jar averaged 2.27 gr and 0.961 g, respectively. Most of the 

sclerotia passed the 10 mesh (2.0 mm) and remained on the 

20 mesh (0.850) sieve. 

Some of the jars in which sclerotia were produced 

and in those in which sclerotia were not produced contained 

visible traces and abundant development of Trichoderma spp., 

respectively, in one side or all around the wall of the 

Mason jar. Sclerotia located where abundant growth of 

Trichoderma took place were small, they became blackish and 

appeared shriveled at the end of their development in the 

jars. 



A 

B 

Fig. 13. Position (A) and average yield per 1.9 liter jar 
(B) of sclerotia produced in non-sterile soil by 
using sorghum seed blocks totally covered by P. 
omnivorum mycelium. 
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Response of P. omnivorum Sclerotia 
and Strands to Exposure of 
1,3-Dichloropropene 

The viability of propagules exposed to 1,3-D by 

applying the dosages of the fumigant in different periods is 

presented in Table 7. Both one-month old sclerotia and 

strands showed no difference in response to exposure of the 

fumigant by subjecting the propagules to an initial amount 

of 1,3-D of 25 |j,g/gr and incubating for 48 hours (50 (ig g ^ 

day). Three-month old sclerotia were affected in their 

viability by the above dosage. Concentrations of 25 p,g/g 

and 50 |j,g/gr of 1,3-D produced nearly the same effect on 

sclerotia and strands when they were maintained for four and 

two day periods, respectively (Table 7). The above expo

sure conditions are equivalent to a dosage" of 100 g ^ day. 

The data obtained after exposing the propagules to 

dosages applied in 4 8 hour period are presented in Table 8. 

These data confirmed the lack of significant difference 

between sclerotia and strands in response to dosages of 50 

and 100 p,g g day of 1,3-D. Strands appear to be affected 

by the fumigant more than sclerotia regardless of whether 

strands were produced in the laboratory or collected from 

the field. However, the differences are not statistically 

significant (Table 8). 

A dosage of 100 (ig g ^ day caused a considerable 

reduction on the survival of the propagules. In addition, 

the surviving propagules germinated very slowly and 



Table 7. Per cent germination of P. omnivorum propagules exposed to 1,3-
dichloropropene gas, in nontreated soil, in sealed glass jars, for 
various time intervals. 

Exposure period in days and propagule type 

Initial 
concen~a 
tration 

ng/g 

2 4 
Initial 
concen~a 
tration 

ng/g 

Sclerotia 
1 mo old 
strands 

Sclerotia 
1 mo old 
strands 

Initial 
concen~a 
tration 

ng/g 1 mo old 3 mo old 
1 mo old 
strands 1 mo old 3 mo old 

1 mo old 
strands 

0 100. 0b 96.2 76.2 100.0 97.5 93.3 

25 95. 0 74.5 68.0 0.0 0.0 0.0 

50 20. 0 0.0 0.0 0.0 0.0 0.0 

100 0. 0 0.0 0.0 0.0 0.0 0.0 

LSDC (P = 0.05) = 17.6, CV = 21.5 

Initial concentration of 1,3-dichloropropene on a dry soil weight basis 
applied as Telone (78%, 1,3-D) in nonsterile soil maintained at 11.3% moisture 
content, and 20 ± 1°C. 

Values are percentages from 20-30 propagules, produced in nonsterile 
soil in 150 x 20 mm petri dishes per replication. Means from three replications 
for sclerotia, single determination for strands. Data obtained 14 days after 
propagules were cultured in water agar. 

c • • Least significant difference at probability level of 5 per cent, 
applicable to sclerotia data only. 
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Table 8. Per cent survival of P. omnivorum propagules 
exposed to 1,3-dichloropropene gas released in 
nontreated soil in sealed glass flasks. 

Dosage3 
\iq g~* day 
1,3-D 

Propagules produced in 
nontreated soil Strands on 

field col 
cotton roots 

Dosage3 
\iq g~* day 
1,3-D Sclerotia Strands 

Strands on 
field col 
cotton roots 

0 98.3C 95.1 50.7 

50 97.4 76.7 33.5 

100 20.3 5.4 2.5 

200 9.7 0.0 0.0 

LSD (P = 0.05) = 21.5d CV = 30.4 

aDosage of 1,3-D, on a dry soil weight basis, 
applied as Telone (78% 1,3-D) to nonsterile soil in 1890 ml 
glass jars. Soil maintained at 10.0% moisture content and 
18 ± 1°C 24 hours before and during exposure period. 

Id Propagules from a 45 day old culture prepared by 
placing in nonsterile soil a 2.0 x 2.0 x 1.5 cm block of 
sorghum seed overgrown by P. omnivorum mycelium at 1.5 cm 
from the bottom of 36 0 ml plastic cups, watered as needed 
for 30 days. 

Mean values from five replications, 30-112 
sclerotia and 30-60 strands cultured per replication; data 
taken ten days after culturing. 

Least significant difference at probability level 
of 5 per cent. 
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produced very sparse hyphal growth. The dosage of 200 ^g 

of 1,3-D g ^ day was very erratic in its action on sclerotia, 

but it was uniform in strands. A large variability was 

present in the data obtained for this test (Table 8). 

The viability of sclerotia exposed to dosages of 

1,3-D at different temperatures is presented in Table 9. 

Larger dosages were required to produce a given reduction of 

sclerotial viability at lower temperatures. This was 

particularly consistent at dosages of 50 p,g g ^ day of 

1,3-D or larger (Table 9). No sclerotia survived 100 p,g g 

day at 24°C while 23.3 and 56.5% survived at 18°C and 12°C, 

respectively. Viability of sclerotia was reduced to 20.9% 

when exposed to 50 pg g ^ day of 1,3-D at 24°C and only to 

78% and 96.2% at the same dosage applied at temperatures of 

18°C and 12°C, respectively (Table 9). The percentages of 

sclerotia surviving at 18°C (Table 9) were similar to the 

data from experiments in which strands and sclerotia were 

exposed, simultaneously, to the same dosages of the fumigant 

at that temperature (Table 8). 

Pathogenicity of P. omnivorum in Cotton 
Plants Inoculated with Sclerotia 
Exposed to 1,3-Dichloropropene 

P. omnivorum pathogenicity following exposure of 

sclerotia to 1,3-D is presented in Tables 10 and 11. Root 

rot symptoms of plants inoculated with sclerotia which were 

exposed to 25 jig g ^ day of the fumigant advanced at greater 
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Table 9. Per cent germination of P. omnivorum sclerotia 
exposed to 1,3-dichloropropene gas in nontreated 
soil at three temperatures. 

1,3-D Soil temperature (°C ± 1°C) 
dosage 

p-g g-1 day 12 18 24 

0 97.5a 100.0 100.0 

25 94. 2 90.0 80.0 

50 96.2 78.0 20.9 

100 56.5 23.3 0.0 

LSD (P = 0.05) = 18.5b CV = 9.7 

aMean from two experiments, 20 and 60 sclerotia per 
experiment. Data taken two weeks after culturing in water 
agar. 

Least significant difference at probability level 
of 5 per cent. 
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Table 10. Number of tap roots with root rot lesion and 
strand colonization after inoculation of cotton 
with P. omnivorum sclerotia exposed to 1,3-
dichloropropene. 

Dosage 1,3-D 
|i.g g~l day 

Days after 
inoculation 

Tap root 
with strands 

Tap 
with 

roots 
lesions 

0 10 4a 0 

20 4 0 

30 2 1 

25 10 2 0 

20 3 1 

30 4 2 

50 10 0 0 

20 2 0 

30 1 1 

Values are from observations in four different tap 
roots (replications) per dosage at each period after 
inoculation. 
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Table 11. Root rot lesion development and extent of tap 
root surface colonization by fungal strands 
after inoculation of cotton with P. omnivorum 
sclerotia exposed to 1,3-dichloropropene. 

Dosage 1,3-D Days after Root Strand ^ 
[xg g~l day inoculation rota colonization 

0 10 0.8C 1.3 

20 1.0 3.5 

30 2.5 3.2 

25 10 1.8 1.8 

20 3.2 3.1 

30 3.7 3.9 

50 10 0.0 0.3 

20 0.3 1.1 

30 0.5 2.4 

LSP (P = 0.05) 1.45 1.26 

Evaluation of lesion on tap root, 0 = no lesion, 
1 = 12.5%, 2 = 25%, 3 = 50%, 4 = 75%, and 5 = at least 90% 
of the tap root tissue rotted. 

b Same scale as above but applied to evaluate the 
extent of external strand colonization of cotton tap root. 

Values are average from six replications. An 
equal number of noninoculated plants and plants inoculated 
with sclerotia exposed to 100' p.g g~^ day of 1,3-D, showed 
no lesion development at any observation date. 
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rate at any date of observation than root rot symptoms of 

plants inoculated with nontreated sclerotia (Table 11). The 

same effect was obtained in another replication of the 

experiment in which development of symptoms was evaluated by 

recording whether root rot lesions were present or absent 

in plants (Table 10). 

Lesion development was significantly delayed by 

exposure of sclerotia to 50 |j,g g day of 1,3-dichloro-

propene in the second replication of the experiment (Table 

11). This effect was not observed in the first experiment 

in which the development of symptoms was slow (Table 10). 

None of the plants left as controls showed any disease 

symptoms at any date of observation. 

The first stages of lesion development and strand 

colonization in cotton plants were mostly localized at the 

upper third of the tap root even though the sclerotial 

inoculum was localized at the center of the tap root length 

(Fig. 14). 

Significant differences in number and extent of 

strand colonization were recorded between plants inoculated 

with nontreated sclerotia and plants inoculated with 

sclerotia exposed to 50 \ig g ^ day of 1,3-D (Tables 10 and 

11) . 

The delay on disease symptom development and tap 

root colonization by strands was associated to a significant 

delay in germination in situ of sclerotia exposed to 50 jj,g 
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A 

B 

Fig. 14. Rate of root lesion development in roots of cotton 
inoculated with nontreated sclerotia (A) and 
sclerotia subjected to 25 ~g g-1 day of 1,3-
dichloropropene (B) -- Each group of 3 adjacent 
tap roots are from plants which were retrieved at 
10 (left), 20 (middle), and 30 (right) days after 
inoculation. 
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g day (Fig. 15) . In situ germination of sclerotia exposed 

to the above dosage was 27.5%, 45.7%, and 66.7% at 10, 20, 

and 30 days, respectively, after the propagules were used in 

inoculation of cotton plants. In situ germination of non-

treated sclerotia was 83.9%, 90.3%, and 83.8% by the same 

dates above mentioned (Fig. 15). Exposure of sclerotia to 

25 (j,g g day of 1,3-D did not affect their germination. 

Very few sclerotia exposed to 100 ^g g ^ day of 1,3-D 

germinated at any period after inoculation and they were 

mostly decayed. 

The survival of sclerotia, after being subjected to 

the different dosages of the fumigant and placed in the 

site of inoculation, are presented for two experiments in 

Table 12. Per cent of sclerotia which survived after having 

germinated in situ and incited disease development in cotton 

roots, closely paralleled their germination ill situ for the 

first experiment (Table 12). In this experiment sclerotia 

subjected to 50 (ig g ^ day of 1,3-D, then immediately 

cultured in water agar, showed two to three weeks delay to 

reach equal levels of germination as those reached imme

diately by sclerotia which had already remained in the site 

of inoculation for 20 and 30 days (Appendix Table A.2). A 

similar but decreased delay in germination was noticed in 

sclerotia exposed to the above dosage and retrieved by the 

tenth day after inoculation and cultured in water agar 

(Appendix Table A.3). 
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Pig. 15. Percentages of germination in situ of P. omnivorum 
sclerotia several intervals after exposure to 
1,3-dichloropropene — Germination percentages at 
10, 20, 30 days after inoculating 35-40 day old 
cotton plants with sclerotia exposed to 1,3-D in 
sealed jars. Germination percentages of 0 days 
are values obtained two weeks after culturing 
sclerotia in water agar immediately after 
retrieval from fumigation treatments. Mean 
values from two experiments 4 and 6 replications. 
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Table 12. Percentage of survival and contamination of P. 
omnivorum sclerotia after they were exposed to 
1,3-D and placed near cotton tap roots for 
various intervals. 

Experiment 1 Experiment 2 
1,3-D Days after ^ 

l^g g--*- day inoculation Survivala Cont. Survival Cont. 

0 0 85.0 2.5 c 
— 

10 92.5 12.1 88. 3 7.5 

20 97.5 10. 8 66. 7 7.5 

30 96.9 12.5 46.3 41.7 

25 0 75.0 12.5 — — 

10 70.0 30.5 81. 6 18.5 

20 77.5 10. 8 83.3 20.3 

30 62.5 41.2 73. 3 25.5 

50 0 0.0 12.5 — — 

10 17.5 64.1 40.0 58.3 

20 25.0 82.8 18. 3 75.0 

30 30.0 90.9 18. 3 65.0 

Viable sclerotia in per cent from 10 propagules per 
replication, average from 4 and 6 replications for experiment 
1 and 2, respectively. Data taken 5 days after culturing in 
water agar. 

Per cent of cultured sclerotia from which fungal 
hyphae developed besides or in place of P. omnivorum. Seven 
to ten sclerotia were surface sterilized in 0.525% NaCIO for 
5 minutes and cultured in water agar for experiment 1 and 
2-10 equally treated sclerotia for experiment 2. 

cData were not obtained. 
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The data taken to measure survival of sclerotia were 

very inconsistent for the second experiment (Table 12). In 

this second experiment survival of sclerotia decreased as 

the period remaining in site of inoculation was increased. 

This effect was particularly noticed for nontreated 

sclerotia and sclerotia subjected to 50 p,g g ^ day of 1,3-D 

in which many sclerotia were decayed by the thirtieth day 

after inoculation (Table 12, Exp. 2). 

Sclerotia subjected to 50 jxg g ^ day of 1,3-D and 

then used in inoculation of cotton plants were two to eight 

times more contaminated by soil fungi than sclerotia which 

were exposed to 0 and 25 ^g g ^ day of the fumigant (Table 

12). Fusarium spp., Trichoderma spp. , and Stachyobotris 

spp. were the fungal genera most commonly contaminating P. 

omnivorum sclerotia. Aspergillus spp., Chaetomium spp. were 

next in frequency and Botrytis spp., Cephalosporium spp., 

Cladosporium spp., and Penicillium spp. occurred the least 

frequently of all genera observed. 

Discussion 

P. omnivorum sclerotia and strands were produced in 

nonsterile soil by Dana (16), Taubenhaus and Ezekiel (82), 

Streets (79), and Rogers (69, 71). The method used by all 

the above researchers was dependent on the availability of 

cotton, carrots, or other roots of hosts which had been 

recently killed by the pathogen. Dana (16) and Streets 
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(79) obtained formation of sclerotia in one-third of the 

jars prepared as above. Taubenaus and Ezekiel (82) reported 

problems with other soil fungi developing in jars instead of 

P. omnivorum. Production of sclerotia in culture media (23) 

was difficult to reproduce (29). 

The method here described to produce sclerotia in 

nonsterile soil is not dependent on field-produced inoculum 

and it has been improved as to efficiency and reproduci

bility. It has not produced the yields of sclerotia ob

tained by the method devised by Dunlap (18) to produce 

sclerotia in sterile soil, a method which has been fre

quently used in recent studies with P. omnivorum sclerotia 

(12, 28, 41, 42, 43, 44, 45). However, there is opportunity 

for improvement and modifications adapted to the needs and 

purposes required by the experimenter. Modification on the 

amount and type of substratum, amount of soil, soil moisture 

content are some factors which influence sclerotia produc

tion (12, 71, 82). The successful reproduction of the 

method is probably based on the principles discussed by 

Bruehl (9) and were considered in devising the method.. Two 

factors then may not be changed; first, the pathogen must 

have the advantage in colonizing the substrate; secondly, 

the substratum must be protected from direct contact with 

nonsterile tools and soil before it is well colonized and 

covered by fungal mycelium. 
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Static systems which are used to expose fungal 

propagules to fumigant chemicals do not simulate field 

conditions in which microorganisms are exposed to a series 

of concentrations during diffusion and degradation of the 

chemical in soil. However, these systems provide valuable 

information and they have been frequently used (2, 3, 20, 

31, 49). A static system was used in these studies with 

P. omnivorum propagules and the results may be limited to 

conditions similar to those used here, namely, a sealed soil 

volume. These results will be useful as guides for studies 

under field conditions or studies that simulate field 

conditions. 

The effects of the different dosages on strands and 

sclerotia were relatively consistent, regardless of period 

used to apply the dosage. Small variations in response to 

the dosages of the fumigant occurred in different experi

ments in which most conditions were maintained as uniformly 

as possible. These variations are probably attributable to 

the different concentrations of the propagules in the 

material used to produce them. Large variations were 

particularly noticed when strands on cotton roots were 

exposed to the fumigant in addition to sclerotia and strands 

produced in soil. The dosages were slightly less efficient 

under these conditions. The roots may have taken up and 

adsorbed some of the fumigant. 
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The dosage of 100 (j,g g day of 1,3-dichloro-

propene, which is needed to reduce the viability of P. 

omnivorum propagules by 80-90%, is near the 120 p,g g day 

and 150 p,g g day dosages which reduce to 0% the viability 

of Phytophthora in citrus rootlets (2) and of 2 mm mycelial 

colonies (3), respectively. McKenry and Thomason (49) 

reported that 505 ppm-day of 1,3-D in the water phase are 

required to kill Armillaria in infected roots. Differences 

in response to a fumigant are expected among microorganisms. 

Specificity has been reported to occur among fungi (26, 53, 

56). The results here obtained with exposure to the gaseous 

phase differ from other results which were obtained by 

exposing propagules to the fumigant applied to soi using 

water (30, 31) or incorporated to culture media (54). These 

last systems are very far from conditions that occur when a 

fumigant is directly injected into nonsterile field soil. 

The dosages applied at different temperatures 

further emphasize that conditions in which tests are carried 

out must be completely reported to derive differences or 

analogies in response to a fumigant. The conditions used to 

test the effect of temperature do not permit the assessment 

of the phenomenon responsible for the observed results. A 

change in the diffusion or evaporation rate of the fumigant 

or a change in the metabolic activity of the propagules 

could have resulted in low or high per cent mortality in 

response to the dosages of the fumigant. Further tests are 
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needed to clarify these'results since temperature has an 

effect on the rate of diffusion, hydrolysis, and sorption of 

1,3-D (49, 85). These results may bear a relationship to 

the effects of the fumigant under field conditions since the 

temperature at 30 cm depth was approximately 12°C when the 

fumigant was applied. 

The relationship between the delayed development of 

lesions and colonization of tap roots of cotton to the 

delayed germination iri situ of sclerotia exposed to sub

lethal concentrations of 1,3-D was consistent in repeated 

experiments. These results confirmed the temporary fungi

static effect of the fumigant observed after culturing 

sclerotia in water agar. The dealy in root lesion develop

ment probably results in delayed wilting of plants. The 

delay in root lesion development detected in glasshouse 

experiments closely simulates the two or three week delay of 

foliage symptoms of root rot in fields fumigated with 1,3-

dichloropropene (Chapter 2). This delaying effect would be 

possible with either sclerotia or strands since both propa-

gules responded similarly to lethal and sublethal dosages 

of the fumigant. 

The characteristic of the sclerotia to remain viable 

after germinating and translocating energy to allow the 

fungus to establish infection, colonize the root, and induce 

root rot appears to be an asset favorable to the survival of 

the pathogen as sclerotia. It may allow the fungus to 



infect plants over a period of several years without pro

ducing more sclerotia. It is possible that this phenomenon 

is an artifact generated by the proximity of sclerotia to 

tap roots under experimental conditions. The occurrence of 

this phenomenon under natural conditions may provide addi

tional explanation why the sclerotia remain in soil with 

little change in their concentration {12) . This phenomenon 

needs further investigation. 

P. omnivorum kills the host. The fungus appears to 

be unable to survive long periods in the dead root tissue 

(24, 59, 82) unless the methods for detecting it were in

adequate. This pathogenic characteristic makes the pathogen 

susceptible to lose the advantage it had gained as a pioneer 

colonist. The dead host tissue, a potential substrate 

needed for production of sclerotia, is apparently readily 

colonized by aggressive saprophytes. 

Because the need for simultaneous occurrence of soil 

environmental conditions (43, 44, 45, 71) and adequate 

nutrient supply (23, 82) from the host root, the production 

of sclerotia may be largely reduced in infested areas where 

most plants are killed early in the season. The type of 

survival of sclerotia above described allows the pathogen 

to incite disease for several years without replacement of 

inoculum. 

An initial population of sclerotia could maintain 

the intensity of the disease for several years until the 
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total energy of sclerotia is depleted. During this period, 

both adequate possession of substrate and environmental 

conditions could combine for production of more sclerotia. 

The gradual and independent decline and then rapid reappear

ance of the disease in circular areas infested by the patho

gen in annual crops can be explained by the above type of 

behavior of sclerotia production and survival. 

Strands are other P. omnivorum propagule which may 

allow the pathogen to survive perennially in soil. However, 

they appear unable to survive more than one year even under 

undisturbed soil conditions (87). The potential use of 

sublethal dosages of the fumigant depends on the knowledge 

of the dynamics of sclerotia production under natural condi

tions. Information on the dynamics of sclerotial inoculum 

and survival mechanisms of P. omnivorum besides sclerotia 

are needed in order to take advantage of the effects pro

duced by 1,3-D on P. omnivorum. 

Increased contamination of P. omnivorum sclerotia 

followed fumigation with sublethal dosages of 1,3-D. Smith 

(76) reported a similar microbial colonization of Sclerotium 

rolfsii sclerotia subjected to sublethal dosages of methyl 

bromide and drying treatments. 

The fungistasis induced by the fumigant apparently 

reduces a resistance mechanism which prevents nontreated 

sclerotia from being colonized by fungi. The extent and 

depth of fungal colonization and/or induction of increased 
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leakage of sclerotia subjected to sublethal dosages of 1,3-D 

needs to be determined. Increased leakage of nutrients has 

been reported to occur for Armillaria mellea subjected to 

fumigation gases of methyl bromide (6 2). 

Conclusions 

A simple method for producing sclerotia in non-

sterile soil was devised. 

Little difference in response to non-fungistatic, 

fungistatic, and sublethal dosages of 1,3-dichloropropene 

gas in nonsterile soil in sealed containers was detected 

between sclerotia and strands of P. omnivorum. 

Eighty per cent of sclerotia and one hundred per 

cent of strands were killed by 100 p,g g day of 1,3-

dichloropropene. 

The dosage of 1,3-D required to produce similar 

effect on viability of sclerotia increased as soil tempera

ture decreased from 24 to 18 and to 12°C. 

Exposure of sclerotia to 50 (j,g g day, sublethal 

dosage of 1,3-D, resulted in delayed germination in situ of 

sclerotia and delayed root rot lesion development of 

inoculated cotton plants. 

Nontreated sclerotia and sclerotia subjected to 25 

jj,g g day of 1,3-D were capable of inducing root rot 

symptoms and remaining viable without apparent loss of 

original vigor. 
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Sclerotia of P. omnivorum, treated with 50 jj,g g ^ 

day of 1,3-D and cultured on water agar, had more fungal 

contaminants than nontreated sclerotia. 



CHAPTER 4 

SOME CYTOLOGICAL AND METABOLIC EFFECTS OF 
1,3-DICHLOROPROPENE ON P. 

OMNIVORUM SCLEROTIA 

Objective 

This work was performed to test the hypothesis that 

fungistasis, increased contamination by soil fungi, and 

possible loss of propagule vigor could be induced on 

sclerotia by a biocidal effect localized at the peripheral 

layer of pseudo-parenchymatous cells of the multicellular 

structure of the propagules, upon exposure to sublethal 

dosages of 1,3-dichloropropene. 

Effect of the fumigant on the general metabolic 

activity of sclerotia was obtained by measuring the oxygen 

uptake. A differential effect on oxygen uptake could be 

used as a rapid indicator of sclerotia survival after 

exposure to 1,3-dichloropropene. 

Materials and Methods 

Distribution of Viable Cells 
in Sclerotial Sections 

Vital Staining. Cross sections of sclerotia, 50 p,m 

thick, were obtained by using a sliding microtome (Spencer 

Lens Co., Buffalo, N.Y.). Ten sections, each section from 

96 
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the central axis of one sclerotium, per dosage of 1,3-D, per 

replication, were stained by mounting them on a glass slide 

in drops of 0.01% acridine orange (Harleco Stain A. 0.) 

diluted in 2% acetic acid and 0.1M NaCl (77). The sections 

were scanned in an ultraviolet light microscope and the 

number of cells showing fluorescence in the space inter

sected by the markings of the eyepiece micrometer were re

corded per duplicate in each sclerotial section. The treat

ments were replicated twice. 

Culturing in Water Agar. Sclerotial sections ob

tained as above were cultured in 2% water agar. Tangential 

sections 50 p,m to 100 (j,m thick were also obtained from the 

peripheral layer of sclerotia cells. Sections of the 

central parenchyma cells of sclerotia were obtained from 60 

|j,m cross sections made with the sliding microtome. The 

peripheral and central sections of sclerotia were then 

cultured in 2% water agar. 

Effect of 1,3-Dichloropropene on 
Oxygen Consumption of Sclerotia 

The oxygen consumed by P. omnivorum sclerotia which 

were subjected to different dosages of the fumigant was 

monitored immediately, at 4 and 14 days after application 

of the fumigation treatment. The sclerotia were stored in 

distilled water at 5°C between periods of oxygen measure

ments. 
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The oxygen uptake of fifty surface sterilized 

sclerotia ranging in weight from 0.79 to 0.99 mg on a dry 

weight basis was recorded by means of an oxygen monitor 

(Model 53, Biological Oxygen Monitor, Yellow Springs 

Instrument Co.) in 3 ml of 0.1M glucose incubated at 28°C 

(6). Oxygen uptake was recorded for at least 30 minutes for 

each of two replications of the treatments. The oxygen 

consumption rate was calculated on basis of the dry weight 

of sclerotia. For this purpose sclerotia were blotted in 

paper towels and fresh and dry weight were obtained after 

drying them in an overdraft oven at 80°C for 2 4 hours. 

Effect of 1,3-Dichloropropene on 
Growth of P. omnivorum Hyphal 
Strands Developing from 
Sclerotia 

Linear growth of hyphal strands developing from a 

single sclerotium was recorded to measure the effect of 0, 

50, and 100 (ig g ^ day dosages of 1,3-D on vigor of the 

propagules. The sclerotia were exposed to the fumigant at 

their site of production in 1.89 1 Mason jars containing 

sclerotia produced on 1800 g of nonsterile soil (Chapter 3). 

The sorghum seed block, which had been placed at the upper 

part of the soil as a nutrient source for the fungus, was 

removed and then the containers were placed in an incubator 

for 24 hours at soil temperature of 18°C. The amount of 

liquid fumigant required to give the dosages above mentioned 

in a period of 48 hours was injected by microsyringe 5 cm 
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below the surface of the soil. The handling of fumigation 

flasks and separation of sclerotia from soil after the 

fumigation period ended was made as described in general 

procedures in Chapter 3. 

The characteristic of the fungus to grow on the 

walls of glass tubing filled with soil or sand (12, 36) was 

used to measure the linear growth rate and total growth 

reached by hyphal strands from single sclerotia after ex

posure to 1,3-dichloropropene. 

Air dried Marana soil was sifted through No. 10 

mesh sieve and moistened by adding distilled water to 1 kg 

of soil in 944 ml plastic containers. Enough water was 

added to bring the moisture of the soil to 20% on a dry 

soil weight basis, then the soil was allowed to equilibrate. 

When the soil could be handled without sticking to glass 

tubing or metal spatulas, it was transferred to plastic 

bags. 

During the period that sclerotia were exposed to 

1,3-D, glass tubings 400 mm long x 4 mm internal diameter 

were filled with nonsterile moist soil which was prepared as 

described above. A loose cotton plug was inserted 1.5 cm 

into one end of the glass tubes. Each glass tube was 

rapidly filled with moist soil by passing the open end of 

the tube on the surface of the soil and applying suction at 

15-18 pounds per square inch at the other end. When the 

glass tubing was full, the soil was loosely but uniformly 
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distributed in the tube by vertically tapping the cotton 

plug end of the tube on a soft surface. The empty spaces at 

both ends of the glass tubing resulting from the compaction 

and removal of the cotton plug were filled by adding more 

soil and then uniformly distributing it by pushing it with a 

3 mm diameter wire rod. The tube was sealed at both ends 

by double sheets of parafilm. 

Sclerotia were separated for near uniformity in size 

from each replication and dosage after fumigation. After 

separation the sclerotial size ranged from 1.5 to 2.0 mm in 

length and 1.3 to 1.5 mm in diameter. A single sclerotium 

was placed in the soil 1.5 cm from the end of each glass 

tube. Then the tube was sealed with parafilm after filling 

with soil the empty space left after introduction of the 

sclerotium. Sixteen tubes were prepared per treatment per 

replication. Two experiments were carried out, one experi

ment with two and the other with three replications. The 

moisture content of the soil averaged 16.9%. The cultures 

were incubated in darkness at 28°C after they were placed 

horizontally on trays, which were enclosed in a plastic bag, 

to avoid rapid loss of moisture. Linear growth of hyphal 

strands in the soil was measured at 6-day intervals for the 

first experiment and at 3- and 4-day intervals for the 

second. The sclerotium was removed from half of the tubes 

in each treatment and replication at the seventh day after 

they had been placed in the soil. This procedure was used 
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to ascertain whether the fungus was transfering the 

nutrients from reserves present in the sclerotium or using 

nutrients of organic materials present in the soil. 

A sclerotium was also placed at the center of 2% 

Difco Noble water agar in 150 x 20 mm petri plates. The 

same number of sclerotia per replication and replications 

per experiment were established as was done for hyphal 

growth in tubes. Diameter of colonies was measured at the 

same 3-day intervals until the growth reached the perimeter 

of the culture medium in the treatment where most rapid 

growth occurred. 

Results 

Distribution of Viable Cells 
in Sclerotial Sections 

The numbers of viable cells recorded in sclerotial 

cross sections after staining with acridine orange are pre

sented in Table 13. Little difference was found between 

nontreated sclerotia and sclerotia exposed to 50 (xg g ^ day 

of 1,3-D. Sections from sclerotia subjected to 100 p,g g ^ 

day of 1,3-D had less than half the number of viable cells 

than sections from nontreated sclerotia. 

There was no evidence of a localized biocid&l effect 

of the fumigant. The distribution of live or dead cells was 

uniform over the entire area of the sclerotial section, 

regardless of the number of viable cells in the different 
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Table 13. Number of viable cells, oxygen consumption, and 
percentages of germination of P. omnivorum 
sclerotia following exposure to 1,3-dichloro-
propene. 

1,3-D 
dosage 

|ig g"1 day 

Days 
after 

fumigation 

Number 
of 

viable 
cells3 

Oxygen 
uptake 
y-M/g/sec 

Per cent 
sclerotia ̂  
germination 

0 0 5.05 3.14 100.0 

4 c 4.43 — 

14 — 8. 34 100.0 

50 0 4.05 2.53 52.9 

4 — 2.47 — 

14 — 7.02 86.6 

100 0 2.00 2.48 0.0 

4 — 1.64 — 

14 — 3.75 0.0 

Average number of viable cells counted per duplicate 
in space covered by eyepiece micrometer in ten sclerotial 
sections per treatment, two replications. 

Average from 30 sclerotia cultured in water agar 
per treatment, two replications. 

cData were not obtained. 
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treatments. Tangential sections of sclerotia, containing 

rind cells and a few peripheral pseudo-parenchyma cells, and 

sections obtained from the central area of the sclerotia 

yielded hyphae having the same rate of growth in water agar. 

A two-day delay, compared to nontreated sclerotia, occurred 

in germination of cells of peripheral and central sections 

as well as complete sclerotia exposed to 50 p,m g day of 

the fumigant (Fig. 16). No germination occurred in either 

complete sclerotia or sclerotial sections made from propa-

gules exposed to 100 (ig g ^ day of 1,3-D. 

Oxygen Uptake by Sclerotia Exposed 
to 1,3-Dichloropropene 

No difference was found in oxygen consumption rate 

measured immediately after fumigation (Table 13) among any 

of the treatments. Statistically significant differences in 

oxygen consumption rate occurred between nontreated 

sclerotia and sclerotia exposed to 50 and 100 ^g g ^ day of 

1,3-D four days after fumigation (Table 13). 

Sclerotia exposed to 50 (j,g g day of 1,3-D main

tained the same rate of oxygen uptake and sclerotia exposed 

to 100 n,g g ^ day of the fumigant had only half the rate of 

nontreated sclerotia when oxygen consumption was measured 

14 days after exposure to the fumigant (Table 13). The dif

ference in oxygen uptake between nontreated sclerotia and 

sclerotia subjected to 100 pig g day was not statistically 

significant when measured at 14 days. 
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Delay in germination of sclerotia of P. omnivorum 
exposed to 50 ~g g-1 day of 1,3-dichloropropene -
Growth from nontreated (left) and treated (right) 
sclerotia two days after culturing on water agar. 
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The viability of sclerotia exposed to 0, 50, and 100 

ng g ^ day of 1,3-D did not change from 100%, increased, and 

did not change from 0%, respectively, when sclerotia were 

cultured at 0 and 14 days after application of the fumiga

tion treatment (Table 13). 

Effect of 1,3-D on Linear Growth 
of P. omnivorum Hyphal Strands 
Developing from Sclerotia 

Linear growth of P. omnivorum hyphal strand in 

nonsterile soil is presented separately for two experiments 

in Figs. 17 and 18. The rate of growth of hyphal strand 

from nontreated sclerotia (26.5 mm/day) was double the rate 

of growth of hyphal strands from sclerotia exposed to 1,3-D 

(12.6 mm/day) for the first 10 to 12 days after the fumiga

tion treatment. This difference in rate of growth decreased 

with time until it was nearly equal in both fumigated and 

nonfumigated treatments. This was particularly true from 

the tenth to the twelfth day until the fungus developing 

from nontreated sclerotia reached the limit of the soil in 

the tubes, 21 days for the first experiment (Fig. 17) and 

14 days for the second experiment (Fig. 18). The length of 

hyphal strands developing from nontreated sclerotia reached 

an average of 232.6 mm in 21 days (11 mm/day) in the first 

experiment. At this time, some strands had reached the 

opposite end of the soil at which they had been placed (Fig. 

17). The average length of hyphal strand from sclerotia 
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250 

5 10 15 

DAYS AFTER CULTURING 

Fig. 17. Average longitudinal growth of hyphal strands of 
P. omnivorum from a sclerotium exposed to 1,3-
dichloropropene, Expt. 1 — Average growth from 
ten sclerotia per replication, two replications. 
Non-treated sclerotia (A); non-treated sclerotia 
which was removed 6 days after culturing (B); 
sclerotia exposed to 50 g~l day (C) . No 
growth occurred from sclerotia exposed to 100 
^g g -1 day. 
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Fig. 18. Average longitudinal growth of hyphal strands of 
P. omnivorum from a sclerotium exposed to 1,3-
dichloropropene, Expt. 2 — Average growth from 
7-8 sclerotia per replication, 3 replications. 
Non-treated sclerotia (A); non-treated sclerotia 
which were removed from soil 7 days after 
culturing (arrow) (B); sclerotia exposed to 50 
H.g g-1 day (C) ; same as C, but sclerotium removed 
from soil (arrow (D). No growth occurred from 
sclerotia exposed to 100 ^g g-"*" day. 
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exposed to 50 p,g g ^ day of 1,3-D was 139.5 mm at 21 days, 

about 60% from the mean length of strand from nontreated 

sclerotia (Fig. 17). 

Similarly, the length of the hyphal strand reached 

308 mm, 14 days (33 mm/day) after nontreated sclerotia were 

placed in soil and several hyphal strands had reached the 

end of the tube in the second experiment (Fig. 18). The 

average linear growth of hyphal strand from sclerotia sub

jected to 50 (ig g ^ day was 189.3 mm (13.5 mm/day) at 14 

days, approximately 61% of the linear growth attained in 

the same period by hyphal strands developing from nontreated 

sclerotia (Fig. 18). The difference in linear growth 

between the hyphal strand from nontreated and from fumigant 

treated sclerotia was statistically significant. 

Removal of sclerotia from soil in the tubes of non-

treated sclerotia and sclerotia exposed to 50 p,g g """ day of 

1,3-D, in the second experiment, caused a reduction of the 

growth rate of hyphal strand. The growth practically ceased 

3 days after removal of the propagules (Fig. 18). The 

average linear growth occurred between time of removal and 

the time of no further growth was nearly proportional to the 

average linear growth occurring previously to the removal 

of the sclerotium from soil (Fig. 18). 

No hyphal strand growth occurred from sclerotia 

exposed to 100 jig g ^ day of 1,3-D. Fungal hyphae other 
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than P. omnivoruin were observed in the soil at the site 

where the isclerotium was placed. 

Similar differences in rate of growth were also 

detected in Noble water agar between hyphal strand devel

oping from nontreated sclerotia and sclerotia exposed to 

50 (j,g g ^ day of 1,3-D (Figs. 19 and 20) . The colony 

diameter of nontreated sclerotia had almost reached the 

perimeter of the culture medium in the second experiment ten 

days after culturing the propagules. The average colony 

diameter from sclerotia treated with 50 |_ig g 1 day was only 

79.3 mm (Fig. 20). The difference in growth between these 

two treatments was statistically significant. 

Colony growth of the fungus developing from non-

treated sclerotia was not affected by removal of sclerotium 

the fourth day after culturing. The growth of P. omnivorum 

from sclerotia exposed to 50 jj,g g ^ day of 1,3-D and removed 

at the fourth day continued, but at a lower rate than of the 

similarly treated sclerotia (Fig. 20). Sclerotia exposed to 

100 p,g g ^ day of 1,3-D did not germinate during the period 

that growth of other treatments was recorded. Some growth 

occurred from the sclerotia treated at the same dosage as 

above in the first experiment (Fig. 19). 

Discussion 

Vital staining of equatorial cross sections and 

culturing of central and tangential sections of sclerotia 
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Fig. 19. Colony diameter of P. omnivorum growing in Difco 
Noble water agar from a single sclerotium exposed 
to 1,3-dichloropropene, Expt. 1 — Each point is 
an average from 9 sclerotia per replication, three 
replications. Non-treated sclerotia (A); 
sclerotia exposed to 50 \ig g~l day (B) ; sclerotia 
exposed to 100 tig g~l day (C) . 
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Fig. 20. Colony diameter of P. omnivorum developing in 
Difco Noble water agar from a sclerotium exposed 
to 1,3-dichloropropene, Expt. 2 -- Each point is 
an average of 6-8 sclerotia per replication, 
three replications. Non-treated sclerotia (A); 
non-treated sclerotia which was removed at the 
4th day after culturing (B); sclerotia exposed to 
50 p.g g~l day (C) ; same treatment as C', but 
sclerotia removed as for B (D). 
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provided evidence that fungistasis is uniformly distributed 

in all pseudoparenchymatous cells of the sclerotium. The 

above demonstrated that fungistasis is not due to fungi

cidal concentrations of the fumigant on the peripheral 

pseudoparenchyma cells of the sclerotium. Fungicidal con

centrations of the fumigant or its breakdown products (11, 

85) within these outer pseudoparenchyma cells were thought 

to prevent the emergence of hyphae from central less 

affected parenchyma cells and favor contamination of 

sclerotia by saprophytic soil fungi as reported in Chapter 3. 

However, all evidence indicates that the diffusion 

of the fumigant into the sclerotial cells is not restricted. 

Rapid breakdown of the fumigant by microorganisms in soil 

(85) is probably prevented in sclerotia by the protection 

that the living cells of the propagules give to the chemical 

within these cells. This protection results in relatively 

long fungistatic period, which may depend on rate of 

metabolism of the chemical by the sclerotial cells. Since 

fungistatic concentrations are not attained at structural 

level, but at cellular level, the same effect can be 

expected to occur in strands. 

Since no localized biocidal effect was demonstrated, 

it appears that undisrupted metabolic activity is necessary 

to maintain the mechanism that prevents contamination of 

propagules by fungal saprophytes. The exposure of sclerotia 
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to fungistatic dosages of 1,3-D appear to affect that 

mechanism. • 

Increased leakage of nutrients from Sclerotium 

rolfsii (76) and Armillaria mellea (62) have been reported 

to occur when propagules of these fungi are subjected to 

sublethal dosages of carbon disulphide and methyl bromide, 

respectively. The increased contamination of P. omnivorum 

sclerotia by soil fungi indicates a decreased rind resist

ance or increased leakage of nutrients from pseudo-

parenchyma cells of the sclerotium. The leakage of 

nutrients may provide a stimulus and nutrient source for 

spores of soil fungi to germinate and grow extensively on 

the surface of sclerotia subjected to sublethal dosages of 

the fumigant. Since some soil fungi are more tolerant to 

1,3-D (56) they may be able to penetrate sclerotial cells 

rendered susceptible by subjection to the fumigant. 

The lack of immediate difference in oxygen consump

tion rate between nontreated sclerotia and sclerotia exposed 

to sublethal concentrations of 1,3-dithorop'ropene is an 

indication that respiratory enzymes were not directly 

affected (15, 39). Since respiration response to toxicant 

action depends on the fungus and chemical involved (15, 39), 

the data for 1,3-D represent the specific response of P. 

omnivorum sclerotia to this chemical. 

The oxygen consumption rate measured several days 

after exposure to the fumigant appears to be related to the 
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number of viable cells recorded immediately after exposure 

of the propagules to the fumigant. Approximately 50% of 

respiratory activity and cell number viability were detected 

in sclerotia which did not germinate. It appears that a 

fungistatic concentration which can not be detoxified when 

sclerotia are exposed to 100 p,g g ^ day finally leads to 

death of the cell. The above sclerotia are rapidly con

taminated and broken down by soil microorganisms in non-

sterile soil. 

The consistent low rate of growth of hyphal strand 

after exposure of sclerotia to 50 p,g g ^ day of 1,3-D pro

vides additional information related to factors responsible 

for delayed establishment of root symptoms in plants 

inoculated with sclerotia subjected to the above cited 

dosage. 

The cessation of hyphal strand growth only 3 days 

after removal of the sclerotia from soil indicates that the 

fungus is not capable of using organic materials present in 

soil Reserve carbohydrates present in sclerotia are prob

ably translocated to keep continuous development of hyphae. 

These results are in opposition to those obtained by King and 

Loomis (35) who found removal of nutrient source, an infected 

cotton root, did not affect rate of growth of hyphal strands. 

It appears that metabolites already transferred to form 

mycelium are further translocated to form new hyphal growth, 
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and strand elongation continues until depletion of those 

metabolites. 

The rate of growth in Noble water agar was not 

reduced after removal of sclerotia. This may indicate that 

enough nutrients were already transferred from sclerotia 

when sclerotia were removed and growth of mycelium occurred 

from those nutrients. Otherwise, the fungus appears capable 

of using very low levels of nutrients available in Noble 

agar. 

Conclusions 

Fungistatic effect of 1,3-D was found to be uni

formly distributed in peripheral and central pseudo-

parenchyma cells of the propagules. 

Oxygen consumption rate was not affected by fungi

static and sublethal dosages of 1,3-D when measured imme

diately after sclerotia were exposed to the fumigant. 

Growth rate, measured as length of hyphal strand, 

was consistently reduced for 10-12 days after sclerotia were 

subjected to fungistatic dosages and was equal to nontreated 

sclerotia afterward. 

The average length of hyphal strand from sclerotia 

exposed to fungistatic dosages (50 ̂ g g day) was sig

nificantly less than the average length of hyphal strand 

developing from nontreated sclerotia. 
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Linear growth of strand hyphae developing from 

single sclerotium in nonsterile soil ceased 3 days after 

removal of the sclerotium and average length of hyphal 

strand reached after removal of the propagule was approxi

mately proportional to the average length attained before 

removal of the progagule. 
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Tabl-e A.l. Distribution of sclerotia, sclerotia rinds, and strands at interior, 
perimeter, and 'exterior locations of circular field areas infested by 
P. omnivorum, at Aguila, Arizona. 

Propagules per Kilogram 
Location at 
circular Sclerotia Sclerotia rinds Strands 
area and , :— 
replication D A B c A B c A B C 

Interior 1 0.0 0.6 0.0 0.0 0.9 1.0 0.2 25.2 17.8 
2 0.0 — 1.0 1.1 — 0.4 1.8 — 3.0 
3 

a 0.1 0.0 — 0.3 0.1 — 5.6 5.6 

Ave6 0.0 0.3 0.3 0.5 0.6 0.5 1.0 15. 4 8.8 

Perimeter 1 0.5 0.0 0.4 0.0 0.1 0.0 0.0 18.5 18.5 
2 0.0 — 0.0 0.0 — 0.0 0.0 — 2.3 
3 -- 0,0 0.0 — 0,0 0.1 — 1.9 8.5 
Ave 0,3 0.0 0.1 0,0 0,1 0.0 0.0 10.2 9.7 

Exterior 1 0.4 0.0* 0,0* 0.1 0,0* 3,9* 0.0 2.7* 5.5* 
2 0.0 0.0* 0.0 « 0.0* 0.1 — 0.0* 
3 — 0.0 0.0* — 0.0 0.0* — 0. 0 0.0* 
Ave 0.2 0.0 0,0 0.0 0.0 1.3 0.0 1.3 1.8 

cl Each value represents an average from 4, 3, and 2 composite samples 
taken at the interior, perimeter, and exterior of circular areas infested by P. 
omnivorum, respectively. The composite samples ranging in weight from 3.0 to 
4.8 Kgs were taken by collecting soil at random from six sites at a depth of 
5-35 cm. 



Table A.1.—Continued 

^Identifies different circular areas infested by P. omnivorum. 
cLetter refers to sampling dates: A, June 26; B, July 18; C, August 7. 

Samples were not taken (-) and a single sample was taken (*) in a 
circular area at a given date, 

eAverage number of propagules for a given date. 
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Table A.2. Distribution of sclerotial propagules and 
strands in different locations of an irregular 
field area infested by P. omnivorum, at Aguila, 
Arizona. 

Propagules per kilogram3 

number of 
sample Location Sclerotia 

Sclerotia 
rinds Strands 

63 Exterior 0.57 0.00 0.00 
64 Exterior 0. 46 0.23 0.00 
65 Exterior 0.00 0.00 0.00 

Ave 0.31 0.08 0.00 

66 Perimeter 0.57 0.57 48.30 
67 Perimeter 2.25 0.50 3.00 

Ave 1.41 0.53 25.60 

68 Interior 0.00 0.00 4.00 
69 Interior 0.00 0.00 3.00 
70 Interior 0. 81 0.00 3.80 

Ave 0.27 0.00 3.60 

aPropagules from samples taken on July 10, 1975 
after wheat had been harvested and plowed under. Average 
dry weight of composite sample 3.9 Kg. Six subsamples were 
taken at random at a depth of 5-35 cm from the respective 
locations. 
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Table A.3. Percentage germination of P. omnivorum sclerotia 
retrieved from soil at different intervals after 
they were exposed to 1,3-dichloropropene and 
used for inoculation of cotton plants. 

Dosage 
1,3-D 

M*g g-1 day 

Days 
after 
inoc. 

Days after culturing 
in water agar Dosage 

1,3-D 
M*g g-1 day 

Days 
after 
inoc. 2 5 15 25 

0 0 37. 5a 85.0 85.0 

10 72.5 92.5 92.5 

20 91.2 97.5 100.0 

30 93.7 96.5 100.0 

25 0 34.2 75.0 81.2 

10 57.5 70.0 72.5 

20 62.5 

in « 
r-r-~ 

82.5 

30 55.0 62.5 62.5 

50 0 0.0 0.0 7.5 37.5 

10 15.0 17.5 20.0 40.0 

20 25.0 25.0 25.0 

30 30.0 30.0 37.5 

Values are averages from 4 replications. Seven to 
ten sclerotia cultured per replication. 
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