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ABSTRACT 

Mortality of cotton due to root rot caused by 

Phymatotrichum omriivorum was reduced in soil fertilized with 

ammoniacal nitrogen (NH^-N) and treated with either 1,3-

dichloropropene (1,3-D) or nitrapyrin, both of which are 

known nitrification inhibitors. Neither 1,3-D nor 

nitrapyrin reduced r"oot rot when a nitrate nitrogen (NO^-N) 

fertilizer was used or when a nitrogen fertilizer was not 

added to the soil. NH^-N applied to the soil at rates 

normally used in the fertilization of cotton was not found 

to be toxic to the pathogen. Control of Phymatotrichum root 

rot was negated when nitrapyrin and NII^~N treatments were 

made in sterilized soil. Populations of actinomycetes and 

bacteria antibiotically antagonistic to P. omnivorum were 

higher in the rhizosphere of cotton growing in soil treated 

with 1,3-D or nitrapyrin. Treatment of the soil with 1,3-D 

increased the total populations of actinomycetes, bacteria, 

and fungi in the soil outside of the cotton rhizosphere. 

However, increases in antagonists in the rhizosphere and 

total populations of microflora in the soil were not 

directly related to the different rates of 1,3-D applied. 

Overwintering propagules of P. omnivorum were found to be 

sclerotia and strands, some of which were separate entities, 

but were usually several sclerotia connected by strands. 

xiii 
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Distribution of these propagules was found to be uneven in 

an area where all of the cotton in the previous season had 

been killed by root rot. Viability of propagules occurring 

naturally was unaffected when recovered from soil previously 

treated with 1,3-D or nitrapyrin, thus indicating that 

control was not due to fungicidal action of either chemical. 

It was concluded that control of Phymatotrichum root rot 

with NH^—N when the soil is treated with nitrification 

inhibitors is mediated by microflora, probably in the host 

rhizosphere. 



CHAPTER 1 

INTRODUCTION 

Phymatotrichum omnivorum (Shear) Duggar occurs 

mainly in alkaline soils of low organic matter in the 

Southwestern United States and Mexico. This pathogenic 

fungus causes a rot of root cortical tissue which usually 

results in the death of the plant. It is known to kill over 

2,000 species of dicotyledonous plants, but does not harm 

monocots. Severe economic losses due to Phymatotrichum root 

rot are suffered annually in fruit, nut, and field crops as 

well as ornamentals and shade trees. 

Over the past 50 years much research has been done 

to find successful means to control this soil-borne pathogen. 

Manuring (27, 28, 31, 48), soil acidification (59, 62), use 

of ammoniacal nitrogen fertilizers (48, 53, 54), and some 

fungicide treatments (25, 35, 49, 50), have given various 

degrees of control. Most of the successful treatments 

either are not very efficient as control measures or not 

economical. The Streets (56) treatment which consists of a 

combination of manure, sulfur, and ammonium sulfate or 

phosphate has proved to be a successful control measure. It 

is widely used on ornamentals and fruit and nut crops as a 

preventative treatment and a post infection treatment. This 

1 
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treatment, however, is not economical for use in field 

crops. 

Other than a few chemicals which control P. omnivorum 

by direct fungicidal action, the treatments which have been 

shown to significantly reduce the incidence of root rot have 

in common either one or two effects upon the soil environ

ment. These effects are the maintenance of nitrogen in the 

ammoniacal form and drastic changes of microbial populations 

in the soil. 

The incorporation of both animal and green manure 

into soil causes an increase in soil microflora (30, 64) 

which tie up both ammoniacal nitrogen (NH^-N) and nitrate 

nitrogen (NO^-N) with a subsequent release of N in the 

NH^-N form (10). Nitrification then proceeds with the 

conversion of NH^-N to NO^-N. Nitrosomonas and Nitrobacter 

spp., the main organisms responsible for this conversion, 

oxidize NH^-N to NC^-N and NC^-N to NO^-N, respectively. 

This conversion occurs rapidly in alkaline soils where the 

pH is approximately 7.8 (1). Acidification of soil lowers 

the populations of the organisms oxidizing NH^-N (70) and 

thus slows or inhibits nitrification (2). Ammoniacal 

fertilizers not only increase the ratio of NH^-N to NO^-N 

in the soil, but also lower the soil pH (4). 

Soil microflora have long been implicated in pro

tecting plants from attack by P. omnivorum. King, Hope, 

and Eaton (30) showed that incorporation of green manure 
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into the soil caused an increase in populations of 

actinomycetes, bacteria, and fungi in the soil with a 

corresponding decrease in the population of P. omnivoruin. 

In laboratory experiments the pathogen was found to readily 

grow on Hunt clay soil, but when the soil was amended with 

animal manure or sorghum residue no growth was observed (41). 

Total microflora populations were two and seven times 

greater in the soil amended with animal manure and sorghum 

residue, respectively, than in the check. It was also shown 

by these same researchers (41) that sclerotia of P. 

omnivorum were destroyed in amended soil, but not in non-

amended soil. The period of destruction corresponded to the 

period of greatest microbial activity. In field plots of 

cotton having a natural infestation of Phymatotrichum 

sclerotia, they obtained results similar to those obtained 

in the laboratory. Where animal manure or sorghum residue 

was incorporated into the upper 30 cm of soil in the fall, 

(a) no sclerotia were found in the 15-30 cm depth the 

following year, (b) microbial populations were higher than 

in control plots, and (c) the incidence of root rot was 

significantly reduced. Clark and Mitchell (14) later showed 

that sclerotia survive equally well in sterile organically 

amended soil as in sterile nonamended soil. The evidence 

thus indicates that the soil microflora play a role in the 

control of P. omnivorum. 
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Microflora in the rhizosphere of plants have been 

shown responsible for the apparent resistance of some plants 

to P. omnivorum. The best known example of this is the 

resistance of monocotyledonous plants to attack by the 

pathogen (61). In 1940 it was shown that axenically grown 

corn seedlings were susceptible to root rot caused by P. 

omnivorum (6 6) . Eaton and Rigler (16) later showed that 

rhizosphere microflora were responsible for the resistance 

of monocots. This was later confirmed by Black (5) who in 

addition showed the resistance of older corn plants was due 

to microflora. 

Microflora in the rhizosphere have been implicated 

as the cause of nonsusceptibility to P. omnivorum not only 

in monocots but in some dicots as well. Retama (Parkinsonia 

aculeata L.), a legume which is normally resistant to P. 

omnivorum becomes very susceptible when grown in axenic 

culture (66). Young cotton plants are generally not 

susceptible to root rot caused by P. omnivorum before the 

age of one month. Rhizosphere microbial studies indicate 

that microflora populations are much greater around the 

roots of cotton less than a month old than those over a 

month old (23). Antagonists of P. omnivorum were shown to 

be 5-50 times greater in the rhizosphere soil of seedlings 

than in the bulk soil. The nutritional status of cotton 

plants has been related to the degree of susceptibility to 

P. omnivorum and fo populations of rhizosphere microflora 
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CI6). Plants were found to be less susceptible when the 

carbohydrate content of the root bark was relatively high. 

Also, the total population of rhizosphere microflora was 

inversely proportional to the root bark carbohydrate content; 

whereas, the population of blue-green fluorescent Pseuco-

monads was directly proportional to the carbohydrate 

content. From this it was postulated that the fluorescent 

Pseudomonads may be antagonistic to P. omnivorum as well as 

the other rhizosphere microflora.. No direct evidence of 

this antagonism was offered, however. 

Soil fumigants, which are mainly used as nematicides, 

show the greatest promise of the chemicals tested for 

control of Phymatotrichum root rot. This is partially 

attributable to their volatile nature. Most fungicides 

tested for control do not possess good penetrability in the 

soil (24, 49, 50). 

Out of five fumigants tested, 1,3-dichloropropane 

and related chlorinated hydrocarbons (1,3-D) (Telone) 

gave the best control of Phymatotrichum root rot in several 

controlled experiments in the field (12, 36). In one field 

trial with cotton in soil naturally infested with P. 

omnivorum, treatment with 120 yg of 1,3-D/g of soil resulted 

in an average of 17.5 per cent mortality as compared to 

50.9 per cent for the control plots (12). In another 

experiment in the field where artificially grown inoculum 

of P. omnivorum was used, plots treated at a rate of 104 |ig 
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of 1,3-D/g of soil averaged only 2 per cent diseased cotton 

plants as compared to an average of 37 per cent diseased 

plants in the control plots (36). 

An anomaly is that 1,3-D apparently has poor 

fungicidal properties at the rates used to obtain good 

disease control. When Hine, Johnson, and Wenger (24) and 

Hine et al. (25) compared the fungicidal action of over 60 

chemicals on mycelial growth and the germinability of 

sclerotia of P. omnivorum on both, agar and soil in the 

laboratory, 1,3-D was among those requiring high concentra

tions before fungicidal action was observed. Exposure of 

mycelium and sclerotia to a concentration of 122 ug of 

1,3-D/g of soil did not affect the growth or viability of 

the fungus. 

There have been no studies published showing the 

effect of 1,3-D upon propagules of P. omnivorum in the 

field. The problem of determining this effect in the 

irrigated cropland of Arizona would be first of ascertaining 

the nature of the overwintering propagules. Under condi

tions of low rainfall the propagules must be able to over

winter in the absence of living hosts in annual crops such 

as cotton. Surveys in Arizona have shown an uneven dis

tribution and scarcity of sclerotia as overwintering 

propagules in cotton fields (29, 55, 68). Strands of the 

pathogen have recently been postulated to serve this 

function (69) in Arizona. 
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Interestingly enough many of the soil fumigants 

possess the attributes of the older, successful control 

measures; they are inhibitors of nitrification in the soil 

and some are known to greatly alter populations of soil 

microflora. 

Koike (33) studied the effect on nitrification of 

seven fumigants at rates normally used to control plant 

parasitic nematodes and fungi in soils from sugarcane 

fields. D-D (60% 1,3-dichloropropene and 40% 1,2-

dichloropropane and related chlorinated hydrocarbons), 

1,3-D, and EDB (ethylenedibromide) almost completely 

supressed the production of NO^-N from NH^-N for 8 weeks. 

Sodium N-methyl dithiocarbamate (Vapam) and 3,4 dichloro-

tetrahydrothiopene 1, 1 dioxide (PRD) inhibited nitrifica

tion for 4 weeks. Allyl alcohol slightly depressed 

nitrification for 4 weeks and DBCP (97% 1,2-dibromo 3-

chloropropane plus 3% related hydrocarbons) had little 

effect on nitrification. A compound with some fumigating 

action which is used specifically to conserve NH^-N 

fertilizers (22) is 2, chloro-6-(trichloromethyl) pyridine 

(nitrapyrin) (N-Serve). The inhibition of nitrification 

effect of the widely used soil fumigants has been reviewed 

by Newhall (45) and by Davidson and Thiegs (15). 

In general, soil fumigation results in an immediate 

depression in the total population of soil microflora after 

which time the population rises to greater numbers than 
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before fumigation (8, 37, 65). Martin (37) found that 

bacterial populations in a sandy loam soil to be greater 

lowered 1 day after treatment with D-D, chloropicrin, or 

CS2« After 10 and 50 days, bacterial populations were much 

higher in all of the treatments than the control. At 250 

days after fumigation, populations were slightly higher in 

the treated soil than in non-treated soil. The same 

general trend was noted in populations of fungi as well as 

bacteria in muck soil treated with 1,3-D and chloropicrin 

(71) . 

Fumigation not only affects the soil microflora 

quantitatively, but qualitatively as well, Nitrifiers and 

cellulose decomposers appear to be more susceptible to the 

lethal effects of fumigation than either the ammonifiers 

and denitrifiers (37, 45, 65, 67). Trichoderma viride 

Pers. ex Fr. has been reported to increase to much higher 

populations after fumigation (8, 37, 45). Of special 

interest is the selective toxicity of nitrapyrin to ammonia 

oxidizing bacteria. This compound has been found to affect 

only Nitrosomonas spp. but not Nitrobacter spp. or other 

soil organisms (21, 26). 

Soil fumigants are very convenient tools for 

studying ecologic factors influencing parasitism of roots 

by P. omnivorum. In the research presented in this 

dissertation, nitrapyrin and 1,3-D were used to inhibit 

nitrification to determine the effect of the form of 
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nitrogen on incidence of root rot. Changes brought about by 

fumigation in soil microflora populations and antagonism to 

the pathogen as related to disease incidence were studied. 

Discovery of the overwintering propagules made possible the 

determination of the effect of the fumigants on the pathogen 

in the field. 

\ 



CHAPTER 2 

CHANGES IN SOIL MICROFLORA AND NITROGEN AS RELATED TO 
CONTROL OF PHYMATOTRICHUM ROOT ROT WITH 

1,3-D AND NITRAPYRIN 

Objective 

The purpose of this study was to determine whether 

control of P. omnivorura could be achieved by soil fumigation 

and if so, whether control is related to changes in popula

tions of soil microflora and the inhibition of nitrification. 

Materials and Methods 

Sites for plots to be treated with 1,3-D and 

nitrapyrin were selected at Aguila, Arizona. Plots were 

laid out over areas of a field where an epiphytotic of root 

rot caused by P. omnivorum had killed most of the cotton the 

previous season. 

The soil was classified as a Mojave clay loam, 

pH 7.85, which was composed of 41.0% sand, 28.0% silt, 

31,0% clay, 37 yg/g NO^-N, 2.0 yg/g ^2°5' V9/9 K20' 

617 pg/g organic N, and 883 ug/g water soluble salts. 

To allow better penetration and diffusion of 1,3-D 

the soil was ripped to the depth of 36-40 cm with subsoil 

chisels at an angle of 45° to the direction of the cotton 

rows to be planted. The 1,3-D was injected at a depth of 

40 cm with a subsoil ripper having a steel injection tube 

10 



with an inside diameter of 1.27 cm welded on the back of 

each seven chisels mounted 48 cm apart (Fig. 1). The 1,3-D 

was metered from 208 li er barrel by a constant head 

gravity flow system into plastic tubes connected to the 

steel injection tubes (Fig. 1). Flow rate into the injec

tion tubes was controlled by orifice size in the couplings 

below the manifold. Immediately after injection the soil 

surface was disked to seal the chisel holes to prevent 

rapid escape of the fumigant. Fumigation with 1,3-D was 

done January 30, about 8 weeks before planting (March 29). 

Nitrapyrin was injected, along with anhydrous 

ammonia fertilizer on May 23, 8 weeks after the cotton was 

planted. A 19 liter container of nitrapyrin was mounted 

on an implement for the injection of anhydrous ammonia into 

four rows simultaneously. The same type of metering system 

was used for the nitrapyrin as for 1,3~D. Injector tubes 

of 1.37 cm inside diameter for the nitrapyrin were welded 

on the back of the ammonia tubes on the injection shanks 

(Fig. 2). The injection of nitrapyrin and anhydrous ammonia 

was 15 to 18 cm deep at 25 to 30 cm to one side of the row 

of cotton plants. 

1,3-D was injected at 234, 468, and 702 liters/ha. 

This experiment was laid out in a randomized complete block 

design with four blocks, each block containing a single 

replication of each treatment and a control. The nitrapyrin 

field experiment was of the same design and number of 



Fig. 1, Tractor mounted subsoil ripper, modified for 
injection of Telone (1,3-D) with a constant head 
gravity flow metering system connected to injection 
tubes welded on the back of the subsoil chisels. 
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Fig. 2. Implement for soil injection of anhydrous ammonia 
fertilizer, modified for also injecting N-Serve 
(nitrapyrin) with a constant head gravity flow 
metering system connected to injection tubes 
welded on the back of the ammonia injection tubes. 
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replications except there was only one treatment, 9.35 

liters/ha of a 240 g/liter formulation of nitrapyrin 

(N-Serve, 2 lb/gal) and a control. In both experiments each 

treatment plot was five rows wide, v.'ith 96 cm between each 

row. There were four rows of cotton (Gossypium hirsutum L. 

cv. Delta Pine 16) and one skip row, without any plants, 

per plot. In the 1,3-D plots the skip row was adjacent to 

the center row of the plot so that it was well within the 

treated area of the plot. In the nitrapyrin plots the skip 

row was an outside row in each plot. All rows were 244 m 

long with 96.5 cm between rows and a 15 cm deep irrigation 

furrow in the center. 

Nitrogen fertilizer in the form of anhydrous 

ammonia was applied at the rate of 112 kg/ha to the 

nitrapyrin and 1,3-D plots on May 23. Fertilization later 

in the season was done by applying ammonia dissolved in the 

irrigation water. 

Soil samples for microflora and nitrogen assays were 

taken on March 4, April 3, May 2, and July 19 in the 1,3-D 

plots and on June 25 and August 13 in the nitrapyrin plots. 

Samples were taken from the skip rows at the 15 to 30 cm 

depth in the 1,3-D plots and 15 cm away from the side of 

cotton rows at the 0 to 3 0 cm depth in the nitrapyrin 

plots. A soil sampling tube with an inside diameter of 

2 cm was used for taking soil samples. On each sampling 

date six samples were taken at random and composited from 
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within an area 67 m long starting 6.5 m in from the south 

end of the rows. 

Samples for rhizosphere microflora enumeration were 

taken by gently lifting roots of cotton plants and 

surrounding soil with a spade. The soil surrounding the 

roots was broken open by hand so as to expose the roots. 

The roots were gently lifted out so as not to dislodge 

adhering rhizosphere soil. Sections of roots from the 15 to 

30 cm depth of 12 plants in the 1,3-D plots and from the 

0-30 cm depth of six plants in the nitrapyrin plots were 

taken from each replication. 

Soil and root samples were placed in plastic bags 

and immediately put on ice in insulated chests for trans

portation from the field to the laboratory. In the 

laboratory they were stored at 5 C until assayed. 

The composite soil sample for each replication was 

homogenized by crushing the lumps and thoroughly mixing the 

soil in the plastic bag. For enumeration of soil micro

flora, 22 g of soil was weighed out from each sample, 30 g 

was placed in a petri dish for moisture determination, and 

25 g was placed in a plastic bag and stored in a freezer 

at -20 C for N analysis at a later time. Samples for soil 

moisture determination were dried in an oven for 24 hr at 

100 C so that the number of organisms enumerated by plate 

counts could be expressed as number of organisms/g of dry 

soil. 
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Enumeration of microflora was done by the dilution 

plate technique as outlined by Tuite (63) where a Waring 

Blender is used to evenly suspend the soil in a sterile 

diluent of 0.1% water agar. This procedure was modified 

by placing 22 g of the soil sample in 190 ml of diluent to 

bring the volume of the initial 1:10 dilution up to 200 ml. 

Rhizosphere microflora were enumerated by the same soil 

dilution plate technique (63) except that the initial dilu

tion totaled about 100 ml with the rhizosphere soil included. 

The roots were cut into lengths of about 7.5 cm and placed 

in a 240 ml French square bottle with 95 ml of sterile 

diluent. The lid was screwed tightly on the bottle and it 

was shaken for 2 min by hand to wash off adhering soil and 

microflora. The roots were then discarded and the remaining 

contents of the bottle were poured into a blender for 

uniform suspension. After blending a sample was taken to 

make the second dilution and three 10 ml aliquants were 

quickly removed and put into tared weighing dishes. The 

samples containing the soil dilution along with three 

blanks each containing 10 ml of 0.1% water agar diluent 

in a tared weighing dish, were oven dried for 24 hr at 

100 C. The mean weight of the three dried water agar 

blanks was subtracted from the mean weight of tho soil 

dilution samples to determine the amount of rhizosphere soil 

present. Using this information the number of organisms/g 
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of dry rhizosphere soil were calculated when the plate 

counts were made. 

Actinomycetes and bacteria were assayed on soil 

extract agar (SEA) (3) as shown in Fig. 3 and fungi (Fig. 

4) on Difco-Bacto Cooke Rose Bengal Agar (CRBA) with 30 

yg/liter of streptomycin sulfate added after autoclaving. 

A bilayer agar technique similar to that used by Freeman 

and Tims (20) was employed to quantify those organisms 

exhibiting antibiosis toward P. omnivorum (Fig. 5). 

A base layer of 10 ml of Difco-Bacto Pseudomonas 

Agar F (PAF) was mixed with the soil dilution suspension in 

petri plates and allowed to harden. Then 10 ml of No. 70 

agar medium (17) containing 20.0 g of dextrose was poured 

over the base layer. As soon as this solidified a 10 mm 

diameter plug taken from a 4 wk old No. 70 agar culture of 

P. omnivorum, isolate No. 511, was placed on the center of 

the bilayer agar plate. 

_ c 
Dilution samples from bulk soil were plated at 10 

-4 for actinomycetes and bacteria, at 10 for fungi, and at 

10"^ for antagonistic actinomycetes and bacteria (Fig. A.l, 

_7 Appendix A), Rhizosphere soil dilutions were plated at 10 

-4 for actinomycetes and bacteria, at 10 for fungi, and at 

10 ® for antagonistic actinomycetes and bacteria (Fig. A.2, 

Appendix A). Six replications of the dilution plates were 

poured for enumeration of actinomycetes and bacteria, six 

for fungi, and nine for antagonists from each soil or 
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Fig. 3. Soil microflora on dilution plate of soil extract 
agar medium used for enumeration of actinomycetes 
and bacteria from bulk soil and cotton rhizosphere 
samples in the 1,3-D and nitrapyrin experiments — 
Large round colonies are actinomycetes. Small 
round colonies growing on the surface and lens-
shaped subsurface colonies are bacteria. 



Fig. 4. Soil microflora on dilution plates of Cooke rose 
bengal agar medium used for enumeration of fungi 
from the bulk soil and cotton rhizosphere samples 
in the 1,3-D and nitrapyrin experiments. 



Fig. 5. Bilayer agar plates for assaying antibiotic 
antagonism of soil and rhizosphere microflora 
against Phymatotrichum omnivorum — Inhibition of 
growth of P. omnivorum by antibiotic producing 
bacteria in plate on the left. Normal growth of 
P. omnivorum in control plate shown on the right. 
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rhizosphere sample. A blank of each medium was poured when 

plating the samples to check for microflora contaminants in 

the medium and air. All plates were incubated at 28 C. 

Counts were made of fungi, antagonists, and actinomycetes 

and bacteria after 4, 7, and 9 days, respectively. 

Antagonists were designated as those organisms causing 

zones of inhibition in the growth of P. omnivorum. 

A representative of each colony type of antagonist 

was collected from each PAF plate. These were stored on 

SEA at 15 C and later challenged against P. omnivorum on 

Difco-Bacto Potato Dextrose Agar (PDA) medium, Difco-Bacto 

Nutrient Agar (NA) medium, SEA over a layer of No. 70 

(SEA/#70) and on glucose yeast calcium carbonate agar (GYC) 

medium. The GYC was made up of 20 g of glucose, 10 g of 

Difco-Bacto Yeast Extract, 20 g of precipitated CaCO^, and 

20 g of Difco-Bacto Agar. 

Analysis of soil for NH^-N and NO^-N was done by the. 

Soils and Water Testing Laboratory of the Department of 

Agricultural Chemistry and Soils at The University of 

Arizona. Extraction of exchangeable NH^-N and NO^-N was 

done by the KCL extraction procedure (9) and analysis was 

done using a Technicon Auto Analyzer (Technicon Instruments 

Corp., Terrytown, N. Y.). 

Counts of cotton plants killed by P. omnivorum were 

made on August 12 and September 9. The numbers of dead and 
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alive plants were counted in two middle rows the entire 67 m 

length of the area where soil samples were taken. 

Results 

The first cotton plants wilting and dying from 

Phymatotrichum root rot in the 1,3-D and nitrapyrin experi

mental plots were observed June 25. By mid-July many small 

groups of dead plants were seen in the plots. The first 

determination of the extent of mortality was made in the 

nitrapyrin plots on August 12 and in the 1,3-D plots on 

August 13. Differences between the 1,3-D treatments and 

controls were visually evident at this time as shown in 

Fig. 6 (A,B). Infrared photography was used to show 

greater contrast between healthy plants and those wilting 

or dead (Fig. 6 [A,B]). 

All data from mortality counts, populations of 

microflora, and amounts of NH^-N and NO^-N were statistically 

analyzed. Except where indicated no statistically signifi

cant differences were found among data compared. 

Treatment of the soil with three different rates of 

1,3-D prior to planting resulted in highly significant 

reduction in mortality (Fig. 7). The mortality rates 

during the time elapsed between counts were 7.90, 26.12, 

22.40, and 23.97 plants/100 for the control, 234, 468, and 

702 liters/ha treatments (Table B.l, Appendix B), respec

tively. Nitrapyrin gave a slight but statistically 



Fig. 6. Effect of soil fumigation with 1,3-D on root rot 
in cotton — Soil in the first five rows (including 
the skip row) to the right of the center of the 
photographs was treated with 468 liters of 1,3-D/ 
ha at a depth of 40 cm on January 30, 1974, while 
soil in the first five rows (including the skip 
row) to the left showing a large number of plants 
killed by Phymatotrichum root rot was not treated. 
Photographs taken August 13, 1974. (A) Photograph 
taken with Kodachrome film using a skylight filter. 
(B) Photograph taken with Ektachrome infrared film 
using a No. 12 Wratten filter showing foliage of 
healthy cotton plants as red in color. 



Pig. 6. Effect of soil fumigation with 1,3-D on root rot 
in cotton. 
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Fig. 7. Percentages of cotton plants killed by Phymatotrichum omnivorum 195 and 
222 days after fumigation of the soil with 234, 468, and 702 liters/ha of 
1,3-dichloropropene (1,3-D). ^ 



significant reduction in root rot (Table 1) with 54.81% 

mortality in the treated plots as compared to 48.37% in the 

control plots. Mortality counts made on September 9 

revealed 78.11% and 81.67% were dead in the treated and 

control plots, respectively. The mortality rate between 

the first and second counts was exactly the same for both 

the treatment and control plots (23.30 plants/100). 

At the time of the first mortality counts in the 

1,3-D treatments on August 13, the cotton bolls had just 

begun to open on healthy plants. By the time the second 

mortality count was taken on September 9 many of the healthy 

plants had their bolls open. It was observed that few 

plants succumbing to root rot prior to the first mortality 

count had open bolls; whereas, many of those dying in the 

period between mortality counts had open bolls. 

Examination of an aerial photograph (Fig. 8) taken 

September 17 revealed that the typical pattern of even, 

round edged areas of dead plants had been broken up in the 

1,3-D plot area. This was not the case in the nitrapyrin 

plot area where the typical pattern of plants killed by 

P. omnivorum can be seen throughout the plots (Fig. 9). 

The populations of all microflora measured were 

higher in the 1,3-D than in the control plots 33 and 63 days 

.if tor trp/i bmnnl., oxcopl. for l:ho number of nc: I; i riomycotofl J n 

the 702 liter/ha treatment (Figs. 10, 11, 12). Only the 

populations of fungi in the 1,3-D treated plots dipped 



Table 1. Effect of post-plant treatment of soil on 5/23/74 with nitrapyrin on 
mortality of cotton due to Phymatotrichum root rot. 

8/12/74 9/9/74 

No. Total Plants % No. Total Plants % 
Treatment Dead Counted3 Mortality Dead Counted Mortality 

Nitracyrin 13 62b 2485 54.81 2169 2777 78.11 

Control 1650 2827 58. 37 2348 2875 81.67 

aTotal plants counted in four replications of treatment and control plots. 

^Numbers of dead plants in the treated plots were significantly different 
from those in the control plots for both dates, P = 0.05. 
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Fig. 8. Aerial infrared photograph taken September 17, 1974 
of large areas of cotton killed by Phymatotrichum 
omnivorum in a field at Aguila, Arizona — An 
outline is shown of plots treated with various 
rates of Telone (1,3-D) on January 30, 1974. Each 
plot consists of 4 rows of cotton and one skip row 
(not planted) and is 232 m long. Red indicates 
vigorously growing cotton plants; gray, plants 
killed by P. omnivorum; tan, plants stunted by poor 
soil or moTsture conditions; and white, bare soil. 
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Fig. 9. Aerial infrared photograph taken September 17, 1974 
showing an outline of plots treated with N-Serve 
(nitrapyrin) in a field at Aguila, Arizona where 
large areas of cotton were killed by Phymatotrichum 
omnivorum — Mortality estimates, assays of soil 
nitrogen, and population counts of soil microflora 
including P. omnivorum were made in Plots II. 
Red indicates vigorously growing cotton plants; 
gray, plants killed by P. omnivorum; tan, plants 
stunted by poor soil or moisture conditions; and 
white, bare soil. 
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below that of the control 92 days after treatment (Fig. 12). 

At 170 days after treatment populations of the three groups 

of microflora enumerated were higher than those found in the 

control plots. The highest populations of microflora in the 

bulk soil except for the actinomycetes (Fig. 10) were in the 

samples taken on March 4 (Figs. 11, 12). These populations 

reached their lowest level in the May 2 samples and 

generally increased slightly by July 19, The actinomycetes 

were an exception with their lowest numbers recorded July 

19. Figures 10, 11, and 12 are based upon data in Table B.2 

(Appendix B) . 

Little difference in populations of antibiotically 

antagonistic actinomycetes and bacteria were found in the 

bulk soil 170 days after fumigation (Fig. 13; Table B.3, 

Appendix B). At this time the total populations of 

actinomycetes and bacteria in the rhizospheres of cotton 

growing in the 1,3-D treatments were lower than the popula

tions found in the rhizospheres of the control. However, 

the numbers of antibiotically antagonistic actinomycetes 

and bacteria were greater in the rhizosphere of cotton 

growing in the 1,3-D treated soil. Fungi in bulk soil which 

were antibiotically antagonistic toward other fungi, but not 

necessarily P. omnivorum, were somewhat higher in the 1,3-D 

plots. The numbers of these fungi in the rhizosphere were 

lower in treated soil except in the 468 liter/ha treatment 

(Fig. 14; Table B.3, Appendix B). Populations of 



Fig. 13. Total populations of actinomycetes and bacteria 
and populations of those antagonistic to 
Phymatotricham omnivorum in the cotton 
rhizosphere and bulk soil 170 days after 
fumigation of the soil with 1,3-dichloropropene 
CI,3-D) . 
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Trichoderma spp. showed no relation to treatment in the bulk 

soil, but as shown in Table 2, numbers decreased in the 

rhizosphere as the rate of 1,3-D increased. 

In the bulk soil from the nitrapyrin plots 

actinomycetes, bacteria, total fungi, and Trichoderma spp. 

differed little in populations between the treated and 

control plots on June 25 and August 13, except the popula

tion of bacteria was somewhat greater in the control than 

treated plots on June 25 (Table 3), Rhizosphere actino

mycetes and bacteria were slightly higher in the nitrapyrin 

treated plots than in the control for both sampling dates. 

Total fungi in the rhizosphere were higher in the treated 

plots on June 25 but were lower on August 13, There was 

little difference in populations of Trichoderma spp. on 

June 25, but they were higher in the nitrapyrin treated 

plots on August 13 (Table 3). As shown in Table 4f the 

numbers of actinomycetes and bacteria antibiotically 

antagonistic toward P. omnivorum and fungi antagonistic 

toward other fungal isolates were larger in the rhizosphere 

of cotton in the nitrapyrin plots than in the control 

plots. Data were only taken on August 13 for these groups. 

Little difference between populations in the treatment and 

control plots were recorded for the organisms assayed for 

antibiotic activity in bulk soil. 

Bacterial antagonists of two colony types appeared 

in greater frequency than any others in the assay procedure 
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Table 2. Effect of 1,3-dichloropropene (1,3-D) on popula
tions of Trichoderma spp. in bulk soil and in the 
rhizosphere of cotton 170 days after fumigation. 

1,3-D 
(liters/ha) 

Trichoderma spp. x 103 

1,3-D 
(liters/ha) Bulk Soil Rhizosphere 

0 1.930a 5. 904 

234 2.178 4. 027 

468 1. 640 3.503 

702 1.546 1.754 

Each population value is the average of 24 dilution 
plate counts which were composed of six plates for each of 
four field plot replications, each replication being a 
composite of six subsamples for bulk soil and 12 roots with 
adhering soil for rhizosphere samples. 



Table 3. Effect of nitrapyrin on populations of microflora in the bulk soil and 
rhizosphere of cotton at Aguila, Arizona at 33 and 82 days after 
treatment on May 23, 1974. 

Actinomycetes Bacteria Fungi Trichoderma spp. 
x 106 x 106 x 104 x 103 

Treatnent 6/25/74 8/13/74 6/25/74 8/13/74 6/25/74 8/13/74 6/25/74 8/13/74 

Bulk Soil 

Nitrapyrin 5.024a 4.739 66.14 75.79 7.79 8.28 2.313 3,245 

Control 5.363 5.211 83.95 70.44 8.81 8.77 2.303 3.131 

Rhizosphere 

Nitrapyrin 43.19 33.15 933.9 659.1 35.16 76.62 0.933 3.753 

Control 30.68 25.37 903.4 593.5 31.24 81.66 1.096 2.391 

Each population value is the average of 24 dilution plate counts which 
were composed of six plates for each of four field plot replications, each 
replication being a composite of six subsamples for a bulk soil sample and 12 
roots with adhering soil for a rhizosphere sample. 

ijj 



Table 4. Effect of nitrapyrin at 33 and 82 days after treatment on populations of 
actinomycetes and bacteria antibiotically antagonistic toward 
Phymatotrichum omnivorum and populations of fungi antagonistic toward 
other fungi isolated in the bulk soil and the cotton rhizosphere. 

Bulk Soil Rhizosphere 

Actinomycetes 
and Bacteria3 

x 105 
Fungi*3 

x 104 

Actinomycetes 
and Bacteria 

x 105 

Treatment 6/25/74 8/13/74 8/13/74 8/13/74 8/13/74 

Nitrapyrin 1. 614 1.897 1.287 8. 941 2.017 

Control 1.207 2.037 1,632 4.627 0.060 

Each population value for actinomycetes and bacteria is the average of 36 
antiobiosis assay plate counts which were composed of nine plates for each of four 
field plot replications, each replication being a composite of six subsamples for 
a bulk soil sample and 12 roots with adhering soil for a rhizosphere sample. 

^Each population value for fungi is the average of 2 4 dilution plate 
counts which were composed of six plates for each of four field plot replications, 
each replication being a composite of six subsamples for a bulk soil sample and 12 
roots with adhering soil for a rhizosphere sample. 

u> 
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for actinomycetes and bacteria producing antibiotics 

inhibiting the growth of P. omnivorum. Both had white 

spreading colonies which usually grew in between the agar 

medium and the bottom of the petri plate. One had an 

undulate colony margin and the other an erose colony margin. 

Table 5 shows the proportions of these two organisms 

occurring in a collection of representative organisms taken 

from antibiosis assay plates. All assay plates were 

observed for organisms producing pigmentation which was 

fluorescent when exposed to UV radiation. Less than 1.0% 

of the antagonists had this characteristic. Of the total 

actinomycetes and bacteria determined to be antibiotic 

antagonists, 7.3% were actinomycetes. A random sample of 

the antagonistic actinomycetes and bacteria revealed that 

the majority produced antibiotics which inhibited the growth 

of P. omnivorum on GYC, PDA, and NA media as well as on 

SEA/No. 70 (Table 6). When 10 antagonistic actinomycetes 

and bacteria and eight fungi, chosen at random, were 

challenged in all possible combinations of one actinomycete 

or bacterium against one fungus, 52% of the challenges 

resulted in inhibition of fungal growth (Table B.4, 

Appendix B). 

Since it was difficult to measure antibiotic 

antagonism of populations of fungi toward P. omnivorum with 

the bilayer agar plate technique a less direct method was 

employed. Enumeration and isolation of fungi antagonistic 



Table 5. Proportions of the two major types of colonies of bacteria found 
antagonistic to Phymatotrichum omnivorum by the bilayer screening 
technique from soil and rhizosphere samples from 1,3-dichloropropene 
(1,3-D) and nitrapyrin field plots. 

Colony Type 

Experimental 
Field Plots 

Isolate 
Group 

White 
with 

and Spreading 
Erose Margin 

White and Spreading 
with Undulate Margin 

1,3-D Rhizosphere 10/26a 2/26 

Bulk Soil 30/80 19/80 

Nitrapyrin Rhizosphere 4/19 3/19 

Bulk Soil 16/40 6/40 

Proportion of total (no. of the major type/total no, in isolate group) 
isolated as representatives of type found from soil sampled from field treatment 
plots. No. 70/Pseudomonas Agar F used as bilayer medium for detection of 
antibiotic inhibition of P. omnivorum growth by isolate. 
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Table 6. Antibiotic effect of bacteria isolated from bulk 
soil and the cotton rhizosphere on the growth of 
Phymatotrichum omnivorum on four different agar 
media. 

Bacterium 
Isolate 

Medium3 

Bacterium 
Isolate GYC PDA NA SEA/NO. 7 0 

B28 +
b + + + 

B18 - - - + 

B116 - + + + 

B3 5 + + + + 

B3 7 + + + + 

B66 + + + + 

B7 0 + + + + 

BIO - + + + 

B79 + + + + 

GYC = 2% glucose, 1% yeast extract, 2% calcium 
carbonate, 2% agar; PDA = potato dextrose agar; NA = 
nutrient agar; SEA/#70 = layer of soil extract agar over 
No. 70 agar. 

+ = inhibition of Phymatotrichum's growth, - = no 
effect on growth. 
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to other fungi on the soil dilution plates was done. 

Table 7 shows the percentages of these fungi on two differ

ent media which displayed antibiotic antagonism toward P. 

omnivorum and from where they were isolated. 

Analysis of the soil in the 1,3-D plots on four 

sampling dates revealed the average amount of NH^-N was 

slightly higher in the 468 and 702 liter/ha treatments than 

in the control and lowest in the 234 liter/ha treatment 

(.Table 8) . The average amount of NO^-N for the four dates 

was higher in the control than in any treatment (Table 8). 

The average total exchangeable N (NH^-N plus NO^-N) was 

higher in the control than in the treatments. The ratio 

of NH^-N to total exchangeable N averages were higher in 

all of the 1,3-D treatments than in the control (Table B.5, 

Appendix B), In the nitrapyrin plots the soil was analyzed 

at 33 and 82 days after treatment for NH^-N and NO^-N 

(Table 9), The average of the amounts of NH^-N for both 

dates was higher in the control plots and the average NO^-N 

for both dates was higher in the treated plots. The average 

for total exchangeable N was higher in the nitrapyrin plots 

than in the control. As indicated in Table B.6 (Appendix B) 

the ratio of the average amounts of NH^-N to the average 

amount of total exchangeable N was higher in the control 

plots. 

Irrigation with water from a well provided most of 

the soil moisture for the cotton throughout the growing 
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Table 7. Antibiotic inhibition of growth of Phymatotrichum 
omnivorum by fungi shoving inhibition toward other 
fungi also isolated from bulk soil and the cotton 
rhizosphere in 1,3-dichloropropene (1,3-D) and 
nitrapyrin experimental field plots. 

Experimental 
Field Plots 

Isolate 
Group 

Number of 
Isolates 
Tested 

% of Fungi 
Growth of P. 

Inhibiting 
omnivorum3 

Experimental 
Field Plots 

Isolate 
Group 

Number of 
Isolates 
Tested PDA No. 70 

1,3-D Rhizosphere 48 22 17 

Bulk Soil 22 36 20 

Nitrapyrin Rhizosphere 11 45 33 

Bulk Soil 38 36 38 

P. omnivorum challenged on PDA (potato dextrose 
agar medium) and No. 70 agar medium against the other 
fungi. 
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Table 8. Effect of fumigation on 1/30/74 with 1,3-
dichloropropene (1,3-D) on NH4-N and NO3-N 
content (ug/g) of soil. 

Days After Fumigation 
1,3-D 

(liters/ha) 33 63 92 170 Average 

NH4-N 

0 7.32a 7. 95 7.08 

O
 

CO 

• 7. 54 

234 5.21 5.52 8. 64 7.13 6. 63 

468 7; 73 7.38 8. 45 7.08 7.66 

702 6. 83 8.04 8.78 8.13 7.95 

N03 -N 

0 13.52 55.97 24.09 70.88 41.29 

234 15. 84 33. 04 28. 74 62.60 35.03 

468 22.30 52.50 24.79 29.29 32. 05 

702 23.21 43.21 28. 62 62. 49 39.41 

Each value is the average of four replications and 
each replication was a composite of six soil samples. 



Table 9. Effect of nitrapyrin treatment on May 23, 1974 on amounts of NH^-N and 
no3-N found in Phymatotrichum root rot plants at Aguila, Arizona. 

nh4-n 
(yg/g) 

NO3-n 
(yg/g) 

Treatment 6/25/74 8/13/74 Average 6/25/74 8/13/74 Average 

Nitrapyrin 6.29a 7.88 7.09 18.09 31.77 24.93 

Control 7.04 8.96 8.00 14.62. 19.88 17.25 

aEach value is the average of four replications and each replication was a 
composite of six soil samples. 
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season. Soil moisture which was determined on each date 

samples for microflora were taken ranged from 11.2% to 13.9% 

at the 15 to 30 cm depth. 

Soil temperature determined at the 30 cm depth was 

11, 16, 21, 23, 27, and 28 C on March 4, April 3, May 2, 

May 23, July 19, and August 13, respectively. 

Discussion 

The reduction of Phymatotrichum root rot with 1,3-D 

confirmed earlier reports to the same effect (12, 36). 

Reduction in disease incidence through the use of the 

fumigant occurred before the mortality counts were made 

because the mortality rates of the different treatments were 

about the same. Should the controlling principle have been 

active in the period between the counts then the mortality 

rates would probably have been proportional to the total 

amount of mortality which had occurred with each treatment. 

The mortality rate in the period between counts in the con

trol plots was considerably lower than in the treatments, 

probably due to the majority of plants being dead by the 

time the first count was made. This left fewer possible 

susceptible hosts in the population for attack by the 

pathogen. 

The delay in mortality afforded by all of the 1,3-D 

treatments is of economic significance. It has been shown 

(.18, 60) that the longer cotton plants survive before being 
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killed by P. omnivorum, the greater are the quality and 

quantity of lint produced. Thus loss in yield is not 

directly proportional to mortality. 

The determination of a small but statistically 

detectable amount of reduction of root rot by nitrapyrin 

was made possible by large numbers of plants counted in each 

replicate plot. That this difference was not due to chance 

is supported by the fact that a statistically significant 

difference was found on both dates that mortality counts 

were made. Also, supporting these results were experiments 

conducted with potted cotton plants where a much greater 

degree of control was achieved using nitrapyrin with an 

NH^-N source (Chapter 3, Results). Since the mortality 

rates in the nitrapyrin treatment and control plots during 

the period between counts were the same, control was no 

longer being effected at this time. These experiments 

provide evidence supporting the observation that treatments 

which suppress nitrification reduce the incidence of 

Phymatotrichum root rot. 

The low efficacy of nitrapyrin in controlling root 

rot in the field was probably due to only a small zone of 

soil to one side of the tap root of the cotton plant being 

under the influence of the chemical. In the experiments 

described in Chapter 3 nitrapyrin was uniformly distributed 

throughout the soil around the roots. Perhaps the disper

sion of nitrapyrin in irrigation water along with an NH^-N 
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fertilizer would result in much more even distribution 

around plant roots in the field. 

There is little evidence to support the proposition 

that 1,3-D or nitrapyrin controls Phymatotrichum root rot 

by direct fungicidal action upon the pathogen (Chapter 4). 

In fact, it was shown that a mechanism of control with 1,3-D 

exists which does not affect the survival of P. omnivorum 

(.Chapter 3) and is apparently associated with the inhibition 

of nitrification. -Furthermore, studies presented in 

Chapter 3 revealed that control of Phymatotrichum root rot 

with nitrapyrin was not only dependent upon the suppression 

of Nitrosomonas spp., but also upon the presence of other 

soil microflora. 

The general effect of increased microflora popula

tions after fumigation with 1,3-D agrees with other reports 

(3 7, 71}, However, the high populations of bacteria and 

fungi at 33 and 63 days after fumigation (Figs, 11, 12) do 

not appear to be entirely due to the effect of fumigation 

since the populations of the controls are also much higher 

than later in the season. This phenomenon is probably 

attributable to a bloom of these organisms which has been 

previously recorded to occur in the spring in the southern 

United States (40). 

The populations of microflora enumerated during the 

time when P. omnivorum was actively parasitizing roots are 

of ecological significance, as they no doubt influence 
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parasitism. Microflora in the bulk soil may affect the 

pathogen before it attacks the host and those in the 

rhizosphere may affect the pathogen's propensity to colonize 

the host. The impact of soil microflora on the relationship 

of the host and pathogen has been demonstrated by their 

"buffering" effect in reducing mortality. Evidence of this 

biological buffering is given in the work by Chavez, 

Mcintosh, and Boyle (13) and in Chapter 3. 

The greater numbers of fungi showing antibiotic 

antagonism toward other fungi in the 1,3-D treated soil may 

have had an effect on reducing the activity of P. omnivorum 

in the bulk soil. Even though the total populations of 

microflora in the bulk soil of the 1,3-D treatments were 

higher, there was no corresponding increase in anti-

biotically antagonistic actinomycetes and bacteria or in 

Trichoderma spp., some of which are antagonists (11, 65). 

It is not known what effect these increased populations 

resulting from fumigation might have on the pathogen; 

however, Mitchell, Hooton, and Clark (41) found that 

increased populations due to addition of organic amendments 

were related to an antagonistic effect upon the sclerotia. 

Probably the most ecologically significant finding 

in the study of the relation of microflora and Phymatotrichum 

root rot was the trend of increased numbers of antibiotically 

antagonistic organisms in the rhizosphere of cotton growing 

in soil treated with 1,3-D and nitrapyrin. The implication 
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that microflora may have afforded protection to the roots 

has support from some previous research (52) on the effect 

root uptake of NH^-N on the rhizosphere. Smiley and Cook 

[52) found that control of take-all disease of wheat with 

NH^-N and nitrapyrin was correlated with a decrease in 

rhizosphere pH. Absorption of NH^-N by the roots lowers 

the rhizosphere pH, whereas absorption of NO^~N rais'es it 

(39, 46, 51, 52). Control of take-all using nitrapyrin and 

NH^-N fertilizer was negated when the soil was sterilized 

with methyl bromide (52) thus indicating a biological 

mechanism of control. 

The bilayer agar technique was found to be efficient 

for screening large populations of actinomycetes and 

bacteria for antibiotic antagonism. All techniques which 

rely upon culture in agar medium for determining this type 

of antagonism have the disadvantage of placing both the 

potential antagonists and the pathogen in an artificial 

environment, However, any system which depends upon 

determining antibiotic antagonism iii vivo will lack preci

sion in quantifying the antagonists. Also, there is the 

problem of classifying the antibiotic producers in vivo. 

Since most of the actinomycetes and bacteria found to be 

antagonists on PAF medium were also antagonistic on four 

other media of diverse nutritional characteristics, it is 

reasonable to assume they produce antibiotics in the soil. 

This is further supported by the fact that all of the 
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antagonists produced antibiotics inhibiting the growth of 

P. omnivorum on a layer of soil extract agar medium over a 

layer of No. 70 agar medium. 

The method used for determining those fungi anti-

biotically antagonistic toward P. omnivorum was crude at 

best. Probably many other populations of fungi producing 

narrower spectrum antibiotics, specific for the pathogen, 

were not detected in the screening procedure. The bilayer 

technique could not be used because P. omnivorum grew so 

slowly that it was covered over by faster growing fungi, 

thus making detection of antibiotic antagonism impossible 

in most cases. 

As indicated, data of microflora populations did not 

show any statistically significant differences (P = .05); 

however, this does not invalidate results of these particu

lar studies. Populations of soil microflora recorded in 

this study followed the same patterns after fumigation as 

those recorded by other researchers (8, 71). The spring 

bloom of microflora was detected as before (4 0). Since the 

results of parts of this work which were similar to other 

studies were in agreement with those of the other studies, 

general trends found in microflora populations can be 

considered reliable. 

An indication of nitrification inhibition in the 

1,3-D experiment was the higher ratio of NH^-N to total 

exchangeable N and the greater total exchangeable N in the 
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treated plots than in the controls one month after treat

ment. The conservation of a greater amount of exchangeable 

N indicated that the suppressing effect of nitrapyrin on 

nitrification had subsided and nitrification had proceeded 

within one month after application. This perhaps explains 

the slight effect that the nitrapyrin treatment had on root 

rot. 

The differences in length of time that nitrification 

was inhibited by 1,3-D and nitrapyrin illustrates the 

different effects the two chemicals have on the N cycle. 

Nitrapyrin affects only the conversion of NH^-N to NC^-N 

by Nitrosomonas spp. C21) whereas 1,3-D not only affects 

this conversion but at least two others as well. These are 

the conversion of NC^-N to NO^-N by Nitrobacter spp. and 

the conversion of organic sources of N to NH4-N by 

ammonifying bacteria CI). Nitrifiers are particularly 

susceptible to the toxic effect of fumigants (45), Popula

tions of ammonifying bacteria are selectively increased by 

fumigation, apparently due to formation of resistant 

endospores and the biological vacuum effect created by 

fumigation (.8, 45). 

Unlike the controls in the nitrapyrin plots, the 

control plots of the 1,3-D experiment had greater total 

exchangeable N, This may have reflected a greater amount 

of N being tied up as protein in the increased biomass in 

the fumigated soil. 



Conclusions 

Mortality of cotton due to Phymatotrichum root rot 

was reduced from 77.79 to 42.40, 34.04, and 22.42% 

at 195 days after application of 234, 468, and 702 

liters of 1,3-D/ha, respectively. 

Mortality was reduced from 58.37 to 54.81% by the 

application of 2.24 kg of nitrapyrin/ha. 

Mortality was delayed until later in the season by 

the use of 1,3-D and nitrapyrin which resulted in 

increased yields. 

Treatment of the soil with 1,3-D generally increased 

the total population of microflora in the bulk soil 

and decreased the total number in the rhizosphere 

of cotton. 

Treatment of the soil with nitrapyrin increased the 

numbers of actinomycetes and bacteria in the 

rhizosphere of cotton. 

When the soil was treated with 1,3-D or nitrapyrin, 

greater populations of actinomycetes and bacteria 

which were antibiotically antagonistic to P. 

omnivorum resulted in the rhizosphere of cotton. 

In the bulk soil, populations of actinomycetes and 

bacteria antibiotically antagonistic to P. omnivorum 

were not changed by treatment of the soil with 

either 1,3-D or nitrapyrin. 
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8. The duration of inhibition of nitrification by 

nitrapyrin was relatively short in the field, last

ing less than a month. 

9. Inhibition of nitrification by 1,3-D occurred up to 

170 days after application in the field. 

10. Reduction of root rot by 1,3-D and nitrapyrin was 

related to increased populations of actinomycetes 

and bacteria in the rhizosphere which were anti-

biotically antagonistic toward P. omnivorum in 

culture. 

11. In soil treated with 1,3-D, reduction of root rot 

was also related to an increase in total populations 

of actinomycetes, bacteria, and fungi in the bulk 

soil. 

12. Reduction in mortality by the application of 1,3-D 

and nitrapyrin supports the observation that soil 

treatments which inhibit nitrification reduce 

Phymatotrichum root rot. 



CHAPTER 3 

EFFECT OF NITROGEN SOURCE UPON DISEASE INCIDENCE 

Objective 

The objective of this study was to determine the 

effect of amraoniacal nitrogen on the incidence of root rot 

incited by P. omnivorum. 

Materials and Methods 

Soil for experiments to determine the effects of 

NH^-N and NO^-N on disease incidence was Mojave clay loam 

collected from a cotton field adjacent to the field 

research plots at Aguila, Arizona described in Chapter 2. 

The soil was taken from the 3 to 20 cm depth and passed 

through a wire screen with 6 mm square openings so that 

clods of soil and larger pieces of plant debris were dis

carded . 

The soil was stored in 208 liter metal barrels and 

covered with lids until used. Soil fumigation was 

accomplished by sprinkling 50 ml of 1,3-D into the barrel 

as the soil was being shoveled in. The barrel was sealed 

for 4 weeks at the end of which time the soil was taken out 

and spread in a thin layer over a clean surface and exposed 

to air for 48 hr. 
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Soil samples were taken for NH^-N and NO^-N analysis 

immediately before adding N and potting in the experiments 

involving 1,3-D and nitrapyrin. In Experiments 1 and 2 

CTable 10) where the soil was fumigated with 1,3-D, there 

were 45.18 and 12,88 yg/g NO-^-N, respectively, and 1.70 and 

1.45 yg/g NH^-N, respectively. The analyses for the non-

fumigated soil in Experiments 1 and 2 were 61.91 and 13.22 

yg/g NO^-N, respectively, and 1.53 and 0.80 yg/g NH^-N, 

respectively. The soil for both Experiments 3 and 4 where 

nitrapyrin was used as a nitrification inhibitor (Table 11) 

contained 35.3 9 yg/g NO^-N and 4.41 yg/g NH^-N. Soil 

samples were analyzed by the method described in Chapter 2 

by the Soils and Water Testing Laboratory of the Department 

of Agricultural Chemistry and Soils at The University of 

Arizona. 

Nitrapyrin and various nitrogen sources were mixed 

with the soil thoroughly in a cement mixer immediately 

before potting. The mixer was washed with water, then 

rinsed with a 0.625% sodium hypochlorite solution and 

allowed to dry between mixing batches of the variously 

treated soil, A 240 g/liter formulation of nitrapyrin was 

mixed with a carrier, silica sand, so that the mixture 

contained 0,125% actual nitrapyrin, Nitrapyrin treated soil 

contained 5 yg of nitrapyrin/g of soil on an oven dry weight 

basis. Nitrogen treatments were made at the rate of 200 yg 

of N/cj of soil on an oven dry weight basis. The nitrogen 



Table 10. Effect of 1,3-dichloropropene (1,3-D) fumigation and nitrogen source on 
mortality rate of cotton plants grown in the greenhouse and inoculated 
with Phymatotrichum omnivorum. 

Number of 
out 

Plants Dead 
of 24a Average Mortality for 

Experiments 1 & 2 
(%) Soil Treatment Nitrogen Source*3 Experiment 1 Experiment 2 

Average Mortality for 
Experiments 1 & 2 

(%) 

1,3-D NH4-N 3 2 10.4C 

NO3-N 7 7 29.2 

None 1 14 31.3 

None NH4-N 13 5 37.5 

NO3-N 6 9 31.3 

None 8 7 31.3 

a35 days after inoculation of plants 4 weeks of age. 

^0.1 g N added/kg soil (equivalent to 224 kg N/ha soil, 15 cm deep). 
(NH^^SO^ and CaCNO^^ used as sources of N. 

Q 
1,3-D plus NH4-N treatment resulted in significantly less mortality 

(P = 0.05) when compared to any other treatment. 



Table 11. Mortality of cotton plants inoculated with Phymatotrichum omnivorum as 
influenced by a nitrification inhibitor (nitrapyrin), soil steriliza-
tion, and nitrogen source. 

Number of Dead Plants3 

Treatment 

• i- b Nitrogen 
Source 

Experiment 3 
(12 plants/ 
treatment) 

Experiment 4 
(20 plants/ 
treatment) 

Average 
Mortality for 

Experiments 3 & 4 
(%) 

. _ • , . c 
Nitrapyrin NH.-N 4 

2 1 9. 3d 

NO3~N 3 15 56.3 

None 3 9 37. 5 

Sterilized Soil NH.-N 4 
6 17 71. 9 

no3-n 9 20 90. 6 

None 7 20 84. 4 

Sterilized Soil 
+ Nitrapyrin NH.-N 

4 
6 15 65.6 

a35 days after inoculation of plants 4 weeks of age. 

fa0.1 g N added/kg soil (equivalent to 224 kg N/ha soil, 15 cm deep). 
(NH^^SO^ and CaCNC^^ used as source of N. 

Mixed with soil at rate of 5 yg/g. 

^NH^-N with nitrification inhibitor resulted in a highly significant 
reduction (P = 0.01) in mortality compared to any other treatment. 
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sources used were reagent grades of crystalline (NH^)2SO^ 

and CACNO^^ ' 4H20 between 0.354 and 0.850 mm in diameter. 

Soil sterilization was done in autoclave at 121 C for 2 hrs 

prior to fumigation for those treatments requiring sterile 

soil, 

The treated soil was potted in 15 cm diameter 

plastic pots which held approximately 2 kg of soil (oven 

dry weight) per pot. Before use the pots were soaked in a 

chromic acid solution overnight, thoroughly rinsed with 

water, soaked in 0.625% solution of sodium hypochlorite, and 

then thoroughly rinsed with water again before drying in the 

sun. The Delta Pine 16 cultivar of cotton was used in all 

experiments. Six seeds were planted 2 cm deep in a circle 

of 7 cm diameter. To prevent the soil surface from cracking 

when dry, a 1 cm layer of silica sand was put over the soil. 

About 7 days after emergence the cotton seedlings were 

thinned so that two plants 7 cm apart remained per pot. 

The soil temperature in all experiments was held at 

28 + 1 C, Experiments 1, 2, and 3 were performed using 

controlled soil temperature bendhes and Experiment 4 was 

done in growth chambers (Model CEL 25-7, Sherer-Gillett Co., 

Marshall, Mich.). The controlled soil temperature bench 

(Figs. 15, 16, 17) used a 400 watt, lead shielded General 

Electric heating cable that was 9.14 m long. The cable was 

run double on top of concrete blocks up one side and back 

down the other and back again through the hollow centers of 



Fig. 15. Interior of controlled soil temperature bench 
showing electric heating cables and air condi
tioner for circulating air within chamber and 
cooling. 



Fig. 16. Controlled soil temperature bench with top for 
holding 15 cm pots and soil temperature control 
unit. 



Fig. 17. Cotton plants growing in controlled soil tempera
ture bench. 
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the blocks as shown in Fig. 15. Cooling and air circula

tion was performed by a 8000 BTU/hr window type air condi

tioner (Model K28110D, Kelvinator, Inc., Grand Rapids, 

Mich, ) . A vertical partition running three quarters of the 

length of the center of the bench allowed air propelled by 

the air conditioner fan to move down one side and back up 

the other side into the air intake. The temperature of the 

recirculating air thus controlled the temperature of the 

soil in the pots (Fig. 17). Cooling was controlled by the 

air conditioner's thermostat and heating was controlled by 

a thermostat with a probe in the soil of one of the pots. 

The bench, was constructed of 1.9 cm plywood on the outside 

and 1.27 cm plywood on the inside with a 2.54 cm layer of 

styrofoam for insulation between the inside and outside 

layers of plywood. The outside dimensions were 122 cm wide 

by 244 cm long by 48 cm high. Controlled soil temperature 

benches were located in a greenhouse. The lighting cycle in 

the growth chambers was set so the incandescent lights went 

on at 5 a.m. and off at 8 p.m. and the fluorescent lights 

went on at 6 a.m. and off at 7 p.m. Light intensity when 

both fluorescent and incandescent lights were on measured 

272 lux at the level of the tops of the pots in the center 

of the chambers. 

Inoculum of P. omnivorum was placed next to the 

roots of the cotton plants 4 weeks after they had emerged 

from the soil. The inoculum was prepared by soaking sorghum 
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seed under running tap water for 2 hrs. Seventy-five cc of 

the soaked seed were placed in a 400 ml beaker and enough 

tap water was added to come up to the top of the seed level, 

A 15 cm filter paper disk was centered on top of each beak 

and crimped down on the sides. Aluminum foil was used to 

cover the filter paper and three quarters down the sides of 

the beakers. The beakers with their contents were auto-

claved for 30 min. After cooling, 10 mm diameter disks of 

No. 70 medium (17) with P. omnivorum (Isolate No, 511) 

growing on it was put in the beaker on the autoclaved 

sorghum seed and incubated for 2 wks at 28 C. Four of the 

sorghum seed with P. omnivorum growing on them were placed 

6 cm deep and 0.5 to 1 cm to one side of the cotton top root 

of one of the plants in the pot. This was accomplished by 

putting the inoculum inside the end of a 15 cm long glass 

tube with an inside diameter of 6 mm and ejecting the 

inoculum with a 17 cm long glass rod 5 mm in diameter, on 

the inside of the tube when pushed down to the proper depth 

in the soil. 

The number of plants which died in a 35 day period 

after inoculation were recorded. At the end of this period 

roots of all plants in Experiments 1 and 2 were examined for 

the presence of strands of the pathogen using a dissecting 

microscope at 7 to 10 X. 
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Results 

The effect of nitrogen source and soil fumigation 

with 1,3-D on mortality due to Phymatotrichum root rot are 

shown in Table 10. In fumigated soil where NH^-N was the N 

source added, only 10,4% of the plants were killed as 

compared to 29.2% and 31.3% in fumigated soil with NO^-N 

and no additional N treatments, respectively. In non-

fumigated soil where NH^-N was used 37.5% of the plants 

were killed as compared to 31,3% for each in the N03~N 

treatment and the control. 

The number of plants killed in the fumigated soil 

with NH^^N added was consistent when the experiment was 

repeated. An inconsistency was noted between Experiments 1 

and 2 in the fumigated soil control where 4.2% and 58.3% 

were killed, respectively. 

The mortality rate was not related to the survival 

of the pathogen in the 1,3-D fumigation experiments carried 

out in the greenhouse. An examination of the roots of 

living and dead cotton plants at the termination of both 

experiments revealed that the numbers of plants with 

strands of P, omnivorum on the roots did not vary signifi

cantly for any of the treatments (Table 12). This examina

tion revealed that all of the dead plants had strands 

present on their roots. 

The nitrification inhibitor, nitrapyrin, with 

NH^-N significantly reduced mortality when compared to the 
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Table 12. Effect of soil fumigation with 1,3-
dichloropropene (1,3-D) and nitrogen source 
on the survival of cotton plants inoculated with 
Phymatotrichum omnivorum and survival of the 
pathogen. 

Dead plus 
Surviving Surviving 

JU Plants with Plants with 
Nitrogen3 Surviving Pathogen Pathogen 

Treatment Fertilizer Plants Present0 Present^ 

1,3-D NH4-N 43E 33 38 

NO3~N . 34 22 36 

None 33 18 33 

None NH4-N 30 11 29 

NO3-N 33 21 36 

None 33 20 35 

0.1 g N added/kg soil (equivalent to 224 kg N/ha 
soil, 15 cm deep). (NH^^SO^ and Ca(NC>3)2 used as sources 
of N. 

35 days after inoculation of 48 plants 4 weeks of 
age per treatment. 

Presence of strands of P. omnivorum on roots. 

^All dead plants had strands on their roots, No 
significant difference (P = 0.05) was found among any of 
the treatments for number of plants having strands of P. 
omnivorum present, 

el,3-D with NH4-N resulted in significantly greater 
survival (P = 0.05) when compared to any other treatment. 



other treatments (Table 11). Nitrapyrin treated soil with 

NH^-N fertilization resulted in 9.3% of the cotton plants 

killed as compared to 56.3% and 37,5% killed where NO^-N and 

no N were added, respectively. The NH^-N, NO^-N, and no 

added N treatments in sterilized soil resulted in mortality 

rates of 71.9%, 90.6%, and 84.4%, respectively, Nitrapyrin 

with NH^-N in sterilized soil did not significantly reduce 

the number of plants dying from root rot as 65.5% of the 

plants died in this'treatment. Mortality was higher in all 

treatments where sterilized soil was used. 

Discussion 

Results of the greenhouse experiments agree with 

those from the field experiments at Aguila (Chapter 2, 

Results) and also with other field research where 1,3-D was 

shown to reduce the incidence of Phymatotrichum root rot 

C12, 36), The greenhouse experiments further revealed that 

the form of N fertilzier was a major factor in disease 

control in soil fumigated with 1,3-D. 

It is doubtful that 1,3-D had any fungicidal effect 

on P. omnivoruirt in the studies conducted in the greenhouse. 

The soil was aired after fumigation and little residual 

1,3-D should have been left in the soil at the time the 

inoculum was introduced. Little difference in the survival 

of the pathogen in fumigated and non-fumigated soil in the 

greenhouse experiments supports this. Also, the viability 
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of propagules of the pathogen exposed to 0.0, 47.7, 95.4, 

and 143.1 yg of 1,3-D/g soil was not related to these rates 

(Chapter 4, Results) even though highly significant differ

ences in mortality of the cotton was related to these treat

ments (Chapter 2, Results). 

The fact that NH^-N in non-fumigated soil did not 

reduce mortality indicates that 1,3-D fumigation was a 

necessary part of the control even though the pathogen was 

not directly affected by it. Nitrification is known to be 

suppressed in soil fumigated with 1,3-D (33). The NH^-N 

would have remained in this form longer in the 1,3-D treated 

soil than in the non-treated soil where it is rapidly con

verted to NO^-N at the 28 C temperature condition in the 

experiments (15). 

The importance of the ammoniacal form of N in 

suppressing mortality due to root rot was demonstrated using 

the nitrification inhibitor, nitrapyrin. Control with 

nitrapyrin and NH^-N was similar to that had with 1,3-D and 

NH^-N, but was much greater than control achieved in the 

field (Table 1). This was probably due to better distribu

tion of the nitrapyrin with the N source in the soil used in 

growth chamber studies. Only the lateral roots on one side 

of the cotton plants in the field were exposed to the soil 

injection of nitrapyrin. 

Streets (54, 55) proposed that control of P. 

omnivorum with (NH^^SO^ and (NH^^HPO^ fertilizers was due 



to the fungicidal effect of the ammonium ion. Earlier it 

had been shown that NH^-N sources when compared to NO^-N 

reduced the growth of P. omnivorum at extremely high con

centrations of 12,400 ]jg N/g of medium (43). Evidence 

later presented (6, 58) indicated that reduction of growth 

in culture was related to a reduction in pH due to the 

uptake of NH^-N and not to the toxicity of the ammonium ion 

per se. By buffering the medium F_. omnivorum grew as well 

on NH^-N sources as-on NO^-N sources, It was further shown 

by Blank and Talley C6) that the same concentrations of 

(NH4) 2S04 (.approximately 500 yg N/g soil) as recommended by 

Streets (53, 55) for control of root rot had no toxic 

effects upon the pathogen grown in sterile soil culture. 

This is in agreement with the research presented herein. As 

indicated in Table B,7 (Appendix B), P. omnivorum grew 

almost as well on sterile soil containing NH^-N as that 

containing NO^-N. On non-sterile soil the fungal growth 

was a little greater on the NH^-N treatment than on the 

NO^-N treatment. Further evidence supporting this is the 

lack of a significant difference in the survival of the 

pathogen in NH^-N and NO^-N treatments (Table 12) even 

though mortality was significantly less in the 1,3-D plus 

NH^-N treatment. 

The influence of soil microflora on the incidence of 

mortality due to Phymatotrichum root rot was demonstrated 

in the nitrapyrin and source of N experiments. Reduction of 



mortality by nitrification inhibition where NH^-N was 

applied was invalidated by soil sterilization before the 

treatment was made. The fact that mortality was higher in 

all treatments in sterilized soil (Table 11) indicated the 

importance of soil microflora as biological buffering 

agents. Increased mortality due to Phymatotrichum root rot 

of cotton grown in sterilized soil and sand was also noted 

by Chavez et al. (13). This effect is commonly observed in 

plant nurseries wheire pathogens are inadvertently introduced 

into sterilized soil where plants are growing (19). Even 

though the experiments were not carried out under axenic 

conditions, microflora gaining entry into autoclaved soil 

were those disseminated by aerial propagules which would not 

be representative of the normal compliment of soil micro

flora. 

The data presented here and in Chapter 2 clearly 

support the hypothesis that soil treatments which inhibit 

nitrification decrease mortality due to Phymatotrichum root 

rot. Two conditions which were prerequisite for control 

when nitrification was inhibited were (a) that the amount 

of N fertilizer normally used in the culture of cotton be 

in the NH^-N form and (b) soil microflora must be present. 

Conclusions 

1. When nitrification was suppressed by either 1,3-D 

or nitrapyrin and NH^-N fertilizer was applied at 



the rate used in the culture of cotton, mortality 

due to Phymatotrichum root rot was reduced. 

Use of NO3-N fertilizer in soil treated with either 

1,3-D or nitrapyrin does not control Phymatotrichum 

root rot, 

NH^-N does not directly control P. omnivorum to 

reduce mortality. 

Since Phymatotrichum root rot was not reduced in 

sterilized soil treated with nitrapyrin and NH^-N 

fertilizer, it was concluded that the mechanism of 

control was biological in nature. 

Under normal conditions, soil microflora act as a 

biological buffer which suppresses the full 

pathological potential of P. omnivorum. 



CHAPTER 4 

NATURE AND OCCURRENCE OF THE OVERWINTERING PROPAGULES OF 
PHYMATOTRICHUM QMNIVORUM AND THE EFFECTS OF 
1,3-D AND NITRAPYRIN ON THEIR SURVIVAL 

Objective 

This study was carried out to determine the nature 

of the overwintering propagule(s) produced by the pathogen 

and the effect of 1,3-D and nitrapyrin upon its occurrence 

and viability in the field. 

Materials and Methods 

The 1,3-D and nitrapyrin plots described in Chapter 

2 were sampled for propagules of P. omnivorum. Sampling in 

the 1,3-D plots was done with a soil sampling auger with a 

diameter of 5.4 cm and in the nitrapyrin plots sampling was 

done with a soil sampling tube with an inside diameter of 

2 cm. During the 197 4 growing season soil samples were 

taken at the 15 to 3 0 cm depth from the skip rows in the 

1,3T-D plots and 15 cm away from the side of the cotton 

rows at the 0 to 3 0 cm depth in the nitrapyrin plots. The 

following winter after the cropping season, samples were 

taken in the 1,3-D plots at the 0 to 15 cm, 15 to 30 cm, 

and 30 to 45 cm depths in rows where cotton had been planted. 

Samples were also taken in the middle of the irrigation 

furrows between the old rows at the 0 to 15 cm and the 15 

72 
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to 3 0 cm depths at the same time in the 1,3-D plots. A 

sample from a replication of a treatment was a composite of 

six samples taken at random in the area 67 m long where the 

mortality counts were made (Chapter 2) . An exception to 

this were the samples taken from around the firet plants 

dying from Phymatotrichum root rot in the 1,3-D control 

plots on June 25, 1974. The oven dry soil weight of the 

soil samples from the nitrapyrin plots was approximately 

700 g/sample and from the 1,3-D plots about 1,500 g/sample 

except those from around the first dying plants were about 

5,000 g/sample. The plots were sampled twice during the 

growing season and only once during the winter. 

The method for recovery of the propagules of the 

pathogen was similar to the screening method devised by 

King and Hope C2 9) in 1932. Moisture content of each 

sample was determined by drying 30 g of soil in an oven at 

100 C for 24 hrs and then weighing it. The remainder of the 

sample to be screened was weighed so the dry weight of the 

soil could be calculated. The weighed sample was placed in 

a 4 liter beaker which was then filled with tap water. The 

beaker was placed on a magnetic stirrer and a 6 cm magnetic 

stir bar was placed in the bottom. The soil was suspended 

by stirring for about 15 to 20 min. The floating debris was 

skimmed off of the suspension with a piece of 0.850 mm 

square opening screen and placed on a moist paper towel. 

After quickly stirring again the suspension was poured 



through a series of screens having 1.981 mm, 0.991 mm, 

0.850 mm, and 0.354 mm square openings in sequential order. 

Any residue in the beaker was washed onto the screens. 

Using a hose, a diffuse stream of water was used to wash the 

material on the screens free of any adhering soil or small 

particles. Material remaining on the screens was placed on 

moist paper towels. The material on the paper towels was 

spread out and examined under a dissecting microscope at 

7 to 10 X. Propagules suspected of being P. omnivorum were 

removed to petri plates with moist filter paper in the 

bottoms. The propagules were stored on the moist filter 

paper in covered petri dishes at 5 C until their viability 

and identity were determined. 

In order to determine viability the propagules were 

placed on water agar. First they were put into sterile 

distilled water (SDW) to rinse off any adhering soil. They 

were then placed in a 0.0625% solution of sodium hypo

chlorite for 1 min after which they were taken through five 

successive rinses of SDW, Each propagule was quickly 

blotted on sterile filter paper to remove surface moisture 

and then placed on 2% water agar containing 200 pg/ml 

streptomycin sulfate in petri plates. The propagules were 

incubated at 2 8 C and examined under a dissecting microscope 

for germination every 5 days for a total of 15 days. 

A random sample of propagules from the 1,3-D and 

nitrapyrin plots was taken for determining their descriptive 
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statistics, Propagule dimensions were measured using a 

calibrated occular scale in a dissection microscope, 

Nitrapyrin and 1,3-D were incorporated into No. 70 

agar medium for determining their effects upon the growth 

and survival of the pathogen in culture. Stock solutions 

containing 1000 yg 1,3-D/ml and 1000 yg nitrapyrin/ml were 

prepared with sterile distilled water. Aliquants of" these 

stock solutions were mixed into sterilized No. 70 medium in 

order to have media containing 10, 50, 100, and 150 yg 

l,3r-D/ml and 1, 5, 10, and 100 yg nitrapyrin/ml. The stock 

solution was thoroughly mixed into the medium at 48 C with 

a magnetic stirrer for 1 min and immediately poured into 

petri plates and cooled to room temperature. Exactly 20 ml 

of medium was dispensed to each plate with a continuous 

pipetting syringe so that the amount of 1,3-D or nitrapyrin 

was the same for each replicate plate in a treatment. 

A 13 mm disk of No. 70 medium with a 1 month old 

culture of P. omnivorum (Isolate No, 511) growing on it was 

placed in the center of each petri plate containing the 

treated No, 70 medium. The plates were then incubated for 

48 hrs at the end of which time radial growth of P. 

omnivorum was measured and recorded. 

Each treatment was composed of 12 replications and 

the controls were replicated 12 times. The experiments with 

both 1,3-D and nitrapyrin were repeated twice. 
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Results 

The overwintering propagules of P. omnivorum were 

found to be sclerotia and strands, some of which were 

separate entities, but were usually one to several sclerotia 

connected by strands CFig. 18). They were dark brown to 

black in color and lacked the tomentose hyphal covering of 

those newly produced in culture. The sclerotia, conforming 

to previous morphological descriptions (32, 42, 44), 

appeared as spherical to ellipsoidal swellings, often 

irregular in shape, on the strands. Descriptive statistics 

for the propagules found in the experimental plots at Aguila 

are given in Table 13, The average size for the sclerotia 

recovered was about 0,7 mm in diameter by 1.4 mm long as 

compared to an average diameter of slightly less than 2 mm 

given by Neal C42) for those first discovered in nature. 

Viable strands and sclerotia germinating on water 

agar formed new hyphae and strands characteristic (57) of 

those formed in culture (Fig. 19), It was noted that 

sclerotia were formed after 8 to 9 days on strands emanating 

from some of the propagules plated CFig. 20) for determina

tion of viability. The same phenomenon has been observed 

in nature where strands produced by germinating sclerotia 

formed new sclerotia in the absence of a host in soils 

which had been fallow for 3 and 5 years (38). 

The viability and numbers of propagules recovered 

from the various 1,3-D treatments bore no relationship to 



Fig. 18. Overwintering propagules of Phymatotrichum 
omnivorum, consisting of strands and sclerotia, 
recovered from soil samples from a cotton field 
at Aguila, Arizona in 1974. 



Table 13. Descriptive statistics of propagule dimensions of Phymatotrichum 
omnivorum found in 1974 at Aguila, Arizona in cotton field where 
1,3-dichloropropene and nitrapyrin experiments were carried out. 

Propagule 

Length 

Sclerotia 
per 

Propagule 
Sclerotium 

Width 
Sclerotium 

Length 

Length of 
Strand per 
Propagule 

Strand 
Width 

Mean 6.18 H! 1.73 0.72 mm 1.37 mm 4.97 mm 0.17 mm 

Standard 

Deviation +6.26 mm +1.48 +0.27 mm + 0,84 mm + 5.24 mm + 0.05 mm 

Range 1,0-25,0 mm 0-6 0.31-1.3 mm 0,3-3,7 mm 0.2-21.7 mm 0.1-0.3 mm 

Coefficient 
of Variation 1.01 0.86 0.37 0.61 1.06 0.29 

Number of 
Observations 26 26 45 45 20 20 
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Fig. 19. Hyphae and strands growing on water agar from a 
germinating sclerotium of Phymatotrichum omnivorum 
recovered from soil in a cotton field at Aguila, 
Arizona in 1974. 
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Fig. 20. New strands and sclerotia being produced on water 
agar from a sclerotium (center of photograph) of 
Phymatotrichum omnivorum recovered from soil in a 
cotton field at Aguila, Arizona. 



the amount of 1,3-D applied (Table 14). There was little 

difference between the numbers recovered in the treatment 

and control plots in the nitrapyrin experiment. Propagule 

viability appeared greater in those recovered in the 

nitrapyrin treated plots than in the control plots (Table 

15}, but due to the small sample size and low number of 

propagules recovered it was doubtful if this trend was real. 

Soil samples from around the first cotton plants 

dying of Phymatotri'chum root rot in the control plots of 

the 1,3-D experiment in the 1974 season contained greater 

numbers of propagules than found in samples taken at random 

in the same plots (Table 16). Figure 21 shows the uneven 

distribution of the propagules over the entire 1,3-D 

experimental area. Greater numbers of propagules were found 

in the A and D blocks which covered more of the edge of the 

area of cotton plants killed by an epiphytotic of Phymato-

trichum root rot in 1973. 

Samples of soil from cotton hills in the 1,3-D 

plots taken the winter following the 1974 epiphytotic 

revealed greater numbers of propagules from the soil which 

had been fumigated 1 year earlier. The greatest concentra

tions of propagules were found at the 0 to 15 cm depth in 

the hills and smallest concentrations were found at the 0 

to 15 cm depth below the irrigation furrows (Table 17). 

Densities of propagules found in the summer and 

winter surveys are within the range of those found by 
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Table 14. Viability and numbers of propagules of 
Phymatotrichum omnivorum recovered from the 15 
to 3 0 cm depth in field plots treated with 1,3-
dichloropropene (1,3-D). 

1,3-D 
(liters/ha) 

Propagules per 
kgm of Soil 

Per Cent 
Viability3 

0 0. 66b 77. 8 

234 2.16 85. 3 

468 0.40 66.7 

702 2.16 79.4 

aDetermined by the number of propagules germinating 
when placed on water agar at 28 C. 

Average from four replicate soil samples, each a 
composite, weighing approximately 4 kg, of 12 subsamples 
taken at random from a replicate plot. 
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Table 15. Mean number and viability of propagules of 
Phymatotrichum omnivorurn found in nitrapyrin test 
plots between 0-30 cm deep. 

Propagules per Per Cent 
Treatment kgm of Soil Viability9 

Nitrapyrin 1. 19b 50.0 

Control 1. 88 22. 2 

aDetermined by the number of propagules germinating 
when placed on water agar at 28 C. 

Average from four replicate soil samples, each a 
composite, weighing 2 kg (oven dry weight), of 12 sub-
samples taken at random from a replicate plot. 
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Table 16. Non-random distribution of Phymatotrichum 
omnivorum propagules shown by greater concentra-
tions around first plants dying of Phymatotrichum 
root rot as compared to numbers from randomly 
taken soil samples in nontreated (control) plots. 

Propagules/kgm Soil3 

Control 
Plot No. 

Random 
Sample 

Sample from Around 
First Dying Plants 

A4 2,19 2.44 

B4 o
 

• o
 

o
 

3.77 

C4 0. 22 6.23 

D4 0. 22 

in o
 

Average 0.66 3.10 

Approximately 4 kg of soil (oven dry weight) from 
15 to 3 0 cm depth were screened for sclerot^a per sample. 

Composite of 12 random subsamples per plot. 



Fig. 21. Distribution of propagules of Phymatotrichum omnivorum in 1974 after 
treatment of soil with 1,3-dichloropropene (1,3-D) and prior to an 
epiphytotic of root rot in cotton -- Each treatment plot contained 
five rows, four planted and one not planted. 



Block 

Treat m -;nts 

1. 234 liters/ha 1,3-D 

2. 468 liters/ha 1,3-D 

3. 702 liters/ha 1,3-D 

4. Control 

Edge of killed 
Cotton Area 

in 1973 

Treatment 

Propagules 
Per Kg Soil 

Fig. 21. Distribution of propagules of Phymatotrichum omnivorum in 1974 after 
treatment of soil with 1,3-dichloropropene (1,3-D) and prior to an 
epiphytotic of root rot in cotton. 

CD 
U1 
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Table 17. Propagules/kg soil of Phymatotrichum omnivorum 
recovered February 1975, one year after fumiga-
tion with 1,3-dichloropropene (1,3-D) from 
irrigation furrows and hills where cotton was 
grown the previous summer. 

Place and Depth 
of Sampling 

(cm) 

1,3-D (liter3/ha) Place and Depth 
of Sampling 

(cm) 0 234 468 702 

Hill 

0-15 1.45a 2. 25 2.20 2.80 

15-30 0. 00 0.31 0.37 0.85 

30-45 0.13 

b Furrow 

0-15 0.00 0. 22 0.10 0. 00 

15-30 0.40 0.41 0.13 0.13 

Average from four replicate soil samples, each a 
composite weighing approximately 2 kg of six subsamples 
taken at random from a replicate plot. 

Bottom of furrows averaged 15 cm below tops of 
hills where cotton was grown. 



Streets (55) in the years of 1934 through 1936 in a cotton 

field at Tucson, Arizona. He found up to 3.31 sclerotia/kg 

soil in samples from the 15 to 45 cm depth as compared to 

the maximum of 6.23 propagules/kg soil found at the 15 to 

30 cm depth in this study. Propagule counts in this study 

can be multiplied by 1.73 (Table 13) to give the number of 

sclerotia. After searching for several months and finding 

only a few sclerotia in Phymatotrichum infested cotton 

fields, at Sacaton,'Arizona, King and Hope (29) found a 

small area of a field which yielded up to 45.53 sclerotia/kg 

of soil. Densities of sclerotia up to 10.12/kg of soil have 

been reported (34) from Texas, 

Although incorporation of 1,3-D into No. 70 agar 

medium significantly reduced the growth of P. omnivorum 

(Table 18), some growth did occur at the 50, 100, and 150 

yg/ml concentrations. These are approximately the same 

concentrations which would result if 1,3-D diffused evenly 

throughout the soil after injection at the depth of 40 cm 

at the rates of 234, 46 8, and 702 liters/ha, respectively. 

Nitrapyrin at 5 and 10 pg/ml of No. 70 medium had a 

significant stimulatory effect upon the growth of P. 

omnivorum (Table 19). This was probably somewhat higher 

than the concentration found after injection in the soil in 

the field. At 100 pg nitrapyrin/ml of medium little growth 

occurred. 
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Table 18. Effect of 1,3-dichloropropene (1,3-D) 
incorporated into No. 7 0 medium on the growth 
of Phymatotrichum omnivorum at 28 C after 48 
hrs. 

Radial Growth3 

(mm) 

1,3-Db 
( j i g/ml) 

Experiment 
No. 1 

Experiment 
No. 2 

Mean of 
Experiments 1 & 2 

0 13. 25 11.92 12. 58 AC 

10 10.75 10. 42 10.58 B 

50 6 .  58 7.14 6.86 C 

100 6. 42 7.42 6. 92 C 

150 5.33 6.67 6.00 c • 

Average of 12 replications per treatment of radial 
subsurface growth from the edge of a 13 mm disk of No. 70 
agar medium with a one month old culture of P. omnivorum 
growing on it. 

1,3-D mixed with sterilized No. 70 agar medium at 
48 C and immediately poured into petri plates and cooled 
to 2 8 C. 

CMeans followed by the same letter are not signifi
cantly different, P = 0.01. 
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Table 19. Effect of nitrapyrin incorporated into No. 70 
medium on the growth of Phymatotrichum omnivorum 
at 28 C after 48 hrs. 

Radial Growth 
(mm) 

a 

Nitrapyrin 
ml) 

Experiment 
No. 1 

Experiment 
No. 2 

Mean of 
Experiments 1 & 2 

0 9.67 10.08 9.88 AC 

1 11.42 13.25 12.33 A 

5 16:58 19. 42 18.00 B 

10 20. 83 26.08 23.46 C 

100 0.58 0.42 0. 50 D 

Average of 12 replications per treatment of radial 
subsurface growth from the edge of a 13 mm disk of No. 70 
agar medium with a one month old culture of P. omnivorum 
growing on it. 

Nitrapyrin mixed with sterilized No. 70 agar 
medium at 48 C and immediately poured into petri plates and 
cooled to 28 C. 

°Means followed by the same letter are not signifi
cantly different, P = 0.01. 



Discussion 

Results of this investigation suggest that both 

sclerotia and strands of P. omnivorum may be important as 

overwintering propagules in Arizona cotton fields. 

Sclerotia were considered to be the only overwintering 

propagules in Arizona cotton fields by early investigators 

C29, 55). Recently, however, after finding but a single 

sclerotium in soil samples totaling over 250 kg, Wheeler 

C68) concluded that sclerotia were not the main overwinter

ing propagules in Arizona and postulated (69) that strands 

may serve this function in cotton. Strands and sclerotia 

both have been shown to be overwintering propagules in 

Texas (3 8 , 44, 47) . 

There may be several reasons which explain the lack 

of knowledge of the overwintering propagule of P, omnivorum 

in Arizona cotton fields. The average size for sclerotia 

found in this study are smaller than those reported found 

in nature in Texas (42, 44) and those formed in culture 

(55). Photographs in some publications show sclerotia 

recovered from the field as lacking any attached strands 

(29, 44), These two facts may have led investigators to 

look for sclerotia existing as single entities, not attached 

together by strands, and somewhat larger in size than 

actually found in Arizona soils. As well documented by 

previous surveys (2 9, 55) and this study, overwintering 

propagules in Arizona are not evenly distributed in areas of 



fields where all of the cotton has been killed the previous 

season. Not only were the numbers of propagules recovered 

highly variable, but the numbers were low as many samples 

in these surveys yielded no propagules at all. 

This study differs from previously reported investi

gations in that the overwintering propagules were not 

enumerated in terms of individual sclerotia or strands 

unless recovered from the soil as such. Sclerotia and 

strands were considered as morphological components of the 

total propagule because they no doubt act together as a 

unit of inoculum in the allocation of energy for attack of 

the host root. This is supported by the fact that P. 

omnivorum has been shown to translocate nutrients for growth 

relatively long distances through strands from an energy 

source (3 2). Growth of the fungus across water agar from 

propagules recovered in this study also supports this 

contention. 

The ability of the propagules to germinate and send 

out strands on which new sclerotia were formed on water agar 

in this study and under natural conditions in the field 

(38) represents a survival mechanism. Formation of new 

propagules in these cases was apparently in response to 

lack of a nutritional substrate (or host). This same 

phenomenon was demonstrated in an experiment by Bloss and 

Wheeler (7) where P, omnivorum grev/ from No. 70 agar medium 
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onto soil. Sclerotia were formed on the soil but not on the 

agar medium. 

Evidence from the survey of propagules taken after 

the 1974 season in the 1,3-D experimental area indicated 

that increased propagule density was associated with the 

delay in mortality afforded by the 1,3-D treatments. Thus, 

more propagules of the pathogen were formed in the treated 

plots to serve as primary inoculum for the following 

susceptible crop. Another indication that more propagules 

are formed around plants killed.later in the season was the 

greater numbers found at the edge of the large circular area 

of plants killed by the 1973 epiphytotic (Fig. 21). Perhaps 

a higher density of propagules on the edge of circular areas 

of plants killed by Phymatotrichum root rot may explain the 

formation of the rings of killed plants after several years 

as shown in Fig. 22. 

There was no evidence to support the hypothesis 

that 1,3-D at the rates applied in the field was fungicidal 

to the overwintering propagules since viability and densi

ties of propagules were not related to treatment rate. This 

was supported by the in vitro study showing that it was not 

lethal to the mycelium, even though growth was restricted. 

In the field 1,3-D probably had less effect on the more 

resistant overwintering propagules and had diffused from the 

soil long before the fungus became active later in the year. 

Nitrapyrin is concluded not to have been fungicidal at the 
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Fig. 22. Aerial infrared photograph showing areas of 
cotton plants in a field at Aguila, Arizona killed 
by Phymatotrichum root rot — Dark areas in the 
cotton field are dead plants. Plants not affected 
by root rot can be seen completely surrounded by 
dead plants in some areas. 
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rate applied in the field as shown by evidence of the in 

vitro study. Results from Chapter 3 show that the fungus 

was not directly affected by the presence of nitrapyrin in 

the soil. 

Conclusions 

1. The overwintering propagules of P. omnivorum were 

strands and sclerotia, some of which were separate 

entities, but were usually found together as one to 

several sclerotia connected by strands. 

2. Overwintering propagules were unevenly distributed 

in an area where the cotton was completely killed by 

P. omnivorum the previous year. 

3. The overwintering propagules were formed in close 

proximity of the host root system. 

4. Greater numbers of overwintering propagules were 

formed around those plants killed late in the season 

than those killed early in the season. 

5. The survival of the overwintering propagules of P. 

omnivorum was not reduced by the application of 234, 

468, or 702 liters of 1,3-D/ha or 2.24 kg of 

nitrapyrin/ha. 

6. At concentrations equivalent to those applied in the 

field, 1,3-D restricted the growth of P. omnivorum 

in culture, but was not fungicidal. 



At a concentration equivalent to that applied in 

field and greenhouse studies, nitrapyrin did not 

restrict the growth of P. omnivorum in culture. 
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Dilution 

10 
-1 

10 
-3 

10 -4 

10 
-5 

10 
- 6  

22 g bulk soil 

I 
190 ml diluent 

1 ml 

99 ml diluent 

10 ml 

90 ml diluent 

1 ml 
1 ml 

9 ml diluent 
| 1 ml 

1 ml 
nJk 
99 ml diluent 

1 ml 

Medium 

plate for fungi 
(6 replicates) 

plate for 
antagonists 
(9 replicates) 

plate for 
actinomycetes 
and bacteria 
(6 replicates) 

Cooke Rose 
Bengal Agar 

Pseudo-
monas 
Agar F 

Allen Soil 
Extract 
Agar 

Fig. A.1. Diagram for dilution plating procedure for 
samples of bulk soil. 
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Dilution 

10 
-1 

10 
-3 

10 -4 

10 
- 6  

10 
-7 

Medium 

10 

95 

v 
99 

\|/ 
90 

v 
99 

g rhizosphere soil 

ml diluent 

1 ml 

ml diluent 

10 ml 

ml diluent 

.1 ml 

1 ml 

ml diluent 

1 ml 

Y 
90 

10 ml 

ml diluent 

1 ml -> 

plate for fungi 
(6 replicates) 

plate for 
antagonists 
(9 replicates) 

plate for 
actinomycetes 
and bacteria 
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Fig. A.2. Diagram for dilution plating procedure for 
samples of rhizosphere soil. 
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Table B.l. Effect of pre-plant treatment of soil on 1/30/74 with 1,3-
dichloropropene CI,3-D) on mortality of cotton due to Phymatotrichum 
root rot. 

8/13/74 9/9/74 

1,3-D 
Cliters/ha) 

No. 
Dead 

Total Plants 
Counteda 

% 
Mortality 

No. 
Dead 

Total Plants 
Counted 

% 
Mortality 

0 2567b 3300 77.79 2557 2984 85.69 

234 1416 3340 42.40 2407 3513 68.52 

468 1421 4175 34.04 2363 4187 56.44 

702 798 3560 22.42 1696 3656 46.39 

aTotal plants counted in four replications of each treatment. 

Numbers of dead plants in each treatment were significantly different 
from those in all other treatments for both dates, P = 0.01. 



Table B.2. Effect of pre-plant treatment of soil on 1/30/74 with 1,3-
dichloropropene (1,3-D) on populations of microflora in the bulk 
soil and rhizosphere of cotton. 

1,3-D 
(liters/ha) 

Bulk Soil Rhizosphere 
1,3-D 

(liters/ha) 3/4/76 4/3/74 5/2/74 7/19/74 7/19/74 

Actinomycetes x 106 
7 

Actinomycetes x 10 

0 5,165a 7.040 5.003 3.354 4.587 
234 10.005 8.014 7.589 5.244 2.104 
468 7.876 7.677 8.137 5.898 5.319 
702 5.094 7.020 6.165 5.474 3.741 

Bacteria x 106 
7 

Bacteria x 10 

0 104.76 100.49 39.91 48.48 309.55 
234 135.25 121.49 45.55 58. 52 114.78 
468 173.52 106.33 60. 82 56.52 261.81 
702 193.88 109.08 45.58 70. 82 146.66 

Fungi x 104 4 Fungi x 10 

0 17,65 14.64 6.55 5. 48 22.71 
234 18. 98 15.64 5.79 8.36 16.33 
468 21.75 14. 46 5.27 7.03 29. 81 
702 26.47 15. 92 6. 22 7.23 13.37 

Each population value is the average of 2 4 dilution plate counts which 
were composed of six plates for each of four field plot replications, each 
replication being a composite of six subsamples for a bulk soil sample and 12 
roots with adhering soil for a rhizosphere sample. 



Table B.3. Populations of actinomycetes and bacteria antibiotically antagonistic 
toward Phymatotr ichum omnivorum and populations of fungi antagonistic 
toward other Tungi isolated in the bulk soil and cotton rhizosphere 
170 days after fumigation with 1,3-dichloropropene (1,3-D). 

1,3-D 
(liters/h.a) 

Bulk Soil Rhizosphere 

1,3-D 
(liters/h.a) 

Actinomycetes anda 

Bacteria x 10^ 
Fungi*3 

x 104 
Actinomycetes and 
Bacteria x 10® 

Fungi 
x 104 

0 1.319 0.240 0.4601 1.697 

234 1.335 0. 705 1.7688 1.416 

468 1.154 0.337 0.7626 3.215 

702 1.675 0.393 0.8447 1.183 

Each population value for actinomycetes and bacteria is the average of 36 
antibiosis assay plate counts which were composed of nine plates for each of four 
field plot replications, each replication being a composite of six subsamples for 
a bulk soil sample and 12 roots with adhering soil for a rhizosphere sample. 

^Each population value for fungi is the average of 24 dilution plate 
counts which were composed of six plates for each of four field plot replications, 
each replication being a composite of six subsamples for a bulk soil sample and 12 
roots with adhering soil for a rhizosphere. 



Table B.4. Antibiotic inhibition of growth of fungi from bulk soil and cotton 
rhizospheres by bacteria, showing antibiotic inhibition toward 
Phymatotrichum omnivorum, also isolated from bulk soil and cotton 
rhizospheres. 

Fungus Isolate 
Bacterium 
Isolate F3 F25 F27 F32 F51 F72 F88 F100 

Total 
Challenges 

Inhibitions 
(%) 

B16 _b _ _ — _ _ _ — 8  0 
B46 + + + + + + + + 8  100 
B48 + + + + + + + + 8  100 
B50 - + + + + + + + 8  100 
B51 - - - - - - - - 8  0 
B60 - - - - - - 6  0 
B73 - - - - - - + + 8  25 
B85 + + + - - + + 7  71 
B90 - + - - - + - 7  29 
B95 + + + — + + + 7  86  

Total 75 52 

Challenges done by streaking bacterium isolate on one side of plate of 
No. 70 agar and then placing fungus on the opposite side of agar 48 hrs later. 

k+ = inhibition of fungus growth, - = no effect on fungus growth. 
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Table B.5. Effect of fumigation with 1,3-dichloropropene 
(1,3-D) on January 30, 1974, on ratio of 
NH4-N to NH4-N + NO3-N 

Days after Fumigation 
1,3-D Average for the 

(liters/ha) 33 63 92 170 4 Sampling Periods 

0.154 

0.159 

0.193 

0.168 

aSee Table 8 for NH^-N and NO3-N data used to 
compute ratios. 

0 0, 35la 0. 124 0. 222 0. 099 

234 0. 248 0. 143 0. 232 0. 102 

468 0. 258 0. 123 0. 260 0. 195 

702 0. 227 • 0. 157 0. 234 0. 115 

Table B.6. Ratio of NH^-N to NH^-N + no3-N in cotton field 
plots treated with nitrapyrin on May 25, 1974 
at Aguila, Arizona. 

Sampling Data 

Treatment 6/25/74 8/13/74 Average 

Nitrapyrin 

Control 

0.258a 

0.325 

0.199 

0. 311 

0.221 

0.317 

aSee Table 9 for NH^-N and NO^-N data used to 
compute ratios. 
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Table B.7. Growth after 3 5 days of Phymatotrichum omnivorum 
at 28 C on sterile and non-sterile soil 
fumigated with 1,3-dichloropropene (1,3-D) with 
NH4-N and N03-N. 

Growth over Soil Surface9 

Treatment 
Nitrogen 
Source13 

Non-sterile 
Soil 

Sterile 
Soil 

1,3-D NH4-N 0.429C 2.143 

NO3-N 0.414 3. 429 

None 0.114 4.000 

None NH4-N 1.314 1.666 

NO3-N 0.414 2. 000 

None 0.186 2. 833 

Growth from a 13 mm disk of No. 70 agar with P. 
omnivorum growing on it. Growth rating based on amount of 
area covered with hyphae 3 cm radially from disk of agar. 
0 = no growth, 1 = 1/6 area, 2 = 2/6 area, 3 = 3/6 area, 
4 = 4/6 area, 5 = 5/6 area, and 6 = whole area covered. 

b0.1 g N added/kg soil. (NH^)2SO^ and Ca(N03)2 
used as N sources. 

CEach value is the average of seven replications. 
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