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ABSTRACT 

The addition of large amounts of organic matter in 

combination with watering of native desert soils causes an 

increase in some of the common soil-borne diseases not 

normally found under natural conditions even though patho

gens such as Rhizoctonia. Pythium. and Phymatotrichum are 

frequently isolated from the unamended soils. It is 

believed that qualitative and quantitative changes in the 

rhizosphere microflora antagonistic to the pathogens may 

be involved in this phenomenon. 

Representative samples of the rhizosphere micro

flora were taken from saguaro (Carnegiea gigantea (Engelm.) 

Britt and Rose) and palo verde (Cercidium microphyllum 

(Torr.) Rpse and Johnston) involving 3 isolation tech

niques and 23 media. A total of 386 isolates were screened 

for antibiotic activity against the following common soil-

borne pathogens of the Southwest: Rhizoctonia solani 

Kuhn, Verticillium albo-atrum Reinke and Berth., 

Phymatotrichum omnivorum (Shear) Dugg., and Fusarium 

oxvsporum f. lvcopersici (Sacc.) Snyder and Hansen. A 

total of 147 isolates showed antibiotic activity against 

F. oxvsporum while 85, 109, and 117 were antagonistic to 

xiii 
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R. solani. P. omnlvorum, and 7. albo-atrum respectively. 

Thirty-eight inhibited all four pathogens. 

Factors influencing the growth and antibiotic 

production by 10 Streptomyces species showing the greatest 

antibiotic activity against all 4 pathogens were studied. 

Growth and antibiotic production was investigated using 

13 nitrogen and 12 carbon sources. The antibiotics pro

duced by all 10 isolates proved to be heptaenes of the 

polyene group. 

A casamino acid preparation was the best nitrogen 

source for both growth and antibiotic production while 

single amino acids such as glutamic acid, glycine, and 

aspartic acid were as good for both growth and antibiotic 

production as yeast extract or peptone. Ammonium sulfate, 

and urea were generally poor sources for growth and anti

biotic production. Ammonium tartrate, although poor for 

growth, allowed good production of antibiotics by most 

actinomycetes. 

The best carbon sources for growth of all 10 ac

tinomycetes were starch and malt extract but they were 

extremely poor for antibiotic production. Glucose was 

clearly the best carbon source for growth and antibiotic 

production with maltose next. Xylose, sucrose, acetate, 

sorbose, and raffinose allowed only a trace of growth by 

all isolates. However, a sorbose medium gave excellent 
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production of antibiotics by 6 of the isolates, showing 

that only a trace of growth is necessary for good anti

biotic production on some media. 

The type of medium was also important in excre

tion or retention of the antibiotics. Six of the 10 

Streptomyces species retained all antibiotic activity 

within the mycelium when grown on a glucose-aspartic acid 

medium while a glucose-ammonium tartrate medium had the 

opposite effect on 6 isolates which excreted all their 

antibiotics into the culture medium. 

The carbon-nitrogen ratio exerted a strong effect 

on growth of Rhizoctonia solani. a C:N ratio of 20, the 

highest tested, being best. Antibiotic production by the 

isolates was also shown to increase slightly with an 

increase in the CJN ratio. 

A 20-day study of the relation between growth and 

antibiotic production of 5 isolates showed no correlation 

between the two phenomena. In one case only a trace of 

growth occurred after 24 hours of incubation but anti

biotic production was extremely high. Usually the growth 

curves were not as sharp as the antibiotic production 

curves over the 20-day period. 



INTRODUCTION 

It has been observed in Arizona that most native 

plants under natural desert conditions do not usually 

show symptoms of the soil-borne diseases so common on 

cultivated land in the Southwest. This is enigmatic 

because several of the most destructive soil-borne patho

gens are frequently isolated from the root zones or soil 

in the vicinity of these desert plants. Good examples of 

this phenomenon are sometimes observed when homes are 

built in the desert and homeowners add organic matter and 

water to the soil around the native desert plants. Some 

species which show no previous symptoms frequently become 

diseased shortly after cultivation begins. Perhaps the 

best example of a disease acting in this manner is Texas 

root rot caused by Phymatotrichum omnivorum (Shear) Dugg. 

The disease phenomenon described above occurs frequently 

when palo verde trees (Cercidium spp.) are put under 

cultivation. Rhizoctonia and Pythium provide two other 

examples of this phenomenon. These pathogens are fre

quently isolated from desert soil in Arizona or from 

roots of native plants and yet do not result in serious 

disease problems on non-cultivated land. 

1 
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Several possible explanations could be given for 

such a phenomenon: (1) the pathogens are surviving 

mainly as resting bodies and cause no damage until they 

are activated by water and organic matter, or (2) they 

are surviving unnoticed on weeds or some other unknown 
i  • .  

host until organic matter and water allow them to move 

to the root zones of the newly cultivated plant. These 

explanations might be valid if the pathogens were not 

normally found directly on healthy roots of native desert 

plants in non-cultivated soils. Since this is the case, 

other possibilities must be explored. It could be that 

one or all of the following explanations are valid: 

(1) the host physiology is altered so that the roots 

become more susceptible due to excretions directly favor

able to the pathogens. These could be growth factors 

which stimulate the pathogens to overcome the natural 

antagonists in the rhizosphere; (2) it could also be an 

indirect effect brought about by a build-up of soil micro

organisms excreting growth factors favorable to the patho

gen; (3) an increase in the inoculum potential brought 

about by the addition of organic matter allows the patho

gen to infect enough to cause considerable damage, or 

(4) the rhizosphere conditions are so altered that popula

tions on the root surface, normally antagonistic to the 

pathogen, no longer have antagonistic capabilities to keep 

infection at a minimum. This latter hypothesis seems 



logical and it is upon this assumption that the work 

reported in this investigation was based. At the present 

time there have been no reports on the nutritional condi

tions necessary for antibiotic production by antagonistic 

rhizosphere microorganisms showing activity against soil-

borne pathogens. 

The purpose of this investigation was three-fold: 

(1) to isolate representative samples of rhizosphere 

microorganisms from desert plants on uncultivated soils, 

(2) to screen these normal root inhabitants against some 

of the common soil-borne plant pathogens, and (3) to 

study the physiology of antibiotic production by the most 

antagonistic isolates. It was hoped that this information 

would be useful in better understanding how rhizosphere 

conditions may be altered to the detriment of soil-borne 

plant pathogens. 



LITERATURE REVIEW 

Historical Aspects of Root Diseases 

The study of ecological and physiological rela

tionships of soil-borne plant pathogens and other soil 

microorganisms is becoming more of a necessity as the 

population explosion is putting intensive demands on agri

culture for higher crop yields. Root diseases are a very 

important factor in limiting production of many crops. 

Control measures are usually inconsistent because so 

little is known of the factors affecting host-parasite 

relationships between root pathogens and their host plants 

under natural conditions. 

The first root disease was reported by Duhamel in 

1728 (42)* when he described the violet root disease of 

saffron crocus, caused by Helicobasidium purpureum. Other 

root diseases were recorded and their causes speculated 

upon but it was 150 years later before the classic work 

on one of the most important root diseases was done. 

Woronin (197) established the cause of clubroot of cruci-

fers as Plasmodiophora brassicae,, Not only did Woronin 

contribute in a descriptive sense but his control 

* Numbers in parentheses refer to LITERATURE 
CITED. 

4 
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measures saved the Russian farmers from an almost total 

loss of their cruciferous crops caused by this soil-borne 

pathogen. 

Garrett (50) discussed the take-all disease of 

cereals caused by Ophiobolus graminis. This very destruc

tive root disease had been observed by Australian farmers 

for many years before McAlpine (100) and Prillieux and 

Delacroix (128) reported on it. Farmers had learned much 

about the behavior of the take-all disease by close obser

vation on their own land and some had even learned how to 

control it by crop rotation and by careful preparation of 

the seed bed, measures which are still of value today. 

Further progress was delayed because of the dif

ficulties involved in proving the causal organism and 

elucidating the etiology of the diseases. Koch's (80) 

rules of proof for disease stimulated plant pathological 

research and pointed out some of the complicated factors 

involved in proving pathogenicity of soil-borne plant 

pathogens. His rules are: (1) constant association of 

the organism with the disease, (2) isolation of the organ

ism in pure culture in the laboratory, (3) reproduction 

of the disease by inoculation with the pure culture of 

the organism, (4) re-isolation of the organism in pure 

culture from the experimentally infested host, and (5) 

comparison with the original inoculum. 
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Root disease investigators are at a disadvantage 

in using Koch*s postulates to prove the cause of a dis

ease. For instance, some pathogens such as Plasmodio-

phora brassicae are obligate parasites making isolation in 

pure culture an impossibility at the present time. Also 

disease complexes are often involved in root disease prob

lems. 

Another complicating factor involved in root-

disease investigations is illustrated by a study of Texas 

root rot of cotton caused by Phymatotrichum omnivorum. 

Successful experimental inoculations were not reported 

until some 33 years after Pammell (117) had established 

P. omnivorum as the pathogen involved in this extremely 

destructive disease. King, et al. (79) and Taubenhaus 

and Killough (161) found that the inoculum potential had 

to be at a high level before infection would occur. 

Garrett (50) explained that the resistance of roots to 

infection is usually higher than that of leaves so a 

higher inoculum potential is required for infection of 

roots than of leaves. This is another difficulty encoun

tered by the root-disease investigators in addition to 

those facing the investigators of foliage diseases where 

the inoculum potential of a single spore is usually 

adequate for the establishment of infection. The rhizo-

sphere complex is another important factor in complica

ting the root disease. 
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The Rhizosphere 

Most, if not all, soil-borne plant pathogens must 

encounter the rhizosphere of the root before establishing 

a successful food relationship with the host plant. The 

microbial populations already established in the rhizo

sphere probably have a great influence on the invading 

pathogen. This would be especially true if the pathogen 

were not normally found in the habitat it was trying to 

invade. 

The term rhizosphere was introduced by Hiltner 

in 1904 to describe the zone of enhanced microbiological 

activity immediately around the root, which he was first 

to demonstrate (69). Since that time the rhizosphere 

effect has been shown with a wide variety of crop plants 

and trees (71, 76, 155). Garrett (50), Lochhead (91), 

Starkey (153), Katznelson, et al. (76), Clark (31), 

Harley (61), and Wood and Tveit (196) have prepared excel

lent discussions on various aspects of the rhizosphere. 

A technical difficulty inherent with the term 

rhizosphere was recognized by Clark (31) and as a conse

quence he proposed the term rhizoplane which has now been 

widely accepted. Rhizoplane refers to the external sur

faces of plant roots together with any adhering particles 

of soil or debris. The rhizosphere, as previously noted, 

is defined as soil under the immediate influence of plant 
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roots. However, rhizosphere samples generally include the 

plant roots with their closely adhering soil particles. 

The effects of the rhizosphere upon the microbial popula

tions can be shown by including smaller amounts of soil 

and more roots in the samples taken. Clark (31) further 

stated that root surfaces are in fact responsible for the 

bulk of the microorganisms present in combined soil and 

root samples. It would seem more logical to speak of the 

root surface microflora and not of the surrounding soil. 

It should also be noted that discrepancies might 

arise in applying the terms rhizoplane or rhizosphere to 

all areas of the roots. It isf.well known that most of 

the root excretions come from the young, actively grow

ing portions of the root. Excretions, together with the 

sloughed-off portions of cortex or epidermal cells are 

responsible for allowing greater microbial development in 

the root region than in the surrounding soil. In older 

plants the rhizosphere effect is probably the greatest 

around the younger parts of roots where amino acids and 

other growth stimulating compounds are being excreted 

at higher rates than around the older portions of the 

roots. However, it should also be remembered that in 

most cases the sloughed-off debris provides an adequate 

supply of nutrients for high microbial development around 

the particles. There have been no studies comparing dif

ferences in populations in the two areas of the roots. 
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Differences in ways of expressing results and 

terminology involved in discussing the rhizosphere may be 

responsible for confusion in comparing rhizosphere data 

from one laboratory with another. Rhizosphere popula

tions may be expressed by (a) microorganisms per gram of 

gross sample, that is, roots plus adhering soil, (b) per 

gram of soil in the gross sample, (c) per gram of root in 

the gross sample, (d) per gram of root surface scrapings, 

or (e) as microbial numbers per milliliter in succes

sive washings of the root sample. Webley, et al. (182) 

have shown that the choice of a basis for expressing 

results, even when using the same laboratory data, may 

determine whether two-fold or seven-fold differences are 

shown for microbial populations in the rhizosphere of two 

plant species. 

Origin of the microflora 

There have been numerous studies on the influence 

of plant age on microflora of the rhizosphere (31)• Only 

a few have attempted to demonstrate precisely at which 

stage the rhizosphere effect manifests itself. Another 

point of interest concerns the contribution of the micro

flora of the seed to the total rhizosphere microflora. 

Using bacterial counts as a criterion, Timonin (165) 

showed that a rhizosphere population was established 

within three days of seed germination in the soil. 
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However, Rouatt (131) stated that since Timonin used sur

face sterilized seed, it was not possible to assess the 

contribution of the seed microflora to the rhizosphere 

population. 

Rovira (136) used unsterilized seed but grew the 

plants in sterile beads or washed sand, thereby elimina

ting the soil microflora. He observed an extensive devel

opment of the seed microflora as the seed germinated. The 

microbial development continued on the developing root. 

This conclusion is also supported by the results of Pantos 

(118) who claimed that "the main forms of the rhizosphere 

bacteria of wheat can already be found on the seed itself. 

Rouatt (131) commented that this, however, is not a true 

picture of the development of the rhizosphere population 

since the soil flora was not involved. 

Wallace and Lochhead (180) postulated that "the 

rhizosphere organisms constitute a group morphologically, 

physiologically, and nutritionally intermediate between 

the indigenous soil bacteria and the epiphytic seed micro

flora. n Clark (32) believed that without doubt, root sur

faces of seedling plants grown in sand and from seeds not 

surface sterilized do secure many of their colonizing 

bacteria from the seed coat. However, he does not agree 

that the seed coat is of any special importance in deter

mining the rhizoplanal microflora of plants as they 
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commonly are found in soil. He is convinced that with few 

exceptions the root surface microfloras of seedlings more 

than a few days old will be found indistinguishable regard

less of whether plants were grown from unsterilized or 

from surface sterilized seed. Clark believes that placing 

any undue emphasis on the flora of the seed coat as the 

source of the root surface microflora is an over-simplifi

cation of a difficult problem. 

Rouatt (131) agreed with Clark that it was prob

ably not the seed coat that solely determined the types 

of organisms found in the rhizosphere. He presented 

evidence to indicate that even in the initial stages of 

development the plant root exerted a profound effect on 

the numbers and types of microorganisms in the rhizo

sphere. He concluded that rhizosphere microflora is 

undoubtedly derived from both seed coat and soil, although 

considering the relatively low numbers of microorganisms 

on the seed it might be justifiable to conclude that most 

of these rhizosphere,species originate in the soil. 

Rouatt also added that they undoubtedly owe their activ

ity to the substances elaborated by the seed and young 

root. 

Effects of the microflora on the plant 

After a rhizosphere population has developed, 

there are two direct effects concerning the host plant. 
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The plant roots exert an effect on the microbial popula

tion and, no doubt, determine the ecological groups 

present on a particular species or variety of plant. 

Secondly, the rhizosphere microorganisms exert an effect 

on the plant itself. There is some evidence that this may 

be either a protective or harmful effect, depending upon 

the types of microorganisms in the rhizosphere. 

One effect which is non-specific as far as the 

types of organisms present in the rhizosphere is that of. 

CO2 on the plantfs physiology. Increased CO2 concentra

tion in the rhizosphere arising from microbial and plant 

tissue respiration results in a greater solubilization of 

soil minerals. Gerretsen (53) found that insoluble phos

phates were brought into solution through the action of 

microorganisms around plant roots. Smolii (151), using 

radioactive phosphorus, showed that addition of bacteria 

to wheat seeds increased phosphorous content in leaves and 

grains. Katznelson, et al. (77) indicated that this prop

erty is very common among bacteria and fungi around the 

roots. The beneficial association appeared to be one

sided in that the roots did not favor specifically those 

organisms with the ability to help the root. 

Another way in which bacteria are known to benefit 

plants was shown by Burger and Bukatsch (25)» They found 

that the rhizosphere could be modified temporarily by mass 

inoculation of seed or soil, e.g., with Azotobacter 
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culture which, though not effective in making nitrogen 

available to the plant, may promote germination and stimu

late seedlings through production of auxin (91)• 

The effects of mycorrhizal fungi on higher plants 

are obvious and will not be discussed here. Other degrees 

of symbiosis and synergism can be beneficial to plants and 

help increase their vigor and may even increase resistance 

to infection (121). Kurbis (84) showed that introducing 

non-mycorrhizal microorganisms into sterile sand cultures 

of sapling trees could result in a marked stimulation of 

the tree species. Swanby (160) has demonstrated the impor

tance of microorganisms around the roots of plants. Their 

presence, with organic matter, improved growth of plants.. 

Without the associated microorganisms, the organic matter 

had little effect. 

Park (121) stated that in favorable situations in 

soil, with a high organic content, there is the possibility 

of root uptake of microbially produced antibiotics. He 

cited Winter'and Willike (195) who have demonstrated uptake, 

by plant roots, of penicillin and streptomycin from soil. 

Brian (22), reviewing the evidence on griseofulvin, described 

experimental situations in which higher plants have been 

protected against infection from air-borne fungi by concen

trations of the antibiotic taken up through the roots. 
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Other microbially produced substances may be taken 

up by the roots and benefit the plant. Some of these 

include vitamins (133, 146), plant hormones (129), and 

amino acids (148, 149). 

On the negative side, microorganisms around the 

roots of plants may under some conditions interfere with 

salt uptake (166). Timonin (166) discussed the etiologic 

role of the rhizosphere microorganisms of oats in produc

ing manganese deficiency disease in the plant. Subba-Rao, 

et al. (159) have shown the suppression of uptake of 

several anions from soil by some' common soil fungi. These 

authors emphasize the important influence of the rhizo

sphere fungi on the metabolism of the root as well as the 

whole plant. 

Root hair suppression by soil microorganisms is 

known to occur (18). Turner (168) showed that soil fungi 

can also influence the rate of elongation and the degree 

and type of branching of roots exposed to their influence. 

Brian, et al. (23) had earlier suggested that soil micro

organisms of some types may be able to interfere with nor

mal raycorrhizal development in higher plants. Evidently 

such morphological changes could alter the plant-pathogen 

relationship. 

Another role that rhizosphere microorganisms may 

play is that of a potential pathogen. Wilhelm (191) 



described how the metabolism of non-parasitic rhizosphere 

^microorganisms may become altered, resulting in disease. 

Tyner (169) stated that an excess of soil organic matter 

may allow such an increased activity of the common soil 

saprophytes that it would result in damage to nearby 

plants. This effect is of possible significance in field 

situations but is probably more important in practice in 

experimental plots and pots (121). Tyner cited examples 

of uninoculated controls showing disease effects as a 

result of extra heavy soil amendments, thus nullifying 

experimental results. 

Types of nutrients available to microorganisms 

There are two main sources of nutrients in the 

rhizosphere: (1) cellular debris, including sloughed-off 

root hairs, root caps, and cortical and epidermal cells, 

and (2) excreted materials such as amino acids and growth 

factors. The actual amounts of nutrients available are 

difficult to measure under natural conditions and are 

known to vary with the environmental changes so any quan

titative data are scarce in the literature. 

Lyon and Wilson (99) measured the release of 

organic matter from roots of plants grown in sterile 

nutrient solutions and found it to be of the order of 3% 

of the total weights of the plants at maturity. However, 
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it is probable that this figure would vary under natural 

conditions or under different laboratory conditions. 

Virtanen and Laine (170) demonstrated that nodu

lated legumes excreted nitrogenous substances, including 

aspartic acid, which could be utilized by non-legumes. 

However, Wilson (193), in reviewing the work of Virtanen 

and others on nitrogen excretion by legumes, concluded 

that this excretion occurs only under very special condi

tions of light, temperature and length of day. Wilson*s 

conclusion is, no doubt, very true since, apparently, a 

very delicate balance is responsible for controlling quan

titative and qualitative aspects of root excretion. Some 

of the factors that could and probably do control this 

aspect of root physiology are plant species, age, light, 

temperature, and nutrition. Rovira (137) has studied 

some of these effects, using tomato (Lvcopersicon esculen-

tum). subterranean clover (Trifolium subterraneum). and 

Phalaris tuberosa. He found that phalaris and tomato 

excreted considerably greater amounts of amino acids than 

did subterranean clover. Also the balance of amino acids 

differed between plants, e.g., glutamic acid was abundant 

in tomato and phalaris root exudate but not in clover 

exudate while glycine was a major constituent of phalaris 

exudate but not of the others. 
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Rovira (137) further experimented with plants 

grown at three light intensities and showed that concen

trations of serine, glutamic acid, and alanine were con

siderably less at the lower light intensities. With 

tomato there was a decrease in the amounts of aspartic 

acid, glutamic acid, phenylalanine and leucine but an 

increase in serine and asparagine with decreasing light. 

He also found that higher temperatures increased the 

amounts of amino acids exuded by tomato and clover roots. 

The latter released large amounts of asparagine at the 

higher temperatures. The amounts of glutamic acid from 

both plants increased considerably with temperature. 

Calcium level and aeration had little effect on exudation 

while age of the plant was found important in his study. 

Exudation was greater from the three species during the 

first than in the second two-week growth period. 

In the same study, Rovira demonstrated the impor

tance of complete control of growing conditions if results 

are to be reproducible. The use of plant growth chambers 

for this type of work was suggested. He also commented on 

the question of the mechanism of exudation from roots. , 

Some workers thought of exudation as an uncontrolled 

leakage while others hypothesized that it was an essential 

part of root metabolism in the uptake of nutrients. 

Rovira explained that his work had shown the mechanism is 
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obviously affected by temperature and light. The former 

could influence cell metabolism, permeability, and nutrient 

uptake, while the latter would affect mainly metabolism. 

The resemblance of the spectrum of amino acids in exudate 

to that of root sap led Tesar and Kutacek (163) to postu

late that exudation is an exosmosis effect although the 

actual balance of amino acids in the exudate and sap dif

fered. Rovira^ (137) examination of the free amino 

acids in roots showed a marked discrepancy between the 

internal and external amino acids which suggested that 

exosmosis by the whole of the root is not the only mechan

ism. 

To investigate qualitative aspects of root exuda

tion, Rovira (135) studied the excretory products of roots 

of peas and oats grown aseptidally in quartz sand. Paper 

chromatographic techniques showed that peas excreted 

considerable amounts of 22 amino acids during 21 days of 

growth while oats excreted 14 amino acids in lesser amounts. 

Fructose and glucose were excreted by both plants during 

the first ten days of growth. Ultraviolet absorbing and 

fluorescent compounds were also excreted. 

Bhuvaneswari and Subba-Rao (17) identified tartatic 

acid, oxalic acid, D-xylose, and D-fructose in exudates 

of roots of sorghum and mustard. Malic acid, citric acid, 

D-glucose, and maltose were also detected in exudates of 
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mustard roots. Scopoletin (6 methoxy-7 cumarin) is 

excreted by roots of germinating oats (44) and more was 

released under conditions somewhat unfavorable for seed

ling growth (103). The fact that culture filtrates of 

certain microorganisms increased the amount of substance 

excreted was suggestive that development of microorganisms 

in the rhizosphere may affect the amount and kind of 

organic matter that is excreted. 

Winter (194) has stated that in addition to sugars 

and amino acids, the following came from plant roots: 

phosphatides, alkaloids, tannins, thiamin, biotin, 

mesoinositol, and para amino benzoic acid. 

Rovira and Harris (138) have studied quantita

tively and qualitatively the excretion of B-group vitamins 

by ten different plant species. Bioassays were run for 

six vitamins of the B-group. They found biotin to be con

sistently present in the exudates in amounts sufficient to 

influence the growth of rhizosphere microorganisms. 

Panthothenate and niacin were generally present, but 

usually at very low levels. Riboflavin and thiamine were 

occasionally found in traces; pyridoxine was not detected 

in any root exudate. 

Rovira and Harris further stated that there appeared 

to be no synthesis and release into the medium of B-vitamins 

by the microflora, but possibly the duration of the 
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experiment was insufficient to detect release of micro-

bially synthesized vitamins. They recognized that in 

other cases rhizosphere microorganisms may be important 

in synthesizing B-vitamins. 

There are many well-documented reports on the 

occurrence of most, if not all, of the B-vitamins, as 

well as other microbial growth factors in fertile soil 

(4, 97, 132, 134, 143)* Their occurrence has been ascribed 

to various processes such as release from vitamin contain

ing plant and animal residues, the liberation from the 

roots of growing plants, and the synthesis by microorgan

isms. Lochhead (90) stated that although the relative 

importance of the various agencies is doubtless subject to 

change depending upon nature of the soil, the rate of 

application of organic manures, and the extent of crop 

growth, the capacity of many soil microorganisms to synthe

size vitamins appears to be an important factor in con

tributing to the vitamin supply of the soil. He further 

explained that microorganisms are concerned with the 

destruction as well as the production of vitamins, as 

pointed out by Starkey (154) and Schmidt (143, 144) in 

studies of the levels of nicotinic acid, pantothenic 

acid, and riboflavin in decomposing organic materials in 

soil. They concluded that the concentration of a growth 

factor at any time depends on the balance established 

between synthetic and destructive agencies. 
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Lochhead (90) made a study of the ability of 316 

isolates from a control field soil and the rhizosphere 

soils of rye and barley to synthesize in various media 

five growth factors, namely, thiamine, biotin, vitamin 

riboflavin, and terregens factor. The terregens 

factor is a growth factor produced by microbial synthe

sis and required by Arthrobacter terregens (95, 96). He 

found that with all three soils, riboflavin was produced 

by the highest percentage of isolates, followed by thia

mine and vitamin B-^. Somewhat lower numbers of isolates 

were capable of synthesis of biotin and the terregens 

factor. In the majority of cases, more than one factor 

was detected when any was produced. One-half the cul

tures from the control soil formed one or more growth fac

tors and rather higher percentages of the rhizosphere 

isolates did the same. 

Lochhead noted no rhizosphere effect with either 

crop in respect to the percentage of isolates producing 

Bl2 or terregens factor. With barley, though not 

with rye, the relative incidence of organisms forming 

riboflavin, thiamine, and biotin was greater than in the 

control soil. However, in view of the pronounced increase 

in total numbers of bacteria adjacent to the roots, the 

absolute numbers of organisms capable of producing growth 

factors were much higher in the rhizospheres. 
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He realized the significance of vitamin production 

in soil by microorganisms and commented that the high 

incidence which bacteria capable of vitamin synthesis may 

attain in the rhizosphere suggests that this potentiality 

may be of significance in the inter-relationships between 

the normal soil microflora,. soil-borne plant pathogenic 

organisms, and the plant. The elucidation of mechanisms 

of infection and control will depend upon adequate consid

eration of growth-promoting as well as of antagonistic 

effects. 

It must be realized that these data were obtained 

in laboratory studies and that, although vitamins are 

undoubtedly produced under natural conditions, the rate of 

breakdown by other soil microorganisms makes it impossible 

to evaluate them separately in a natural soil. Lochhead 

(90) commented that although the vitamin levels of natural 

soil may be estimated by appropriate assay methods, the 

amounts found represent only balances prevailing at any 

given time between closely interwoven synthetic and 

destructive agencies. The situation is further complica

ted by the utilization of one or more preformed vitamins 

required by organisms capable of synthesizing others. 

Another complicating factor in the soil which has 

an effect on both growth factor and antagonism studies 

has been discussed by Hervey (64) and Kessayon (66). 
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They found that certain antibiotics are stimulatory at low 

concentrations. This may be very important in the soil 

since concentrations may be very low. This would indicate 

a laboratory antagonist has the potential of exerting both 

a stimulatory action and an antibiotic effect in the soil. 

Rhizosphere yeasts are another potential source 

of vitamins and growth factors. Yeasts are a good source 

of vitamins, especially of the B-group, as well as various 

amino acids and carbohydrates. Bab*eva and Savel*eva 

(6) have made a study of rhizosphere yeasts. Extremely 

high populations were found on the roots of certain plants. 

The medium used was apparently selective because they 

reported that yeasts comprised 6!+% of the total fungus 

flora of the rhizosphere on sugar beets growing in acid 

soil. In another case involving sugar beets, up to 90% of 

the total number of fungi were yeasts. Most of the yeasts 

isolated by this method required no vitamins for growth 

but a few needed biotin and vitamin B^. Bab»eva and 

Savel*eva suggest that soil yeasts probably play an impor

tant role in supplying higher plants with biologically 

active compounds. 

Although no mention was made of the possible 

effects of such apparently high yeast populations on 

other soil microorganisms, it seems only logical to assume 
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that they probably play an important role in providing 

vitamins and growth factors as well as carbon and nitro

gen sources for soil microorganisms. 

It can be noted from the previous discussion of 

nutrients available in the rhizosphere that competition 

for these nutrients by soil microflora is probably intense 

and that certain groups of microorganisms dominate when 

conditions favor them. There has been a considerable 

amount of work reported in the literature on the physio

logical types of soil microorganisms predominating rhizo-

plane and rhizosphere areas in comparison with those areas 

out of the immediate influence of the plant roots. "West 

and Lochhead (188) evolved a technique for distinguishing 

qualitatively between the bacterial population of the 

rhizosphere and that of the control soil. In their stud

ies, individual investigations of nutritional requirements 

were made on more than 3,000 bacterial isolates, which 

were originally obtained by plating on a non-selective 

soil extract medium. Colonies for nutritional study were 

selected at random, and their physiological growth require

ments studied on a series of special media as follows: 

(1) basal medium of glucose plus nitrate and mineral salts 

(Medium B); (2) basal medium plus a mixture of amino acids 

(Medium A); and (3) basal medium plus one amino acid 

(cysteine) plus thiamine and biotin (Medium G). Relative 



growth of a bacterial isolate in media B, A, and G was 

expressed by assigning turbidity ratings of 0-4, the tube 

showing the heaviest growth being rated 4- In this way, 

all isolates studied were classified into five groups and 

ten subgroups according to their differential growth on 

media B, A, and G. A further refinement of the method, 

involving classification of soil bacteria into 7 main 

nutritional groups, was later made by Lochhead and Chase 

(92). After trials of this method with some English 

soils, Taylor (162) proposed further modifications, but 

these have proved mainly unacceptable to Lochhead (89) 

and his associates. A rejection of most of Taylor's 

suggestions, with further experimental data in support 

of the original scheme has been published by Stevenson 

and Rouatt (156). 

As a result of this work, West and Lochhead con

cluded nIn every soil investigated a balance exists 

between two general nutritional classes of bacteria. On 

the one hand are bacteria capable of rapid growth on a 

single substrate, and in opposition to them are others 

dependent for their development on an ample supply of 

certain specific compounds. If conditions favor an 

increase in the occurrence of one group, the incidence 

of the other must correspondingly fall.n By means of 

this technique, they demonstrated striking differences 



in distribution of these nutritional groups between rhizo-

sphere and control soils: in the rhizosphere soil, the 

percentage incidence of organisms capable of growth on 

the basal medium alone declined, whereas, that of organ

isms with more complex growth requirements increased. The 

increase in percentage incidence of the group requiring 

growth factors was marked. Later, however, Lochhead and 

Thexton (93) modified this conclusion, by stating that a 

requirement for amino acids alone (and not for growth 

factors) was the most important characteristic of the 

rhizosphere populations. Garrett (50) stated that this 

accords better with the general opinion that fertile soil, 

at least, is usually well supplied with growth factors, 

and that growth factor heterotrophy does not, therefore, 

necessarily limit the growth of a microorganism in soil. 

A smaller difference was found between rhizo

sphere and control soils where the soil was rich in 

organic matter than where it was poorly supplied. 

Organic manuring presumably decreases the difference 

between rhizosphere and control soils by permitting a 

greater development of all bacteria, including those 

with special growth requirements in soil remote from the 

roots. 

Limited information is available on the effects 

of various chemical sprays on changing the nutrient 
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supply in the rhizosphere. Preston, et al. (126) 

recovered alpha methoxyphenylacetate in the root exudate 

of plants after treating the tops with the substance. 

Similar results were obtained with 2, 3> 6-trichloro-

benzoic acid and 2, 3> 5> 6-tetra chlorobenzoic acid 

(88). The compounds placed on stems or leaves were 

absorbed, translocated to the roots, excreted, absorbed 

by roots of nearby plants, and translocated upward, 

inducing modification of the above-ground parts. 

Antibiosis and its effects on rhizosphere micro

organisms 

The results of research on physiological types of 

microorganisms present in different parts of the soil 

and rhizosphere has pointed out one of the most impor

tant aspects of interactions between soil microorganisms, 

i.e., competition. Another equally important aspect of 

the possible interactions in soil is antibiosis. This 

subject may be divided into two main headings: (a) 

active parasitism, and (b) antagonism due to liberation 

of antibiotics. 

In regard to soil-borne pathogens, other members 

of the soil microflora may parasitize and utilize for 

food, the structures of the parasite. Bacteria (124) or 

fungi may parasitize the mycelium (5, 183) or spores 

(28, 40) of fungal pathogens. Very recently, Stolph and 
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Starr (158) have reported on a bacterium commonly found 

in the soil which readily parasitizes other soil bacteria. 

A haustorium is formed by this parasite which penetrates a 

wide variety of bacterial hosts. Two excellent reviews 

on the subject of mycoparasitism have been written by 

Barnett (12, 13)• 

The second type of naturally occurring antibiosis 

probably much more important in the soil is the produc

tion of antibiotics by soil microorganisms. The litera

ture on antibiotic production by soil microorganisms is 

voluminous. Brian (20) compiled a list of antibiotics 

produced by fungi. A recent three-volume set on actino-

mycetes and their antibiotics was written by Waksman 

(175, 176) and Waksman and Lechevalier (177). 

Waksman and Lechevalier (177) divided antimicro

bial substances into two main classes; (1) chemical com

pounds toxic in high concentrations such as certain acids 

(nitric, sulfuric, acetic, butyric, lactic, or fumaric) 

and alcohols (ethyl, butyl); (2) chemical substances 

toxic in very dilute solutions. Antibiotics are natur

ally classed with the latter substances. They reported 

that antibiotics are usually selective in their anti

microbial action, being much more active against certain 

microorganisms than against others. 
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The phenomena of antagonism among microorganisms, 

notably among actinomycetes and bacteria, have been 

examined in detail (2, 47, 58, 110, 130, 172, 173, 174). 

The ecological aspects of microbial antagonism have been 

reviewed by Brian (21) and Waksman (176). 

It has been established conclusively that anti

biotics, when produced in the laboratory, are of great 

benefit in the control of unwanted microorganisms. The 

question of the importance of antibiotic production in 

the soil under natural condition is still questioned by 

some workers, e.g., Waksman (176, 177) and Brian (21). 

This literature review will not attempt to evaluate and 

discuss all the arguments for and against the signifi

cance of antibiotic production in the soil. Brian (19) 

summarized the arguments against significant antibiotic 

production in the soil. It has been objected that: 

(1) antibiotic production in soil may be insignificant 

because concentrations and types of nutrients are inade

quate, (2) the known properties of many antibiotics 

suggest that they will be chemically inactivated or micro-

biologically decomposed in soil, or physically adsorbed 

and thereby neutralized by soil colloids, and (3) organ

isms or strains known to produce strong antibiotics are 

not obviously more successful in the struggle for exis

tence, as judged by their frequency of distribution, than 

comparable species or strains not producing antibiotics. 
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Garrett (50) evaluated these arguments and com

mented that the first two objections may be taken to

gether, as they are based upon a possible misconception, 

which both Brian (21) and Garrett himself have indicated 

(49). The concentration of antibiotic that is likely to 

be of biological significance is the concentration in 

the immediate vicinity of the organism producing it, in 

the narrow zones of competition between the producing 

organism and others. Secondly, Garrett explained, such 

antibiotic production must be of chief importance in 

the colonization of fresh substrate, such as a moribund 

or recently dead root. On such a substrate, initial con

centration of nutrients may well be adequate for signifi

cant antibiotic production, and the number of species of 

invading organisms is at first restricted by natural 

selection, so that conditions are not so dissimilar to 

those on an agar plate inoculated with several different 

species, in which situation antibiotic effects were 

first demonstrated. 

Garrett (50) further disagrees with the arguments 

against any significant antibiotic production in the soil. 

He comments that if this view be accepted, then studies 

on the persistence of antibiotics in the soil though valu

able in themselves are not really relevant to the point 

at issue, i.e., whether the temporary production of an 
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antiobiotic on a fresh tissue substrate is of competi

tive advantage to its producer. Such studies on the 

production and persistence of antibiotics in soil have 

been carried out by Siminoff and Gottlieb (147), Martin 

and Gottlieb (104), and Jefferys (72). Garrett (50) 

concluded that there is now no doubt that detectable quan

tities of antibiotics can be produced in soil as well as 

in vitro; this has been demonstrated by Grossbard (59, 60), 

Hessayon (65), and by Gottlieb and Siminoff (56) for 

sterilized soils with and without organic supplements, 

and by Gregory, et al. (57) and Wright (198) for unsteri-

lized soils with organic supplements. Such determinations 

of the gross concentration of a particular antibiotic in 

a mass of soil afford no clue to the occurrence of signi

ficant local concentrations of the antibiotic. They are 

valuable in that they show the inactivation of different 

antibiotics under soil conditions. Garrett (50) stated 

that antibiotic concentration at any time and place 

depends on the sum of two opposing processes, production 

and destruction. 

Garrett's (50) reasoning on the third argument 

against the survival value of antibiotics to the organ

isms producing them, which is based on the frequency of 

occurrence of such species (or strains) relative to that 

of similar species not producing antibiotics, is that the 
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hypothesis is based on a possible misconception of the 

ecological distribution of species in nature. According 

to the present thought, each species possesses an 

"ecological nichen for the occupation of which it is 

given a peculiar competitive advantage by its intrinsic 

genetical constitution. However, this advantage is of 

no value to the species in attempted colonization of 

inappropriate niches. The advantage allows security for 

the organism but not necessarily a high frequency of 

distribution, which is quite a different matter. Garrett 

summed up the problem by stating that the possession of 

such a weapon as antibiotic production does not neces

sarily ensure a high frequency of occurrence to the 

organism so equipped; frequency is determined by the sum 

total of the biological attributes of an organism. 

It is apparent from the recent literature that 

most workers have accepted the fact that antibiotics are 

probably very common in the soil, especially under condi

tions where there is a fresh organic substrate and that 

usually the antibiotic effects are localized in the imme

diate vicinity of the antibiotic-producing organism. 

This localized effect is probably sufficient to give the 

antibiotic-producing organism an upper hand in success

fully colonizing the certain part of the soil or 

rhizoplane in which it is attempting to survive and 

establish itself. 
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With antibiotic production apparently prevalent 

in the soil, it is not unusual that a great deal of evi

dence has accumulated concerning antagonistic effects of 

soil microflora on plant pathogens. As Park (121) 

stated in a review on soil-borne fungus diseases, it is 

common to find that experimental series in sterilized soil 

behave very differently from series in normal soil. Park 

warns against drawing too many unwarranted extrapolations 

from experiments using a sterilized soils. The type of 

situation that might result can be appreciated by a con

sideration of Millikan's (111) statement that a host 

variety that is experimentally susceptible to pathogenic 

varieties isolated from a particular soil may be quite 

resistant to disease when grown in that soil. Conversely, 

a variety may become diseased in a certain soil and yet 

in experimental tests be resistant to the pathogens iso

lated from that soil. 

Situations of the type described by Sanford (141) 

in which a pathogen inoculated into soil fails to cause 

disease and may even rapidly die out have been analyzed 

experimentally and lack of survival and activity is 

commonly caused by antagonisms from other members of the 

soil population (121).. Of course, it should also be 

remembered that other factors enter into the establish

ment of a foreign microorganism in a new habitat (98). 
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The ecological situations involved may become very com

plex. 

An early account of antagonism of a plant pathogen 

in soil was that of Allen and Haenseler (3) who showed 

that Trichoderms would in non-sterile soil interfere with 

the pathogenic action of damping-off fungi. Tribe (167) 

described the disappearance of a pathogen as being the 

result of its active parasitism by a soil saprophyte. 

Burke (26) has shown that soils contain a residual fac

tor antagonistic to a pathogen, and has demonstrated that 

it was microbially produced. Park (121) cited these 

three examples to illustrate the three mechanisms of 

inhibition described. The first was a specific non

parasitic antagonism of the pathogen by a soil saprophyte. 

The second was a specific parasitism of a pathogen by 

another soil microorganism. The third was a general 

microbial activity to which the pathogen was intolerant. 

Park believes that the first mechanism is probably uncom

mon in the mixed habitat of soil, though it is readily 

demonstrated in pure culture; the second is probably of 

frequent occurrence; the third, Park stated, is certainly 

the commonest phenomenon of the three and the general 

reason for this effect. Actually, a great deal of contro

versy exists today as to what the residual factors in 

soil are and their actual importance in natural soil 

conditions. 
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The main factor determining whether a pathogen will 

be influenced adversely in soil by the soil microbial 

population is its level of competitive saprophytic abil

ity. This topic is discussed by Garrett (50) and Park 

(121). Pathogens with a very low competitive sapro-

phytic ability are unable to make independent growth in 

a normal field soil, and after parasitism rely for sur

vival on a phase of saprophytic growth in the dead host 

debris. This phase is a declining one, occurring quickly 

under conditions favorable for general microbial activity. 

Qphiobolus graminis (48), Helminthosporium sativum (27), 

Didymella lvcopersici (125), Sclerotium cepivorum (145), 

and Verticillium albo-atrum (45, 190) are among important 

pathogens in this category, sometimes called soil-

invaders but what Garrett more aptly calls root-inhabi-

tants. Pathogens of relatively high competitive sapro

phytic ability that are able to perform successfully as 

saprophytes in soil in a manner comparable with that of 

non-pathogens, and that may survive in soil for long 

periods in the absence of the host are called soil-

inhabitants (50). Fusarium solani (8), Fusarium 

culmorum (140), Phytophthora cactorum (150), and Rhizoc-

tonia solani (51) are pathogens in this category. In 

between comes a whole range of forms, some of which may 

be pathogenic for crop plants and survive in soil but 
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have a lower competitive saprophytic ability than the 

vigorously competitive soil-inhabitants (121). Such 

intermediate forms, e.g., F. oxysporum (120) and Pvthium 

mamillatum (14) are restricted by the later activities of 

soil-inhabiting saprophytes to an early stage in the 

colonization of dead materials, and have been called 

pioneer fungi. They may also survive as commensals in 

the rhizosphere or rhizoplane of crop plants (121). 

From the types of plant pathogens discussed above 

and the earlier discussions of growth factor and anti

biotic relationships, it is apparent that many factors 

must be taken into consideration in making attempts to 

understand mechanisms of natural control from the soil and 

employ them practically in the field. Usually, these 

attempts have failed or at best are inconsistent in con

trolling soil-borne pathogens. In too many cases the 

complexity of the soil microbial populations is not con

sidered in experiments involving biological control. 

This is usually not carelessness on the part of the 

worker but due to our meager knowledge of the interac

tions between members of the soil microflora. 

The soil microbial population may affect the 

pathogens in a positive way as well as negative. Un

doubtedly, growth factors, as well as antibiotics, are 

supplied to pathogens by the surrounding microflora. 
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Therefore, there could be a positive or negative effect 

on the pathogen. 

Biological Control of Soil-Borne Plant Pathogens 

Biological control of root diseases has been prac

ticed for many years. The literature abounds in discus

sions of the successes and failures. No attempt will be 

made to review all the work reported in the literature 

on this subject. Two books review most of the literature 

up until I960. These are by Garrett (50) and Parkinson 

and Waid (122) and both deal with the ecology and biology 

of soil fungi. A thorough knowledge of the ecological 

and biological relationships of soil fungi is necessary 

before a consistent biological control of soil-borne 

plant pathogens is found. Wood and Tveit (196) have an 

excellent review on all aspects of biological control to 

1955. 

Reduction in severity of certain root diseases by 

cultural practices, such as green manuring and crop rota

tion, has been attributed to changes produced in the 

nature and activity of the soil microflora. Variations 

in the incidence of disease associated with soil differ

ences or seasonal fluctuations in the climate have been 

similarly explained. From this evidence it was natural 

that the use of microorganisms antagonistic to certain 

plant pathogens should be considered as a practical con

trol measure 
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There are two principal methods of utilizing 

certain antagonists against plant pathogenic fungi. 

Organisms selected for their antagonism to a particular 

pathogen may be introduced into and maintained in the 

environment, and so prevent the establishment of the patho

gen on the host plant or eliminate it as a causal agent. 

Secondly, conditions within the environment may be altered 

to produce a similar effect by modifying the nature and 

activity of the microflora already present. 

The first method of utilizing antagonists by 

direct inoculation into the soil is mentioned briefly 

because the method is not practical. Many cases of plant 

pathogen suppression have been reported in the laboratory 

or in sterilized soil in the greenhouse but this method 

has failed miserably in the field under natural condi

tions. Garrett (50) commented that "such attempts to 

boost the population of an antagonistic organism by inocu

lation alone have been doomed to failure from their incep

tion because they are in flagrant contradiction to the 

ecological axiom that the population is a reflection of 

the habitat, and that any change due to plant introduction 

without change of the habitat must be a transient one.n 

The truth of the axiom was demonstrated by Weindling and 

Fawcett (187) when they found that protection of citrus 

seedlings through inoculation of soils with Trichoderma 
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viride could only be achieved by acidifying the soil, 

thereby making conditions suitable for the establishment 

and activity of this fungus at a higher population level; 

when this was done, artificial reinforcement of the popu

lation of T. viride was sometimes reflected in an increased 

control of seedling disease, but in the absence of soil 

acidification, even heavy inoculation with this fungus 

was ineffective (5.0). 

The second method, that of altering the environ

ment to favor antagonistic organisms, is so complex 

biologically that the exact mechanism of control is not 

known for a single disease which has been lessened by 

addition of soil amendments. Some of the supposedly 

clear-cut cases of biological control by organic amend

ments are now known to have been oversimplified so that 

the original explanations are meaningless. This illus

trates the need for more knowledge on basic ecological 

relationships in populations of soil microorganisms. 

Some soil-borne pathogens cannot be controlled 

directly by organic amendments because the pathogens are 

vigorous soil saprophytes. Rosellinia (50) is an example 

of such a pathogen. Also, vascular wilt of tomatoes 

caused by Verticillium albo-atrum (16, 24) is enhanced 

by organic matter. This is due to the available nitrogen, 

which accelerated the process of infection through the 

vascular system (50). 
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One of the first diseases reported to be con

trolled by biological methods was common scab of potato 

(108, 110). It was shown that application of green 

manure to heavily infested soil gave substantial control 

of scab and also partially offset the increased severity 

of the disease which generally followed applications of 

lime. In addition, an antagonistic actinomycete 

(Streptomvces praecox) was isolated and, when inoculated 

into sterile soil along with green manure, effectively 

reduced severity of the disease. Control achieved by 

addition of green manure was attributed to the fact that 

soils in which scab normally developed were generally 

low in organic matter; addition of a readily available 

organic food material might be expected, therefore, to 

induce an increased growth of saprophytic and parasitic 

actinomycetes. It was then postulated that under such 

conditions, obligate saprophytes became dominant and, by 

appropriation of the available food supply and secretion 

of toxins, prevented multiplication of the parasitic 

types. 

Biological control of potato scab has been 

attempted on many different soils under various conditions. 

At times, control was achieved but failures were encoun

tered frequently. "While there is a measure of agreement 

that certain types of manuring are followed by a reduction 
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in the incidence of the disease and that this reduction is 

attributable to a direct effect on the amendment of the 

numbers and activity of the soil microflora, there is no 

unanimity as to the group of organisms primarily involved. 

It has been shown by Lochhead and Landerkin (94) that a 

wide range of cross-antagonisms exists among antagonists 

to Streptomvces scabies, making it unlikely that any one 

type would become dominant in a mixed population. The 

mechanism of control has still to be elucidated. Differ

ences may occur with varying soil and climatic conditions 

(196). 

The above example is one of many in which a sup

posedly simple biological control, in actuality, may not 

be entirely biological. Similar instances have been dis

cussed by "Wood and Tveit (1955). Diseases reviewed 

extensively are those caused by Rhizoctonia solani. This 

pathogen was found to be parasitized by Trichoderma viride 

in pure culture and an antibiotic, gliotoxin, was in

volved (183, 184, 185, 186) in control of the disease 

under natural conditions. The actual mechanism of involve 

ment of Trichoderma or other antagonistic soil organisms 

has never been proven under field conditions. 

Diseases caused by Phytophthora and Pythium 

closely resemble in their development those caused by 

Rhizoctonia solani. Many organisms were isolated which 
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were antagonistic to Pvthium debaryanum. cause of damping-

off in seedbeds, and when inoculated into sterile soil 

containing the pathogen the disease was greatly reduced. 

Application of the saprophytes to seed-beds was, however, 

ineffective (62). 

Hildebrand and West (68) achieved good biological 

control of strawberry root rot by incorporating soybeans 

as a cover crop. They followed changes in the bacterial 

populations stimulated by incorporation of clover and soy

beans and reported finding differences in the populations. 

Soybeans gave the most effective control. Beneficial 

changes in the bacteriology of actual root rot soils could 

be induced by the addition of pure glucose instead of 

soybeans. The favorable alteration in the bacterial 

equilibrium was accompanied by a corresponding modifica

tion of the fungus flora. The potentially pathogenic 

forms were replaced by presumably innocuous ones. They 

concluded that the ability of soybean to control straw

berry root rot depended primarily on a carbohydrate type 

breakdown in infested soil, causing a highly favorable 

shift in the microbiological equilibrium. The decompo

sition of red clover, however, did not induce these 

salutary effects under the same conditions. 

There have been several recent reports of bio

logical control by the addition of organic amendments. 



However, the exact mechanism of action has not been elu

cidated in any particular disease. Oswald and Lorenz 

(115) reported that soybeans as a green manure crop 

would prevent potato scab. Davey and Papavizas (34) 

found that grain straw, when incorporated into the soil, 

gave good control of Rhizoctonia disease of snap beans. 

Snyder, et al. (152) showed that straws of a high C:N 

ration were effective in controlling Fusarium root rot 

of beans. Papavizas and Davey (119) added decomposing 

green corn and oats to the soil and achieved good control 

of Rhizoctonia disease of beans and showed a decrease in 

saprophytic activity of R. solani. Williams and Kaufman 

(192) made a study of the influence of continuous crop

ping on soil fungi antagonistic to Fusarium roseum. A 

dual layer agar plate technique was used to assay soils 

continuously cropped to corn, wheat, oats, soybeans, or 

alfalfa for soil fungi antagonistic to F. roseum. f. 

cerealia. There were few differences in total numbers 

of antagonists but types isolated, varied. This work 

should now be compared with studies of populations of 

antagonists in similar fields where organic amendments 

were added. 

Zentmyer (202) obtained biological control of 

Phytophthora root rot of avacado under glasshouse condi

tions by incorporation of alfalfa meal into the soil. 
\ 

Other amendments were generally ineffective with the 



44 

exception of cotton waste. He found a great increase in 

microbial populations with addition of alfalfa meal and 

concluded that the control is apparently biological in 

nature. 

In the above cases, complex organic amendments 

were added and control was achieved in some cases on cer

tain soils. The complexity of these additives makes it 

difficult to establish the mechanism by which such sub

stances stimulate an antagonistic flora in soil. 

Microorganisms capable of lysing selected fungi 

have been isolated by soil enrichment techniques using 

Fusarium sp. The digestive action of these mycolytic 

organisms has been associated with degradation of chitin 

and laminarin in the fungal cell wall by bacterial 

chitinase and laminarinase. Addition of either chitin or 

laminarin to soil infested with Fusarium solani f. 

phaseoli resulted in control of root rot caused by that 

fungus (1, 112). 

Mitchell (112) attempted to determine the mech

anism of control of soil-borne pathogens when chitin is 

added to the soil. He found that bean root rot caused by 

Fusarium solani f. phaseoli. a fungus containing large 

amounts of chitin in its mycelial constituents, could be 

controlled by addition of lobster shells at 500 pounds 

per acre. No suppression of Pvthium debaryanum or 
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Agrobacterium tumefaciens was noted. Chitin is not known 

to be in the cell walls of these pathogens. 

Experiments were made to determine the ability 

of chitin amended soil to break down fungal mycelium. 

The mycelium of Fusarium was broken down readily on such 

soils while no lysis was noted on the control soil. 

However, Pythium was not lysed by chitin amended soil. 

Mitchell concluded that enzymes lytic for Fusarium spp. 

may be active in soil treated with either chitin or 

laminarin. He found that it is possible for a portion 

of the population of chitinase and laminarinase-producing 

microorganisms was capable of breaking down certain fungi. 

Actinomycetes predominated in soil amended with chitin 

suggesting that they are selectively stimulated by the 

presence of chitin in the soil and that antibiosis may 

have played an important part in suppression of the 

Fusarium spp. A lytic factor has been implicated in 

the control of Fusarium by species of Achromobacter and 

Pseudomonas (78) and in the control of Helminthosporium 

halodes by Bacillus subtilis (87). 

Mitchell (112) concluded that studies of this type 

might provide an insight into mechanisms of biological 

control obtained when crop residues, rather than puri

fied substances, are used to alter the biological equili

brium. They may also be of value in investigations of the 

apparent resistance of certain soils to pathogen spread. 
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A new approach to stimulating antagonistic actino-

nrycetes in the rhizosphere was reported by Horst and Herr 

(70). They sprayed corn seedlings with urea and showed 

that the numbers of rhizosphere actinomycetes antago

nistic to Fusarium roseum f. cerealis increased. This 

effect lasted only a week and difficulty was encountered 

in repeating the experiment. This warrants further inves

tigation with other combinations of chemicals, pathogens, 

and host plants. The mode of action of urea in this case 

was not investigated. 



MATERIALS AND METHODS 

Isolation Techniques and Media 

Root samples were taken from 6 saguaros (Carnegiea 

gigantea)(Engelm.) Britt and Rose and 6 palo verdes 

(Cercidium microphyllum)(Torr.) Rose and Johnston from 

depths of 6-8, 10-12, and 16-18 inches at various times 

from July, 1961, to July, 1962. The area in which all 

trees sampled was located is off Orange Grove Road approxi

mately 12 miles north-northwest of the University of 

Arizona campus in Tucson. It is a typical native habitat 

for both species of trees and no part of the land is 

under cultivation at the present time or has been in the 

past. The terrain is mostly small rolling hills (See 

Figure 1) and the elevation is approximately 2,400 feet 

above sea level. The trees sampled were located on vari

ous parts of the hills from the top to the bottom of 

washes. All soil in the area was well drained. 

Figures 2 and 3 illustrate the approximate size 

and location of the excavations from the base of the 

tree. Three such areas were sampled around each tree and 

samples pooled according to the various depths before 

isolation procedures began. Roots were carefully removed 

so a few soil particles remained attached to them. This 
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Fig. 1. View of the «re* froa which root saaples were taken fron 
6 aaguaroe end 6 pale rerdes. 

s  



Fig. 2. Three exearationa aro«nd the bate of a palo rordo, 
typioal of the ^oeation* trmm which root aaaploa wore 
reaoTod. 



Pig. 3« Close-up riow of one of tho three cccantioai irewnd the o 
base of a pal© rerdo tree froa nhioh root •••plee were 
re«ored. X six-inch ruler lies in the bottoa of the 
18 inch deep exca?fftion. 
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was done because the soil was sandy and roots were bare 

in most cases if extreme care was not taken. The roots 

sampled varied in diameter approximately 1-2 mm to 2 cm. 

This factor may be important, as mentioned in the litera

ture review, in determining the types of populations 

obtained from various parts of the roots. Different 

types of compounds are excreted by roots of various ages 

thus allowing different microbial populations to develop 

on these various parts of the same root. 

The samples collected in this manner were placed 

in plastic bags and immediately brought to the laboratory. 

If the samples could not be processed within two days 

they were stored in the refrigerator. 

Representative root samples from each depth were 

scraped to remove adhering soil particles and outer por

tions of the cortex or epidermis. These scrapings were 

cultured by the Warcup1s soil plate method which will be 

discussed below. The remaining root samples from each 

depth were cut into 10 cm lengths. These root portions 

were then added to 100 ml of sterile distilled water in 

a 1 liter Erlenmeyer flask. The samples were then shaken 

on a reciprocal shaker for 30 minutes at approximately 

100 excursions/min. Then, in most cases, the roots were 

removed from the water and scraped in a small amount of 

sterile distilled water. These scrapings were then added 
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to the original flask and it was shaken again for approxi

mately 15 minutes, at which time dilutions of the root 

washings were made. One ml aliquots were removed for the 

dilution by a flame sterilized dipper attached to the end 

of an inoculation needle (107)* This dipper technique, 

superior to the pipetting method, allowed the removal of 

various sizes of particles. Dilutions of 1:1,000, 

1:10,000, and 1:100,000 proved most satisfactory. Dilu

tion plates were inoculated by adding one ml of root wash

ings from the dilution blank, with the dipper described 

above, to the surface of a petri dish containing a medium 

which was poured 3 to 5 days earlier. Then this liquid 

was spread evenly over the surface of the medium by tilt

ing the petri dish.- This modification of the typical 

soil dilution plate method was discussed by Paharia and 

Kommendahl (116). They found that under their labora

tory conditions, on most media, the method resulted in 

2 to 3 times as many fungus colonies per gram of oven 

dried soil as compared to the standard soil dilution 

plate methods which consisted of adding the sample as 

the cooled agar was poured. 

The third method of isolation employed was 

Mueller and Durrell's (114) modification of Chesters* 

immersion tube (29, 30). This method was developed to 

obtain fungi which normally produce mycelium but seldom 
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sporulate in the soil. Actually, it was used sparingly in 

these studies because it is not specific for rhizosphere 

microorganisms. It is best employed in general studies of 

soil fungi* 

There are many references on techniques for iso

lating soil microorganisms. Burbin (43) listed 381 

references on the subject and this was probably far from 

complete. One of the best sources of soil microbiologi

cal methods as related to plant pathology is by Johnson, 

et al. (74)* Two recent discussions on the comparison 

of various isolation methods have been prepared by 

Warcup (181) and Parkinson and Waid (122). The essence 

of all the discussions on evaluation of specific methods 

is that no single method or medium exists which will give 

a representative sample of the rhizosphere microflora. 

At this point all methods so far described have at least 

one limitation in common: only members of the particu

lar group of soil organisms that will grow on the medium 

chosen are obtained. Only by using several combinations 

of techniques and media can we hope to get a fair estimate 

of the types of organisms occurring in soil. 

A total of 23 media were used in combination with 

the 3 techniques described above. The best media for 

support of a wide variety of fungi and actinomycetes are 

listed in decreasing order of value. A discussion of 
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these media will be found in the experimental results. 

Medium 14: glucose, 2g; bacto yeast extract, 2g; soil 

extract, 100 ml (prepared by boiling gently 1 kilogram 

of desert soil in 1 liter of tap water, filtering off 

the soil and bringing up to 1 liter); tap water, 900 ml; 

microelement solution, 2.0 ml (prepared by dissolving 

Fe(N03)3#9 H20, 723.5 mg; ZnSO^.7 H20, 439.8 mg; and 

MnS0^.4 H20, 203.0 mg in distilled water acidified with 

sulfuric acid to yield a clear solution and made up to 

a volume of one liter. Each ml of the solution contained 

0.1 mg each of iron and zinc and 0.05 mg of manganese. 

Medium 13: glucose, 10.0 g; yeast extract, 5«0g; 

peptone, 5*0 g; soil extract, 100.0 ml; Chloromycetin, 

30 mg; rose bengal, 1 part per 30,000; micro elements, 

2.0 ml; agar, 20.0 g; and tap water, 900 ml. 

Medium 2: glucose, 10.0 g; peptone, 5*0 g; 

MgS0^.7H20, 0.5 g; K2HP0^, 1.0 g; rose bengal, 1 part 

per 30,000; Chloromycetin, 30.0 mg; agar, 20.0 g; and 

distilled water, one liter. 

Medium 23 (Czapeks): sucrose, 30.0 g; NaNO^, 

3.0 g; agar, 20.0 g; K2HP0^, 1.0 g; MgS0^.7 H20, 0.5 g; 

KC1, 0.5 g; FeS0^.7 H20, 0.01 g; and distilled water, 

1 liter. 

Medium 4: glucose, 10.0 g; yeast extract, 2.0 g; 

microelement solution, 2.0 ml; agar, 20.0 g; and distilled 

water, one liter. 
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Some of the other media employed but were not as 

successful as those described above were: Thornton*s 

standardized medium (164); Gottlieb*s yeast extract-beef 

extract medium (54); Gottlieb*s tomato paste-oatmeal (54); 

Margalith*s (102) glucose-beef extract-yeast extract 

medium; and Margalith*s (102) lactose-ammonium sulfate 

medium. 

All cultures were incubated at laboratory temper-; 

ature (20-25#C) under alternating light and dark condi

tions. Colonies were picked off the isolation plates as 

soon as possible after they had grown enough to be dis

tinct. 

The pure cultures obtained in this manner were 

kept in screw-cap stock culture tubes on either of two 

media. The stock culture medium usually employed was 

composed of 10 g glucose, 2 g yeast extract, and 20 g 

agar per liter. This medium will be referred to as a 

10-2 glucose yeast medium. For most actinomycetes 

Gottlieb*s (54) tomato paste-oatmeal medium was used. 

The stock culture incubator was kept at 5#C. All cul

tures were transferred to fresh media at 6-month inter

vals. 
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Screening Procedures for Antibiotics 

A total of 386 soil microorganisms, composed 

mainly of actinomycetes and fungi, were screened for anti

biotic activity against the following plant pathogenic 

fungi: Bhiaoctonia solani Kuhn, Fusarium oxvsporum f. 

lYcopersici (Sacc.) Snyder and Hansen, Phvmatotrlchum 

omnivorum (Shear) Dugg., and Verticillium albo-atrom 

Reinke and Berth. These pathogens were chosen because 

of their destructive properties on a wide range of host 

plants in the Southwest as well as most other parts of 

the world, with the exception of £. omnivorum which is 

restricted in distribution to the southwestern United 

States and northwestern Mexico. The 10-2 glucose-yeast 

extract medium was used in the screening procedure with 

all pathogens except P. omnivorum. which requires a 

special medium (46). Petri dishes containing this 

special medium or the glucose-yeast were inoculated in 

the center with one of the four plant pathogens and at 

three points equidistant from the center and towards the 

edge of the petri dish with 3 of the soil organisms to be 

screened for antibiotic production. At the end of a week 

or 10 days the zones of inhibition around the colonies of 

soil microorganisms were rated. All screening tests were 

run in triplicate. The same temperature and light con

ditions mentioned above prevailed also in the screening 

tests. 
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Purification of the Antibiotics 

In the course of this work an attempt at partial 

purification and classification of the antibiotics was 

made. The procedure of Ball and Mortimer (11) was used 

because it was suspected that polyene type antibiotics 

were present. 

Cultures of the actinomycetes selected for maxi

mum antibiotic activity were grown for 10-12 days on a 

10-2 glucose-yeast extract medium. Twenty five ml of 

medium were used per 250 ml Erlenmeyer flask. A small 

piece of agar containing actively growing mycelium was 

used for inoculum in all cases unless specified otherwise. 

Cultures were grown at room temperature (approximately 

20-25*C) on a reciprocal shaker at approximately 100 

excursions per minute. 

The procedure of Ball and Mortimer (11) is as 

follows: cultures are bulked and filtered without the 

addition of a filter aid. The separated mycelium was 

extracted twice with 100 ml 80% (v/v) acetone in water, 

a stirring time of 15 min. being allowed for eaeh extrac

tion. The acetone was removed from the extract by con

centration to 5 ml ijj, vacuo: 20 ml n-butanol were added 

to the aqueous extract and water removed by further con

centration in vacuo to 5 ml. The antibiotic present in 

this extract was precipitated by the addition of 6 vol 
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diethyl ether and the resulting solid isolated by cen-

trifugation, washed with ether to remove traces of 

butanol and dried in vacuo at 40#C for 1 hr. The bulked 

culture filtrate was extracted twice with 100 al n-butanol, 

the combined butanol solutions were concentrated to 100 

ml in vacuo. and the solid was isolated as above. The 

solid preparations were examined in aqueous solution or 

in 40£ (v/v) pyridine in water for antibiotic activity, 

but ethanolic solutions were used for measurement of the 

ultraviolet absorption spectrum in a Bausch and Lomb 500 

automatic recording type Spectrophotometer. It was some

times necessary to dilute the samples with 95$ ethanol 

before readings could be obtained. 

Carbon and Nitrogen Nutrition Studies 

A study of carbon and nitrogen nutrition in rela

tion to growth and antibiotic production was made. The 

basal medium for the carbon source study was composed of: 

asparagine, 2.0 g; MgSO^.7 H2O, 0.5 g; biotin, 5*0 mg; 

thiamine, 100 mg; microelement solution, 2.0 ml; and dis

tilled water, 1.0 liter. The nitrogen source study basal 

medium.was the same except asparagine was omitted and 

glucose at the rate of 10.0 g per liter added. Both media 

were buffered with Sorenson*s phosphate buffer to a pH of 

6.5-7.0. For the carbon source study 10.0 g per carbon 

source were added per liter. The nitrogen sources in the 
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nitrogen source study were added at the rate of the amount 

of actual nitrogen in 5 g of yeast extract. Also in the 

carbon source study a control medium containing only 

asparagine as a source of both carbon and nitrogen was 

used. There was no measurable growth by any of the 10 

actinomycetes on such a medium. 

The nitrogen sources and amounts added per liter 

were as follows: ammonium sulfate, 1.98 g; asparagine, 

2.0 g; glycine, 2.23; potassium nitrate, 3*03; ammonium 

tartrate, 2.76 g; L-glutamate, 4*4 g» urea, 0.9 g; D-L 

aspartate, 3*9; casamino acids, 4.2 g; proteose peptone, 

2.5 g; enzymatically hydrolyzed casein hydrolysate, 2.5 g; 

pharmamedia, 5*0 g; and yeast extract, 5*0 g. 

The carbon sources consisted of: D-glucose, 

sucrose, D-galactose, lactose, maltose, starch, D-fruc-

tose, L-sorbose, D-mazmose, raffinose, D-xylose, and malt 

extract. 

All media in both carbon and nitrogen studies 

were autoelaved for 15 minutes at 15 pounds pressure with 

the exception of the urea medium, which required filter 

81 erilization. 

The cultures for the nutritional studies were 

grown in 25 ml of medium in 250 ml Erlenmeyer flasks with 

cotton stoppers inserted in the mouth and a cap oyer the 

stopper. The cultures were incubated at 20-25*C on a 
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reciprocal shaker at approximately 100 excursions per 

minute. The pH of all cultures was determined before and 

after sterilization and following the growth period. Dry 

weights were used as indications of growth at the end of 

the incubation period. 

The remaining materials and methods employed will 

be more meaningful if explained in the experimental 

results section with the individual experiments. 



EXPERIMENTAL RESULTS 

Isolation of Bhizosphere Microorganisms 

One of the methods mentioned previously should now 

be discussed in some detail since limitations of the tech

nique were discovered in this study. The immersion tube 

technique described by Chesters (29) attempted to sample 

actively growing fungus hyphae in soil. Hore recently 

Mueller and Durrell (114)» using basically the same method, 

developed a more convenient soil microbiological sampling 

tube (SM3T) which is made of heat-resistant plastic test 

tubes wrapped with electrical tape. Since then several 

reports of its varied uses in isolating soil fungi have 

appeared (7, 105, 106). 

The SMST was developed because certain fungi 

known to be in the soil in a non-sporing form could not 

be picked up by any other method (114)* The soil-

dilution plate method usually picks up only heavily spor-

ing varieties such as Penicillium and Aspergillus, while 

those non-sporing species such as Bhizoctonia go undetec

ted even though they may be present in high populations. 

The technique consisted of using plastic centri

fuge tubes and boring 3/l6-in holes in a spiral arrange

ment through the wall of the tube. The tubes, after 

being bored, were wrapped spirally with electrical tape. 
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The tubes were filled with an agar medium to within l£ in. 

of the top and capped with a stainless steel test tube 

closure, and autoclaved. In the field, a large needle 

was heated by an alcohol lamp and pushed through the tape 

and tube perforation and then removed. This made an 

entrance for actively growing fungal hyphae. After lying 

embedded in the soil next to a root for 4-6 days, the 

tubes were collected and taken into the laboratory. In 

the laboratory the plastic tape was unwound, exposing 

one perforation at a time. The agar and fungus invader 

was then transferred to petri dishes containing agar media. 

This method was not used as much as the soil plate 

and dilution plate in the study because of a technical 

difficulty. In order to obtain a true rhizosphere sample 

a tube was placed as close as possible to a root. After 

the tube was placed next to a root the soil was put back 

into the excavation and the tubes allowed to incubate. 

Therefore, soil not originally in the rhizosphere was 

being used to cover the excavation so any fungi isolated 

in this manner could not be called either rhizosphere or 

rhizoplane organisms. For this reason the SMST method 

was used infrequently. In the limited experiments com

pleted with the SMST no difference was noted in the types 

of microorganisms picked up by this method compared to 

the other two methods. 
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A detailed explanation of the constituents of some 

of the various aedia is found in the materials and methods. 

No actual comparison was made to determine numerically 

the medium giving the greatest number of colonies of fungi 

and actinomycetes per gram of sample. It was obvious, 

however, that the best medium for giving a variety of 

fungi and actinomycetes appeared to be a 2-2 glucose-

yeast-soil extract medium (Medium 14). The next best was 

a 10-5-5 glucose-yeast peptone-soil extract medium con

taining rose bengal and Chloromycetin (Medium 13). 

Another medium very similar to number 13 but without the 

yeast extract was almost as effective (Medium 2). 

Czapek's medium (Medium 23) was also an excellent one 

for the purposes of this experiment. 

A chitin medium, supposed to be selective for 

actinomycetes was also used but was discarded because no 

more variety of actinomycetes was obtained than on other 

media and it was very time-consuming to prepare. 

Early in the investigation studies were begun to 

determine the proper incubation temperatures for the 

isolation plates. Those temperatures most closely approx

imating natural conditions were desired. A soil temper

ature recorder was installed and the probe placed next to 

roots at various depths, covered with soil, and allowed 

to remain for 7 days at a time. The results of this 
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temperature study are shown in Table 1. It will be noted 

from these data that the temperature varied greatly near 

the soil surface and is reasonably stable at 18 inches 

below the surface. The results further suggested that 

when conducting experiments of this nature under approxi

mate natural conditions, it would be necessary to incu

bate the isolation plates at temperatures corresponding 

to each level from which isolations were made. At the 

time of this study it was impossible to have access to 

such temperatures as were suggested by the soil thermo

graph data. Therefore, all cultures were incubated at 

20-25*C. As can be seen from Table 1, this represented 

an average temperature encountered under natural condi

tions several inches below the soil surface. 

By using the temperature, media, and techniques 

described above, a total of 217 actinomycetes and fungi 

were obtained in pure culture from the rhizosphere of 

palo verde and 275 from saguaro. 
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Table 1 

Soil temperatures (F) at various depths (inches) during 
the summer and early.autumn of 1961. 

Date Depth Hieh Temp. Low Temb. 

July 14-21 18 87 84 

Aug. 21-28 8 96 82 

Aug. 28-Sept. 5 6 90 74 

Sept. 5-12 3 100 76 

Sept. 12-19 18 89 89 

Sept. 20-30 12 88 85 

Oct. 1-7 3 94 77 

Oct. 7-14 12 88 80 

Screening Bhizosphere Isolates for Antibiotics 

This portion of the study was designed to deter

mine how many of the 492 isolates from the rhizosphere of 

saguaro and palo verde would produce antibiotics against 

one or more of the plant pathogens chosen for the screening 

program* The soil-borne pathogens chosen for this purpose 

were all pathogenic isolates of the following fungi: 

Phvmato*^ own-t-rami m( Verticillium albo-atrum. Fusarium 

oxrsporum f• lvcopersici. and Rhizoctonia solani. As 

explained in the materials and methods, a 10-2 glucose-

yeast extract medium was used for screening the soil 
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isolates against all pathogens except P. onnivormn which 

required a special medium high in sugar content (46). 

Table 2 shows the results of the screening pro

gram designed to determine the antagonists among 386 

rhizosphere isolates. The difference between the origi

nal 492 isolates and the 386 actually screened is due to 

some cultures dying while in stock culture and to the 

discovery and subsequent discarding of obvious duplicates 

among the stock cultures. The results showed that more 

rhizosphere isolates were antagonistic to Fusarium than 

to any of the other 3 pathogens. 

Table 2. 

Results of screening 386 rhizosphere isolates for anti
biotic activity against 4 soil-borne plant pathogens. 

Plant Pathogen No. of inhibitory rhizo-
—————— sphere isolates 

Fusarium oxvsporum f. lveopersici 147 

Rhizoctonia solani 85 

Phvmatotrichum omnivorum 109 

Verticillium albo-atrum 117 

Out of 38 rhizosphere isolates inhibiting all 4 

pathogens a total of 24 inhibited very strongly. Eighteen 

rhizosphere isolates were inhibited by one of the soil-

borne pathogens, Verticillium albo-atrum. A report in 



67 

the literature illustrates another ease where V. albo-

atrmn was inhibitory to other fungi. Lytic properties 

were attributed to Verticillium in this case (86). One 

or more of the soil-borne pathogens were inhibited very 

strongly by a total of 60 of the 386 rhizosphere isolates. 

Three significant points may be derived from these results 

(1) a rather large percentage of the rhizosphere isolates 

were antagonistic to one or more of the soil-borne patho

gens; (2) there is a great amount of selectivity by many 
» 

of the antagonists but 38 (10# of the total) were antago

nistic to all 4 pathogens; and, (3) the antibiosis pattern 

is not entirely one-way, that is, at least one pathogen 

produced an antibiotic or antibiotics effective against 

18 of the rhizosphere isolates. 

Identification of the Actinonrvcetes Chosen for Nutritional 

Studies 

Upon completion of the screening tests, 10 of the 

isolates which showed the greatest antibiotic activity 

against all 4 plant pathogens were chosen far farther 

nutritional studies to determine optimum conditions for 

antibiotic production. All of the isolates chosen were 

species of actinomycetes. An attempt was made to iden

tify these organisms by using various physiological and 

morphological characteristics of the organisms. 
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The solid media used for determining morphologi

cal characteristics were: (A) Czapek's agar; (B) Bacto 

Potato-Dextrose agar; (C) Emerson*s glucose-yeast ex-

tract-beef extract-peptone agar (55); (D) Glucose-

asparagine agar similar to (E) except for glucose in 

place of glycerol; (E) Glycerol-asparagine agar (63); and 

(F) Starch-nitrate agar (similar to (2) in the physiolog

ical study media; and (6) Bennett*s glucose-yeast extract-

beef extract-N-Z-Amine-Type A agar (75)« 

The liquid media for the physiological tests were: 

(1) glucose-gelatin (peptone, 5 g; gelatin, 100 g; glucose 

20 g; tap water, 1 liter); (2) starch (soluble starch, 

10 g; KNO3, 1 g; KgHPOj^, 0.3 g; MgCO^, 1 g; NaCl, 0.5 g» 

agar, 30 g; tap water, 1 liter); (3) cellulose (filter 

paper strips in KgHPO^, 0.5 g; MgSO^, 0.5 g; KNO^, 1 g; 

NaCl, 0.59 g; FeSO^, 10 mg; tap water, 1 liter); (4)  

nitrate (peptone, 1.0 g; NaCl, 0.5 g; KNO^, 1.0 g; 

distilled water, 1 liter); (5) litmus milk medium; (6) 

sucrose (K2HP0^, 0.5 g; KNO3, 1.0 g; NaCl, 0.59 g; sucrose 

20 g; FeSO^, 10 mg; distilled water, 1 liter). 

All cultures involved in the pigmentation and 
% 

morphology studies were read between 20-25 days after 

inoculation. The physiological tests were read 4 and 30 

days after inoculation. All cultures were incubated at 

room temperature (20-25*C) under alternating light and 
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dark conditions• The results of these studies are shown 

in Tables 3-12. Growth was estimated as -H-+ (Excellent), 

+4- (Good), + (Slight), and measurements of colony diameter 

recorded. The results of both the morphological and 

physiological study were used in conjunction with 3 taxon-

omic keys for the species classification attempt. The 

keys used were by Gauze, et al. (52), Vaksman and Henrici 

(179), and Pridham, et al. (127)* 
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Table 3 

Morphological and physiological characteristics of Strep-
tonryces No. 503 on various media. 

Medium Colony diameter (BUB. ) Colony morphology 
and estimate of growth __ • 

thin, white, fluffy 
white, wrinkled, 

crusty 
yellow, hard surface 
white, crusty, wrinkled 
yellow, wrinkled, hard 
white, fluffy, uneven 

edge 
white, fluffy, concen

tric rings 

A. 15 ++ 
B. 10 ++• 

C. 20 ++• 
D. 10 ++• 
E. 10 ++ 
P. 20 ++• 

G. 22 

Medium 

Medium 

1. 

2. 
3. 
4. 
5. 

6. 

Color of mycelium and pigment 
Aerial Substrate Water Sol. 

Sporulation 

Pigment 

A. white white none Biverticillus 
group* 

B. white yellow none none 
C. white yellow none none 
D. slight yellow none none 
E. slight yellow none none 
F. white yellow none Biverticillus 

6. white yellow none 
group 

Biverticillus 

Reaction after L days 

no gelatin liquefaction 

good starch hydrolysis 
no cellulose utilization 
nitrates reduced to nitrites 
alkaline reaction, surface 

growth 
growth on side of sucrose tube 

group 

After 30 days 

strong lique
faction 

peptonization 

* According to Pridham, et al. (127) 
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Table 4 

Morphological and physiological characteristics of Strep-
tomyces No. 4&7 on various media. 

Medium 

A. 
B. 

C. 

D. 

E. 

F. 
6. 

Medium 

A. 
6. 
C. 
D. 
E. 
P. 
G. 

Colony diameter (mm.) 
and estimate of growth 

15 
10 

30 

10 

20 

23 
27 

Colony morphology 

sparse, light, smooth 
thin, light red in 

center 
red, wrinkled, light 

edge 
red, smooth, hard 

surface 
light red, smooth 

surface 
white, wrinkled surface 
reddish brown, crusty 

Color of mycelium and pigment 
Aerial Substrate Water sol. 

pigment 

Sporulation 

none a white 
none pink 
none 
none 
none 
none 
none 

red 
red 
red 
white 
red 

none 
none 
light brown 
none 
none 
none 
light brown 

none 
none 
none 
none 
none 
none 
none 

No aerial mycelium present 

Medium Reaction after U days After 30 davs 

1. 
2. 
3. 
4» 
5. 
6. 

no gelatin liquefaction 
+ starch hydrolysis* 
no utilization of cellulose 
reduction of nitrates 
alkaline reaction 
+ growth on sucrose 

peptonization 

* + - slight, ++ - good, +++ ~ excellent 
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Table 5 

Morphological and physiological characteristics of Strep-
tomyces Ho. 466 on various media. 

Medium 

A. 
B. 
C. 

D. 
E. 
F. 
G. 

Medium 

A. 
B. 
G. 
D. 
E. 
F. 
G. 

1. 

2. 
3. 

I: 

Colony diameter (am.) Colony morphology 
and estimate of growth 

10 
no growth 

17 

10 
15 
23 
20 

white, powdery surface 

smooth, thick, white 
edge 

white, smooth, wrinkled 
whiter powdery, wrinkled 
white, fluffy, thick 
fluffy sectors, thick 

Color of mycelium and pigment 
Aerial Substrate Water sol. 

pigment 

white white 
no growth 
none brown 
white 
white 
white 
white 

white 
white 
white, 
brown 

none 

none 
none 
none 
none 
none 

Medium Reaction after k davs 

Sporulation 

Biverticillus 

none 
none 
none 
none 
none 

After 30 davs 

gelatin liquefaction, brown 
pigment 

+ starch hydrolysis — 
cellulose not utilized 
nitrates reduced to nitrites — 
slight pepton, alkaline, no coag. — 
slight sucrose utilization 
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Table 6 

Morphological and physiological characteristics of Strep-
tomyces No. 372 on various media. 

Medium 

A. 
B. 
C. 
D. 

E. 

F. 
G. 

Medium 

A. 
B. 
C. 
D. 
E. 
F. 
6. 

Medium 

1. 
2. 
3. 
4. 
5. 

6. 

Colony diameter (mm.) 
and estimate of growth 

10 
10 
15 
8 

8 

15 
13 

Colony morphology 

grey, thin, powdery 
white, powdery, thick 
wrinkled, white, thick 
white, powdery, smooth 

edge 
tan, smooth, definite 

edge 
yeast like, white 
white, wrinkled, powdery 

Color of mycelium and pigment 
Aerial Substrate Water Sol. 

Pigment 

grey 
white 
white 
white 
tan 
white 
white 

white 
white 
white 
white 
tan 
white 
white 

none 
none 
none 
none 
none 
none 
none 

Reaction after k days 

gelation liquefaction 
+++ starch hydrolysis 
cellulose not utilized 
nitrates reduced to nitrites 
slight growth, no coag. 

sucrose utilized 

Sporulation 

spira group 
none 
none 
none 
none 
none 
none 

After 30 days 

alkaline, 
pepton, 
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Table 7 

Morphological and physiological characteristics of Strep-
tomyces No. 367 on various media. 

Medium Colony diameter (mm.) Colony morphology 
and estimate of growth 

A. 10 + light, thin 
B. 7 ++ white, leathery 
G. 20 +++ white, thick, leathery 
D. 10 +++ white, powdery 
E. 10 ++ white, powdery 
F. 15 ++ smooth, creamy 
G. 20 +++ white, concentric 

zones 

Medium Color of mycelium and pigment Sporulation 
Aerial Substrate Water Sol. 

Pigment 

A. none white none none 
B. white white none none 
C. white brown none none 
D. white yellow none none 
E. white yellow none none 
F. none yellow none none 
G. white yellow none none 

Medium Reaction after 4 days After 30 days 

1. no gelatin liquefaction 
2. ++ starch hydrolysis 
3« cellulose not utilized 
4. nitrates not reduced 
5. slight acid reaction peptonization 
6. sucrose utilized slightly 
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Table 8 

Morphological and physiological characteristics of Strep-
toayces No. 308 on various media. 

Medium Colony diameter (mm.) Colony morphology 
and estimate of growth 

A. 10 ++ colorless, thin, sparse 
B. 21 +++ smooth, creamy 
C. 20 *H"+ yellow, wrinkled 
0. 13 +++ yellow, smooth 
E. 8 4++ yellow, wrinkled, hard 
F. 16 +4+ yellow, white aerial 
G. 15 +++ white, powdery 

Medium Color of mycelium and pigment Sporulation 
Aerial Substrate Water Sol. 

Pigment 

A. white white none Biverticillus 
group 

B. none yellow none none 
C. white yellow none none 
D. yellow yellow none none 
E. none yellow none none 
F. yellow yellow none none 
G. white yellow none Monoverti-

cillus group 

Medium Reaction after U davs After 30 dars 

1. gelatin liquefaction — 
2. ++ starch hydrolysis 
3. cellulose not utilized — 
4« nitrates not reduced — 
5. alkaline, no coag. or pept. peptonization 
6. sucrose utilized slightly — 
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Table 9 

Morphological and physiological characteristics of Strep-
tomyces No. 383 on various media. 

Medium 

A. 
8. 
G. 
D. 
E. 
P. 
6. 

Medium 

1. 
2. 
3. 
4. 
5. 

6. 

Colony diameter (mm.) 
and estimate of growth 

15 
3 

20 
9 
10 
15 
15 

Colony morphology 

slightly powdery 
grey, wrinkled 
orange, wrinkled 
orange, small colony 
thick, rough, wrinkled 
orange, smooth 
orange edge, brown 

middle 

Color of mycelium and pigment 
Aerial Substrate Water Sol. 

Sporulation 

Piement 

A. orange orange none none 
B# none grey none none 
C. none none none none 
D. orange orange none none 
E» orange orange none none 
F. none orange none none 
G. none orange none none 

Medium Reaction after U days After 30 days 

no gelatin liquefaction 
+++ hydrolysis of starch 
cellulose not utilized 
nitrates not reduced 
no reaction on litmus 

sucrose utilized slightly 

acid, peptoni
zation 
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Table 10 

Morphological and physiological characteristics of Strep-
tomyces No. 112 on various aedia. 

Medium Colony diameter (mm.) Colony morphology 
and estimate of growth 

A. 10 +++ orange, smooth surface 
B. none none 
C. 10 +++ orange-yellow, wrinkled 
0. none none 
E. none none 
F. 10 +++ red, crusty, uneven 
Q. 10 +++ red, uneven edge 

Medium Color of mycelium and pigment Sporulation 
Aerial Substrate Water Sol. 

Pigment 

A. orange orange none none 
B. no growth — mm mm 

C. none orange none none 
D. none orange none none 
E. none grey-red none none 
F. red red none none 
6. red red none none 

Medium Reaction after L davs After 30 davs 

1. no gelatin liquefaction ... 
2. +++ starch hydrolysis 
3. cellulose not utilized 
4. no growth nitrates no growth 

reduced 
5. no growth brown pigment 
6. sucrose utilized slightly 
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Table 11 

Morphological and physiological characteristics of Strep-
tomyces No. 415 on various media. 

Medium Colony diameter (mm.) Colony morphology 
and estimates of-growth 

A. 7 + colorless, thin 
B. no growth — 
C. 15 +++ Tery wrinkled, yellow 
D. 4 + yellow, rough 
E. 2 + very small, yellow 
P. 7 ++ wrinkled, yellow-cream 
G. 15 -H-+ white, wrinkled 

Medium Color of mycelium and pigment Sporulation 
Aerial Substrate Water Sol. 

Pigment 

A. none colorless none none 
B. no growth —-
C. yellow brown none none 
D. yellow yellow none none 
E. yellow yellow none none 
F. white cream none none 
6. yellow brown none none 

Medium Eeaction after 4 days After 30 davs 

1. no gelatin liquefaction + liquefaction 
2. +++ starch hydrolysis — 
3. cellulose not utilised — 
4* nitrates not reduced 
5. alkaline, no coag. nor pept. peptonization 
6. sucrose utilized slightly — 
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Table 12 

Morphological and physiological characteristics of Strep-
tomyces No« 343 on various media. 

Medium Colony diameter (mm.) Colony morphology 
—— and estimate of growth 

A. 20 +++ thin, powdery 
B .  5 4 +  p o w d e r y ,  w h i t e  
C. 12 +++ powdery, wrinkled 
I). 12 +++• powdery, uneven edge 
E. 10 ++ smooth, creamy 
P. 15 +++ creamy, wrinkled 
6* 20 +++ white, wrinkled, uneven 

Medium Color of mycelium and pigment Sporulation 
Aerial Substrate Water Sol. 

Pigment 

A. grey grey none Spira group 
B. white white none none 
C. white white none none 
D. white white none none 
E. white white none none 
F. white white none none 
6. white white none none 

Medium Reaction after 4 davs After 30 dars 

1. gelatin liquefaction — 
2. +++ starch hydrolysis 
3. no eellulose utilization — 
4. nitrates reduced to nitrites 
5. alkaline, no coag. peptonization 
6. . sucrose utilized slightly — 
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It was impossible using the 3 keys mentioned above 

to assign species names to any of the 10 actinomycetes in 

this study. However, the ones which sporulated were 

assigned to one of Pridham's groups (127)* This problem 

of classification is common in the literature and evident 

by the large number of different taxonomic keys available. 

To illustrate this point, Pridham, et al. (127) presented 

a table showing the principal investigators and their 

criteria for classification of streptomycetes. It can be 

readily noted from this table (Table 13) that taxonomists 

are not in accord as to the characteristics foremost in 

importance when establishing a species. With this contro

versy in mind, all 10 isolates in this study will be 

referred to by the generic name of Streptomvces and in 

place of a specific name their stock culture numbers will 

be used. 
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Table 13 

Principal workers and contributions to taxonomy of Strep-
tomycesa. 

Investigator 

Krainsky (81) 

Vaksaan and Curtis 
(178) 

Drechsler (39) 

Waksman (171) 

Millard and Burr 
(109) 
Jensen (73) 

Duche (41) 

¥aksman and 
Henrici (179) 

Criteria Used Number of 
Major Groups 
Proposed 

Size of single-spore 
colonies 

Proteolysis and form
ation of soluble 
pigment 

Morphology of sporophore 

Formation of soluble 
pigment 

Growth characteristics in 
glycerine solution 

Formation of soluble 
pigment 

Cultural characteristics 

Ecology and temperature 
requirements 

Krassilnikov (82, 83)Morphology of sporophores 

Baldacci, et al. 
(9, 10) 
Hasseltine, et 
al. (67) 
Tamaguchi and 
Saburi (200) 

Gauze, et al. (52) 

Dietz and 
Matthews (38) 

Color of vegetati-re 
mycelium 

Spore color and mor
phology of sporophores 

Morphology of sporophores 

Color of aerial mycelium 

Carbon replica of spores 

2 

4 

No defined 
groups 

2 

5 

2 

Several 
keys 

4 

2 

2 

8 

4 

15 

No defined 
groups 

a From Pridham, et al. (127). 
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Classification of Antibiotics 

In all the studies with the 10 Streptoavces SPP. 

no antibacterial action was noted under the conditions 

employed. However, very strong antifungal activity was 

present in the living cultures and extracts from the cul

tures. This reduced considerably the possible groups of 

antibiotics to which they could belong. Ball and Mortimer 

(11) found that in English soils the purely antifungal 

antibiotics were usually of the polyene group and out

numbered others by 25 to 1. This raised the possibility 

of a relatively easy classification of these antibiotics 

since polyene compounds have very characteristic ultra 

violet light absorption spectra. Polyenes can be grouped 

together on the basis of the number of conjugated carbon 

to carbon double bonds present in the molecule. Most of 

them have 4 to 7 unsaturated bonds in their chromophore 

(usually a large lactone ring) which are responsible for 

typical light-absorption spectra. For instance, the 

diene, antibiotic PA-147, has one single peak of light 

absorption at 272 millimicrons. The polyenes with four 

conjugated double bonds, the tetraenes, have three main 

peaks of light absorption with the position of the central 

peak at 300 to 305 millimicrons. The position of the 

central peak is 330 to 340 millimicrons for the pentaenes, 

355 to 359 millimicrons for the hexaenes, and 377 to 388 
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millimicrons for the heptaenes. No triene nor octaene 

has been discovered among the products of actinomycetes 

(177). 

By following the extraction procedure of Ball and 

Mortimer (11), as outlined in Materials and Methods, the 

antibiotics extracted from all of the Streptomyces spp. 

in this study were shown to be polyene in nature. In 

fact, as the results in Table 14 show, all the compounds 

absorbed light in the range of heptaene antibiotics of 

the polyene group. 

It is unusual that the antibiotics produced by 

these 10 different species of Streptomyces are all appar

ently heptaenes. This poses the question of the occur

rence of heptaenes compared to other polyenes in the 

rhizospheres of desert plants as opposed to non-desert 

species. Such work has not been reported on the occurrence 

of polyenes in the rhizosphere. Another question arising 

from this data concerns the importance of these anti

biotics in disease control. In screening programs for 

compounds to be used in plant disease control, many labor

atories routinely discard polyene-type antibiotics. Bven 

though polyenes are usually easily translocated, have a 

high fungitoxicity and low phototoxicity, their autooxida-

tion and unstability in light limits their usefulness 

when used as foliar sprays (35). Rimocidin, a polyene, 
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Table 14 

Light absorption (in mu) of antibiotics isolated from the 
mycelium and culture filtrate of 10 Streptomyces species. 

Culture No. Mycelium Culture Filtrate 

367 361-383-406 357-383-406 

467 359-383-407 358-383-406 

308 361-382-405 365-383-407 

343 364-383-407 352-383-406 

503 364-385-405 364-382-405 

415 361-382-405 360-382-405 

112 364-383-406 * 

372 * 383-406 * 

383 364-383-406 * 

466 * 383-406 * 

* Not concentrated enough for positive identification* 
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was inactive against all five fungal diseases tested by 

Zaumeyer and Wester (201). Results with filipin and 

pimaricin were erratic. When Dekker and Ark (37) applied 

pimaricin to cucumber leaves, all activity was lost within 

3 hours. Also, results with candicidin, fungichromin, 

and tetrin have not been encouraging (36). 

However, some of the successes in controlling 

certain plant diseases have been reported by Dekker (36). 

Nystatin showed activity against Botrvtis tulipae on 

tulips, downy mildew on hops, and fungal spotting of 

orchids by Botrvtis. Alternaria. and Fusarium spp. 

Dekker and Ark (37) reported that the antibiotic, 

pimaricin, a polyene, is taken up by the roots of broad 

beans and then transported to the leaves. Within the 

plant tissue it appeared remarkably more stable than on 

the plant surface. They then showed that plant sap as 

well as chlorophyllin could protect pimaricin in vitro, 

both against oxidation and inactivation by ultra violet 

rays. Dekker (35) also found, in seed disinfection 

studies, rimocidin and pimaricin seemed to penetrate 

readily in peas, and kill deep-seated infection caused 

by Ascochvta pisi. a fungus which cannot be eradicated 

by the common disinfectants. The mode of action of 

polyene type antibiotics has recently been elucidated by 

Lampen, et al. (85)* 



With these promising results, the polyenes warrant 

farther study. It would seem logical to try them against 

some of the soil-borne pathogens also since the light 

inactivation of polyenes should not be a problem under 

the soil surface. They are apparently easily picked up 

and translocated by the plant. It seems reasonable that 

they might be more effective when applied to the soil or 

produced by rhizosphere organisms in the soil. 

Evidence indicates that the antibiotics involved 

in this study were not easily inactivated or especially 

light sensitive. All concentrated water extracts from 

the nutritional studies were stored at 5°C for varying 

periods of time up to 10 months. Although they were not 

exposed excessively to light, no special care was taken 

to keep them in the dark and the refrigerator in which 

they were stored was opened frequently. In no instance 

was there any appreciable loss of activity after several 

months of storage in this manner. 

Also, there was evidence that the antibiotics 

were not inactivated by light when in agar media for 

periods of several weeks. Figure 4 shows that when the 

living culture was removed from a petri dish inoculated 

with S. No. 308 and R. solani. the zone of inhibition 

remained the same size. This would indicate that the 

antibiotic persisted in the presence of light after the 



Plate at lower left contains Rhizoctonia aolani 

and S. No. 308. Plate at lower right is similar except 

the Streptomvces culture was removed after 3 days of 

incubation. This culture was 5 we.eks old when picture 

was taken. Plate at upper left contains only R. solani. 

The culture at upper right was inoculated with R. solani 

and at the same time an agar block from an active inhi

bition zone was placed on the opposite side. The medium 

is 10-2 glucose yeast extract. 



Fig. 4« Bffoct of light and dilution on antibiotic 
prodfteod by Stroptogrcos Mo. 308. 
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living culture was removed. It should be noted that in 

Fig. 4 the living culture of S. No. 308 was removed 3 

days after inoculation. At this time the actinomycete 

colony was very small and a large circular inhibition 

zone had formed around it. Since the actinomycete 

culture was removed so soon, it would seem unlikely 

that the zone persisted due to lack of nutrients available 

to R. solani. Rather, the effect was more likely due 

to the presence of the antibiotic which was not inactivated 

by light or broken down by R. solani. 

A dilution effect is also noted in Fig. 4* The 

agar block from an inhibition zone was placed on the plate 

(upper right of Fig. 4) did not contain enough antibiotic 

to allow the formation of a distinct inhibition zone. 

This method may be used to make a quick comparison of 

the sensitivity of various fungi to a particular concen

tration of antibiotic. Fig. 5 shows the results of this 

experiment. A plate showing a very strong zone of inhibi

tion was chosen and several small blocks of agar removed 

from the inhibition zone at equal distances from the 

living colony. One of these blocks was placed on one 

side of a petri dish inoculated on the other side with 

the fungus to be tested. Fig. 5 shows that Phvmatotrichum 

omnivorum requires a greater concentration of this partic

ular antibiotic for inhibition than F. oxysporum. 
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Fig. 5* Effect of dilution on the antibiotic produced by 
Stroptoarcea Ho. 308. The 4 plates on the right 
contain, from top to bottoa, R. aolani. P. 
oamlvorua. £. albo-atruM. and oxraporam. The 
4 coiter plates oontain the sane organisms and 
3,. 308. Plates on left are similar except 
agar blocks from inhibition zones were placed on 
agar at the tine of Inoculation with test fungi. 
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R. aolani. or V. albo-atrum. Fuaarium oxvsporium appears 

to be the most sensitive to this particular concentration 

of the antibiotic produced by Streptomvces No. 308. 

Nutritional Studies 

In this portion of the study an attempt was made 

to obtain data on the nutritional conditions favoring 

maximum antibiotic production, in vitro, by the 10 most 

antagonistic actinomycetes isolated from the rhizosphere 

of palo verde and saguaro. It was hoped that the informa

tion gained in this manner would elucidate the conditions 

necessary to favor antibiotic production in the rhizo-

sphere• 

There have been many detailed studies published 

on the effect of composition of the medium on antibiotic 

production, especially on the commercial production of 

antibiotics. However, little data are available on the 

effects of nutrition on antibiotic production by rhizo

sphere actinomycetes. Two important aspects of nutrition 

studied were the effects of carbon and nitrogen sources 

on antibiotic production by the 10 antagonistic Strep

tomvces from the rhizosphere of palo verde and saguaro. 

Also a limited carbon-nitrogen ratio study was completed 

on agar media with one of the actinomycetes. Details 

on the media used and general techniques are given in 

Materials and Methods. Some of the detailed aspects 
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should be elaborated upon, so are discussed below. 

Dry weights were used as a measurement of growth 

and represent the average of two cultures. Four flasks 

of each Streptomyces species were used for each medium 

tested. Two of the flasks were harvested to obtain dry 

weights of the mycelium and two for determining the 

amount of antibiotic activity in the mycelium. The 

mycelium was ground in 80# acetone until most of the cells 

were crushed. The extraction was accomplished by: (1) 

hand grinding in a glass tissue homogenizer; (2) mechan

ically grinding by plastic tissue homogenizing plunger 

powered by an electric drill. The plastic plunger was 

then immersed into a liquid suspension of mycelium in a 

special test tube only slightly larger than the plunger, 

thus crushing the cells against the sides of the tube, 

and (3) an omnimixer with a 50 ml cup. After the extrac

tion was complete, the cell wall debris was filtered off, 

washed with 80$ acetone and discarded. The mycelial 

filtrate was reduced in volume, in vacuo, to almost 

dryness and brought to a 2 ml with distilled water. This 

extract was bioassayed for antibiotic activity. The 

culture filtrate from all 4 flasks was reduced in volume, 

in vacuo, to an amount equivalent to the mycelial extract. 

The temperature of solutions containing the antibiotic 

did not exceed 75*C because most of the antibiotic activity 

was lost at 80*C or above. 
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Rhizoctonia solani was used as a test fungus in 

all bioassay procedures. Previous screening tests indica

ted that R. solani was very sensitive to the antibiotics. 

Furthermore, the isolate of Rhizoctonia used grew very 

rapidly so that the bioassay could be completed in 2 days. 

A paper antibiotic disc was immersed in the test solution 

and placed on one side of a petri dish containing a thin 

layer of a 10-2 glucose yeast extract agar medium. On 

the opposite side of the dish a small block of agar con

taining the mycelium of j£. solani was placed. At the end 

of 2 days, a measurement was taken from the near edge 

of the disc to the advancing margin of the R. solani 

mycelium. At this stage, R. solani showed a zone of 

inhibition if the antibiotics were present and grew up 

to or over the disc if none was present. 

The effects of 13 nitrogen sources on growth and 

antibiotic production 

The results of the nitrogen source study are pre

sented in Tables 15-27. These tables indicate that at 

the time the cultures were harvested the pH values fre

quently approached neutrality. However, in some cases 

the pH values surpassed 8.0. For instance, Streptomvces 

No. 112 culture on urea reached a pH of 8.6 while S. No. 

383, 372, and 343 reached 8.1, 8.5, and 8.3 respectively 

on the potassium nitrate medium. As expected, the media 
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containing ammonium sulfate and ammonium tartrate had low 

pH values at the time cultures were harvested. 

Some generalities can be drawn from the data pre

sented in Tables 15-27* Table 28 illustrates a summary 

of the average dry weight values for the 10 Streptpayees 

spp. on 13 sources of nitrogen. The more complex media 

such as casamino acids and Pharmamedia (a cotton seed 

derivative) usually gave the highest dry weights of 

mycelium. Glutamic acid and asparagine were both as good 

as or slightly better than yeast extract, peptone, and 

casein in dry weight production. Glutamic acid and aspara

gine are excreted from at least some plant roots (137)* 

Table 28 shows a comparison of media producing the best 

growth with those allowing maximum production of anti

biotics. It indicates that good growth does not neces

sarily mean a high yield of antibotics. However, a 

casamino acid medium yielded both a high dry weight and 

antibiotic production. Aspartic acid allowed excellent 

production of antibiotics with an average dry weight approx

imately one-half that of casamino acids. Ammonium tartrate 

was a poor nitrogen source for growth but allowed good 

production of the antibiotics. Urea was generally a poor 

nitrogen source for both growth and antibiotic production. 
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Table 15 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose yeast extract medium after 11 
days of incubation. 

Culture 
No. 

Finala 
pH 

Growth*5 
(mg) 

Antibiotic 
activity® in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 not 36.3 5 4 
taken 

467 52.2 6 0 

466 46.3 7 2 

415 - 27.3 5 3 

383 38.8 3 7 

372 26.2 3 2 

367 39.3 3 0 

343 20.8 3 1 

308 43.3 6 3 

112 
, 

17.8 3 0 

aInitial pH of this medium was 6.5* 

^These figures represent an average from 2 flasks* 

°These figures represent an average from 2 petri dishes. 
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Table 16 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose peptone medium after 12 days 
of incubation* 

Culture 
No. 

Pinal8, 
PH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.6 30.5 4 4 

467 7.2 49.9 0 0 

466 7.4 44.1 7 2 

415 7.9 29.2 4 0 

383 7.7 41.5 0 2 

372 7.7 21.2 2 0 

367 7.6 21.6 1 0 

343 7.7 25.1 0 0 

308 7.8 36.5 2 9 

112 7.7 46.6 2 0 

aThe initial pH of this medium was 6.6. 
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Table 17 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose casein medium after 12 days 
of incubation. 

Culture 
No. 

Final* 
pH 

Growth 
(ng) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 6.6 24.9 12 8 

467 6*4 33.3 6 5 

466 6.7 16.3 3 1 

415 —- 43.3 8 13 

383 — 46.5 12 11 

372 — 15.2 1 5 

367 6.4 29.4 10 0 

343 — 18.5 0 0 

308 6.5 44.7 6 7 

112 — . 57.3 5 11 

The initial pH of this medium was 6.2. 
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Table 18 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose casamino acids medium after 
12 days of incubation. 

Culture 
No. 

Final® 
pH 

Growth 
(»g) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 62.4 13 10 

467 59.6 7 6 

466 7.2 55.8 10 10 

415 7.6 68.6 13 12 

383 7.8 49.3 8 0 

372 7.9 31.0 9 0 

367 — 63.5 9 8 

343 7.5 42.7 3 4 

308 7.4 82.3 9 9 

112 7.7 43.3 7 10 

aThe initial pH of this medium was 6.4* 
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Table 19 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose aspartic acid medium after 
13 days of incubation. 

Culture 
No. 

Finala 
PH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.3 31.3 10 0 

467 7.4 26.2 8 0 

466 7.3 31.0 15 0 

415 7.3 trace 7 2 

383 7.3 15.3 2 13 

372 7.3 29.1 4 0 

367 7.3 5.9 4 0 

343 7.4 31.2 6 0 

308 7.5 30.0 12 4 

112 7.3 13.9 10 12 

aThe initial pH of this medium was 6.9* 
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Table 20 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose urea medium after 15 days of 
incubation* 

Culture 
No. 

Finala 
pH 

Growth 
(ag) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 6.9 13.4 1 4 

467 7.0 trace 2 0 

466 7.7 trace 2 1 

415 6.7 7.6 1 7 

383 7.3 13.9 2 5 

372 7.4 10.0 1 2 

367 6.7 8.7 2 6 

343 7.2 4.8 0 2 

308 6.9 9.7 1 2 

112 8.6 9.4 1 3 

aThe initial pH of this medium was 6.6. 
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Table 21 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose glutamic acid medium after 
13 days of incubation. 

Culture 
No. 

Final® 
PH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.8 49«4 8 1 

467 7.7 40.5 2 1 

466 7.7 40.6 11 2 

415 7.1 30.5 5 1 

383 6.9 34.2 0 9 

372 7.7 42.9 0 2 

367 7.4 33.4 2 1 

343 7.7 51.1 1 0 

308 7.8 48.2 10 0 

112 6.9 21.8 0 9 

aThe Initial pH of this medium mas 6.5. 
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Table 22 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose ammonium tartrate medium 
after 12 days of incubation* 

Culture 
No. 

Final® 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture flit, 
(mm) 

503 4.9 9.1 0 7 

467 4.0 16.8 0 0 

466 4.0 24.9 4 7 

415 4.7 8.4 0 9 

333 4.3 9.0 0 14 

372 3.7 19.6 0 3 

367 5.0 7.5 0 7 

343 4.2 25.3 2 4 

308 4.7 12.7 8 3 

112 4*4 9.6 0 11 

The initial pH of this medium was 6.9. 
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Table 23 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a glucose potassium nitrate 
medium after 12 days of incubation. 

Culture 
No. 

Final 
pH 

Growth 
(n»g) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture flit, 
(mm) 

503 7.5 19.6 8 1 

467 7.0 30.4 0 0 

466 7.3 24.5 8 1 

415 7.2 13.2 6 3 

383 8.2 26.8 5 6 

372 8.5 16.4 0 2 

367 7.2 18.3 4 4 

343 8.3 11.7 3 2 

308 7.4 23.8 7 2 

112 7.9 32.7 5 7 

a 
The initial pH of this medium was 6.7. 
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Table 24 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a glucose glycine medium after 
12 days of incubation. 

Culture 
No. 

Final® 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture flit. 
(mm) 

503 6.6 24.5 6 4 

467 7.1 38.6 0 0 

466 7.0 33.2 6 3 

415 7.0 32.1 6 1 

383 6.5 12.2 0 10 

372 6.4 19.8 0 1 

367 6.7 17.7 0 0 

343 6.5 13.2 0 0 

308 6.5 14.1 0 4 

112 6.4 36.0 0 9 

aThe initial pH of this medium was 6.3. 
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Table 25 

Growth, pH changes, and antibiotic production by 10 Strep-
tomyces species on a glucose asparagine medium after 11 
days of incubation. 

Culture 
No. 

Final® 
pH 

Growth 
(nig) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.5 45.9 9 4 

467 7.5 46.2 5 0 

466 7.2 43.4 9 6 

415 7.4 19.0 5 5 

383 7.1 39.0 6 9 

372 7.7 30.3 2 2 

367 7.5 21.7 6 4 

343 7.2 32.3 0 0 

308 7.2 40.8 7 8 

112 7.6 43.8 2 3 

aThe initial pH of this medium was 6.7. 
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Table 26 

Growth, pH changes, and antibiotic production by 10 
Streptomyees species on a glucose ammonium sulfate medium 
after 11 days of incubation* 

Culture 
No. 

Finala 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 4.2 14.2 6 0 

467 3.3 8.2 0 0 

466 3.2 15.0 5 5 

415 5.3 8.1 0 6 

383 5.2 10.3 0 11 

372 3.1 10.2 3 9 

367 6.1 3.7 0 0 

343 4.3 7.7 0 0 

308 5.7 12.4 5 1 

112 5.4 9.5 7 7 

aThe initial pH of this medium was 6*4* 
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Table 27 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a glucose pnarmamedia medium 
after 12 days of incubation. 

Culture 
No. 

Final* 
pH 

Growth 
(nag) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.2 73.3 7 2 

467 7.1 33.9 6 3 

466 7.2 46.1 . 5 4 

415 7.4 46.8 9 4 

383 7.3 77.0 3 0 

372 7.7 32.0 4 1 

367 7.0 39.2 9 2 

343 7.4 24.4 0 0 

308 7.2 79.7 7 4 

112 6.9 57.5 6 2 

a 
The initial pH of this medium was 6.5.' 
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Table 28 

Average growth and antibiotic production by 10 Strepto-
myces species on 13 nitrogen sources with glucose as the 
carbon source. Both the dry weights and size of inhibi
tion zone are averages from the 10 species on each 
nitrogen source* 

Nitrogen Source Growth 
(mg) 

Antibiotic activity (mm) 
mycelial culture ~ 
extract filtrate 

Casamino acids 55 8.8 6.9 

Pharmamedia 50 5.6 2.2 

Glutamate 37 3.9 2.5 

Asparagine 36 5.1 4.1 

Teast extract 34 4*4 2.2 

Peptone 34 2.2 1.8 

Casein 32 6.3 6.1 

Glycine 24 1.8 3.2 

Aspartic acid 23 7.8 3.1 

Potassium nitrate 21 4.8 2.8 

Ammonium tartrate 13 1.4 6.5 

Ammonium sulfate 10 2.6 3.9 

Urea 7 1.3 4.2 



109 

The effects of 13 carbon sources on growth and 

antibiotic production 

The results of the carbon source study are pre

sented in Tables 29-40. Carbon sources except glucose 

are found in these tables. The results of that portion 

of the study with glucose as a carbon source are pre

sented in Table 25 with the nitrogen sources. This is 

because asparagine, one of the nitrogen sources tested 

with glucose as the standard carbon source was also used 

in the carbon source study as a source of nitrogen. It 

can be observed from a summary of the data, presented in 

Table 41* the best carbon sources for average maximum 

growth for 10 Streptomyces species are starch and malt 

extract with glucose and maltose less satisfactory. 

Mannose, lactose, and fructose allowed slight growth 

while xylose, sucrose, acetate, sorbose, and raffinose 

allowed no growth or amounts too small to measure 

accurately. Glucose was the best carbon source for max

imum antibiotic production with fructose slightly less 

favorable. Another observation which may be of signifi

cance is that only 3 of the 10 actinomycetes made a 

measurable amount of growth on sucrose, a disaccharide 

composed of glucose and fructose (Table 34). 
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An important point in these nutritional studies 

is presented in Table 31. Although sorbose supported 

only limited growth, antibiotic production was excellent 

for Streptomyees No. 503, 4̂ 7, 383, 367, 308 and 112. 

Under our laboratory conditions, then, a large amount of 

mycelium was definitely not necessary for good anti

biotic production. This phenomenon could be important 

in nature where the food supply may be meager and where 

there is strong competition for the available food supply. 

Table 41 shows that several carbon sources are 

utilized for manufacture of most cellular constituents 

but that glucose is the best carbon source for both 

growth and antibiotic production. 
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Table 29 

Growth, pH changes, and antibiotic production by 10 
Streptonyces species on a galactose asparagine medium 
after 13 days of incubation. 

Culture 
No. 

Final* 
pH 

Growth 
(ag) 

Antibiotic 
activity in 
mycelium 
(mm) 

Antibiotic 
activity in 
culture 
(mm) 

503 8.2 9.3 0 0 

467 7.0 4.5 0 0 

466 7.9 6.4 1 0 

415 6.0 trace 0 0 

383 6.3 48.3 0 0 

372 8.3 8.4 0 2 

367 8.2 6.4 1 0 

343 8.3 11.9 1 3 

308 8.2 9.8 4 8 

112 7.5 83.2 0 1 

aThe initial pH of this medium was 6.8. 
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Recent work by Perry (123) indicates that most 

Streptomyces species produce higher yields of certain 

antibiotics if fatty acids are substituted for glucose 

in the medium. He found that, in most cases, antibiotics 

produced ijere enhanced in direct proportion to the 

increase in growth. Cyclohexamide or polyene-type anti

biotics were disproportionately stimulated in the produc

tion of antibiotics. Polyene yields were actually 

increased ten-fold in some instances. 

Using the techniques described by Perry, 10 

Streptomyces species were grown with R. solani on agar 

media containing various concentrations of glucose-yeast 

extract or Mazola corn oil-yeast extract. Following 

incubation, no differences were noted in size of the 

inhibition zones on any of the media tested. However, 

different results might have been obtained if liquid 

media had been used as in Perry's experiments (123). 
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Table 30 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a fructose asparaglne medium 
after 12 days of incubation. 

Culture 
No. 

Finala 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (am) 

Antibiotic 
activity in 
culture filt. 
(am) 

503 6.8 2.7 0 2 

467 6.6 2.3 1 0 

466 6.1 trace 1 0 

415 7.1 4.1 1 0 

383 5.1 trace 2 10 

372 6.1 25.6 0 3 

367 6.5 1.8 0 3 

343 5.4 35.9 1 4 

308 6.9 3.1 6 0 

112 5.6 trace 1 8 

aThe initial pH of this ffledlum was 6.0. 
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Table 31 

Growth, pH changes, and antibiotic production by 10 
Streptoiayces species on a sorbose asparagine medium 
after 21 days of incubation* 

Culture 
No. 

Finala 
pH 

Growth 
(nig) 

Antibiotic 
actirity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 6.8 trace 0 3 

467 6.8 trace 0 4 

466 6.1 none — 

415 7.3 trace 0 0 

383 8.8 trace 0 8 

372 6.1 none — -— ' 

367 8.3 trace 0 6 

343 6.1 none — — 

308 7.0 trace 0 5 

112 6.9 trace 0 9 

& 
The initial pH of this medium was 6.1. 
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Table 32 

Growth, pH changes, and antibiotic production by 10 
Streptonyces species on a mannose asparagine medium 
after 12 days of incubation. 

Culture 
No. 

Finala 
pH 

Growth 
(nig) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 8.2 11.0 0 0 

467 7.5 16.3 0 0 

466 8.2 7.4 0 0 

415 8.0 4.9 0 0 

383 7.4 31.8 0 3 

372 8.4 6.3 0 0 

367 8.3 4.9 0 0 

343 7.8 18.3 0 0 

308 8.3 12.6 2 2 

112 8.4 16.3 0 0 

aThe initial pH of this medium was 6.5. 
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Table 33 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a xylose asparagine medium 
after 12 days of incubation. 

Culture 
No. 

Finala 
PH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.5 trace 0 5 

467 7.4 trace 0 0 

466 7.9 4.9 0 0 

415 7.5 trace 0 0 

383 7.4 5.3 1 6 

372 6.7 trace 0 0 

367 7.9 trace 0 0 

343 7.2 trace 0 0 

308 7.6 trace 1 3 

112 8.2 trace 0 

aThe initial pH of this medium was 6.8. 
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Table 34 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a sucrose asparagine medium after 
12 days of incubation. 

Culture 
No. 

Pinala 
PH 

Growth 
(rag) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 7.9 trace 0 5 

467 7.7 trace 8 0 

466 8.1 trace 5 0 

415 8.2 2.2 0 2 

383 9.0 3.6 0 1 

372 7.9 trace 3 2 

367 8.2 trace 4 0 

343 8.1 1.5 0 2 

308 8.2 trace 0 0 

112 8.0 trace 0 3 

aThe initial pH of this medium was 7*1* 
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Table 35 

Growth, pH changes, and antibiotic production by 10 
Streptooyces species on a lactose asparagine medium after 
13 days of incubation. 

Culture 
No. 

Final® 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 8.7 6.0 0 0 

467 7.5 4.0 0 0 

466 8.3 5.0 0 0 

415 8.5 4.5 0 0 

383 7.5 48.0 1 4 

372 8.7 7.0 0 0 

367 8.7 3.5 0 0 

343 8.7 5.5 0 0 

308 8.4 5.5 0 3 

112 8.7 11.5 o 0 

aThe initial pH of this medium was 7*0. 
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Table 36 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a maltose asparagine medium after 
16 days of incubation. 

Culture 
No. 

Final* 
pH 

Growth 
(rag) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(ram) 

503 7.5 44.0 10 5 

467 6.0 60.0 0 0 

466 8.0 23.2 3 0 

415 8.4 4.2 0 0 

383 8.0 83.0 2 2 

372 7.5 36.2 0 4 

367 8.5 5.8 0 0 

343 7.6 41.4 5 0 

308 8.0 32.3 4 10 

112 8.7 14.1 2 0 

aThe initial pH of this medium was 6.9• 
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Table 37 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a starch asparagine medium after 
14 days of incubation. 

a 
Culture Final Growth Antibiotic Antibiotic 
No. pH (mg) activity in activity in 

mycelium (mm) culture filt. 
- ^ (mm) 

503 7.0 56.0 3 3 

467 7.2 58.0 0 0 

466 7.9 24.0 0 6 

415 8.2 14.0 1 3 

383 7.2 102.0 0 0 

372 7.7 39.0 0 0 

367 8.2 18.0 0 0 

343 7.9 38.0 0 2 

308 7.6 61.0 3 9 

112 7.5 97.0 0 4 

aThe initial pH of this medium was 7.0. 
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Table 38 

Growth, pH changes, and antibiotic production by 10 
Streptomyces species on a malt extract asparagine medium 
after 10 days of incubation. 

Culture 
No. 

Final? 
pH 

Growth 
(mg) 

Antibiotic 
activity in 
mycelium (mm) 

Antibiotic 
activity in 
culture filt. 
(mm) 

503 8.1 24.0 2 1 

467 5.0 76.0 0 2 

466 7.3 62.4 0 0 

415 8.0 21.2 1 2 

383 7.0 66.0 0 3 

372 7.5 44.7 0 2 

367 8.4 22.3 0 0 

343 7.6 44*8 0 2 

308 8.3 26.0 1 6 

112 7.5 97.0 2 2 

aThe initial pH of this medium was 6.5. 
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Table 39 

Growth, pH changes, and antibiotic production by 10 
Streptonyces species on a raffinose asparagine medium 
after 30 days of incubation. 

Culture Final Growth Antibiotic Antibiotic 
No. pH (mg) activity in activity in 

mycelium (mm) culture filt. 
. (mm) 

503 8.6 trace 0 0 

467 8.3 trace 0 0 

466 8.4 trace 0 0 

415 8.4 trace 0 0 

383 8.8 trace 0 0 

372 8.7 trace 0 0 

367 8.5 trace 0 0 

343 8.5 trace 0 0 

308 8.5 trace 0 0 

112 8.5 trace 0 0 

aThe initial pH of this medium was 6.7* 
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Table 40 

Growth, pH changes, and antibiotic production by 10 
Streptonyces species on an acetate asparagine medium 
after 30 days.of incubation. 

Culture Final Growth Antibiotic Antibiotic 
No. pH (mg) activity in activity in 

mycelium (mm) culture filt. 
• . (•»? 

503 7.9 trace 0 0 

467 7.8 trace 0 0 

466 7.4 trace 0 0 

415 7.9 trace 0 0 

383 8.6 trace 0 0 

372 3.4 trace 0 0 

367 7.6 trace 0 0 

343 8.3 trace 0 0 

308 7.8 trace 0 0 

112 8.5 trace 0 0 

aThe initial pH of this medium was 7*1* 
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Table 41 

Average growth and antibiotic production by 10 Strep-
tomycea species on 13 carbon sources with asparagine as 
the nitrogen source. Both dry weights and size of 
inhibition sones are averages from the 10 species on 
each carbon source. 

Carbon source Growth 
(mg) 

Antibiotic activity (mm) 
mycelial culture 
extract filtrate 

Starch 50.7 0 2.7 

Malt extract 48.4 0 2.0 

Glucose 36.2 5.1 4.1 

Maltose 34.4 2.5 1.7 

Galactose 18.8 0 1.4 

Mannose 13.0 0 0 

Lactose 9.8 0 0 

Fructose 7.5 1.3 3.3 

Xylose trace 0 1.5 

Sucrose trace 1.8 1.5 

Acetate trace 0 0 

Sorbose trace 0 3.1 

Raffinose trace 0 0 
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Effect of C:N ratio on antibiotic production 

There are several reports of biological control 

of soil-borne pathogens by the addition of organic matter 

to soil (68, 79, 119, 152, 189, 202). These cases postu

late that control was achieved by altering the micro

biological balance of the soil to the detriment of the 

particular pathogen involved. Although the effect of the 

addition of organic matter to native desert soils has 

apparently the opposite effect, the same principle of 

altering the microbiological balance of the soil is prob

ably as responsible for increasing disease in desert soil 

as it is for controlling disease on cultivated soils. In 

some of the studies on the mechanism of biological con

trol by the addition of organic matter, it was reported 

that the C:N ratio of organic amendments was very important 

in determining the amount of control achieved. Snyder, 

et al. (152) reported that Fusarium solani f. phaseoli. 

Rhizoctonia solani. and Thielaviopsis basicola, principal 

causes of bean root rot in California, were controlled in 

greenhouse tests by adding to field soil organic amend

ments of a high carbon to nitrogen (C:N) ratio. They 

observed that control was achieved with materials with a 

high C:N ratio such as mature barley straw, wheat straw, 

com stover, and pine shavings. Mature barley straw 

gave control, but green barley hay (with higher nitrogen) 
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Increased the disease severity. The benefits of nature 

barley straw were negated by adding nitrogen. Soybean 

and alfalfa residues that had a low CsN ratio increased 

root rot. 

However, Snyder, et al. (152) did not attribute 

this control to the stimulation of antagonistic micro

organisms. They postulated that control was probably 

due to a general stimulation of soil microorganisms 

which used the available nitrogen in decomposing the 

added energy source and the pathogens under these highly 

competitive conditions were unable to function. Competi

tion is a possible explanation but it seems logical that 

a stimulation of antagonists could produce the same 

effect on reducing growth of the pathogens. 

The opposite effect of CsN ratios on control of 

Phytophthora root rot of avocado was reported by Zentmeyer 

(202). He found that control, under greenhouse conditions, 

could be obtained by adding alfalfa meal, a material of ^ 

low CsN ratio. Zentmeyer concluded that the CsN ratio is 

not a formula for predicting potential effectiveness of 

assorted amendments. He also noted that either competi

tion or a stimulation of antagonists could be involved in 

achieving control in such instances. 
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With differences in results and varying opinions 

on the cause of mechanism of control by various organic 

amendments, it is obvious that many factors are involved. 

However, if it is true that various C:N ratios stimulate 

antibiotic production by organiisms antagonistic to plant 

pathogens, this phenomenon should be shown under labora

tory conditions. With this in mind, a study was made on 

agar media of various carbon-nitrogen ratios. Strepto-

mvces No. 383 w&s used as the antagonist and Rhizoctonia 

solani as the bioassay fungus. Nine different C:N ratios 

were prepared using glucose as the carbon source and 

aspartic acid as the nitrogen source. Aspartic acid was 

chosen as the N source in this study because S. No. 383 

produced a high yield of antibiotic on this medium and 

excreted almost all of the activity into the medium (See 

Table 19). The same basal medium was used that was 

employed in all the nutritional studies described pre

viously. The ratios obtained and the amounts of carbon 

and nitrogen source expressed in grams per liter were: 

(1) CsN ratio «• 1 (5.0 g glucose to 5.0 g aspartic acid); 

(2) CsN ratio - 2 (10 g glucose to 5 g aspartic acid); 

(3) C:N ratio = 5 (25 g glucose to 5 g aspartic acid); 

(4) CsN ratio -10 (50 g glucose to 5 g aspartic acid); 

(5) CsN ratio *• 20 (100 g glucose to 5 g aspartic acid); 

(6) CsN ratio = 0.5 (5 g glucose to 10 g aspartic acid); 
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(7) C:N ratio = 0.2 (5 g glucose to 25 g aspartic acid); 

(8) C:N ratio - 0.1 (5 g glucose to 50 g aspartic acid); 

(9) C:N ratio » 0.05 (5 g glucose to 100 g aspartic ac5.d). 

Fig. 6 illustrates the results of the study of 

C:N ratio effects on antibiotic production by Streptomvces 

Mo. 383. It can be noted that there is a slight differ

ence between size of inhibition zones on some of the vari

ous carbon-nitrogen ratios. It appeared that the inhibi

tion zone became slightly larger as the C:N ratio increased. 

However, an effect on the amount of growth produced by 

solani was obvious in this study. Growth increased 

with an increase in the C:N ratio. This effect progressed 

to 20, the highest C:N ratio tested. Since this was the 

case, it is possible that there was actually a greater 

concentration of the antibiotic present in the higher C:N 

ratio media but that more was required for the same size 

inhibition zone since growth of R. solani was greater. 

This possibility was not investigated but could be deter

mined by spectrophotometry analysis of an extract from 

the mycelium and culture filtrate from each C:N ratio 

medium. 
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6. Effect, of various carbon-nit rogan ratios on 
growth of Bhisoctonia aolani and antibiotic pro
duction bv Stroato«ycoa Mo. 383» The CsH ratios 
arer fras left to right: top row, 0.05, 0.1, 
and 0.2; Middle row, 0.5, 20.0, and 10.0; 
bottort row, 5-0, 2.0,and 1.0. 
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Effect of the medltim on excretion of antibiotics 

It is known that under some circumstances certain 

antibiotics are held tightly within or to the cell wall 

of the microorganisms producing them. Others are excreted 

into the culture medium. There are also instances where 

the antibiotics are found in the mycelium and culture 

filtrate. It is conceivable that this factor may play 

an important role in the soil. If all the activity is 

held within the mycelium, the organism producing the anti

biotic may receive little or no benefit from it, whereas, 

the organism excreting most or all of the antibiotic 

that it produces may be aided in colonizing its "ecologi

cal niche.n However, this factor could be overemphasized 

if lysis of the older cells could release sufficient 

amounts of the antibiotic. Little information is avail

able on the fate of specific antibiotics during cell 

lysis. It is possible that part or all of the antibiotic 

may be destroyed or inactivated during cell lysis as the 

cells age. 

Excretion or retention of antibiotics may play a 

role in nature. In this nutritional study of various 

carbon and nitrogen sources, an estimation was made of 

the percentage of antibiotic activity in the mycelial 

extract compared with the percentage in the concentrated 

culture medium. This was accomplished by visually 
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estimating, on the basis of 100%, the amount of activity 

in the concentrated culture filtrate compared with that 

of the mycelial extracts. No actual measurements were 

used, but, for example, if the zone of inhibition from 

the mycelial extract was approximately the same size as 

that from the concentrated culture medium, a rating of 

50% of the activity in the mycelium and 50% in the fil

trate was given. This estimation is not a reflection of 

the actual concentration but rather ..an estimate of the 

amount excreted compared with the amount held in the 

mycelium. The results of this aspect of the nutritional 

study are shown in Figs. 7-18. 

The effects produced by two nitrogen sources were 

striking as they influenced excretion or retention of the 

antibiotics. Aspartic acid (Fig. 7) as the sole source 

of nitrogen caused six out of the 10 Streptomyces species 

to hold 100% of their antibiotics within or tightly to 

the mycelium. Generally, the actual concentration of 

antibiotics was high on the aspartic acid medium (Table 

19). In contrast to these results, the ammonium tar

trate medium caused six out of the 10 actinomycetes to 

excrete all their activity into the culture medium 

(Fig. 8). The structural formulas of the two compounds 

only differ in the location of the NHj group and an extra 

hydroxyl group in the ammonium tartrate molecule. 



100% 

80 

60 

40 

20 

503 467 466 415 383 372 367 343 308 112 

Aspartic acid 

filtrate activity mycelium activity 

Fig. 7- Amount of antibiotic activity in the Mycelial extract 
coapared with the culture filtrate of lo Streptonyces 
species on a glucose aspartic acid aediua. 

w 
ro 



503 466 415 383 372 367 343 308 112 

Ammonium Tartrate 

£3 filtrat* activity | mycelium activity 

no activity: 467 

Fig. 8. Aaount of antibiotic activity in the Mycelial 
extract compared with the culture filtrate of 
10 Streptoayees species on a glucose amoniun -
tartrate aediua. m 

w 
\Ji 



503 467 466 

filtrate activity 

415 383 372 

Asparagine 

no activity: 343 

367 

mycelium activity 

Fig. 9* Anoujit of antibiotic activity in the Mycelial 
extract compared with the culture filtrate of 
10 Streptoayces species on a glucose asparagine 
nediuift. w 

•p-



Co $min 

filtraf activity ntyemlium activity 

no activity: 343 

Fig. 10. Amount of antibiotic activity in the mycelial extract 
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11. Amount of antibiotic activity in the 
mycelial extract compared with the 
culture filtrate of 10 Streptomycas 
species on a glucose ammonium sulfate 
medium. 
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Fig. 13. Amount of antibiotic activity in the mycelial 
extract compared with the culture filtrate of 
10 Streptoayces species on a glucose casaaino 
acids medium. 
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Fig. 14. Amount of antibiotic activity in the Mycelial 
extract compared with the culture filtrate of 10 
Streptomycea species on a glucose glutamic acid 
medium. 
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Fig. 16. Aaount of antibiotic activity in the oyeelial 
extract compared with the culture filtrate of 
10 Streptoayces species on a glucose potassium 
nitrate medium. 
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Fig. 17* Aaount of antibiotlo activity in the Mycelial extract coapared 
with the culture filtrate of 10 Streptoaycee species on a 
glucose glycine aediua. 
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Fig. 18. Aaount of antibiotic activity in the mycelial extract 
compared with the culture filtrate of 10 Streptosyces 
species on a gluoose pharmaaedia aediua. 



144 

All other nitrogen sources (Fig# 9-18) fell some

where in between the two in allowing excretion of the anti

biotics into the culture medium. Similar data on the 

carbon sources were taken but generally antibiotic activity 

was low on most carbon sources and consequently conclu

sions drawn from such data would have little meaning. 

Since differences in antibiotic excretion were so 

apparent in two of the liquid media in the nitrogen source 

study (aspartic acid and ammonium tartrate), similar media 

were made with 20 g agar per liter. A similar medium 

composed of glucose-yeast extract-agar was used as a 

control. The Streptomyees species had been known to 

excrete enough of their antibiotics to produce large inhi

bition zones on this medium. 

The results of this study are shown in Fig. 19-20. 

It is apparent that the excretory properties were changed 

by the addition of agar to the media. Fig. 7 showed 

previously that in a liquid medium containing aspartic 

acid as the nitrogen source, most of the activity was 

held in the mycelium, while in an ammonium tartrate medium 

(Fig. 8) most of the activity was found in the culture fil

trate. However, Fig. 19-20 show that this effect was not 

obtained on agar media. If the effects of the nitrogen 

sources on an agar medium were similar to the liquid media, 

the size of inhibition zones on the aspartic acid medium 



Fig. 19. Effect of nitrogen source oa antibiotic production and 
excretion by 5 Streptoayces species on 3 agar «edia con
taining glucose as the carbon source. The nitrogen 
sources are: tep row, aspartic acid; middle row, anonlua £-
nitrate; and bottom row, yeast extract. The Streptoayces ^ 
species are, froa left to right in all 3 rows, No. 372, 
467, 383, 112, and 503. 
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Fig. 20. Effect of nitrogen source on antibiotic production and 
excretion by 5 Streptomyces species on 3 agar media con
taining glucose as the carbon source. The nitrogen H 
sources are: top row, aspartic acid; middle row, ammonium £ 
tartrate; and bottom row, yeast extract. The Streptomyces 
species are. from left to right in all 3 rows, lfo. 343, 
415, 466, 367, and 308. 
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should be much smaller than those on the ammonium tartrate. 

However, the size of the inhibition zones on all three 

media was generally similar. This would indicate that the 

presence of agar in the medium somehow altered the anti

biotic excretion patterns found originally in the liquid 

media. The aspartic acid agar apparently allowed the 

antibiotic to be released from the cell wall and diffuse 

throughout the agar while on the liquid aspartic acid 

medium it either remained inside the cell or was adsorbed 

tightly to the surface. 

If the presence of agar in the medium could 

alter the amount of antibiotic excreted, it was thought 

that various concentrations of agar might also change 

the amount of antibiotics excreted into the medium and 

thereby cause different sizes of inhibition zones to be 

formed. If this were true, care should be taken in adding 

exact amounts of agar to media being used for quantita

tive bioassay purposes. To study the effect of the type 

and amount of agar on the size of the inhibition zones, 

an experiment was designed using Streptomvces No. 308 as 

the antagonist and R. solani as the bioassay fungus. 

Both a Bacto highly purified agar and standard Bacto agar 

were used. This was to determine whether contaminating 

substances could be found in the standard grade agar that 

might influence the size of inhibition zones. Also, 
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gelatin was used to solidify the medium and in another 

case no solidifying agent was used. The basal medium in 

all cases was a 10-2 glucose yeast extract. An equal 

amount of inoculum of both R. solani and S. No. 308 was 

added to the opposite sides of each petri dish. The 

results of this study are shown in Fig. 21. The size of 

the inhibition zone depends directly on the concentration 

of agar in the medium. They became progressively larger 

as the agar concentration became less. There was little 

growth of R. solani in the petri dish containing no agar. 

However, this could be misleading because it is obvious 

from Fig. 21 that many small pellets of the antagonist 

have surrounded the more compact R. solani colony. The 

antagonist probably produced more cells than in the cul

tures containing agar and therefore could produce more 

of the antibiotic under these conditions. 

There was a slight difference between zones 

of inhibition produced on regular and highly purified 

agar. The purified agar allowed larger inhibition zones 

to develop. It is also apparent that little inhibition 

was present when gelatin was used as a solidifying agent 

and that growth of R. solani on the gelatin medium was 

limited. 



The plates in the first and third rows starting 

from the left contain regular Bacto agar while the second 

and fourth rows contain Bacto highly purified agar. The 

concentrations of agar in the first two rows are from the 

first to third plate starting at the tops 50, 40, and 30 

grams per liter. The two rows on the right contain froni 

first to third plate starting at the top: 20, 10 and 5 

grams per liter. The plate at the lower left contains no 

agar and the one at the lower right contains gelatin as 

the solidifying agent. 
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Fig. 21. ^Effect of typo and concentration of solidifying 
&gent on also of inhibition aono produood by 
Streptonrrc«a No. 306 against Bhl«ootonla aolani. 
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The Relation of Age of Culture and Amount of Growth to 

Antibiotic Production 

To obtain an idea of the relation of age of the 

culture and amount of growth to antibiotic production, an 

experiment was conducted using a 10-2 glucose yeast extract 

medium. Eight of the 10 actinomycetes used in the previous 

studies were grown on this medium. Twenty-five ml of 

medium were used per 125 ml flask. The cultures were incu

bated at room temperature (20-25*C) on a reciprocal shaker 

up to 20 days. Six flasks of each organism were harvested 

every other day for 20 days starting 24 hours after inocula

tion. The mycelium from 3 of the flasks was used for dry 

weight determinations. The mycelium from the other 3 

flasks was extracted with 80# acetone and the volume 

reduced to almost dryness in vacuo and brought to 2 ml 

with distilled water. The medium from all 6 flasks was 

then combined and reduced in vacuo to 2 ml. Both frac

tions were bioassayed for antibiotic activity against 

R. solani. The diameter of the inhibition zones was 

recorded along with dry weights every other day for 20 

days for each of the 8 antagonistic actinomycetes. 

The results of these studies are shown in Fig. 

22-26. Streptomvces No. 503 (Fig. 22) obtained its maximum 

growth after approximately 4 days while antibiotic 
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Streptomvces No. 415 (Fig. 26) reached maximum 

growth in 12-14 days. Antibiotic production and anti

biotic activity rose steadily until termination of the 

experiment after 20 days. Three Streptomvces species, 

No. 343, 372 and 367, grew well under the conditions of 

this experiment but antibiotic production was lacking. 

Streptomvces No. 372 reached its maximum growth at 8 days 

while S. No. 367 obtained a maximum at 12 days. 
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DISCUSSION 

Oar present methods of biological control are 

unreliable because of our inadequate knowledge of the actual 

mechanisms involved. As a result, we resort to trial and 

error procedures* Before the mechanisms of control of 

soil-borne pathogens by biological means are elucidated 

in any particular instance, it will be necessary to inves

tigate the following areas: (1) the types of microorganisms 

involved, (2) the approximate size of the populations, 

(3) the physiological characteristics of the microorgan

isms, and (4) the types of interactions taking place between 

the plant and the myriad of biological entities in the 

rhizosphere. Even with knowledge in these areas, the prob

lems involved in biologically maintaining environmental 

conditions to the detriment of the pathogen are difficult 

to solve. 

Literature cited shows successful control of 

soil-borne plant pathogens by the addition of organic mat

ter with varying C:N ratios, to soil normally low in its 

organic content. It appears that, in the case of some 

desert plants, the opposite effect is obtained by the addi

tion of organic matter to soil. A higher incidence of 

159 
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disease has been observed in such plants when organic 

matter is incorporated into desert soils. It is postu

lated that the same phenomenon may be responsible for 

disease control in the one case and an increase in disease 

severity in the other. In both cases it is possible that 

the antagonistic population is altered quantitatively 

and/or qualitatively to inhibit or have no effect on the 

soil-borne plant pathogens. 

Since most of the success in obtaining biologi

cal control of soil-borne pathogens has been attributed 

to the effects of a build up of antagonistic populations 

of soil microorganisms, it is desirable to learn as much 

as possible about the factors influencing production of 

antibiotics by these antagonists. The various media and 

isolation techniques employed in this study were designed 

to give a representative sample of the fungi and actino-

mycetes normally found in the rhizosphere of palo verde 

and saguaro on uncultivated desert soil. It is realized 

that all isolation techniques are selective for a particu

lar group of microorganisms; therefore, several media and 

techniques were used. It is recognized that the micro

organisms isolated are not necessarily the most active 

in the soil and may exist mostly as spores or other 

resting structures for extended periods of time. 
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The media used for screening isolates for anti

biotic production are also selective. It is known that 

antibiotic producing microorganisms are able to yield 

one or more antibiotics on some media and none on others 

(177). In screening for antibiotic activity it is gener

ally the best practice, as was done in this study, to 

use a complete natural medium whenever possible so that a 

variety of vitamins, growth factors, and major nutrients 

are available for antibiotic production. 

It was shown in the experimental results that 

10% of the 386 rhizosphere isolates were antagonistic to 

all 4 of the soil-borne plant pathogens tested. A total 

of 16# were shown to be strong antagonists to one or more 

of the plant pathogens. Fusarium oxvsporum was inhibited 

by the largest number (38$) of the rhizosphere isolates. 

These results indicate that even on the two media used 

for antibiotic assay purposes, a large percentage of 

rhizosphere isolates have the capability of antagonizing 

soil-borne plant pathogens. It was also demonstrated that 

a portion of the rhizosphere isolates were inhibited by 

one of the plant pathogens, Vertielllium albo-atrum. No 

growth stimulation of either the pathogens or rhizosphere 

isolates was noted but such effects are probably common

place in the soil. Mycelial stranding by Phymatotrichum 

omnivorum was stimulated by some of the isolates. 
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In the case of some pathogenic fungi, an infection cushion 

is necessary for host penetration. For this reason, stim

ulation may be important in pathogenesis by P. omnivorum, 

the cotton root rot fungus. 

None of the 10 Streptomyces isolates chosen for 

further nutritional studies were identified to species. 

However, all were grown on numerous media to observe 

morphological and physiological characteristics. Five 

of the 10 isolates did sporulate and, using this charac

teristic, were grouped according to Pridham, et al. (127). 

Because of the controversy in the literature concerning 

the proper criteria for actinomycete taxonomy, it was not 

deemed worthwhile to carry the taxonomic study any 

further. 

The antibiotics produced by the 10 Streptomyces 

species were shown to be heptaones. The significance of 

this is questionable. It is possible that heptaenes 

may be the most common type of polyene produced by actino-

mycetes in the rhizosphere of desert plants. This may 

be attributed to the particular nutritional conditions 

involved. However, it should be emphasized that various 

antibiotics may be produced by a single species of 

microorganism when environmental conditions are altered 

and other, polyenes or non-related antibiotics are probably 

produced in nature. 
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The importance of polyene-type antibiotics in 

nature was briefly mentioned in the experimental results. 

It was shown that the heptaenes were apparently not 

broken down by prolonged exposure to light when in an 

agar medium. The soil probably offers similar protection 

against light oxidation of polyenes. This indicates that 

such antibiotics might play an important role in the nat

ural habitat of the organisms producing them. However, 

their breakdown by other soil organisms and autooxida-

tion should be studied before definite conclusions are 

drawn as to their significance. 

The importance of nutritional studies of antag

onistic soil microorganisms was mentioned in the experi

mental results. Before conditions for maximum antibiotic 

produption can be maintained in the rhizosphere, some 

information is needed on the biogenesis of antibiotics 

by antagonistic rhizosphere isolates. 

Experimental results showed that the type of 

nitrogen source is critical for both antibiotic production 

and excretion. There are several reports in the litera

ture concerning the effect of the nitrogen source on 

antibiotic production. Yagashita and Umezawa (199) 

studied the nitrogen utilization of S. phaeochromogenes. 

an organism that produces chloramphenicol in natural media 

and in synthetic media containing glycerol, sodium nitrate, 
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and different amino acids. They observed that alpha 

aminobutryic acid, norvaline, leucine, phenylalanine, 

thyroxine, methionine, lysine, and tryptophan increased 

production of the antibiotic over that given by the basal 

medium. The most effective was phenylalanine. 

Corum, et al. (33) showed that S. ervthreus 

produced an antibiotic in synthetic media containing 

glycine. Sackman (139) studied a Streptomyces related 

to S. roseochromogenes« which produces an antibiotic on 

synthetic media composed of a basal medium containing 

several amino acids, asparagine, and urea. He showed 

that aspartic acid, glutamic acid, glycine, alanine, 

asparagine, and urea gave good production, while gamma-

amino-butryic acid, leucine, isoleucine, methionine, 

and cysteine gave poor production of the antibiotic. 

From the experimental results, it is evident 

that the nitrogen source allowing the highest weight of 

mycelium is not necessarily the best for biogenesis of 

antibiotics. This phenomenon is known to vary among 

antibiotic producing microorganisms. In the production 

of actinomycin, for example, the synthesis of mycelium 

and the yield of the antibiotic follow the same produc

tion curve. Both reach a maximum at a time of complete 

consumption of the carbon source; when mycelial growth 

ceases, actinomycin no longer forms (177)• In this study 
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there were several instances where some of the Strepto-

myces isolates utilized a particular nitrogen source 

quite well for growth but produced little or no anti

biotic. Examples of this were: Streptomvces No. 467 and 

343 on glucose-peptone (Table 16); 343 on glucose-casein 

(Table 17); 343 on glucose-glutamic acid (Table 21); 

467 on glucose-potassium nitrate (Table 23); 467, 367, 

and 343 on glucose-glycine (Table 24); 343 on glucose-

asparagine (Table 25); and 343 on glucose-pharmamedia 

(Table 27). 

However, from the nitrogen source study it is 

evident that some sources allow both a large amount of 

mycelium to be formed and result in a high antibiotic 

yield. For example, the nitrogen source giving the best 

average dry weight for all 10 Streptomyces was casamino 

acids. This medium was also excellent for antibiotic 

production (Table 28). Streptomvces No. 415, in casamino 

acids medium, produced 68.6 mg dry weight and 13 and 12 

mm inhibition zones in the mycelium and culture filtrate 

respectively, while S. No. 503 gave very similar results 

on the same medium (Table 18). 

All nitrogen sources allowed at least some 

growth when glucose was used as the carbon source. The 

three poorest sources of nitrogen were ammonium tartrate, 

ammonium sulfate, and urea. The final pH of the media 
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containing ammonium tartrate (Table 22) and ammonium sul

fate (Table 26) was low. This might have had an effect 

on limiting the growth since most actinomycetes seem to 

prefer a slightly alkaline medium (175)* However, on 

urea (Table 20) the final pH was in the region of neu

trality for most species and growth was poor. 

The influence of carbon sources on growth and 

antibiotic biogenesis was quite different from that of 

the nitrogen sources. There was only a trace of growth 

by all 10 Streptomyces species on xylose, sucrose, acetate, 

sorbose, and raffinose. However, variable results were 

obtained with one of the above carbon sources. In the 

nutritional study, acetate allowed only a trace of growth 

while on a previous study to determine whether radio

active acetate would act as a precursor to the polyene-

type antibiotics, S. No. 383 grew well but with no anti

biotic production. No explanation is postulated. In 

general, the carbon sources not utilized compare with the 

data obtained by Benedict, et al. (15) who found that 75# 

of their 144 Streptomyces isolates would not utilize 

sucrose, none out of 146 would attack sorbose, and 71# 

would not break down raffinose. They added that 87# of 

40 Streptomyces isolates grew on acetate and 76# of 133 

isolates degraded xylose. 
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Starch and malt extract were better carbon 

sources for growth than glucose and were utilized readily 

by 8 of the 10 isolates while the remaining 2 produced 

only a trace of growth. McClung (101) who studied carbon 

source utilization by species of Nocardia found that 

carbon compounds haying an alpha-glucoside linkage 

(maltose and starch) were more readily used than those 

having a beta-glucoside linkage. Other workers have also 

reported Streptomyces readily utilizing starch and mal

tose as a carbon source (175)* The hexoses, mannose and 

galactose, were both about equal in allowing growth. 

Streptomyces No. 112 made excellent growth on galactose 

(Table 29). 

Lactose and fructose were utilized only slightly 

by most of the 10 species. Benedict, et al. (15) had 

found that 66% of 142 and 79% of 140 Streptomyces iso

lates would utilize lactose and fructose respectively. 

In the present study, 7 of 10 isolates utilized fructose 

slightly to fair while all utilized lactose to some 

extent. 

An interesting point concerning the effect of 

the carbon source on biogenesis of antibiotics was shown 

by results of growth and antibiotic production on media 

containing sorbose as the sole carbon source. Only a 

trace of growth occurred on this medium. Three of the 10 
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species did not grow at all. However, a considerable 

amount of antibiotic activity was found (Table 31). This 

meant that on some media only a trace of growth is neces

sary for excellent antibiotic production. Apparently, a 

pathway is involved in which all available energy goes 

into antibiotic synthesis rather than growth. Benedict, 

et al. (15) reported that none of 146 isolates utilized 

sorbose. However, there was no bioassay for antibiotic 

production. 

Glucose was generally the best carbon source for 

biogenesis of antibiotics by all 10 species (Tables 25 

and 41) even though starch (Table 37) and malt extract 

(Table 38) were better for dry weight production (Table 

a). 
The results of the carbon-nitrogen ratio study 

on agar media were not as conclusive as was hoped. Several 

workers (119, 152, 202) had shown that the carbon-nitrogen 

ratio of organic soil amendments was an important factor 

in biological control. If this were due to a stimulation 

of antibiotic production, demonstrating this in the 

laboratory should be possible. However, only a slight 

increase of inhibition zone size appeared in the case of 

S. No. 383 as the G:N ratio increased (Fig. 6). Antago

nists, including the species used in this study, could 

react differently on the same carbon-nitrogen ratios if 
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different carbon and nitrogen sources were used. Actual 

amounts of carbon or nitrogen together with the ratios are 

known to be important in some cases. Other variants such 

as these were not studied but should precede any attempt 

to draw principles from this type of study. 

The effect of the medium on antibiotic excretion 

from, or retention within the mycelium, was reported in 

the experimental results. It was shown that a glucose-

aspartic acid liquid medium allowed 6 out of 10 actino-

mycetes to hold all antibiotic activity within or at the 

surface of the mycelium. It should be stressed that, if 

this same effect occurs in the soil, the antibiotic pro

ducing microorganism might be at a distinct disadvantage 

when attempting to compete with other microorganisms in 

colonizing a substrate. In another case the glucose-

ammonium tartrate liquid medium brought about 100# 

excretion of all the antibiotic activity by 6 out of the 

10 actinomycetes. If these conditions prevailed in the 

soil, an organism excreting all of its antibiotic would 

be taking advantage of its antibiotic potential. This 

might allow it to gain momentum in colonization of a new 

substrate. However, when similar liquid media were 

solidified with agar the effect was apparently lost. The 

zones of inhibition on the aspartic acid medium were no 



170 

smaller than those, on the ammonium tartrate agar medium. 

This shows that both nitrogen sources allowed equal 

excretion of the antibiotics. 

There was a difference other than the nitrogen 

source in the ammonium tartrate and aspartic acid medium. 

The final pH on the ammonium tartrate medium (Table 22) 

was between 4*0 and 5.0 for all isolates while on the 

aspartic acid medium the pH ranged between 7*3 and 7.5* 

This could cause a change in attraction at the cell sur

face for certain types of molecules. However, the final 

pH values of the ammonium sulfate medium were also low 

(Table 26) and the antibiotic activity was not limited 

to the culture filtrate except for one Streptomyces 

species (Fig. 11). Therefore, pH is not considered 

entirely responsible for excretion or retention of the 

antibiotics under these conditions. 

Experimental results also showed that, in the case 

of 5 actinomycetes, antibiotic activity during the course 

of the growth period progressed at a rate usually inde

pendent of the dry weight production. In the case of S. 

No. 503 the peak for antibiotic production was much sharper 

than that of the dry weight production over a 20-day period 

(Fig. 22). Dry weight production for S. No. 467 (Table 23) 

had just begun to reach a maximum at 20 days while anti

biotic production reached a peak both in the mycelium and 



culture medium at 8 to 10 days and was reduced to zero 

after 18 days. A double peak of antibiotic activity was 

noted for S. No. 383 (Fig. 24)* This indicated that part 

of the antibiotic produced during an early stage of growth 

was deactivated and resynthesized to give the second 

peak. A bioassay and spectrophotometry analysis would 

be useful at each harvest date. It is possible that the 

entire molecule was not degraded but a small modification 

could have inactivated it biologically and not changed 

its absorption spectrum. If this were the case the dip 

in the curve would not have been recorded in the spectro-

photometric analysis of the mycelial extract. 

A confirmation of the previous data concerning 

the amount of dry weight necessary for antibiotic produc

tion is again shown in Fig. 25 • Streptomvces No. 466 

had considerable antibiotic activity both in the mycelium 

and culture filtrate 24 hours following inoculation even 

though but a trace of growth occurred. Dry weight produc

tion rose slowly and continued until the 20th day when 

the experiment was terminated. Antibiotic production 

decreased after the 10th day. 



SUMMARY 

Rhizosphere microorganisms were isolated from 

saguaro and palo verde trees. Ten of the isolates showing 

the most antibiotic activity against four soil-borne plant 

pathogens were studied intensively to determine the fac

tors influencing their growth and antibiotic production. 

The following is a summary of the important results of 

this study. 

(1) Over 500 isolates from the rhizosphere of 

saguaro and palo verde were isolated in pure culture. 

(2) A total of 386 isolates were screened for 

antibiotic activity against Phvmatotrichum omnivorum. 

Verticillium albo-atrum. Fusarium oxvsporum f. lycoper-

sici. and Rhizoctonia solani. A large percentage of the 

of the isolates was found antagonistic to one or more of 

the plant pathogens, and 38 were inhibitory to all four 

pathogens. 

(3) Ten of the strongest antagonists to the 4 

plant pathogens were identified as Streptomyces species 

from physiological and morphological studies. Five of 

the isolates sporulated on certain media. 

172 
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(4) All 10 antagonistic isolates produced 

heptaene-type antibiotics. The light absorption spectra 

of all partially purified antibiotics were determined, 

(5) Six of the 10 Streptomyses species retained 

all their antibiotic activity within the mycelium on 

medium containing aspartic acid as the sole source of 

nitrogen. 

(6) Six of the 10 isolates excreted all their 

antibiotic activity into the culture medium on a liquid 

medium containing ammonium tartrate as the sole source 

of nitrogen. 

(7) A similar experiment using aspartic acid and 

ammonium tartrate as the nitrogen sources in an agar 

medium failed to confirm the results on liquid media. 

(8) A medium containing casamino acids as the 

sole nitrogen source was found best for growth and anti

biotic production for all 10 Streptomyces species. 

(9) Media containing ammonium tartrate, ammonium 

sulfate, and urea were generally poor for growth of the 

10 isolates. 

(10) Isolates were shown to vary greatly in dry 

weight and antibiotic production on any one particular 

medium. 

(11) Generally single amino acids were acceptable 

for both growth and antibiotic production. In fact, 
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glutamic acid was slightly better for growth and as good 

for antibiotic production as -yeast extract. 

(12) Starch was the best source of carbon for 

growth of all 10 Streptomyces species but it was extremely 

poor for antibiotic production. 

(13) Glucose was the best carbon source for growth 

and antibiotic production. 

(14) Sucrose, acetate, sorbose, and raffinose 

were extremely poor sources of carbon for growth. 

(15) On a medium containing sorbose as the sole 

source of carbon, excellent antibiotic production was 

obtained even though it supported only a trace of growth 

for 7 actinomycetes and allowed no growth of the 

r e m a i n i n g  3 .  

(16) Growth of Rhizoctonia solani was favored by 

extremely high carbon-nitrogen ratios. The best growth 

occurred on a C:N ratio of 20, the highest used in this 

study. 

(17) The carbon-nitrogen ratios of the medium 

showed only a slight effect on antibiotic production by 

Streptomyces No. 383. The higher ratios were slightly 

better for antibiotic production. 

(18) The relation of antibiotic production and 

dry weight yields over a 20-day period generally varied 

with the Streptomyces isolate. 
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(19) Usually the dry weight curve was much flatter 

than that for antibiotic activity both in the mycelium 

and culture filtrate. 

(20) Streptomyces No. 466 was shown to synthesize 

a large amount of antibiotic on a glucose-yeast extract 

medium during the first 24 hours but only a trace of 

growth during the same period. 

(21) Streptomyces No. 383 showed a loss of anti

biotic activity in the mycelium after 10 days of the 20-

day incubation period. It is not known whether the com

plete polyene molecule was destroyed or if were biologi

cally inactivated. 
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