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Many initially healthy Pelargonium seedlings developed symp- 

toms of Verticillium wilt in an Oregon State University greenhouse 

when they attained blooming age. The symptoms first appeared in 

May as "edge burning, " yellowing, and wilting of leaves. In late 

summer, these seedlings which were the offspring of Verticillium 

infected plants, became severely diseased and developed terminal 

die -back and other symptoms similar to those of their parents. 

Experiments conducted to determine the role of seeds in Ver- 

ticillium transmission of this apparently latent disease failed to give 

any evidence of Verticillium transmission. Seed transmission stud- 

ies of both naturally infected and inoculated plants indicated that 

geranium seeds did not play an important role in dissemination of 

the Verticillium fungus. Contrarily, culturing the seeds from nat- 

urally diseased plants proved them to be infested with bacteria. Re- 

sults of isolation from naturally infected seedlings indicated that 



Verticillium was not responsible for the induction of the disease in 

these seedlings and that bacteria were probably causal organisms in 

the disease syndrome. 

Isolation studies were made also from the parent plants which 

showed diverse symptoms described in 1961 as due to Verticillium 

albo- atrum. Verticillium was not isolated consistently from these 

plants in 1963. The 1963 tests revealed a rather high bacterial in- 

fection and indicated that diverse symptoms in these plants in 1961 

could have been in part due to bacterial infection. 

In a series of inoculation tests a pathogenic strain from pep- 

permint and two geranium isolates of Verticillium were used. The 

symptoms of inoculated plants induced by these strains were differ- 

ent from those of naturally infected plants. Necrosis appeared at the 

base of stems; "edge burning, " a common symptom of naturally in- 

fected seedlings, was scarce in inoculated plants. Verticillium was 

easily recovered in PDA from plants i.nocu.lated w iih the mint strain. 

Contrarily, difficulties were experienced in isolating Verticillium 

from naturally infected plants and from the plants inoculated with 

geranium strains of Verticillium. 

Seedlings from infected plants which were germinated and 

grown under sterile conditions showed bacterial symptoms and 



yielded a high percentage of bacteria in culture. Two of the bacter- 

ial isolates, tentatively identified as Xanthomonas and Pseudomonas 

species, proved to be pathogenic. Other isolates did not show any 

pathogenicity in preliminary tests. 
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THE ROLE OF VER TICILLIUM ALBO -ATR UM 
R EINKE AND BERTH, IN SEED TRANSMISSION 
AND INDUCTION OF A LATENT DISEASE OF 

PELARGONIUM 

INTR ODUCTION 

During the summer and fall of 1962 a number of initially healthy 

geranium seedlings in an Oregon State University greenhouse develop- 

ed symptoms of Verticillium wilt at the time of blooming. In a five - 

month- period, starting in May and continuing through September, 

most of the seedlings became severely diseased. 

The symptoms appeared first as distinct yellowing of occasion- 

al leaves, usually at the point where the petioles join the leaf blade. 

This was followed by drying of the margins of the yellow leaves. 

Soon the entire leaf collapsed. In later stages of infection, terminal 

die -back of the main stem and branches occurred. These symptoms 

appeared to be similar to those caused by Verticillium albo -atrum 

Reinke and Berth, described by McWhorter (34). Later in addition 

to the symptoms mentioned above, another type called by many work- 

ers "edge burning, " also appeared in these seedlings. 

The plants that were the sources of the 1961 -62 seedlings used 

in this study were removed from the greenhouse in the spring of 1960 

and grown in an outdoor bed until the following fall. These mother 

plants were then re- potted and moved back to the greenhouse for a 

variety breeding program, Seeds saved from these plants during 
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the fall and winter produced the 1961 -62 seedlings. The plants ap- 

peared healthy when the seeds were harvested but later produced the 

symptoms described in this paper. 

Most of the cultivated geraniums used today belong to the genus 

Pelargonium, one of the 11 genera of Geraniaceae family. This fam- 

ily is characterized by having pistils composed of five united carpels. 

The fruit is an elastic capsule with a long beak in which the styles 

split away from the central axis. 

Most of the varieties used in the florist trade belong to three 

species: (1) Pelargonium hortorum or zonal geranium; (2) P. do- 

mesticum or Lady Washingtons, called "pelargoniums" in the Amer- 

ican florist trade, and (3) P. peltatum, the ivy- leafed varieties. The 

selection of varieties has been based on degree of doubleness, color- 

ation, pigmentation of leaves, shatter -proof quality, and other growth 

and appearance aspects of the plants. The distribution and produc- 

tion of varieties in the United States have followed development of 

new varieties that had these qualities. 

The economic importance of geraniums has increased during 

recent years. At the present they rank as the number one ornamen- 

tal crop in the United States as estimated by several recent Cornell 

University florist production studies that combine the cutting - growing 

industry with the wholesale and retail florist trade. 

Production is increasing tremendously every year. During a 
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ten -year period, from 1949 -1959, geranium production has more 

than tripled in the United States. The six leading states in geranium 

production are: New York, Pennsylvania, Ohio, Michigan, Washing- 

ton, and Massachusetts. Each of these states gross more than a 

million dollars each year in the geranium wholesale trade. The num- 

ber of zonal geraniums marketed yearly in the retail U.S. trade is 

about 100 million plants. 

Geranium growing in the florist trade consists of (1) growing 

mother block or stock plants as sources of cuttings and (2) growing 

marketable plants from cuttings in greenhouse cultures. Most of 

the stock plants are grown out -of -doors in warm climates by special- 

ists, but a few florists grow their own stock plants. New varieties 

are grown from seeds by florist and geranium fanciers in several 

states. As stock plants, especially in greenhouses, become diseased 

with viruses, bacteria, and fungi, growing from seeds would be ad- 

visable except for the fact that most seedlings are horticulturally 

inferior. Growing from seeds is, however, necessary to produce 

new varieties. 

The fact that the seedlings under investigation were the off- 

spring of Verticillium infected plants and that the seeds were ger- 

minated and grown under sterile conditions, led the writer to believe 

that Verticillium albo -atrum could have been seed transmitted. 

Therefore, a series of experiments were conducted to determine: 
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1. The role of Verticillium albo -atrum in the establishment of the 

disease in the seedlings; 

2. The importance of seeds in dissemination of Verticillium albo- 

atrum in geraniums; 

3. If the disease was due to accidental contamination with Verticil- 

lium or some other organism. 
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REVIEW OF LITERATURE 

Symptomatology 

The disease of Pelargonium induced by Verticillium albo -atrum 

Reinke and Berth. has been described by several investigators. It 

was first reported in 1940 in New York by Dimock (15) who isolated 

the organism from plants having wilt symptoms. He did not detect 

any host specificity among many ornamental crops which he tested at 

the time of his investigation. 

Baker et al. (5) reported P. hortorum and domesticum as hosts 

of Verticillium albo -atrum in California. Torgeson (64) in 1952 re- 

ported that P. hortorum with wilt symptoms yielded Verticillium 

albo -atrum in PDA medium. He inoculated geranium plants by plac- 

ing inoculum in an incision at the base of the stem. He observed the 

wilt symptoms on the inoculated plants after two weeks and was able 

to re- isolate the organism from all inoculated plants. Furthermore, 

he found that isolates of Verticillium albo -atrum from raspberry and 

peppermint were also pathogenic to geranium and that the peppermint 

isolate was more virulent than those from geranium. 

The importance of Verticillium albo -atrum as a Pelargonium 

pathogen was not, however, fully recognized until 1962. At this 

time McWhorter (34) and Nelson (43) almost simultaneously report- 

ed their investigations on Verticillium wilt of Pelargonium. Prior to 
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that time, the only symptoms of the disease listed were wilting, 

yellowing, and drying of the leaves. McWhorter in his report de- 

scribed the "diverse symptoms of Pelargonium infected with Verti- 

cillium, " He states that wilting of leaves, die -back of the stem tips, 

yellow spotting, and dwarfing are diagnostic of infected plants. 

Nelson (43) described the symptoms on affected plants as col- 

lapse of a few leaves in the middle or upper portion of the main 

stem followed by yellowing and gradual drying of the affected leaves. 

In late stages of infection, Nelson noted the die -back of the tips of 

branches and discoloration of stem parts. He mentions, however, 

that symptoms vary with variety and the progression of the disease. 

The ability of Verticillium albo -atrum to produce diverse 

symptoms in many other plants has been known for a long time but 

the causes and the conditions under which some of these symptoms 

are produced have been controversial. Rudolph (51) in his exten- 

sive research on "Verticillium Hadromycosis" lists some of the 

names that have been given to plants infected with Verticillium. Ex- 

amples are "black heart" in stone fruits, "blue stem" in bush fruits, 

"sleepy disease" in tomato plants, and "wilt" in truck -crop plants. 

He states that the symptoms can appear as defoliation, water- soaked 

areas, edema, simple desiccation, and sudden collapse of the affect- 

ed plants. The symptoms are either mild or distinct depending on 

the plants and the conditions under which the disease develops. 



7 

Certain investigators assume a specific type of symptom to be 

associated with Verticillium infection of the crop under investigation, 

but such assumption always has the risk of unreliability. 

Vascular discoloration has proved to be one of the reliable 

tests of Verticillium infection in many instances (26, 32, 51, 55, 58, 

60, 66, 70). This is particularly true of certain woody plants (7, 11, 

12, 18). Unfortunately, discoloration may arise from other causes 

in some cases; therefore, it has no diagnostic value for infected 

plant species which do not exhibit any macroscopic vascular discolor- 

ation (17, 31, 58). 

Nielson (44) showed that symptoms other than wilting may 

characterize infected potato plants, For example, the leaves may 

gradually turn yellow and wither from the base of the plant upward 

without any general wilt being notable. 

De Segura (6) working with cotton, found in addition to the com- 

mon symptoms, chlorotic areas on the leaf margins and between the 

principal veins, a new type of symptom. The leaf veins and adjacent 

tissues of plants showing the new symptoms became purple and later 

turned brown and necrotic. 

There have been many cases where symptoms of Fusarium and 

bacterial wilts have been confused with those of Verticillium. 

McWhorter (34) states that bacterial wilt and Verticillium wilt be- 

come confused due to symptom similarity in infected Pelargonium. 
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Baker et al. (5) proved that Callistephus chinensis Nees in commer- 

cial seed fields in Santa Barbara and Los Angeles counties of Cali- 

fornia showing symptoms suggestive of Fusarium wilt were actually 

diseased by Verticillium albo- atrum. 

In North Carolina working with okra, Wilson (72) found two 

wilt diseases showing the same symptoms but caused by two unrelated 

fungi, Verticillium albo -atrum and Fusarium vasinfectum, Carpenter 

(13) states that Fusarium and Verticillium symptoms are indistin- 

guishable in cotton and that the cause cannot be determined except by 

cultural methods. 

Dissemination of Verticillium albo -atrum By Seeds 

The importance of transmission of Verticillium albo -atrum by 

seed has been the subject of much controversy and the role of seed 

in dissemination of the fungus has not been fully defined, Frequent- 

ly, the findings of one investigator have not been confirmed by anoth- 

er, Conflicting opinions likely related to; (1) The very different 

locations where the tests were made thus involving different strains 

of the fungus some of which are better able to infest seeds; (2) the 

differences in isolation techniques used by different investigators; 

(3) seeds of an infected plant species in a certain location under a 

specific climatic condition may carry the fungus while in another 

they may fail to do so; (4) overlooking the active survival of 



9 

Verticillium in the soil where only non -host plants are present. 

The organism was shown to be seed -transmitted in eggplant 

by Cox (14), Kadow (25), and Richardson (46). Cox observed 80 

percent Verticillium infection of eggplants grown in a two -acre field 

in Florida which had not been cropped to that plant for at least 15 

years, and attributed the infection to diseased seeds. He suggested 

that seeds provided the primary source of inoculum. 

To show whether Verticillium albo -atrum is carried in egg- 

plant seeds, Kadow studied the possibility of external and internal 

seed transmission of the fungus. To determine the external trans- 

mission of the fungus, he removed the seeds aseptically from egg- 

plants which showed vascular discoloration in their fruits. The 

seeds were either cultured in potato dextrose agar (PDA) immediate- 

ly after removal or were allowed to dry for two months after which 

period they were washed in sterile water and the wash water was 

cultured. His cultures showed that a high percentage (54 percent) of 

the seeds were contaminated by the fungus. 

To prove internal seed transmission of the fungus, Kadow dis- 

infested the seeds by soaking them in calcium hypochlorite, stirring 

frequently for one and one -half to two hours, and then plating them 

in two percent PDA. He thus isolated the organism from as high as 

31 percent of the seeds. After demonstrating the toxicity of the 

chemical for the fungus, he concluded that internal transmission is 
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very important and that it may account for the continued presence 

of the disease in eggplants in Florida fields, 

Kadow (25) found that tomato plants were also capable of carry- 

ing the fungus in their seeds under the same conditions. He demon- 

strated, however, that the rate of dissemination was much lower in 

tomato seeds than in seeds of eggplants. 

Richardson (46), who in 1933 tentatively identified the causal 

organism of eggplant wilt in Ontario as Verticillium albo- atrum, 

stated that the isolation of the organism from all parts of infected 

plants including seeds, was possible. He suggested sterilization of 

the seeds before planting, because they were thought to be the pri- 

mary source of the fungus in field plantings. 

Van Koot (65) indicated that external transmission of the fun- 

gus by tomato seeds was important and suggested hot water treat- 

ment for disinfestation of the seeds. 

Allen (2), and Taubenhaus (62) showed that cotton seeds were 

capable of carrying Verticillium albo- atrum. Allen inoculated cot- 

ton seeds by hypodermic injection of a fungus suspension into the 

seeds and recovered the organism from germinating seeds in culture. 

From this experiment he merely suggested the possibility of dis- 

seminating of the fungus on cotton seeds. Taubenhaus tested 1440 

cotton seeds from infected plants and isolated Verticillium albo- 

atrum from 8. 3 percent of them. In the following year, he tested 
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1600 seeds and recovered the fungus from only 2, 3 percent of them. 

Miles (37) and Sarejanni (54) suspected, but did not demon- 

strate, that cotton seeds were carriers of Verticillium albo -atrum 

in Greece. Miles in 1934 reported that Sarejanni in Greece isolated 

the organism from the plants whose seeds were imported from North 

Carolina and thought that Verticillium was seed borne in cotton. 

Contrarily, Miles stated that the fungus had not previously been re- 

ported on cotton from North Carolina. 

Sarejanni in a separate paper reported the rapid spread of the 

cotton Verticillium in Greece and attributed this spread to the seed 

or to the aerial transport of conidia. He mentions that dissemina- 

tion through the soil, if it occurs at all, is of little importance; but 

he could not, however, demonstrate the association of the fungus 

with the seeds. 

Sackston and Martens (53) reported in 1959 that sunflower 

seeds are means of Verticillium dissemination. In some cases they 

reported a very low percentage of recovery of the fungus from the 

seeds, but attribute this to unfavorable circumstances. They did 

not discover what factors were predisposing to seed infestation, 

but did demonstrate that the time of sowing was important in the re- 

covery of the fungus from the seeds. 

They showed that two minutes of hypochlorite with two per- 

cent free chlorine was a very effective method of surface 
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sterilization. In this manner, 15 percent of the seeds yielded the 

organism. They demonstrated that most of the microsclerotia and 

mycelia were located on the inner surface of the hull of sunflower 

seed infested with Verticillium albo- atrum. Furthermore, they 

showed that the cotyledon of the seed remains clean and that the fun- 

gus does not penetrate beyond the testa. 

Schuster and Nuland (57) in 1960 reported Verticillium wilt of 

safflower in a field where it had not been observed previously. They 

isolated the organism from the seeds of naturally infected plants 

and from those which were grown in artificially inoculated green- 

house soil. They concluded, therefore, that Verticillium is seed - 

borne in safflower and that seeds may have established the primary 

source of inoculum. 

Others, on the contrary, have proved that transmission of the 

fungus by seed either does not occur or was unlikely. Burton (10) 

and Guba (22) showed that dissemination of the fungus by seed is im- 

probable in eggplant. Burton conducted extensive laboratory, green- 

house, and field assays using a considerable number of seeds from 

commercial lots and -inoculated plants. From his investigation, he 

concluded that Verticillium was unlikely to be disseminated by seeds 

in eggplant. He wrote "nearly all attempts to induce infection of 

seeds with the wilt organism by growing fruits on diseased plants 

were failures. " He suggested that the soil was the primary factor 
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in dissemination of the disease. 

Guba, working with Verticillium of eggplants in Massachusetts 

in 1934, observed that all cultivated fields were infested with the 

fungus. He concluded that the soil was the chief source of inoculum 

and doubted that the seeds could be responsible for any dissemination. 

Rudolph (50) and Presley (45), indicating the unimportance of 

seeds in dissemination of Verticillium albo- atrum, demonstrated 

that cotton and tomato seeds were unlikely to carry the organism. 

Rudolph in a five -year -period, cultured 3371 mature cotton bolls 

from Verticillium infected plants. He recovered the organism from 

the placental column of only two bolls. This was a negligible per- 

centage of recovery (O. 00059 percent). 

In a separate experiment, he cultured 26, 768 tomato seeds 

collected from Verticillium infected plants. He recovered the or- 

ganism in only two seeds. Thus, he concluded that dissemination 

of Verticillium albo -atrum is highly improbable with cotton and 

tomato seeds. 

Presley demonstrated the presence of Verticillium albo -atrum 

in cotton plants grown in virgin soil. He attributed this to the sur- 

vival of organism in association with the native host plants and to 

the formation of resting microsclerotia of the fungus. He did not, 

however, believe that seeds could have been carriers of the fungus. 
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Environment and Verticillium Wilt 

It is impracticable to mention the work of all investigators 

who have been concerned with the effect of environment upon Verti- 

cillium wilt, The reasons why much attention has been centered 

around environmental studies are numerous but the results are only 

a bundle of theories. The overall beneficial effect of these studies 

has been very little in practice. 

The aspects of environment, nutrition, temperature, and 

light that have been studied have caused many arguments, For- 

tunately, most of the investigators are in general agreement as to 

the effect of nutrition on the development of Verticillium wilt disease. 

As a whole, many of the studies indicate that increases in nutrient 

level in general and nitrogen in particular, will increase the sever- 

ity of Verticillium wilt development. However, in potatoes the dis- 

ease is much more severe if N is deficient. Plants are most resis- 

tant when optimum N for nutrition is available but disease develop- 

ment is not influenced by addition of excess N (63, 73). 

The results of studies on the effects of light and temperature 

upon Verticillium wilt vary greatly Although recent investigators 

have more decisive ideas about the role of temperature and light in 

Verticillium infection, the effects of these two factors remain not 

clearly understood. 

Haenseler (23) in 1921 stated the results of his long range 
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and extensive researches on the role of PH of soil upon the develop- 

ment of Verticillium wilt of eggplants. He concluded that soil acid- 

ity will prevent wilt infection and recommended sulfur application 

to bring the soil PH down to 4. 2. He stated, also, that addition of 

green manure lowers the severity of the wilt disease. 

Isaac (24) studied nutrition effects on five isolates of Verticil- 

lium and concluded that irrespective of the amount of organic manure, 

and its form in the soil, Verticillium albo -atrum and Verticillium 

dahliae were always virulent pathogens to Antirrhinum. He demon- 

strated, also, that the ability of the nitrogen- starved isolates to pene- 

trate the host plant was significantly diminished. 

Gallegly (19) studied the development of Verticillium wilt of 

tomato in constant drip sand culture, using O. 1, 0. 5, 1. 2, and 3 

times a basal salt solution with low and high nitrogen, phosphorus, 

and potassium. He concluded that disease development was least 

at the 0.1 level and increased with the increase in salt concentration. 

He also stated that the disease development decreased in low nitro- 

gen but made no marked change in other unbalanced levels. 

Keyworth and Hewitt (27), who studied the influence of nutri- 

tion on Verticillium wilt of hop (Humulus lupulus), allowed the plants 

to grow under conditions involving both deficiencies and excesses of 

most of the major elements necessary for plant growth. They dem- 

onstrated that nitrogen- deficient plants showed much less severe 
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symptoms than those plants grown in complete nutrient. They found 

also that deficiencies of phosphorous and potassium produced the 

same effect. 

Roberts (47) who studied the influence of some climatic factors 

upon Verticillium wilt of tomato, found that plants which received 

adequate supplies of mineral nutrient, acquired great resistance to 

infection by Verticillium albo -atrum if the leafshoot ratio was re- 

duced. He attributed this to the reduction in carbohydrate content 

of the host. Under a separate report, Roberts (48) states that the 

infection of tomato plants by Verticillium albo -atrum was encouraged 

by application of nitrogenous manures. He found that application of 

phosphate had no significant effect on the progress of the disease; 

conversely, a deficiency of potash tended to encourage it. 

Working with Verticillium wilt of cotton, Presley (45) found 

that fertilizers in general, and those of high nitrogen in particular, 

promoted the development of the disease. He discovered, also, that 

if the amount of potash is increased, the percentage of wilt is de- 

creased. 

Although it appears that light and temperature directly affect 

transpiration and that transpiration influences Verticillium wilt de- 

velopment, the results of climatic investigations vary to some ex- 

tent. 

Kamal and Wood (26), who studied the role of pectic enzymes 
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in the development of the wilt disease of cotton induced by Verticil- 

lium dahliae, found that wilting was delayed by conditions unfavorable 

for transpiration. They state that wilting was caused by the uptake 

of thermostable compounds of high molecular weight which impeded 

the upward flow of the vascular sap. 

Scheffer et al. (55)studied physiological aspects of Verticillium 

wilt of tomato and found that transpiration was inhibited preceding 

and during symptom expression. They also found that this inhibition 

was associated with browning and blocking of vessels, From this 

they concluded that wilt resulted from interference with water con- 

duction. 

Bewley (8), who worked with Verticillium wilt of tomatoes in 

Great Britain, states that the disease usually appeared in the middle 

of April and increased toward the third week in May. He states also 

that shade has a beneficial effect upon the resistance of the host to 

the disease due to reduction in transpiration and consequent reduc- 

tion of water in conducting elements. 

Edgington and Walker (16), who studied the relative influence 

of air and soil temperature on internal stem temperature of tomato 

plants, found that soil temperature influenced Verticillium wilt more 

than air temperature. They stated that when soil temperature was 

lower than air temperature, the internal stem temperature was in- 

fluenced predominantly by soil temperature during the day and by 
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air temperature during the night. This was correlated with the rate 

of water movement from the soil into the roots and upward through 

the stem. 

Rudolph (51) in the report of his extensive researches on 

"Verticillium Hadromycosis" states that it is universally agreed that 

Verticillium is primarily a fungus of cool regions in contradition to 

Fusarium which is favored by warmer temperature. 
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MATERIALS AND METHODS 

Plants studied consisted of: (1) one hundred forty six 1961 -62 

seedlings which were the offspring of Verticillium infected plants. 

These seedlings, which were germinated under sterile conditions 

for a varietal breeding program, developed Verticillium wilt -like 

symptoms and became an important part of this investigation; (2) 

eighty two parent plants which became infected with Verticillium in 

1960 -61; (3) 1962 -63 seedlings which were germinated and grown 

under aseptic conditions from: (a) diseased plants selected for de- 

termination and verification of the disease being seed borne, and 

(b) commercial varieties selected as disease free; (4) healthy com- 

mercial plants of varieties Irene, John Forbs, and E. J. Hill 

used for inoculation tests. 

Verticillium strains used for inoculati o n were: (1) a two - 

year -old culture of Verticillium albo -atrum isolated from geranium; 

(2) a pathogenic isolate from peppermint; (3) a new isolate from 

naturally infected geranium. All of the Verticillium isolates used 

formed microsclerotia in PDA. The bacterial isolates used in ino- 

culation tests were isolated from diseased seedlings. 

Methods of inoculation were: (1) soil infestation by pouring 

a microsclerotia suspension in holes dug near the roots of test 

plants; (2) dipping roots in fungal and bacterial suspensions; (3) 
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stem inoculation by introducing fungal and bacterial suspensions in 

the plants through an incision made along the stem and then covering 

the wound with adhesive tape; (4) leaf inoculation with bacterial 

suspensions. The leaves were pricked with a needle and the suspen- 

sions were sprayed on their surfaces with an atomizer after which 

the plants were placed in a moist chamber. 

The alcohol agar suggested by Nadakavukaren and Horner (42) 

with addition of 100 ppm of streptomycin was used for detecting Ver- 

ticillium in roots of infected plants. Roots were washed in running 

tap water from 12 -24 hours, macerated in a blender, suspended in 

water, then poured with melted agar medium in petri dishes and in- 

cubated at 21-23 C. 

Potato dextrose agar was used for most of the culture tests 

and storage of Verticillium isolates. Malt and yeast extract agar 

was used for the storage of other fungi, Dextrose agar was used for 

culture and storage of bacterial isolates. 

Commercial Clorox (5,25 percent sodium hypochlorite) was 

used as surface sterilizing agent. This chemical at different levels 

of concentration, depending on the thickness and age of plant sections, 

proved to be most satisfactory. In certain cases, double steriliza- 

tion, using both Clorox and mercury bichloride (1 /1000), seemed to 

be more effective than Clorox alone. 

Geranium seeds were scarified by removing the basal tip of 
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the seed below the hilum as suggested by McWhorter (35). Follow- 

ing scarification, depending on the age of the seeds, germination 

was most successful when the seeds were soaked in sterilized dis- 

tilled water for 12 -24 hours. Seeds were germinated in deep petri 

dishes containing Perlite or Vermiculite moistened with sterile dis- 

tilled water, When large quantities of seedlings were required, 

seeds were germinated in four inch pots containing perlite placed in 

saucers which were filled with water periodically. 
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EXPERIMENTAL RESULTS 

Determination of the Causal Organism 

To decide whether Verticillium was the principal causal organ- 

ism in the disease syndrome of 1961 -62 seedlings, a number of pre- 

liminary experiments were conducted to determine the incidence of 

Verticillium associated with the diseased plants. These experiments 

were started in September at the time when the symptoms were pro- 

nounced. Table 1 shows the condition of these seedlings before and 

at the time when the experiments were conducted. The disease had 

progressed from 27 percent in July to 89 percent in September. By 

November ninth, 110 seedlings from the total of 146 plants had be- 

come severely infected and showed strong Verticillium -like symp- 

toms. 

A. To Determine the Presence and Incidence of Verticillium. 

At first it seemed necessary to conduct a root dilution experi- 

ment to determine the type of microflora associated with the rhizo- 

sphere of these seedlings. It was hoped that this experiment would 

detect the presence of pathogenic organisms, if present in high in- 

o culu m potential. 

1. Root Dilution Plate Method. Rootlets were detached from 

the main roots of infected plants, mixed, and divided into three 

samples of one gram each. After being washed in sterilized distilled 
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TABLE 1. Progression of the disease in 1961 -62 seedlings from 
July through September of 1962. Excellent indicates healthy plant 
without any symptom. Designations good, fair, doubtful, and Ver - 
ticillium -like describe symptom progress from light to heavy. 

Code No. Plant No. July 3, '62 August 9, 163 Sept. 28, '63 
400 4 Doubtful Doubtful Vert? 
401 4 Excellent Fair Vert? 
402 4 Vert? Vert? Vert? 
403 4 Vert? Vert? Vert? 
411 3 Good Fair Doubtful 
414 3 Excellent Good Vert? 
417 4 Excellent Good Doubtful 
418 2 Excellent Good Doubtful 
419 3 Vert? Vert? Vert? 
421 4 Good Fair Doubtful 
422 4 Excellent Good Good 
424 4 Poor Vert? Vert? 
426 4 Good Good Fair 
427 4 Fair Poor Vert? 
428 4 Good Vert? Vert? 
432 4 Good Doubtful Vert? 
435 4 Good Doubtful Vert? 
436 4 Excellent Good Good 
437 4 Excellent Excellent Fair 
438 3 Good Vert? Vert? 
441 4 Excellent Fair Fair 
443 4 Poor Vert? Vert? 
445 4 Fair Vert? Vert? 
446 4 Fair Vert? Vert? 
448 4 Excellent Good Fair 
449 4 Doubtful Doubtful Vert? 
450 4 Good Vert? Vert? 
454 4 Good Good Fair 
455 4 Doubtful Vert? Vert? 
457 4 Excellent Good Vert? 
458 4 Excellent Excellent Good 
463 1 Excellent Excellent Excellent 
466 4 Excellent Good Vert? 
468 4 Excellent Fair Vert? 
471 4 Excellent Excellent Vert? 
472 4 Excellent Vert? Vert? 
473 4 Good Good Doubtful 
474 4 Good Doubtful Doubtful 
475 3 Good Vert? Vert? 
476 4 Excellent Excellent Good 

Total 146 
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water, two of the samples were surface -disinfected and one was not. 

Disinfectants used were mercuric bichloride and Clorox at the rates 

of 1 /1000 and ten percent respectively. 

Each of the two samples to be tested were placed in nylon con- 

tainers and shaken successively for one minute in three flasks con- 

taining disinfectants and four flasks of sterilized distilled water. 

The third sample was shaken successively in seven flasks of steri- 

lized distilled water. After the roots were washed, they were placed 

in petri dishes containing malt -yeast extract agar to which streptomy- 

cin had been added at the rate of 100 ppm. Ten plates were prepared 

from each root sample. The plates were left at room temperature 

(21 -22 C). As the colonies grew, transfers were made into tubes 

for identification. 

More colonies grew from root sections treated with Clorox 

than from those treated with HgC12. Using Clorox treatment, Trico- 

derma and Fusarium occupied the plates consistently and to the same 

degree but Penicillium was observed in only two plates. 

Only a few colonies grew from the root sections which had been 

treated with HgC12. These were Trichoderma in two plates, only one 

Penicillium colony in all ten plates, and several Fusarium colonies. 

In the plates of untreated roots a variety of colonies were ob- 

served. Trichoderma and Penicillium were most abundant and sup- 

pressed the growth of Fusarium. Mucorales were also present in 
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three plates. 

The diluents in which the roots had been washed were also 

plated. Two ml of each were mixed with ten ml of melted agar me- 

dium and kept at room temperature. Three replicates were made 

for each dilution. The record of the growth of colonies indicated the 

following: 

a. Treatment with HgC12: Only one colony was 

found in the three plates. 

b. Treatment with Clorox: The number of colo- 

nies was high and decreased with the number 

of dilutions. 

c. Sterilized distilled water blanks: A number 

of colonies resulted from culturing the seven 

successive water blanks. Among these colo- 

nies, Penicillium, Trichoderma, Mucorales, 

Fusarium and bacteria were most abundant. 

It was interesting to note that the number of 

Fusarium colonies increased after other or- 

ganisms were washed out from the roots in 

the first three to four flasks. There were 

considerably higher numbers of Fusarium 

colonies present as apparently pure isolates 

in plates from the last three flasks. This 
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indicated that Fusarium species were close- 

ly associated with the roots of infected plants. 

2. Culturing Shoot Parts. Tissues from old and young stems, 

petioles, leaves and florescences, were cultured from time to time. 

Potato dextrose agar was used with or without 100 ppm streptomycin 

for this purpose. Cultures were stored at room temperature for 

seven to ten days after which readings were taken. Double steriliza- 

tion, using both Clorox and HgC12, was effective in eliminating con- 

tamination from old stem tissues. 

Table 2 shows the results of isolations. Petiole, leaf, and 

florescence tissues appeared to be sterile. Verticillium was isolat- 

ed from young stem tissues in a relatively low percentage. Percent- 

age of bacteria was high particularly in young stem tissues. Contam- 

inants were frequent indicating the presence of secondary and sapro- 

phytic organisms. 

3. Culturing Roots in Alcohol Agar. Alcohol agar was used to 

detect Verticillium in roots of the infected seedlings. Roots were 

washed thoroughly in running tap water for 12 -24 hours, macerated 

in a blender, and diluted to several concentrations in sterilized dis- 

tilled water. The dilutions were then mixed with melted alcohol agar 

containing 7. 5 gr. agar and 2. 5 ml absolute ethyl alcohol per liter 

and 100 ppm streptomycin. The mixture was poured in petri dishes, 

stored at room temperature for five to seven days, and then examined. 
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TABLE 2, Percentages of Verticillium and bacteria isolates from 
different tissues of diseased 1961 -62 seedlings. 

PART OF PERCENT PERCENT OTHER PERCENT 
PLANT BACTERIA VERTI- FUNGI STERILE 
CULTURED CILLIUM TISSUE 

Old Stem 
Tissues 8 0 18 74 

Young Stem 
Tissues 12 1, 4 23.8 62.8 

Petiole, Leaf 
Florescence 1.6 0 7,4 91 
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Verticillium was not detected in this manner, After the effi- 

ciency of this technique for detecting Verticillium was verified by 

using a known Verticillium infected peppermint root, it became evi- 

dent that either Verticillium was not present in the roots of infected 

seedlings or if present, the level of inocuL m was very low, 

B. Soil Studies 

After experiments on the infected seedlings raised questions 

about Verticillium being the principal causal organism and led to 

the possibility that other pathogens may have been involved in the 

disease syndrome, it became necessary to examine the soil in which 

the diseased plants had grown. A soil dilution experiment, although 

not an efficient method for detecting pathogenic organisms, was con- 

ducted to determine the soil microorganisms. In another experiment 

peppermint plants were used as indicators to detect any Verticillium 

strain from the soil which could be pathogenic to mint plants, 

1. Soil Dilution Plate Method. This experiment was conducted 

to obtain a general idea of the soil microflora, its abundance, com- 

position, and distribution in the soil where the infected seedlings had 

been grown, Media used for this purpose were Oxgall agar, Peptone 

Dextrose agar, and Malt -Yeast extract agar. Streptomycin was add- 

ed to the Malt -Yeast extract to preserve isolates in tubes for identi- 

fication. 
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Three to four grams of soil were taken from four random 

spots near the roots of infected plants, and thoroughly mixed. After 

the soil moisture was calculated, one gram of soil estimated on a 

dry soil basis, was mixed with sterilized water, From this mixture 

a series of dilutions were made to give final dilutions of 1 /100, 

1/1000, 1 / 10, 000, and 1/50, 000. Two ml of dilution and ten to 12 

ml of melted agar media were mixed in each plate. Five replica- 

tions of each dilution were plated for each medium and all were kept 

at room temperature. Isolates were transferred into tubes as colo- 

nies grew. Genera of the fungus colonies were determined but no 

attempt was made to identify the species of the individual fungus 

colonies except in a few cases, 

Three genera of fungi were most abundant: Trichoderma, Mu- 

cor, and Penicillium. Other organisms, in order of their abundance 

were: Aspergillius, Mortierella, Botrytis, Diplocladium, Hyalopus, 

Stachybotrys, and Pythium. Verticillium was not detected by the 

soil dilution plate method. 

2. Use of Indicator Plants. OnFebruary 22, some 20 healthy 

peppermint cuttings, six inches tall, which had been grown in sterile 

sand, were transplanted in infested soil from which the diseased 

geranium seedlings had been removed, This was done to detect the 

presence of any Verticillium strain capable of infecting mint plants. 

Records of growth of these mint plants were compared with 13 
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control plants which were grown in clean soil. After three months, 

the average growth of the control plants was almost twice as great 

as the average of those plants grown in infested soil (Table 3). 

Contrarily, the results of cultures of mint plants grown in in- 

fested soil proved negative for the mint strain Verticillium. This 

test, although indicating that no strain of Verticillium capable of in- 

fecting mint plants was present in the soil, nevertheless proved mint 

growth was greatly suppressed. Cultures of the mint stems proved 

they were sterile. The reduction in growth, therefore, could be due 

to root invading pathogens present in the soil although differences in 

fertility were not determined. 

Culturing Infected Parent Plants 

The results of investigations on 1961 -62 seedlings indicated 

that Verticillium was unlikely to be the primary pathogen and that 

bacteria or other organisms may have been involved, Experiments were 

conducted, therefore, to determine whether Verticillium infection 

remained in parent plants. Attempts were made, also, to observe 

the incidence of Verticilliu.m by culturing these old plants which once 

repeatedly yielded the organism, 

The condition of these plants which gave rise to 1961 -62 seed- 

lings was recorded before culturing began (Appendix 1). Their gen- 

eral condition was poor two years after they were stricken by 
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TABLE 3. Relative rates of growth of mint plants in infested soil 
where 1961 -62 geranium seedlings had grown as com- 
pared with mint plants grown in fresh mixed soil. 

Plant 
No. 

1st Read. 
March. 19 
height /cm 

2nd Read. 
April 11 

height /cm 

Diff. 
in 

height /cm 
Plants in Infested Soil 

414 15 22 7 

417 13.5 21 7.5 
418 15 19 4 
422 14 19 5 

426 14 20 6 

435 14.5 20 5.5 
437 15 19 4 
441 -1 13.5 16 2.5 
441 -2 14 20 6 

445 13 17 4 
450 12.5 16 3.5 
454 -1 14 22 8 

454 -2 16 18 2 

454 -3 12.5 17 4. 5 

455 -1 16 18 2 

455 -2 12.5 19 6. 5 

455 -3 18 20 2 

455 -4 12 13 1 

458 13.5 19 5.5 
473 13.5 17.5 4 

Average Increase: 4. 5 

-- Control Plants in Uninfe sted Soil -- 
c-1 15 24 9 
c-2 17 25 8 

c-3 14 20 6 

c-4 16 25 9 
c-5 15 25. 5 10. 5 

c-6 13 27 14 
c-7 16 21 5 

c-8 13. 5 23 9. 5 

c-9 11.5 24 12.5 
c-10 17 21.5 4.5 
c-11 15.5 28 12.5 
c-12 20 25.5 5.5 

Average Increase: 8. 8 

-- -- 
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Verticillium. From the total of 82 plants, 25 were rated very poor 

because of high numbers of strong symptom leaves and dead terminal 

shoots. Twenty seven plants rated poor, 24 fair, and only six plants 

had mild or very light symptoms. None of these plants had apparent- 

ly recovered from infection, Close observation indicated that some 

of the plants had symptoms typical of bacterial infections. The fact 

that a high percentage of bacteria and secondary organisms were 

abundant in these plants was later discovered from culturing. 

Different means were used to eliminate secondary organisms 

which were apparently abundant in these plants. In spite of every 

means used in surface sterilization, a number of apparently sapro- 

phytic organisms appeared as pure isolates in media. One of these 

organisms consistently present was Chaetomium. Another organ- 

ism often found associated with infected plants was Candida. These 

isolates were used separately in inoculation tests and none of them 

appeared to be pathogenic to geranium, 

Chaetomium isolates were grown on agar media with Verticil- 

lium to study a possible antagonistic effect that Chaetomium might 

have upon Verticillium. Although a zone of inhibition appeared 

around Verticillium beyond which Chaetomium did not grow, the 

growth of Verticillium was nevertheless greatly suppressed. 

Double sterilization technique using 1/1000 mercuric bichloride 

and ten to fifteen percent Clorox proved to be the most effective 
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means of surface disinfection. Verticillium was thus recovered and 

observed to be growing out of the cambium zone. The results of cul- 

tures of 82 diseased parents are shown in Table 4. Percentage yield 

of bacteria was considerably higher than Verticillium particularly 

from old stem tissues. Verticillium was recovered from young stem 

tissues and petioles more readily than from old stem parts, possibly 

because the high contamination from old stem parts masked the growth 

of Verticillium in culture media. 

Roots were also cultured in alcohol agar as used for 1961 -62 

seedlings. Verticillium was not recovered by this technique. It is 

not known whether this was due to the high number of secondary or- 

ganisms which could have masked the growth of Verticillium in the 

medium or to t h e low inoculum level of Verticillium in roots. 

Seed Transmission Studies 

At this point of investigation, the results of examination of the 

diseased seedlings and parent plants indicated a high probability of 

bacterial infection. This was considered when studies were made to 

evaluate the importance of seeds in transmission of the disease. 

Therefore, seeds collected from naturally infected and inoculated 

plants were germinated under aseptic conditions and tested in culture 

media. The object of this study was: (1) to determine if the acciden- 

tal contamination had been responsible for the outbreak of the disease 
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TABLE 4. Results of cultures of 82 diseased (1960 -61) parent 
plants showing the percentages of bacteria and Ver - 
ticillium isolated from sections of different parts of 
the plants. 

PART OF 
PLANT 

CULTURED 

PER 
CENT 

BACTERIA 

PERCENT 
VERTI- OTHER 

FUNGI 

PERCENT 
STERILE 
TISSUE CILLIUM 

Old Stem 12 2 33.7 52. 3 

Tissues 

Young Stem 2 3 25. 5 69. 5 

Tissues 

Petiole, Leaf 8 2. 2 35. 2 54. 6 

Florescence 
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in 1961 -62 seedlings; (2) to verify that the disease was seed borne; 

(3) to determine the relative incidences of bacteria and Verticillium 

in seeds by culture techniques. 

A. Cultures of Seeds. 

Seeds which were cultured were of four groups: (1) those 

from infected 1960 -61 parent plants; (2) seeds from 1961 -62 seed- 

lings; (3) seeds collected from 1963 seedlings; (4) seeds from plants 

which were inoculated with known Verticillium isolates. These seeds 

along with the seeds from healthy plants, were cultured in PDA, The 

seeds were either plated whole, cut, or smashed. They were either 

surface sterilized in 1/1000 HgC12 one minute, in Clorox (ten per- 

cent), or washed in a series of sterilized distilled water blanks, The 

readings were taken after one week. 

Of the total 5547 seeds cultured from the infected parent plants, 

seedlings, and inoculated plants, Verticillium was not isolated by 

any method used (Tables 5 and 6), Bacteria were isolated from a high 

percentage of seeds of 1960 -61 parent plants. Seeds collected from 

infected seedlings proved to be sterile for the most part. Plants inoc- 

ulated with known Verticillium isolates evidenced a rather high per- 

centage of contaminants in their seeds, Penicillium was among the 

contaminants which appeared most frequently in cultures. Seeds of 

plants used as controls also evidenced 2, 8 percent bacteria in culture. 
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TABLE 5. Percentages of organisms isolated from seeds of differ- 
ent groups of infected and inoculated plants. 

PLANTS NUMBER PER- PERCENT OTHER PERCENT 
SEEDS CENT VERTI- FUNGI STERILE 

CULTURED BACTERIA CILLIUM SEED 

1960 -61 
parent 
plants 694 15.5 0 4.6 79.9 

1961 -62 
Seedlings 1746 1. 1 0 6. 4 92, 5 

1963 
Seedlings 1533 0.75 0 6.95 92.3 

Plants 
inoculated 1574 
with known 

0. 8 0 20, 5 78. 7 

Verticillium 
isolates 

Control 747 2.8 0 7.9 89.3 
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TABLE 6. The effects of different disinfectants upon the percentage 
of organisms isolated from seeds of naturally infected 
and inoculated plants. 

TREAT- BACTERIA VERTICILLIUM OTHER STERILE 
MENT PERCENT- PERCENTAGE FUNGI SEEDS 

AGE PERCENTAGE 

One minute 
in %10 

Clorox 4. 4 0 3. 49 92. 11 

One minute 
in 1/1000 
mercury 
bichloride 1.84 0 2. 11 96. 05 

No treatment 
(Washed in 

sterile dis- 
tilled water) 

10. 53 0 23. 41 66. 06 
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it is probable that the apparently healthy plants which were used as 

controls but grown near infected plants had become contaminated. 

Using one minute of 1 /1000 mercury bichloride proved to be very 

effective in surface disinfection of seeds (Table 6). 

B. Seedlings From Selected Diseased Plants, 1963. 

Seeds were collected from the infected plants, germinated un- 

der sterile conditions, grown in sterilized soil, and allowed to grow 

to maturity. The seedlings (1963) remained quite healthy for three 

to four months but started to show symptoms just before blooming, 

From May through July, symptoms developed in these 1963 seedlings 

quite rapidly. Some of the symptoms were similar to those of their 

parents and some differed. Symptoms of these plants fell into three 

categories as follows: 

1. Symptoms which resembled bacterial infection. These ap- 

peared first as water - soaked areas on under side of the leaves that 

later became sunken and necrotic; or necrotic spots started from the 

edges of the leaves. In later stages of the disease necrotic effects 

increased and some branches developed terminal die -back (Figure 1). 

2. Symptoms which were mainly yellowing and wilting. These 

symptoms developed acropetally and the leaves became flaccid before 

drying. Affected leaves subsequently hardened, assumed a parch- 

ment-like appearance and hung on for months in a fashion totally 
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Early stage of bacterial infec- 
tion showing necrotic spots on 
the lower leaves of five- month- 
old seedlings before blooming. 

Late stage of bacterial infec- 
tion showing terminal die - 
back of the shoots two months 
later at blooming. 

FIGURE 1. Development of bacterial symptoms in 1963 seedlings 
which were grown from infested seeds of 1960 -61 
parent plants. 

r 
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different from the normal yellowing and dropping of aged leaves. 

3. Symptoms which were characteristic of virus infection. 

Some developed interveinal yellowing and chlorosis called Yellow Net 

Vein by some investigators; others developed curling, crinkling, 

and defoliation of the leaves. Some of these seedlings later recover- 

ed to some extent. 

C. Cultures of 1963 Seedlings. 

One hundred twenty nine seedlings described under B were in- 

volved in this experiment. Cultures were made from petiole and 

stem tissues of these seedlings by surface sterilizing sections in ten 

percent Clorox from one to three minutes and plating them in PDA. 

Verticillium was not isolated from any of these tissues, but 30 per- 

cent of all tissues yielded bacteria. 

The bacteria were grouped on a colony basis into five distinct 

types, two of which (X and Z) proved to be pathogenic. Colony char- 

acteristics of these bacteria on PDA are briefly summarized as fol- 

lows: 

Type A = Fast growing, smooth edge, watery appearance. 

Type B = Fast growing, irregular, milky appearance. 

Type X = Slow growing, smooth edge, yellow. 

Type Y = Very slow growing, smooth edge, pinkish. 

Type Z = Having characteristics color of both X and B. 
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Isolates from types X and Z, which were tentatively identified 

as Xanthomonas and Pseudomonas species respectively, proved to 

be pathogenic when applied to the stems of healthy seedlings through 

incisions made with a razor blade. The wounds were then covered 

with adhesive tape and the plants were left in a moist chamber for 

24 hours. Small seedlings were inoculated by dipping their roots 

in bacterial suspensions. Figure 2 shows symptoms in an inoculat- 

ed seedling after two weeks. Necrotic spots formed on the leaves of 

inoculated seedlings were similar to the ones formed naturally on 

the 1963 seedlings which were the sources of the inocula. Other 

bacterial isolates used in preliminary inoculation tests, did not pro- 

duce any symptom. Experiments are being conducted to identify 

some of these isolates and evaluate their pathogenicity. 

Inoculation Tests Using Verticillium Isolates 

In a series of inoculation tests some known Verticillium iso- 

lates from geranium and peppermint were studied. The purpose of 

this study was: (1) to evaluate the pathogenicity of these isolates; 

(2) to compare symptoms of inoculated plants with those of natural- 

ly infected plants; (3) to determine the consistency of isolating Verti- 

cillium from inoculated plants. The isolates were: (a) a two -year- 

old geranium isolate; (b) new isolates from geranium; (c) an isolate 

pathogenic to peppermint. 
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Left, a naturally infected 1963 seedling; right, an inoculated plant 
showing marginal yellowin and necrotic spots. 

Right, necrotic spots produced on the leaves of a naturally infected 
seedling; left, symptoms produced by inoculation. 

WILTED By nroanisnar zinc= . NOT INIOCULATID 

FIGURE 2. Bacterial symptoms produced in a naturally infected 
1963 seedling as compared with those produced in an 
inoculated plant after two weeks. 
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Inoculation methods in which a number of commercial varie- 

ties and seedlings were used consisted of: (1) dipping roots in a 

spore suspension; (2) soil inoculation; (3) stem inoculation. Root 

dip inoculation appeared to be most effective for young seedlings. 

Soil inoculation was successful with older seedlings and commercial 

varieties whose roots were established in the soil. Soil inoculation 

was accomplished by pouring a spore suspension into four holes made 

around each plant by probing the soil with a metal bar five mm. in 

diameter to a depth of about ten cm. 

A two -year -old culture of Verticillium isolated from the infect- 

ed geranium plants at the time of McWhorter's investigation (34) 

did not seem to be pathogenic. Seedlings and various commercial 

stocks which were inoculated with the old isolate failed to show any 

symptoms within a period of one to two months after inoculation. 

New isolates of Verticillium, however, which were recovered from 

parent plants, produced symptoms in inoculated plants after two 

weeks. The inoculated plants later became severely infected show- 

ing a type of brown stem coloration which started from lower portion 

of the stem but never advanced beyond the mid -portion of the stem. 

In another series of inoculation tests a pathogenic isolate of 

Verticillium from peppermint was used. This isolate also proved 

to be pathogenic to geranium plants. The symptoms of inoculated 

plants ranged from mild to severe as reported by Torgeson (64). In 
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mild cases either occasional leaves wilted or circular chlorotic spots 

appeared on the surface of leaves. In severe cases of the infection, 

the lower leaves wilted and collapsed, the lower portion of the stem 

became discolored usually turning brown, but the terminals of the 

main stem and shoot branches escaped the damage (Figure 3). As 

far as Verticillium infection of geranium is concerned, various varie- 

ties have different responses. 

A new type of symptom was observed in some inoculated seed- 

lings. The symptoms started with the edges of leaf turning purple. 

It extended to other areas of the leaf as irregular colored patches. 

Soon the whole leaf turned purple and wilted. Drying followed the 

coloration from the edges of leaf extending toward the center. The 

leaf then turned a brownish color. Veins appeared as dark red and 

sometimes brown. This type of symptom appeared in July and it may 

be related to high light intensity and temperature during this month. 

Recovery of Verticillium from the inoculated plants was easy 

when mint isolates were used, Using Clorox as a disinfectant, Ver- 

ticillium was recovered on PDA at a rate as high as 85 percent from 

petioles (Figure 4) and 34 percent from leaves four months following 

soil inoculation. Recovery was, however, difficult when Verticillium 

isolates from geranium were used. 
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Plants grown under the same condition and inoculated with the same 
amount of Verticillium suspension show different responses to infec- 
tion. 

Leaves from plants inoculated with Verticillium show different types 
of chloroses. 

FIGURE 3. Extent of injury in geranium plants 100 days following 
soil inoculation with a spore suspension of a pepper- 
mint isolate of Verticillium. 
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FIGURE 4. High percentage of recovery of Verticillium from 
petioles of inoculated geranium plants four months 
following soil inoculation with peppermint isolate. 

CULTURE _ VIsRTICILLIUM FROM GERANIUM 

Aug 9, 1963 -134 
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Behavior of Diseased Plants 

Experiments were conducted to study the behavior of the dis- 

eased plants under controlled nutritional levels and to determine the 

rooting ability of cuttings from these plants. 

Nutrition variations appeared to have significant effects upon 

the infected plants. It was observed that under complete nutrition 

and high nitrogen levels the plants would grow vigorously and soon 

the symptoms would be masked by new growth. Some plants, kept 

in isolation, fed biweekly with a complete nutrient solution, gradual- 

ly recovered, but if the nutrient level was reduced, the plants would 

soon return to their former state. 

Cuttings were made from infected parent plants to study their 

rooting ability. Cuttings ten to fifteen cm. long were taken from the 

branches where the symptoms showed least, and placed in perlite for 

four weeks. During this period, 23 of the total of 53 cuttings failed 

to root. Thirty cuttings which were rooted were placed in four inch 

pots of sterilized soil. These plants stayed in excellent condition 

for three months after which period the first symptoms of wilting and 

yellowing appeared in some of them. Most of these plants eventually 

produced symptoms, but none, however, became as severely infected 

as their mother plants. 
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DISCUSSION 

The results of this investigation on diseased seedlings can be 

interpreted in two ways. If one considers the history of the infected 

plants and makes his diagnosis of the disease on the basis of pure 

observation, one is inclined to consider Verticillium infection as 

being the primary objective of this investigation. But if one neglects 

what is already known about these plants and draws his conclusion 

from the facts revealed from analysis of these data, the importance 

of Verticillium infection becomes questionable. 

Perhaps the conditions under which geranium seeds become 

infested are overlooked. There are times when unusual conditions 

are produced under certain degrees of light intensity, temperature, 

and moisture. It may be impossible to discover and duplicate that 

particular condition under controlled environment. 

It is not difficult to assume, therefore, that Verticillium in- 

fected geraniums could have introduced the fungus into their seeds 

under those favorable conditions. Sackston and Martens (54) inves- 

tigating the role of sunflower seeds in dissemination of Verticillium 

albo- atrum, state that "seed infestation may occur only under favor- 

able circumstances." 

Considering the peculiar behavior of Verticillium- infected 

plants and the type of invasion which might have occurred in the 
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seedlings of geranium, one can assume that latent infection can pro- 

duce symptoms similar to those which appeared in the seedlings of 

1961 -62. Kamal and Wood (26) working with Verticillium wilt of cot- 

ton, proved that wilting was delayed under conditions unfavorable for 

respiration. Nelson (43) from his investigation of Verticillium wilt 

of Pelargonium states that in some cases the infected plants may not 

show symptoms for a long time after which the entire plant may sud- 

denly collapse. 

The reason why the old geranium isolate of Verticillium did 

not appear to be pathogenic might relate to the type of invasion and 

the conditions under which the infection occurs. Keyworth (27) from 

his investigation on the "relative roles of root and stem in the deter- 

mination of wilt severity" concludes that the reaction of the stem of 

the Fuggles variety of hop is governed by conditions relating to the 

type of invasion not to strain of pathogen. A likely explanation of no 

infection, and one of common occurrence, is that the isolate could 

loge pathogenicity while stored for two years due to effects of stal- 

ing products. 

The fact that Verticillium was recovered from the infected 

plants in such a low percentage can be correlated to either low inoc- 

ulum level or to the presence of other organisms which could have 

outgrown Verticillium in culture media. 

The antagonistic effect of other organisms, which have been 
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shown to have adverse effects upon Verticillium cannot be ignored. 

Wilhelm (71) found Verticillium albo -atrum to be rather sensitive. 

It was observed to be checked or killed by Chaetomium, Stachybotrys, 

and Gliocladium. Chaetomium was isolated repeatedly from the in- 

fected geranium plants. Stachybotrys also has been recovered with 

a number of other related organisms which might have eliminated 

Verticillium to some extent. Caroselli (11) also found that a soil 

actinomycete and a bacterium (Bacillus subtilis) was antagonistic to 

some strains of Verticillium in Czapek's agar medium. 

It is also probable that Verticillium, if in the mycelia - conidial 

state, could have disappeared due to lack of viability in the soil. 

Schreiber and Green (56) studied the survival of Verticillium albo- 

atrum and Verticillium dahliae in mineral soil by determining the 

percentage of infection in tomato plants which were used as indicators. 

From this study they concluded that the fungus would lose its viability 

after 14 weeks in the soil if used as mycelial - conidial form. This 

truly indicates the possibility of mycelial and conidial stages of the 

fungus disappearing from the soil after initiating the disease. 

There are also indications that Verticillium might have been 

killed by unfavorable conditions. This can be proved by other sup- 

porting evidence. Menzies (36) found that fungicidal compounds 

which kill microsclerotia of Verticillium can arise from anaerobic 

fermentation in soil. His experiment showed that microsclerotia 
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of Verticillium dahliae were killed by flooding of six weeks duration. 

The reason why Verticillium was not detected in soil and roots 

by dilution plate methods might have been due to the improper tech- 

niques. As Warcup (69) points out in his paper "Studies on the occur- 

rence and activity of fungi in a wheat -field soil, " dilution plates may 

fail to detect many fungi that are present in the soil in hyphal stages. 

It seems that the dilution plate method actually gives little informa- 

tion about the activity of fungi in the soil. 

Although the above data support the hypothesis that Verticillium 

albo -atrum might have been involved in seed dissemination and that 

the complex symptoms produced in the seedlings might have been in- 

duced by that organism, there is also conclusive evidence that negates 

Verticillium infection and indicates the involvement of bacteria or 

possibly other organisms in the seedling plants under investigation. 

It has been demonstrated by Munnecke (39) that the Pelargonium 

wilt induced by Xanthomonas pelargonii can start at the margin of the 

leaf blade leaving petioles initially turgid. Infected areas of the 

leaves become necrotic in angular spots bounded by the veins 

There have been similar types of angular symptoms appearing 

rather frequently in the infected seedlings with the difference that the 

necrotic areas are not necessarily bounded by veins. As this angular 

necrosis, called "edge burning" by some investigators, advances to- 

ward the center of the leaf. the petiole loses its turgidity and the 
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whole leaf soon wilts and collapses (Figure 5). 

The latency of bacterial infection in geranium has been known 

to the growers for many years. Several experiment stations are in- 

troducing culture techniques for indexing disease -free stocks. Kivi- 

laan and Scheffer (28) working with bacterial stem rot of Pelargonium 

found that a high percentage of commercial stocks carry Xanthomona s 

pelargonii in a latent form. They also state that the development of 

the disease may be delayed under unfavorable conditions. Nelson (43) 

who agrees with the marginal necrosis symptoms described by Mun- 

necke, states that the disease induced by X. pelargonii may be latent. 

The results of culture studies show a rather high percentage of 

bacterial recovery from the infected plant parts and their seeds. The 

30 percent yield of bacteria from 1963 seedling cultures and the fact 

that the seeds collected from infected parents were germinated and 

grown under sterilized conditions, indicate the high probability of 

bacterial dissemination by seeds. It would be difficult, however, to 

assume that nearly 100 percent of 1961 -62 and 1963 seedlings became 

infected as the result of seed dissemination alone. Perhaps a more 

logical answer would be to suggest a possible spread of bacteria from 

plant to plant or in the soil by diseased plant parts in addition to the 

initial role of seed dissemination. 

It is questionable whether the bacteria involved are ones which 

have already been described or are of different species. From what 
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Appearance of "edge burning" symptom in 1961- 
62 infected seedlings at different areas around 
the leaf. 

Advancement of angular necrosis or "edge burn- 
ing" to the center of the leaf followed by drying 
of the leaf. 

FIGURE 5. Appearance and development of angular necrosis or 
"edge burning, " a common symptom of 1961 -62 
seedlings. 

4' 

4r0 
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is known of inoculation tests using various bacterial isolates, it ap- 

pears that at least two of the isolates are definitely pathogenic. 

The two isolates which appeared to be pathogenic were yellow 

and milky on PDA. They are believed to fit the description of Xan- 

thomonas and Pseudomonas species respectively, which have been 

described by several workers, Burkholder and Starr (9), Munnecke 

(39), and Mortimer P. , Starr et al. (59). The fact that two or more 

strains of bacteria were often isolated from a single plant indicates 

that the disease complex could have resulted from more than one 

pathogenic strain of bacteria. 

Symptoms produced in inoculated plants using different Verti- 

cillium isolates were not quite the same as those of infected plants. 

Necrosis of the basal portion of stems appeared to be the sign of 

severe infection. "Edge burning, " one of the symptoms of 1961 -62 

seedlings, was scarce in artificially inoculated plants. This will in- 

dicate that diverse symptoms of geranium thought to be caused sole- 

ly by Verticillium could have been in part due to bacterial infection. 

As far as the effect of nutrition on the behavior of the diseased 

seedlings is concerned, it has been observed that their response fol- 

lows that of bacterial but not Verticillium infection. This is support- 

ed by the work of some investigators who have found that in some 

crops the incidence of Verticillium infection increases with the in- 

crease in mineral nutrient concentration, whereas symptoms of 
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bacterial wilt decrease. The recovery of diseased seedlings under 

high level of nutrient concentration, therefore, increases the prob- 

ability of bacterial rather than Verticillium infection. 

Literature on the pathogenic bacteria of Pelargoniumis con- 

fined to few principal strains. There is a need for evaluation of 

pathogenicity and precise identification of bacterial isolates found 

in the diseased plants under investigation. This may lead to descrip- 

tion of new species which may explain this seed borne disease and 

complex symptoms produced by so- called "unknown factors. " 
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SUMMARY 

The results of analyses of data and experiments conducted dur- 

ing this investigation to determine the importance of Verticillium 

albo -atrum Reinke and Berth. in seed dissemination and induction of 

a latent disease of Pelargonium indicated the following: 

1. Verticillium albo -atrum did not play an important 

role in induction of the latent disease described 

in this paper. 

2. Verticillium fungus could not be demonstrated to 

be seed borne in Pelargonium when seeds from 

infected plants were cultured. 

3. Bacteria were, however, demonstrated to be seed 

borne in infected plants and are thought to be re- 

sponsible for the induction of the latent disease. 

4. Two of the bacterial isolates were found to be path- 

ogenic and tentatively considered as Xanthomonas 

and Pseudomonas species. Other bacterial isolates 

which were different morphologically from the 

above two species in culture media, did not prove 

to be pathogenic in preliminary tests. 

5. From 'inoculation tests using different strains of 

Verticillium, it was demonstrated that the symptoms 



57 

produced in artificially inoculated plants were 

different from those of the naturally infected 

seedlings. It was also demonstrated that Pelar- 

gonium varieties respond differently to a patho- 

genic strain of Verticillium. 

6. In experiments conducted to observe the behavior 

of infected plants under controlled environment, 

nutrition was found to have direct effect upon the 

incidence of the disease. Infected plants recover- 

ed from symptoms under high nutrient level. This 

is commonly characteristic of plants infected with 

bacteria. 
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APPENDIX 1. General condition of 1960 -61 diseased parent plants 
recorded in October, 1962, showing the number of 
light and heavy symptom leaves with dead terminal 
shoots. 

Plant 
No. 

Height 
in cm. 

Light 
Symptom 
Leaves 

Heavy 
Symptom 
Leaves 

No. Dead 
Terminal 

Shoots 

General 
Condition 

408 62 11 23 3 + + ++ 

423 38 24 3 3 + ++ 

427 30 7 13 3 + ++ 

431 68 12 32 0 + ++ 

442 62 19 52 3 + + ++ 

456 85 12 26 4 + + ++ 

461 27 15 25 0 + ++ 

467 55 18 46 4 + + ++ 

480 60 5 10 0 + + ++ 

500 22 9 15 2 + + ++ 

501 55 4 2 0 ++ 

502 38 6 6 1 ++ 

503 43 15 32 4 + + ++ 

504 47 5 7 1 ++ 

505 74 8 6 1 + + ++ 

506 54 7 12 2 + ++ 

507 64 10 13 5 + ++ 

508 46 19 25 5 + + ++ 

510 70 15 2 0 + ++ 

513 54 14 26 6 + + ++ 

515 80 20 14 1 + + ++ 

516 70 25 9 0 + + ++ 
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Plant 
No. 

Height 
in cm. 

Light 
Symptom 

Leaves 

Heavy 
Symptom 
Leaves 

No. Dead 
Terminal 

Shoots 

General 
Condition 

518 40 10 20 4 + + ++ 

520 30 3 2 1 + 

521 86 5 8 0 + + ++ 

522 74 2 5 0 + + ++ 

523 64 30 1 1 + ++ 

524 33 8 5 0 + 

525 33 13 2 0 ++ 

526 34 6 8 0 ++ 

527 30 6 6 0 ++ 

528 40 8 15 0 + + ++ 

529 36 7 16 1 ++ 

530 45 6 18 0 ++ 

531 48 5 19 0 ++ 

532 25 15 18 0 ++ 

533 27 4 12 0 + 

534 45 4 10 1 + ++ 

535 43 8 1 1 + + ++ 

600 62 6 11 1 ++ 

601 58 8 12 0 + + ++ 

602 36 6 0 0 + 

606 64 8 6 0 + + ++ 

607 34 6 6 2 + ++ 

608 66 6 12 4 + + ++ 

610 63 10 15 1 + ++ 

611 82 12 16 2 + ++ 
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Plant 
No. 

Height 
in cm. 

Light 
Symptom 
Leaves 

Heavy 
Symptom 
Leaves 

No. Dead General 
Terminal Condition 

Shoots 

614 58 2 0 0 ++ 

616 56 6 11 0 ++ 

618 59 6 8 1 +++ 

619 69 4 1 0 +++ 

620 67 14 4 0 ++ 

622 64 4 2 0 +f+ 

623 40 28 5 2 ++++ 

624 45 6 7 1 +++ 

625 57 26 4 2 +++ 

626 27 6 3 3 +++ 

627 52 7 6 2 +++ 

628 73 3 2 0 +++ 

1007-1 28 2 8 1 + 

1007-2 40 6 32 2 +++ 

1007-3 50 5 3 1 +++ 

1007-4 75 6 5 0 ++ 

1007-5 43 5 8 0 ++ 

1007-6 76 5 4 2 +++ 

1007-7 75 5 22 0 ++ 

2021-1 48 8 2 2 +++ 

2021-2 68 18 8 2 ++++ 

2021-3 81 15 14 4 ++++ 

2021-4 46 3 6 2 +++ 

2021-5 48 12 26 1 +++ 

2021-6 70 9 13 4 ++++ 
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Plant 
No. 

Height 
in cm. 

Light 
Symptom 

Leaves 

Heavy 
Symptom 

Leaves 

No. Dead 
Terminal 

Shoots 

General 
Condition 

2021 -7 65 6 6 3 + + ++ 

2021 -8 53 11 8 2 ++ 

2021 -9 15 2 2 2 ++ 

2021 -10 28 5 1 0 ++ 

51003 -1 56 9 5 0 +± 

51003 -2 52 4 4 0 ++ 

51003 -3 58 3 12 0 ++ 

51003 -4 24 5 2 1 ++ 

51003 -5 35 7 8 0 ++ 

5158 -1 50 6 0 0 + 

+ + ++ Very Poor 
+ ++ Poor 
++ Fair 
+ Good 
0 Excellent 

= 

= 

= 

= 

= 


