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ABSTRACT 

The chemotherapeutic activity of dichlorotetra-

fluoroacetone hydrate (DCTFA) was studied. It was 

observed that DCTFA was not active against various fungi 

in vitro but showed considerable activity against three 

phytopathogenic bacteria: Agrobacterium tumefaciens, 

Xanthomonas malvacearum and Erwinia carnegieana. It was 

found to be readily absorbed and translocated when 

applied through the roots but apparently was not trans

located when painted or sprayed on leaves. It was 

effective in inhibiting continued development of estab

lished bean rust infections both when applied as a spray 

or through the roots, but uredospores which matured 

prior to treatment germinated well when collected from 

treated bean plants. Solutions of 500 ppm DCTFA caused 

marginal leaf burning when applied as a spray directly 

to the leaves, whereas, concentrations as low as 25 ppm 

were phytotoxic when absorbed through the roots. 

In attempts to determine the mode of action of 

DCTFA, no effect on respiration of infected or non-

infected host tissue could be demonstrated. There was 

found to be no effect on net photosynthesis. Polyphenol 

oxidase activity of the host was increased in plants 

ix 
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receiving DCTFA absorbed through the roots. The relation 

of this to a possible defense mechanism is discussed. 

Trichlorotrifluoroacetone was found to be com

pletely inactive over a similar range of concentrations. 

No satisfactory bioassay of DCTFA activity in vitro was 

developed. 



INTRODUCTION 

The application of protectant fungicides to plants 

offers effective control for a number of plant diseases. 

This method of disease control, however, has a number of 

serious limitations. Coverage of the exposed plant sur

face is seldom complete, leaving appreciable areas, as 

well as the newly growing parts of the plants, unprotec

ted. The most serious limitations to the use of protec

tant fungicides are that they do not eradicate established 

infections or control diseases caused by soil-borne plant 

pathogens. The search by plant pathologists for chemo-

therapeutants which would not have these limitations was 

given impetus by the successful development of systemic 

insecticides about twenty years ago. 

Horsfall and Dimond (3&) defined chemotherapy as 

disease control by chemicals which are introduced into 

the host and which by their effect upon host or pathogen 

reduce or nullify the effect of the pathogen after it has 

entered the plant. Horsfall (39) distinguished two dif

ferent types of chemotherapy: 

(a) 'Topical chemotherapy' in which the chemo-

therapeutant penetrates only a small distance into the 

plant and has a local effect. 

1 
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(b) 'System chemotherapy' in which the chemical 

is translocated to the various parts of the plant. 

There is some discrepancy in the literature with 

respect to the terms 'chemotherapeutant' and 'systemic 

fungicide', and in some instances they have been used 

interchangeably. Cremlyn (11) defined systemic fungicide 

as a compound which is taken up by the plant and is then 

translocated within the plant system thus protecting the 

plant from the attack of the pathogenic fungi or limiting 

an already established infection. A close examination of 

this definition indicates that it agrees closely with the 

definition of systemic chemotherapeutant suggested by 

Horsfall (39). However, the term 'systemic fungicide' 

gives the connotation that the compound involved is a 

fungicide, effective only against the pathogen after its 

entry into the host and does not act in any other means 

than killing the fungus. 

In order to avoid ambiguity between the terms 

'systemic chemotherapy' and 'systemic protection', Oort 

and van Andel (55) introduced the new term 'systemics'. 

In the current literature the term 'systemic compound' is 

commonly used. In order to be consistent in terminology 

the term 'systemic compound' will be used throughout this 

dissertation. 
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Systemic compounds can be divided into two 

groups (1$). 

1. Compounds which are fungitoxic in vitro• 

Usually these compounds are called systemic fungicides. 

Their systemic activity may be due to the direct toxic 

action on the pathogen within the plant. 

2. Compounds which are not fungitoxic in vitro, 

but are curative when inside the plant. Regarding their 

mode of action the following possibilities can be sugges

ted ( i d ) .  

(a) Conversion of the compound into the fungi

toxic entity after entry into the host plant. 

(b) Inhibition of the enzymes of the pathogen 

which are essential for the attack on the host plant. 

(c) Increase in host resistance by inter

ference with the host's metabolism. 

A systemic compound may act by virtue of one of 

the above or a combination of more than one method. 

There appear to be two main reasons for the slow 

evolution of the development of systemic compounds for 

the control of plant diseases (23)- First, various plant 

pathogens are different in character which may be respon

sible for the selective toxicity of certain compounds. 

Second, the requirements for a systemic compound are much 

more rigorous than for a protective or an eradicative 
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fungicide. The systemic compound must be translocatable, 

and, most important, it must be toxic only to the patho

gen and not the host at the concentrations used. To pro

duce such a compound is obviously difficult. Systemic 

insecticides are used to protect plants against species 

which belong to an entirely different kingdom of living 

beings and one of the most fundamental differences between 

the two species is the presence of the nervous system in 

the insects and its absence in their host; whereas, in 

the case of fungicides, the biochemical mechanisms of 

the host and pathogen are very similar. On this basis 

the plant pathologist must seek compounds with more 

subtle selective action than does the entomologist. 

The field of systemic control of plant diseases 

has grown tremendously in the last twenty-five years. 

Systemic control of plant diseases is appealing to plant 

pathologists because theoretically it opens avenues to 

control a number of plant diseases such as vascular wilts, 

root rots and diseases caused by obligate parasites, 

which until now have been difficult to control. Further, 

there are now a number of compounds available for experi

mental as well as for commercial use which exhibit 

systemic activity. Finally, it appears that the systemic 

compounds now in use once applied to the plant are readily 

metabolized by the host and are, therefore, less hazardous 
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to man and other animals than the conventional protec

tants and eradicants. It is interesting to note that 

some of the most active systemic compounds used in the 

control of plant diseases are 'antibiotics'. Anti

biotics are metabolites of microorganisms which inhibit 

the growth of other microorganisms. 

The investigations reported in this thesis con

cern various aspects of the systemic activity of sym

metrical dichlorotetrafluoroacetone (DCTFA) known to be 

active against a number of different rusts on different 

hosts. More specifically, these investigations deal with 

the mode of action, translocation, phytotoxicity, and 

persistence of DCTFA inside the host. All experiments 

reported herein were performed on bean rust (Uromyces 

phaseoli (Pers.) Wint. var. phaseoli) on pinto beans 

(Phaseolus vulgaris L.). The choice of pathogen and 

host was mainly based on the convenience with which they 

can be raised and maintained in the greenhouse. 



LITERATURE REVIEW 

Long before the dawn of western civilization, 

Indians, Greeks and Romans made extensive use of various 

plant parts and their extracts to cure many human diseases. 

The curing of human diseases by the ingestion of plant 

parts and their extracts is known as 'internal medicine' 

or 'chemotherapy'. 

Use of systemic compounds in plant disease control 

is a relatively new science in comparison with the chemo

therapy of human diseases. Presently, antibiotics play a 

major role in the systemic control of plant diseases, 

because of their translocatability and their being rela

tively non-phytotoxic. Moreover, many antibiotics can be 

manufactured synthetically on a commercial scale. In order 

to avoid confusion between the developmental history of 

antibiotics and synthetic systemic compounds, it would be 

appropriate to trace the developmental history of each 

group of compounds separately. 

Development of Antibiotics 

The discovery of penicillin by Fleming in 1929 

accelerated the search by plant pathologists for anti

biotics for use in the control of plant diseases caused by 

6 
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bacteria, fungi and viruses. Weindling ($3) observed 

the antagonistic effects of Trichoderma lignorum Pers. 

ex Fr. (T. viride) against the damping-off fungus 

Rhizoctonia solani Kuehn. Later, in 1936, Weindling and 

Emerson (34) were successful in isolating and character

izing a toxic chemical from Trichoderma lignorum and 

named it gliotoxin. Brown and Boyle (3) were the first 

to demonstrate the potential value of antibiotics in 

plant disease control by showing that penicillin could 

control crown gall. 

Cremlyn (11) considered that at the present time 

the most important antifungal antibiotic is griseofulvin 

discovered in the mycelium of Penicillium griseofulvum 

by Oxford, Raistrick and Simonart (56). This antibiotic 

has shown considerable activity against a variety of 

fungi and has practically no phytotoxicity. Schatz, 

Burgie and Waksmann (64) reported the discovery of strep

tomycin isolated from Streptomyces griseus (Krainsky) 

Waksman et Henrici. Streptomycin showed good activity 

against Erwinia amylovora (Burr) Winslow et al., the 

bacterium causing fire blight of pear (5, 6). Soon after 

the discovery of streptomycin, another antibiotic was 

isolated from the same fungus by Whiffen, Bohonos and 

Emerson (65). This antibiotic was named actidione and is 

chemically known as cyclohexamide. 
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Since then a large number of antibiotics have 

been discovered, which act as bacteriocides and fungi

cides. A number of tetracycline antibiotics were reported 

during the period 194$-53, which are produced by a number 

of different Streptomyces spp. (21). Between the period 

of 1950-60 more than forty antibiotics were discovered 

which contain a conjugated polyene chromophore. This 

group contains antibiotics which can be exemplified by 

tetraenes, nystatin, rimocidin and pimaricin. They show 

activity against a number of fungi and bacteria. A num

ber of these antibiotics are finding an increasing use 

in the control of various plant diseases. Recently, 

Smale, Montgillion and Pridham (72) showed the systemic 

activity of antibiotic phleomycin against bean rust at a 

concentration as low as 5 ppm. 

Development of Synthetic Systemic Compounds 

The interest in controlling plant diseases by 

the use of synthetic systemic compounds dates back to the 

report of Fron (30) on the use of 3-hydroxyquinolin 

against the dutch elm disease fungus, Ceratostomella ulmi 

Buis in Prance. Hassenbrauk (36) reported a reduction 

in the incidence of wheat rust by application of p-amino-

benzene sulfonamide through the roots. Hart and Allison 

(35) further demonstrated the effectiveness of picric 

acid, p-toluolsulfonamide and sodium bromide against the 



wheat stem rust when applied through the roots. Strong 

and Cation (75) were successful in controlling cedar 

rust galls by painting them with sodium 2-4-dinitro-o-

cresylate. Howard (42) reported the suppression of 

symptoms caused by Phytophthora cactorum (Leb. & Cohn) 

Schroet. of maple by injecting diaminobenzene dihydro-

chloride. At about the same time, Ark (4) controlled 

the crown gall bacterium Agrobacterium tumefaciens 

(E. E. Sm. & Town) Conn, by using sodium 2-4-dinitro-

o-cresylate. 

Encouraged with the results of Eron (30) with 

3-hydroxyquinoline, a group of plant pathologists at the 

Connecticut Agricultural Experiment Station at New Haven 

again tested $-hydroxyquinoline against the dutch elm 

disease fungus. Zentmyer ($6) established the useful

ness of this compound. At the same laboratory, Stoddard 

(73) showed the systemic activity of p-aminobenzenesulf-

anamide against the virus X disease. 

McNew and Sundholm (52) while working on the con

trol of early blight of tomato demonstrated that upward 

translocation of 4-nitrospyrazole can take place within 

the tomato plant when the lower leaf is immersed in the 

toxicant solution. They obtained 44 percent control over 

the untreated plants within 36 hours. Crowdy and Wain 

(12) observed the activity of phenoxycarboxylic acids 
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against the chocolate spot disease of broad beans caused 

by Botrytis fabae Sard. They suggested that the incor

poration of these compounds increases the host resistance 

against this disease. Dimond and Davis (24) presented 

the same explanation while using benzothiazoles and 

related compounds against the Fusarium wilt of tomatoes 

caused by Fusarium oxysporum Schlect f. lycopersici 

(Sacc.). Livingston (49) screened one hundred and 

seventy-nine compounds against wheat stem rust disease. 

Hotson (41) observed that some of the sulfa drugs had a 

marked fungitoxic activity against wheat stem rust at a 

concentration as low as 5 lbs. per acre. He further 

observed that control of these sulfa drugs could be 

counteracted by p-aminobenzoic acid and folic acid 

which he concluded were two vitamins required in the 

metabolism of Puccinia graminis Pers. f. sp. tritici. 

Erick & E. Henn. 

Sanders and Allison (63) used conidia of Moni-

linia fructicola (Wint) Honey in a bioassay to demon

strate the translocation and systemic activity of 2-

pyridinethiol-l-oxide (PTO) in the various portions of 

cucumber plant. They further noted that the toxicant was 

readily translocated, especially towards the roots. The 

concentration of PTO decreased as the time interval 

between the treatment and the bioassay increased, 
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indicating the breakdown of the toxicant by the host. 

Systemic activity of PTO was further confirmed by 

Sijpesteijn, Rombants, van Andel and Dekker (67) against 

Cladosporium cucumerinum Ell & Arth. and Botrytis fabae. 

From their studies they concluded that PTO is only trans

located downwards since no inhibition of the fungi could 

be obtained when the toxicant was applied through the 

roots. It has been shown (47) that the application of 

phenylthiourea to apple leaves increases their resistance 

to the apple scab fungus Venturia inaequalis (Cke) Wint. 

It is noteworthy that phenylthiourea is an inhibitor of 

polyphenol oxidase, an enzyme involved in biochemical 

resistance to plant pathogens. Sijpesteijn and Pluijgers 

(69) made a thorough examination of the role played by 

phenylthiourea in the inhibition of polyphenol oxidase 

using cucumber seedlings and confirmed the views put 

forward by Kuc et al. (47). Investigations have shown 

that the foliage application of the semicarbazone and the 

oxime of cyclohexamide effectively reduce wheat stem rust 

infection without serious phytotoxicity (33). 

Systemic activity of sodium dimethylthiocarbamate 

(NaDDC) was shown by Grossman (32) against Fusarium oxy-

sporum f. lycopersici on tomatoes. Bioassay of the 

guttation fluid of treated plants revealed no fungitox-

icity, therefore, it was suggested that the systemic 
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activity was due to an alteration in host metabolism. 

Pluijgers (5$) observed a slight systemic protection by 

NaDDC against the attack of tomato by Cladosporium 

cucumerinum. Further systemic activity of NaDDC has been 

shown by Corbaz (10) against the blue mold Peronospora 

tabacina Adam of tobacco. 

It has been observed that certain amino acids 

showed systemic activity in vivo against Cladosporium 

cucumerinum (79) > whereas, no activity could be observed 

in vitro studies. Davis, Becker and Rogers (16) showed 

the effectiveness of sydnones against wheat rust as well 

as bean rust diseases. Some compounds of this group are 

active against wheat rust, whereas, others are effective 

against bean rust, thus showing a marked selective activ

ity. The authors have speculated that the increase in 

resistance of the host is the phenomenon involved. 

Dekker (19), and Dekker and van der Hoek-Scheuer (22) 

observed that certain derivatives of purines and pyri-

midines were systemically active against powdery mildew 

of wheat, Erysiphe graminis DC. tritici. Em. Marchal. 

In their experiments they used a number of substituted 

purines, the most effective among them being 6-azauracil. 

This compound prevented the formation of haustoria by 

the fungus. Another substituted purine 6-furfurylamino-
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purine (kinetin) has also been shown to be inhibitory to 

the development of the powdery mildew Erysiphe cichora-

cearum DC. (21) . 

Recently, Joworski and Hoffman (44) tested 

seventy-seven phenylhydrazones of various aldehydes and 

ketones against wheat leaf rust, Puccinia recondita Rob. 

ex Desm. f. sp. tritici (Erickss) and observed that 

acrolein phenylhydrozone was the most effective compound 

with the least phytotoxicity. This further substantia

ted the concept that the phenylhydrazine is the actual 

toxicant. MacLennan, Kuc and Williams (51) reported the 

inhibition of the apple scab disease caused by Venturia 

inaequalis by d-aminoisobutyric acid when infused into 

leaves at a concentration as low as 0.03 M. d-aminoiso

butyric acid did not inhibit the growth of the fungus in 

vitro even at 0.40 M concentration. The authors con

cluded from their experiments that d-aminoisobutyric acid 

alters the host metabolism so that resistance to the 

attack of the apple scab fungus is developed. 

Pellegrini, Bugiani and Tenerini (57) have demon

strated the systemic activity of p-dimethylaminoethylene 

hydrochloride against downy mildew of grapes caused by 

Plasmopara viticola (Berk. & Curt) Berl. & De T. They 

further supported their findings using bean rust 
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Uromyces appendiculatus (Pers) Link as a bioassay organ

ism. These authors have shown the translocability of 

p-dimethylaminoethylenephenylketone hydrochloride by 

autoradiographic techniques on several different plants. 

Rapid development of organic fluorine chemistry 

has taken place in the last twenty-five years (46), but 

few fluorine compounds have been explored for possible 

use in plant protection. Finger, Reed and Tehon (29) 

screened a number of aliphatic as well as aromatic fluor

ine compounds for fungicidal activity but they did not 

discuss the possibility of their systemic activity, van 

Andel (SO) showed the systemic activity of fluorophenyla-

lanine against Cladosporium cucumerinum and Colletotrichum 

lagenarium (Pass) Ell & Halst. Allen and Freiburg (1) 

recorded the systemic activity of symmetrical dichloro-

tetrafluoroacetone (DCTFA) against a number of rust fungi 

attacking different hosts. George (31) used the hydrate 

of DCTFA as a spray in field tests and obtained a 50 per

cent increase in grain yield of wheat and a 70 percent 

increase in sheaf weight in comparison with the controls. 

Recently, Hardison and Anderson (34) showed the effective

ness of DCTFA against the established rust infections of 

leaf rust, strip rust and partial control of stem rust on 

Kentucky blue-grass, Poa pratensis L. 
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In spite of a great deal of research on the 

1systemics' for the control of plant diseases, their use 

on a commercial scale can be exemplified in very few 

instances. The combination of 8-hydroxyquinoline sulfate 

and streptomycin to control the Fusarium foot rot of 

geranium is being used commercially by nurserymen (74). 

Another example is the use of actidione (cyclohexamide) 

dissolved in fuel oil to control blister rust on western 

white pine (48, 53, 54). 



MATERIALS, METHODS AND RESULTS 

The investigations on mode of action, photo

toxicity, translocation, persistence and effect on host 

parasite relationships of dichlorotetrafluoroacetone 

hydrate were performed with bean plants raised in the 

greenhouse. Throughout these studies pinto beans Phase-

olus vulgaris L. variety Pinto III supplied by the Twin 

Palis Agricultural Experiment Station, Kimberly, Idaho, 

were used. This variety of pinto beans is very suscep

tible to race 33 of bean rust Uromyces phaseoli var 

phaseoli (17)• 

Procedure for Growing Bean Plants 

• - The potting mixture was prepared by mixing sand, 

soil and peatmoss (1:1:1). Depending upon the require

ment of the particular experiment, five seeds were sown 

in six inch clay pots or one or two seeds in four inch 

plastic pots. The seeds were sown approximately half an 

inch below the soil surface. Plants were watered once a 

day. All plants were raised in the greenhouse in which 

the temperature varied between 21 C and 30 C in the summer 

and between l£ C and 27 C in the winter. Supplemental 

light was not provided so the daily photoperiod varied 

from one season to another. 

16 
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Preparation of Inoculum 

Uredospores of bean rust Uromyces phaseoli var 

phaseoli, race 33 were obtained from Dr. Arlen D. Davison, 

Extension Specialist in Plant Pathology at The University 

of Arizona. Subsequently, they were increased on pinto 

beans. The uredospores were collected by gently shaking 

the infected leaves above clean dry aluminum foil and the 

collections were stored separately in small vials in the 

freezer at approximately -4 C until ready to use. 

The constituents of the suspending medium for 

spores were as follows: 

Ivory soap 120 mg. per liter 

Tween 20 (0.1%) $ ml. per liter 

Methylcellulose (1%) 12 ml. per liter 

Soap in water serves as the basic suspension liquid for 

uredospores. Tween helps in breaking the surface ten

sion of the spores, and methylcellulose helps in keeping 

the uredospores in suspension to obtain an even distribu

tion of them on the leaf surface. The concentration of 

bean rust uredospores in the medium was adjusted between 

40,000 and 50,000 spores per ml using a haemocytometer. 

In no experiment were the uredospores more than three 

months old. 
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Inoculation Procedure 

The inoculum was sprayed on both sides of the bean 

leaves with a Universal Aerosol Kit (Nutritional Bio-

chemicals Corporation, Cleveland, Ohio). The inoculum was 

shaken from time to time to insure a homogeneous distri

bution of the uredospores in suspension. The aerosol 

sprayer was held between eight and ten inches away from 

the leaves. Immediately after inoculation the plants were 

transferred to a clear plastic humidity chamber with an 

approximate relative humidity of 100% without supplemental 

light. After 14 to 16 hours, the plants were removed 

from the humidity chamber and were maintained in the green

house. 

Chemicals Under Investigation 

In these investigations three compounds were 

assayed for their ability to control bean rust and for 

their effects on the host. The salient features of these 

compounds are: (a) N-3412: This compound, supplied by 

the Stauffer Chemical Company, was identified as symmet

rical dichlorotetrafluoroacetone (symm DCTFA) and has the 

following structure: 

F 0 F 
I II I 

CI C C C CI 
I I 
F F 
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Symm-DCTFA is a colorless, pungent smelling liquid and is 

irascible in all proportions with water. The molecular 

weight of this compound is 19$ and it boils at 45.2 C. 

Specific gravity of symm-DCTFA is 1.503 (1). 

(b) GC-9#32: This chemical was supplied by Allied Chemical 

Corporation (a division of General Chemical Division, 

Morristown, New Jersey). It was presented as dichloro-

tetrafluoroacetone hydrate with the following structure: 

F 0 F 
I II I 

ci C C C Cl*2| Ho0 
I I 2 

F F 

It is a liquid with a yellow tinge having a slightly pun

gent smell. The compound is miscible in water in all 

proportions. Its theoretical molecular weight is 243.94 

and it boils at 106 C. The specific gravity of this com

pound is 1.63 • 

(c) 3FK: This material is closely related to N-3412 and 

was also provided by Allied Chemical Corporation. It was 

identified as 1, 1, 3, trichlorotrifluoroacetone with the 

following chemical structure: 

CI 0 F 
I II I 

ci—c C C—CI 
I I 
F F 

It is a colorless liquid with pungent smell. It is also 

miscible with water in all proportions. Its molecular 
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weight is 215.40 and its boiling point is $4.5 C. The 

specific gravity of 3FK is 1.656. 

In our preliminary investigations we observed 

that N-3412 and GC-9$32 have similar biological activity 

against the bean rust, whereas, 3FK was found to be 

ineffective against the same fungus. Therefore, in sub

sequent experiments only GC-9&32 was used and will hence

forth be designated as DCTFA throughout this dissertation. 

A. Activity of Dichlorotetrafluoroacetone in Vitro 

The absence of any documented information on the 

in vitro activity of DCTFA made it necessary to obtain 

information on its activity on some of the phytopatho-

genic organisms in the laboratory. In selecting the organ

isms consideration was given to those fungal organisms 

which were capable of producing spores rapidly and in 

abundance; the selection of bacterial pathogens was 

arbitrary. 

Effect of DCTFA on Phytopathogenic Bacteria 

Seven genera of bacteria are known to cause vari

ous diseases in plants representing widely different plant 

families. In this study three bacteria were selected as 

test organisms. They were: 
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(i) Agrobacterium tumefaciens (E. 7. Sm & Town) 

Conn 

(ii) Xanthomonas malvacearum (E. F. Sm) Dows 

(iii) Erwinia carnegieana Standring 

Subcultures of the three bacteria were obtained 

from stock culture collections of the Department of Plant 

Pathology, The University of Arizona. The inocula were 

prepared by incubating cultures in medium 79 of Klemmer, 

Riker and Allen-(45). Cultures were incubated at 26 C on 

a reciprocal shaker until an optical density reading of 

0.5 was obtained with a Spectronic 20 colorimeter at a 

wavelength of 5$5 microns. 

Assay medium 79 used in the in vitro studies con

sisted of: mannitol l.Og; KgHPO^, 0.5g; MgSO^^I^O, 0.2g; 

NaCl, O.lg; yeast extract, 5.0g; and distilled water, 1 

liter. The pH of the medium was 6.3-7.0. The low sugar 

content of the medium allowed only minimum gum formation. 

Seven concentrations of DCTFA were used in the 

assay against each bacterium. They were 1000, 500, 250, 

125, 62.5, 31.2, and 15.6 ppm (w/v basis). The assay 

tube contained 4-3 ml of medium, 0.5 ml toxicant and 0.2 

ml of bacterial suspension. Control tubes were prepared 

by adding 0.5 ml of sterile distilled water instead of 

the toxicant. Three tubes were used for each treatment. 



The tubes were then incubated at 26 C until the 

turbidity of the control tubes reached an optical density 

of about 0.5 at 5$5 microns. Percent inhibition of 

bacteria was computed using the following equation: 

Inhibition percentage = 100 - X 100) 

where a is the average optical density of three cultures 

(at each concentration of toxicant) and b is the average 

optical density of cultures without the toxicant. The 

results of the assay are presented in Table 1. 

Effect of DCTFA on Phytopathogenic Fungi 

There are many fungi which are capable of causing 

plant disease. Ten of them were selected on the basis 

of their ability to infect different plant parts. The 

species used in these experiments were: 

(i) Fusarium oxysporum Schlecht f. vasinfectum 

(Atk) Snyd & Hans 

(ii) Fusarium oxysporum Schlecht f. lycopersici Sacc 

(iii) Verticillium albo-atrum Reinke & Berth 

(iv) Helminthosporium giganteum Heald & Wolf 

(v) Alternaria sp. 

(vi) Stemphylium sarcinaeforme (Cav) Wiltshire 

(vii) Rhizopus nigricans Ehr 

(viii) Aspergillus niger v. Tiegh 

(ix) Penicillium sp. 
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(x) Uromyces phaseoli (Pers.) Wint var phaseoli 

The fungi were cultured on PDA slants in screw 

cap tubes at 23 C except for Uromyces phaseoli var 

phaseoli and Stemphylium sarcinaeforme. Isolates were 

transferred to new tubes every seven to ten days to keep 

a continuous and fresh supply of cultures for use. Cul

tures older than ten days were not used in any of the 

tests. 

In vitro activity of DCTFA against Uromyces 

phaseoli var phaseoli was tested by using the uredo-

spores of this fungus. Uredospores of bean rust were 

collected by gently shaking the infected leaf over dry 

and clean aluminum foil and were stored at -1+ C until 

ready to use. The isolate of Stemphylium sarcinaeforme 

was cultured on oat-meal agar at 20 C for 12 to 15 days. 

Preparation of Spore Suspension 

Spore suspensions were made in 0.6% orange juice 

in sterile distilled water. Orange juice served as a 

stimulant to spore germination. It was prepared from 

fresh sour oranges, Citrus aurantium L. Small pieces of 

sour orange were blended in a Waring blender and filtered 

through a double layer of cheesecloth. The filtrate was 

centrifuged in a Spinco L-2 ultracentrifuge at 10,000g 

for 30 minutes. The clear supernatant was stored in small 

serum vials in a freezer until needed. The spore density 
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in each case was adjusted to 100,000 spores per milli

liter with a haemocytometer. In the case of bean rust 

the uredial suspension was prepared in sterile distilled 

water without the addition of any external stimulant. 

Preparation of Various Concentrations of DCTFA 

Various concentrations of DCTFA were prepared 

from stock solutions of 2000 ppm (2mg/ml). Concentrations 

of DCTFA used were 500, 250, 125, 62.5, 31-2, and 15.6 

ppm. Sterile distilled water was used as a control. One 

ml of sterile distilled water was pipetted into each of 

seven test tubes. 1.0 ml of 2000 ppm DCTFA was added to 

the first test tube. After thoroughly shaking this tube, 

one ml of the resulting solution was withdrawn and added 

to the next tube and this process was repeated to prepare 

the series of dilutions down to 31.2 ppm. Then one ml 

of spore suspension in 0.6$ orange juice was added to 

each test tube adjusting the concentration of the toxicant 

to one half of the original, the spore density to 50,000 

spores per ml, and the concentration of the orange juice 

to 0.3io. Spore density and concentration of orange juice 

was in accordance with the recommendations of the American 

Phytopathological Society's Committee on Standardization 

of Fungicidal Tests (3). Spores were shaken well in the 

toxicant to insure complete contact between spores and tox

icant . 
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Application of Spore Suspension on 

Coverglass and Incubation 

A drop of spore suspension in the toxicant was 

applied to the coverglass using a Pasteur pipette. The 

coverglass was inverted over a cavity slide to make a 

hanging drop mount. A small amount of Vaseline was 

applied around the cavity of the slide as a seal so that 

the spore suspension would not dry up. Three slides pre

pared from each concentration were placed in large cov

ered petri plates. The petri plates were incubated at 

23 C for 16-lS hours except in the case of Stemphylium 

sarcinaeforme which was incubated at 20 C. In the case 

of bean rust, the uredial suspension was sprayed on 2% 

water agar in petri plates using a Universal Aerosol Kit. 

Three petri plates were prepared for each concentration 

of DCTFA. These petri plates were also incubated at 20 

C for 12-14 hours before observation. 

Examination of Spore Germination 

At the end of the incubation period, slides were 

examined for the germination of spores. If the germ 

tube were twice the size of the spore, the spore was con

sidered to have germinated. Three readings were taken 

from each slide so that a total of nine observations was 

made for each treatment. Average percent germination was 

calculated and comparisons were made with controls. In 
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the case of bean rust uredospores three readings were 

obtained from each petri plate and percent germination was 

computed. Results of these experiments are summarized in 

Table 2. All of the experiments were repeated at least 

once. 

Results 

The results of the experiments designed to evalu

ate the activity of dichlorotetrafluoroacetone hydrate on 

several representative phytopathogenic bacteria are pre

sented in Table 1 and Fig. 1. The three bacteria tested 

here are of economic importance in Arizona on various 

crops. 

Table 1. Summary of the percent inhibition of the three 
species of phytopathogenic bacteria in vitro, tested 
against various concentrations of dichlorotetrafluoro
acetone hydrate 

Cone, of DCTFA X. malva- E. carne- A. tume-
in PPM cearum gieana faciens 

1000 81.1 % 70.6% 96.9% 

500 43.2 23.6 71.2 

250 25.5 11.8 44.3 

125 13.8 11.8 34.7 

62.5 5.9 9.9 27-7 

31.2 2.0 9.9 7.7 

15.6 2.0 7.9 2.0 

Control 0.0 0.0 0.0 
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It appears from the results that Agrobacterium 

tumefaciens is relatively more sensitive to DCTFA than are 

Xanthomonas malvacearum and Erwinia carnegieana. The 

ED^Q of the toxicant is below 500 ppm for the former organ

ism and between 500 and 1000 ppm for the latter. 

In the experiments designed to evaluate the activ

ity of dichlorotetrafluoroacetone against a number of 

phytopathogenic fungi in vitro, the fungi selected ranged 

from an obligate parasite to saprophytes. A summary of 

the results of these experiments is presented in Table 2. 

Observations of the results indicate that none of 

the fungi tested in these experiments showed any extreme 

sensitivity towards DCTFA. However, Verticillium albo-

atrum seems to have an ED^Q between 250 to 500 ppm of 

DCTFA. 

B. Study on the Comparative Activities of Dichlorotetra

fluoroacetone and Trichlorotrifluoroacetone in Vivo 

It was observed above that DCTFA does not show any 

marked activity against various fungi and bacteria when 

tested in vitro. It was not possible to devise a bio-

assay to evaluate the activity of DCTFA against bacteria 

and fungi since the compound does not have any apparent 

toxicity to them in vitro. 
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Table 2. Summary of percent germination of various 
phytopathogenic fungi in various concentrations of 
dichlorotetrafluoroacetone hydrates in vitro 

Organism 500 250 125 62.5 31-2 15.6 Control 

Fusarium 
oxvsporum 
f. lvco-
persici 79.8% 76.2$ 80.1% 90.2% 91.5% 86.1% 90.0$ 

"Fusarium 
oxvsporum 
f. vasin-
fectum 93.8 95.0 95.9 91.8 89.5 93.3 91.9 

Verti-
cillium 
albo-
atrum 41.5 55.5 86.4 89.5 93.0 86.4 87.1 

Alter-
narla sp. 90.2 96.9 97-6 94.7 95.6 93.8 91.3 

Helmin-
thosporium 
giganteum 87.3 84.0 90.1 82.6 87.2 96.0 96.3 

Asper
gillus 
niger 94-5 94.1 93.5 92.7 90.3 92.2 94.6 

Penicil— 
lium sp. 94.8 94.9 97-7 97.2 95.4 97-1 94.8 

Rhizopus 
nigricans 85-3 7^.4 91.0 82.2 85.7 89.8 93.6 

Stemphyl-
ium sarcin-
ae?orme 94.4 96.2 93.2 97.3 96.0 94.4 91.5 

Uromyces 
phaseoli 
var, 
phaseoli 75.8 78.7 79.3 78.6 72.5 73-4 87.1 
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Figure 1. Inhibition of growth of three different 
species of phytopathogenic bacteria by 
various concentrations of DCTFA 
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Experiments were designed to study the effect of 

DCTFA on established bean rust infections. Two methods of 

application were used: 

'Foliage application: Bean plants were grown in 

the greenhouse in the usual manner. Primary leaves of 

10-12 day old plants were inoculated with a uredial sus

pension using the previously described procedure. Uniform 

sorus lesions occurred within 5-6 days after inoculations. 
*" */• ' 

•y 

It took approximately.ten days for the rust pustules to 

fully develop a'fter the inoculations. Infected plants 

were divided into five groups. The first four groups were 

sprayed with four concentrations of DCTFA ranging from 

62.5 to 500 ppm in geometrical progression. The fifth set 

of plants was sprayed with distilled water and served as 

the control. Only one spray was made in each treatment. 

Plants were sprayed until the toxicant covered the entire 

leaf area, the plants were kept tilted while spraying so 

that the run-off from the leaves would not drip into the 

soil in the pot. Plants were kept in the greenhouse for 

further observations and were watered once a day. Uredo-

spores from all the treatments were collected five days 

after spraying and were stored in a freezer in separate 

lots for viability tests. 

Root application: It was observed in the prelim

inary experiments that 5 ppm of DCTFA would control 
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established bean rust infections when applied through the 

roots. In this part of the study experiments were designed 

to determine the lowest concentration of DCTFA which could 

give satisfactory control of established bean rust infec

tions by root application. 

Bean plants were raised and inoculated using the 

previously described procedure. After the establishment of 

the infection on the primary leaves, the plants were 

removed from the pots and the soil was carefully removed 

to minimize injury to roots. Roots of the infected 

plants were washed gently in running tap water to clean 

them of the adhering soil particles and finally they were 

washed in distilled water. The roots were then dried by 

gently pressing them between paper towels. 

Tive concentrations of DCTFA were used in these 

experiments. They ranged from 0.31 ppm to 5.0 ppm in 

geometrical progression. Distilled water served as the 

control treatment. A volume of 250 ml of each concentra

tion was poured into separate 500 ml flasks. One plant 

was placed in each flask and three plants were treated at 

each concentration. Counts were made of the erupted and 

unerupted rust pustules on the primary leaves five days 

after the beginning of the treatments. Two leaves were 

observed for each treatment and five readings were made on 
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each leaf. The percentage of the total number of pus

tules that failed to erupt was used as a measure of con

trol. 

Several experiments were conducted to investigate 

the activity of trichlorotrifluoroacetone (3FK) in vivo. 

This compound differs chemically from DCTFA in the fact 

that one atom of fluorine in DCTFA is replaced by an atom 

of chlorine at the alpha position. Other alpha fluoro-

ketones were not included in the comparative study of 

activities because most of them are gases. 

Two types of experiments were established to deter

mine the fungicidal activity of 3FK. 

Foliar application: Pinto bean plants were raised 

in the greenhouse and inoculated with uredial suspensions 

using the method described earlier. After the establish

ment of infection, the plants were divided into four 

groups: the first three were sprayed with solutions of 

3FK at concentrations of 500, 250, and 125 ppm (w/v); 

the fourth set was sprayed with distilled water and served 

as the control treatment. Each set of treatments was 

replicated on at least five plants. 

Root application: Bean plants were raised in the 

greenhouse, inoculated with bean rust uredospores and 

after the establishment of the infections were prepared 

for the treatments as previously described. 
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Five concentrations of 3FK were used in these 

experiments. They were 100, 25, 6.25, 1.56, and 0.39 ppm. 

Distilled water served as the control treatment. A 250 ml 

volume of solution from each concentration was poured into 

individual 500 ml Erlenmeyer flasks. Each flask contained 

only one plant. Three plants were used in each treatment. 

Observations were made after five days. 

Studies on the Viability of Bean Rust Uredo-

spores from Various Spray Treatments on DCTFA 

A secondary objective of these experiments was to 

investigate the effect of various concentrations of DCTFA 

on the germination of bean rust uredospores collected 

from the infected primary leaves treated with DCTFA as a 

foliar spray. 

Uredospores were collected by gently shaking the 

primary leaves of the treated and control plants over 

clean aluminum foil. They were stored in separate lots 

in the freezer until needed. In order to determine their 

viability a water suspension of the spores was prepared 

and sprayed on 2% water agar in petri plates. Each treat

ment was replicated three times. After 12-16 hours of 

incubation at 20 C, counts of germinated and ungerminated 

uredospores were made. Three readings were made from each 

petri plate and the average percent germination was 

recorded. 
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Studies on the Possible Conversion of DCTFA 

Into Toxic Metabolites 

Attempts were made to determine if DCTFA was being 

converted into some toxic metabolite after its entry into 

the host plant. For these experiments, ten day old plants 

were removed from the pots and prepared as previously 

described. 

One set of plants was put in 250 ml of 10 ppm of 

DCTFA in 500 ml Erlenmeyer flasks. The concentration of 

10 ppm was chosen because it was known that this concen

tration would control established bean rust infection 

without apparent phytotoxicity when applied through the 

roots. The other set of plants was placed, one each, in 

individual 500 ml Erlenmeyer flasks containing 250 ml of 

distilled water which served as the control treatment. 

After 36 hours of treatment, 4.5 gms (fresh wt.) of leaf 

tissue were ground with 4.5 ml of sterile distilled water 

separately in a mortar. The grindates were centrifuged 

at 10,000 rpm in a Spinco L-2 ultracentrifuge for 20 

minutes. Five milliliters of the supernatant were with

drawn from the treated and untreated leaf tissue and the 

pellet was saved. Uredospore suspensions were prepared 

in the supernatant from both the treatments, shaken well, 

and sprayed on 2% water agar in petri plates. These were 

incubated at 20 C for 12-16 hours and observed for ger

mination. 
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The pellets from both treatments vrere resuspended 

in 10 ml of sterile distilled water to determine if any 

toxic product of DCTFA might be associated vrith the pel

let fraction. Small amounts of bean rust uredospores were 

mixed in the pellet suspension from the treated and 

untreated leaf tissue and the suspension vras sprayed on 

2% water agar in petri plates. These vrere incubated at 

20 C for 12-16 hours prior to observations. 

Results 

It had been observed by other workers that DCTFA 

showed an eradicative activity against rust organisms 

(1). The experiments described in this portion of the 

investigation were designed to determine the minimum 

concentration of DCTFA necessary to eradicate an estab

lished infection of bean rust under greenhouse conditions. 

In these experiments estimates of the degree of control 

obtained from each treatment were made by visual observa

tions, based on at least five plants per treatment in 

each of several experiments. The results of the observa

tions are summarized in Table 3. 
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Table 3. Control of established bean rust infection by-
various concentrations of DCTFA when applied as foliar 
sprays under greenhouse conditions. (Observations based 
on five plants from each of several experiments.) 

Cone, of DCTFA Percent Control 
in ppm 

500 100$ 

250 100$ 

125 over 75% 

62.5 10-20% 

0.0 0 

There was no evidence of phytotoxicity to any of 

the plants tested. It appears from the results that con

centrations of 500 ppm (0.5 mg/ml) and 250 ppm (0.25 mg/ 

ml) of DCTFA are quite satisfactory for obtaining complete 

control of established bean rust infections under green

house conditions. 

Several experiments were conducted to determine 

the minimum concentration of DCTFA necessary to combat 

established rust infection when the toxicant was applied 

through the roots of infected plants. In this case the 

percent control of rust infection was based on the number 

of opened and unopened rust pustules after five days of 

treatment with various concentrations of DCTFA applied 

through the roots. The summary of results from these 

experiments is presented in Table 



37 

Table 4« Control of established bean rust infection 
with various concentrations of DCTFA when applied through 
the roots 

Percent Control 

95.9% 

94. k% 

9 5.5% 

Ik.7% 

8.2% 

3.9% 

It is evident from the results that DCTFA at 1.25 

ppm (0.00125 mg/ml) is sufficient to give complete con

trol of established bean rust infection when applied 

through the roots. It is interesting to note that the 

next lower concentration 0.62 ppm of DCTFA fails to give 

adequate control. Thus, the ED^Q of DCTFA falls between 

0.62 and 1.25 ppm. It can be concluded from the obser

vations that root application of DCTFA is far more effi

cient in controlling established infection than is foliar 

application. 

Investigations with trichlorotrifluoroacetone 

(3FK) were made to compare its activity with that of 

DCTFA. It was observed that 3FK was unable to control 

established rust infection at concentrations up to 500 

Cone, of DCTFA 
in ppm 

5.0 

2.5 

1.25 

0.62 

0.31 

0.0 
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ppm when applied by foliar application and up to 100 ppm 

when used as a root treatment. Further details on the 

structure-activity relationships of these compounds will 

be discussed in the later part of this paper. 

Uredospores collected from infected primary leaves 

treated with various concentrations of DCTFA did not show 

any appreciable decrease in germination in comparison with 

the uredospores collected from the infected primary leaves 

sprayed with distilled water. Results from the various 

treatments are summarized in Table 5. 

Table 5. Germination of bean rust uredospores collected 
from the infected primary leaves treated with various con
centrations of DCTFA 

Cone, of DCTFA Percent Germination 
in ppm 

500 72.2% 

250 73-7% 

125 11M 

62.5 81.2# 

0 77-6% 

These results indicate that there is no effect of 

various concentrations of DCTFA on the germination of 

bean rust uredospores when the application was made on 

the growing pustules on the plant. 
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The results of the experiments designed to estab

lish the possibility of the conversion of DCTFA to some 

toxic metabolite inhibitory to the establishment of rust 

infection are summarized in Table 6. It was observed 

that neither the supernatant of the grindate from the 

DCTFA treated leaf tissue nor the pellet suspension in 

sterile distilled water showed the ability to suppress 

the germination of bean rust uredospores on water agar. 

Table 6. Germination of bean rust uredospores suspen
ded in supernatant and pellet suspensions of leaf tissues 
treated with DCTFA and sterile distilled water 

Treatment Percent germination 
of uredospores 

Supernatant from DCTFA 
treated leaf tissue S3.6% 

Supernatant from dis
tilled water treated 
leaf tissue 77>9% 

Pellet suspension from 
DCTFA treated leaf 
tissue 70.0% 

Pellet suspension from 
water treated leaf 
tissue 73.2% 

These results suggest that no inhibitory factor 

was present in the treated and untreated leaf tissue; 

this again is indicative of the fact that DCTFA is not a 

fungicide in the true sense of the term, or fails to per

meate spores or germtubes. 
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C. Translocation of Dichlorotetrafluoroacetone 

No chemotherapeutant or systemic compound can be 

useful in combatting plant diseases unless it is suitably 

mobile within and is non-toxic to the host plant. Once a 

toxicant makes its entry into the plant there are two 

major tissues through which it may be translocated from 

one part of the plant to another: the xylem and the phloem 

It has been suggested that biologically active compounds 

often are not transported through the phloem tissue 

because of their detrimental effect on the transport sys

tem itself (24)• 

This section of the dissertation describes 

attempts to elucidate the pathways of translocation of 

DCTFA once it has entered the host plant. In general, 

biologically active compounds can move from one leaf to 

another, from primary leaves to secondary leaves and vice 

versa (9)• Translocation of various herbicides and growth 

regulators is a typical example of this type of movement 

of chemicals. An ideal method for this type of investi

gation would have been the use of labeled compounds, but 

in view of the unavailability of labeled DCTFA, all experi 

ments were performed using bean rust as a bioassay organ

ism. The conclusions were based on the amount of control 

obtained under different treatments and with different 

concentrations of DCTFA. 
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Lateral Translocation 

In these experiments attempts were made to inves

tigate the mobility of DCTFA from the treated to the 

untreated halves of primary leaves. Data were taken on 

the reduction in number of rust pustules obtained on 

treated and untreated halves of leaves. 

Pinto bean plants were raised in the greenhouse 

using the procedure described earlier. Ten to twelve day 

old plants and four concentrations of DCTFA (400, 200, 

100 and 50 ppm) were used. Distilled water served as a 

control treatment. Five plants were used in each treat

ment and every treatment was randomized in five differ

ent pots. Half portions of both primary leaves on each 

plant were painted with one of the treatments; thus, 

every treatment was on ten half leaves. After the appli

cation of various treatments, the plants were left on the 

greenhouse benches until the solution on the leaves 

dried. Then the leaves of the treated plants were washed 

with the sprinkler to reduce the amount of residue pres

ent on the surface of the leaves. Washings were made in 

such a way that no runoff fell on the soil in the pots. 

The plants so treated were inoculated with bean rust 

uredospores after the leaves dried from the washings. 

Inoculated plants were kept in the humidity chamber for 

12-14 hours before transferring them to the greenhouse 
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benches. All the plants were watered once a day. After 

infection, pustules were counted from every half leaf and 

the results were expressed as the percent reduction in the 

number of pustules on the treated half leaves. These 

experiments were performed several times. 

Upward Translocation 

Experiments were designed to study the transloca

tion of DCTFA from primary leaves to trifoliate leaves. 

Bean plants were raised in pots, and each pot contained 

two plants. Trifoliate leaves of plants, ten to twelve 

days old, were inoculated with the rust uredospore sus

pensions while covering the primary leaves with a plastic 

bag to keep them free from rust infection. Inoculated 

plants were incubated in the humidity chamber in the 

usual manner. Five to six days after the inoculations, 

rust pustules developed on the trifoliate leaves. 

Plants with rust infection on the trifoliate 

leaves were divided into two sets. Primary leaves of one 

set of plants were sprayed with a 500 ppm solution of 

DCTFA while covering the infected trifoliate leaves with 

a plastic bag. It was observed in the earlier experi

ments that 500 ppm of DCTFA was a satisfactory concentra

tion to control established bean rust infections under 

greenhouse conditions. Primary leaves of control plants 

were sprayed with distilled water. Only one application of 
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the toxicant was made. Visual observations were made on 

the further development of rust in the trifoliate leaves 

of the treated and untreated plants. 

Downward Translocation 

The purpose of these experiments was to study the 

downward translocation of DCTFA from trifoliate leaves to 

primary leaves. Primary leaves of plants, ten to twelve 

days old, were inoculated with uredial suspensions of bean 

rust while protecting the trifoliate leaves from inoculum 

with a plastic bag. Uniform bean rust infection occurred 

within 5-6 days. 

The infected plants were divided into two groups. 

One group served as a control and the trifoliate leaves 

of the other were sprayed with 500 ppm solution of DCTFA 

carefully, to avoid getting the toxicant on the primary 

leaves. The leaves were sprayed until the whole surface 

was covered with the solution of the toxicant without run

off. After the treatment the plants were kept in the 

greenhouse for further observation. Development of rust 

pustules was observed from time to time and was compared 

with the control treatments. 

Translocation from One Primary Leaf to Another 

Several experiments were designed to determine if 

DCTFA could translocate from one primary leaf to another. 



44 

Plants, ten to twelve days old, were used in these experi

ments. One of the primary leaves was. inoculated with the 

uredial suspension of the bean rust fungus while covering 

the other one with a plastic bag. After five to six days 

when pustules were apparent on the inoculated leaf, a 500 

ppm solution of DCTFA was sprayed on the uninoculated 

primary leaves avoiding spraying the infected primary 

leaves. Visual observations were made to assess the con

trol of bean rust infection on the inoculated leaves. 

Effect of Ringing on the Translocation of DCTFA 

In this part of the investigation, attempts were 

made to elucidate the role of phloem in the transloca

tion of DCTFA. Plants,ten to twelve days old, were 

inoculated with uredial suspensions of the bean rust 

fungus. Uniform infection occurred and pustules devel

oped five to six days after inoculation. 

Plants with an early stage of rust development 

were removed from the pots and their roots were washed 

first in running tap water and finally in distilled water. 

Washed roots were dried by pressing them gently between 

paper towels. 

Three concentrations of DCTFA were used in these 

experiments, 5.0, 2.5, and 1.25 ppm. Distilled water 

served as the control treatment. Plants were divided 

into two groups. Stems of one group of plants were ringed 



by means of a razor blade while the other group of plants 

were left alone. Each plant was placed in 250 ml of toxi

cant of different concentration in 500 ml flask and held 

for five days. Three plants were used in each treatment. 

The opened and unopened pustules on three leaves from each 

treatment were counted, two readings were taken from each 

of the leaves. Photomicrographs of the cross sections of 

normal and ringed stems were taken (Fig. 2, a, b, c). 

In order to observe the tissues involved in the 

translocation of DCTFA, attempts were made to stain the 

cross sections of treated and untreated stems with a 

fluorine specific dye, Cerium Ill-alizarin complexan, 

according to a method described by Ross, Wade, and Bene

dict (60) . 

Results 

Translocation is an essential prerequisite for a 

compound in order for it to be classified as chemothera-

peutant. Investigations described in this chapter are 

attempts to elucidate the way in which DCTFA behaves once 

it has entered the bean plant. 

The results of one representative experiment 

conducted to determine whether lateral movement of DCTFA 

occurs from a treated half to an untreated half of the 

same leaf are summarized in Table 7« 
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Table 7- Development of bean rust pustules on the 
treated half in comparison with the untreated half of the 
leaves when different concentrations of DCTFA were applied 
prior to inoculation. Figures based on the counts from 
ten half leaves 

Cone, of 
DCTFA in 
ppm 

Number of pustules on 
ten half leaves 
Treated half 
leaves 

Untreated 
half 

Percent reduction 
in pustules over 
untreated half 
leaves 

leaves 

400 229 354 13.2% 

200 672 1154 41.8# 

100 630 993 36.6% 

50 721 1059 32.0% 

0 726 923 21.8% 

It appears from the results that DCTFA has the 

ability to control bean rust infections when applied prior 

to inoculations, but there is no evidence that there is 

any appreciable lateral translocation of the material from 

the treated to the untreated half of a leaf. Reductions 

in the number of pustules on the treated sides were rela

ted to the concentration of DCTFA applied. The total num

ber of pustules on the untreated halves of these leaves to 

which the highest concentration of DCTFA was applied was 

lowest in number but the results of the various tests were 

so erratic as to question the validity of this observation. 



Figure 2. Transverse sections of bean stems 
(A) normal (B) immediately after 
ringing (C) four days after ringing 
showing the formation of cork tissue 
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In experiments conducted to obtain information on 

the mobility of DCTFA from primary leaves to trifoliate 

leaves, it was observed that one spray of 500 ppm DCTFA 

on the primary leaves failed to control bean rust infec

tion on the trifoliate leaves. This suggests that either 

the toxicant was unable to move from the primary leaves to 

the trifoliate leaves or the concentration of toxicant was 

not enough in the trifoliate leaves for effective control. 

Essentially similar results were obtained in studies on 

the downward translocation of DCTFA. No evidence of trans

location from trifoliate leaves to primary leaves was 

observed. The development of rust in the treated and 

untreated leaves was of the same degree. Since the obser

vations were made visually, no quantitative figures are 

presented. 

Separate experiments were performed to determine 

whether DCTFA could be translocated from one primary leaf 

to another. Again, no control of established bean rust 

infection could be obtained on the primary leaves when 

the opposite leaf was sprayed with a 500 ppm solution of 

DCTFA. 

A number of experiments were designed to investi

gate the effect of ringing of the stem on the transloca

tion of DCTFA when applied through the roots. The 
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reduction of bean rust pustules in ringed and non-ringed 

plants is presented in Table 8. 

Table 8. Control of established bean rust infection in 
ringed and non-ringed plants by various concentrations of 
DCTFA when applied through the roots 

Cone, of DCTFA Percent opened pustules 
in ppm Ringed plants Non-ringed plants 

5.0 55.3% Ik.8% 

2 . 5  5 8 . 1 + %  40.0% 

1.25 82.2% 60.2% 

0.0 9k.2% 95.5% 

The results indicate that the phloem is involved 

in the translocation of DCTFA when applied through the 

roots. The reduction in bean rust control may be due to 

the removal of the actual tissue through which the toxi

cant is normally moved or it may be due to reduced move

ment of the toxicant because of the accumulation of food 

material in the leaf tissue. Cross sections of the ringed 

portions of the stems showed a marked development of cork 

tissue apparently in response to the injury to the stem 

in the process of ringing (Fig. 2, c). 

Attempts to stain the cross sections of stems of 

plants whose roots had been treated with 100 ppm DCTFA 

with cerium Ill-alizarin complex and to differentiate the 

tissues involved in the translocation of DCTFA and their 
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subsequent comparison with the untreated plants proved 

futile. 

D. Phytotoxicity of Dichlorotetrafluoroacetone and Tri-

chlorotrifluoroacetone 

A number of compounds showing marked activity 

against different pathogens in vitro as well as in vivo 

have to be discarded because of their phytotoxicity to the 

host plant. Because of the close similarity between the 

biochemical mechanisms of higher plants and of micro

organisms this problem is acute. Therefore, it has 

become customary that before a chemical is considered 

biologically useful its phytotoxicity is thoroughly inves

tigated. 

In this chapter of the dissertation attempts have 

been made to determine the degree of phytotoxicity of 

dichlorotetrafluoroacetone and one related compound, 

trichlorotrifluoroacetone. Several different experiments 

were designed to assess the phytotoxicity of DCTFA and 

3FK when applied as a spray, a soil drench and a root 

treatment. 

Spray Treatments 

These experiments were performed to obtain infor

mation on the maximum concentration of DCTFA which could 

be applied on the leaves of the bean plant as a spray 
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without resulting in any apparent phytotoxicity. In these 

experiments four concentrations of DCTFA were employed: 

500, 250, 125j and 62.5 ppm, and distilled water served as 

the control treatment. 

Bean plants were raised in the greenhouse in the 

usual manner. Plants were sprayed with each .-concentration 

of DCTFA when they were ten to twelve days old. Each 

treatment consisted of at least five plants'. Care was 

taken to insure that no runoff from the leaves fell on the 

soil in the pots. Three days after the first treatment, 

a second application of DCTFA was made on the same plants 

in a similar manner. Again, six days after the first 

treatment, a third application of DCTFA was made. Devel

opment of symptoms of phytotoxicity was recorded periodi

cally. 

In order to compare the phytotoxicity of 3FK with 

DCTFA, another set of plants, ten to twelve days old, was 

used. In this case, also, four concentrations (500, 250, 

125, and 62.5 ppm) of 3FK were used. Distilled water 

served as the control treatment. Three applications of 

various concentrations of 3FK at three day intervals were 

made and the symptoms of phytotoxicity were recorded 

periodically. 
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Soil Drench 

In^fhesB experiments, only DCTFA was used because 

in 'the preliminary experiments it was observed that 3FK 

fails to show any chemotherapeutic or phytotoxic activity 

when applied as a spray or through the roots. 

For these investigations, plants were raised in 

four inch plastic pots. Each pot, containing two ten 

day old plants and 440 g of soil mixture, was drenched 

with 100 ml of 1000, 500, 250, 125, 62.5, 31.5 and 15.6 

ppm of DCTFA. The pots containing the control plants 

were treated with 100 ml of distilled water. Toxicant was 

applied only once and thereafter the plants were watered 

once a day. Final concentration of the toxicant in the 

soil on a weight to weight basis was 0.22, 0.11, 0.055, 

0.027, 0.013, 0.0065 and 0.0032 mg. per gram of soil. All 

plants were kept in the greenhouse for further observation 

Plants of the three age groups were used in 

another experiment designed to study the effect of various 

concentrations of DCTFA on the appearance of phytotoxicity 

in the plants of different ages. The plants were-20, 16, 

and 12 days old prior to treatment. It was not possible 

to use plants older than twenty days because bean plants 

drop their primary leaves in about one month. Bean 

plants were raised in the same manner as described earlier 

Two plants were raised in each" four inch plastic pot in 
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440 g. of soil mixture. Similar treatments of toxicant as 

described in the previous experiment were given to plants 

of different age groups. Each treatment contained four 

plants. Plants were watered once a day and the symptoms 

of phytotoxicity were recorded periodically. 

Root Application 

The root application experiments were attempts to 

observe the effect of various concentrations of DCTFA and 

3FK on the primary leaves of the bean plants. The DCTFA 

treatments were made with 50, 25, 12.6, 6.25, and 3.12 

ppm solutions of toxicant. Distilled water was used as a 

control treatment. Another experiment was performed to 

compare the phytotoxic response caused by 200, 100, and 

50 ppm of DCTFA within four days after the treatment. One 

plant was placed in each 500 ml Erlenmeyer flask contain

ing 250 ml of the toxicant of different concentrations. 

Three plants were used in each treatment. Symptoms were 

recorded as they appeared and photographs from the second 

experiment were taken to show the comparative phytotoxic 

symptoms as they appeared on the fourth day after the 

treatment. 

Comparisons of phytotoxicity due to various con

centrations of DCTFA were made with different concentra

tions of 3FK when applied as root treatment. The concen

trations used in this case were 100, 50, 25, 12.5, 6.25, 



3.12, and 1.55 ppm along with distilled water as a control 

Plants, ten to twelve days old, were removed from the pots 

their roots were washed gently, first in running tap 

water and finally in distilled water, and then they were 

dried by pressing them between paper towels. Each plant 

was placed in a 500 ml Erlenmeyer flask containing 250 ml 

of 3FK of different concentrations. Three plants were 

used in each concentration and they were kept in the green 

house for further observations. 

Effect of DCTFA on the Anatomy of Bean Plant 

A successful toxicant should not show any adverse 

effect on the anatomy of the host plant at a concentra

tion required to control a disease. In this section of 

the paper, investigations are described which were made to 

observe the phytotoxic and non-phytotoxic dosage effect of 

DCTFA on the anatomy of the leaf, stem and root of bean 

plants. 

Two concentrations of DCTFA were chosen, 200 ppm 

as a phytotoxic dose and 5 ppm as a non-phytotoxic concen

tration. Plants treated with distilled water were used 

as controls for comparison. Ten to twelve day old plants 

were placed in 250 ml of the toxicant at each concentra

tion. Control plants were placed in 250 ml of distilled 

water. 
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Pour days after treatment, small pieces of tis

sues from leaves, stems and roots of the treated plants 

were cut and fixed in Crafs fluid (43) for 24 hours. 

Crafs fixative consists of two solutions, A and B. The 

composition of solution A is chromium trioxide, 1.0 g; 

glacial acetic acid, 7.0 ml; and distilled water, 70.0 

ml. Both solutions were mixed in equal proportions imme

diately before use. 

Plant material was washed in 75% ethanol several 

times at one half hour intervals to remove the fixative. 

Washed tissues were transferred to $5% ethanol. Mater

ials were then dehydrated using the tertiary-butyl-

alcohol (TBA) series and embedded in paraffin by the 

method described by Johansen (43)• Transverse sections of 

the various tissues were cut at 15 micron thickness using 

an American Optical-Spencer rotary microtome. Sections 

were stained with safranin-fastgreen combination and were 

mounted in Canada balsam. Photomicrographs were taken of 

sections from different treatments for comparisons. 

Results 

The spray treatment experiments with various con

centrations of DCTFA showed that only the 500 ppm of 

DCTFA had slight phytotoxicity. Two days after the first 

application of DCTFA spray a slight burning of the leaf 

margin appeared in the plants treated with 500 ppm of 



DCTFA. Plants treated with lower concentrations did not 

show any apparent injury. Similar results were obtained 

after the second and third application. Plants sprayed 

with 3FK at various concentrations showed no signs of 

injury. 

The results of experiments in which various con

centrations of DCTFA were applied as a soil drench were 

interesting. It was observed that the first symptoms of 

phytotoxicity appeared in the plants of the three age 

groups treated with 0.22 and 0.11 mg per gram of soil 

three days after the treatments. On the fourth day, 

twenty day old plants treated with 0.055 mg of toxicant 

per gram of soil also showed initial symptoms of phyto

toxicity. Final observations were made nine days after 

treatment. The plants treated with 0.0032 mg of toxi

cant per gram of soil did not show any signs of phyto

toxicity at the termination of the experiments; all 

other treatments showed varying degrees of phytotoxicity 

Results from one of the experiments are summarized in 

Table 9« 
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Table 9. Phytotoxicity due to various concentrations of 
DCTFA when applied as a soil drench to bean plants of dif
ferent ages. Observations made nine days after treatment 

Cone, of DCTFA 
mg/g of soil 
mixture 

12 days 16 days 20 days 

0.22 mg/g ++++ ++++ 

0.11 ++++ ++++ 

0.055 ++++ ++++ 

0.027 +++ ++++ 

0.013 +++ 

0.0065 +* +* 

0.0032 

0.0000 

++++ Severe phytotoxicity 

+++ High phytotoxicity 

++ Moderate phytotoxicity 

+ Slight phytotoxicity 

- No phytotoxicity 

** Considerable leaf puckering in trifoliate leaves 

* Slight leaf puckering in trifoliate leaves 

++++ 

++++ 

++++ 

++++ 

+'!: 

These observations suggest that the age of the 

plant does not have a marked influence on the appearance 

of phytotoxic symptoms. The plants of all three age 

groups showed similar degrees of injury at the end of the 
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experiment. It appears that when the toxicant is applied 

as a soil drench, the appearance of phytotoxic symptoms 

is delayed. 

Experiments in which different concentrations of 

DCTFA were applied through the roots showed varying 

degrees of injury on the primary leaves of bean plants 

five days after the treatments with the exception of 

plants treated with 3.1 ppm. Severity of phytotoxic symp

toms increased with the increasing amount of time due to 

various treatments of the toxicant. Results from one of 

the representative experiments are summarized in Table 

10. 

Table 10. Appearance and severity of phytotoxic symp
toms caused by the various concentrations of DCTFA at 
different time intervals when the toxicant was applied 
through the roots 

Cone, of DCTFA Days after Treatment 
in ppm 12 3 4 5 

50 ++ +++ ++++ ++++ 

25 + + 

12.5 - - - + + 

6.25 _____ 

3.0 _____ 

0 . 0  -  -  -  -

Note: Symbols., used here are explained in previous table. 
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Early signs of phytotoxicity to primary leaves 

appear as irregular water-soaked spots mostly near the 

petiole. With time, these spots enlarge in size and 

coalesce to form large patches of dead leaf tissue. Ulti

mately, the whole leaf dies. Phytotoxic symptoms in the 

trifoliate leaves appear in the form of leaf puckering in 

the beginning but at a later stage they also die. Figure 

3 shows the comparative phytotoxicity of various concen

trations of DCTFA after four days of root treatment. 

Root treatments with different concentrations of 3FK did 

not show any signs of phytotoxicity. 

Investigations on the effect of toxic and non

toxic dosages of DCTFA revealed that plants treated with 

200 ppm of DCTFA have major abnormalities of anatomy of 

the leaf, stem and roots. Sections of the leaves from 

the plants treated with 200 ppm of DCTFA for four days 

showed disorganization and shrinkage of epidermal and 

palisade cells as well as the spongy paranchyma tissue. 

Similarly, treated roots showed disruption of the epi

dermis, the outermost cell layer of root, and disorgani

zation of cortical tissue to a great extent. Stems of 

plants treated with 200 ppm of DCTFA appear to have lost 

their normal oval or round shape and show a number of 

ridges when observed under the light microscope. The 

cortical tissue seems to be disorganized and the cells in 
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Figure 3. Symptoms of phytotoxicity on the primary leaves 
of bean plants treated with different concentra 
tions of DCTFA for four days through the roots 
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other tissues seem to have lost their turgidity. It 

appears that cortical tissue in this case is poorly devel

oped in comparison with the untreated plants. Cross 

sections of tissues treated with 5 ppm of DCTFA do not 

show any appreciable deviation from the cross sections of 

untreated tissues. A comparative study on the changes 

brought about in the anatomy of plants treated with 200 

and 5 ppm of DCTFA is presented in Figure l+. 

E. Persistence of the Effectiveness of Dichlorotetra-

fluoroacetone in the Host Plant 

In addition to being inherently toxic, a chemi

cal compound to be effective as a pesticide must remain 

active for a reasonable time after it is applied to the 

host. In this respect, chemicals which are applied to the 

plant as sprays and dusts and which serve as protectants 

have a definite disadvantage in the- sense that they are 

subjected to the direct influence of light, wind and rain, 

which in many cases may reduce their pesticidal activity. 

On the other hand, a chemotherapeutant or a systemic com

pound once absorbed is not subjected to such adverse 

physical effects. However, it is exposed to the influence 

of numerous metabolic processes taking place inside the 

plant. Therefore, it is necessary to investigate the per

sistence of the effectiveness of a compound once it has 

entered the host plant. 



Figure 4. Transverse sections of bean tissue four 
days after treatment with DCTFA. A, B, 
C, leaf, stem and root tissue, respec
tively, treated with 200 ppm, a phytotoxic 
dose, a, b, c, leaf, stem and root tis
sues, respectively, treated with 5 ppm, a 
non-phytotoxic dose 



Figure 4. Transverse sections of bean tissue four 
days after treatment with DCTFA. A, B, 
C, leaf, stem and root tissue, respec
tively, treated with 200 ppm, a phytotoxic 
dose, a, b, c, leaf, stem and root tis
sues, respectively, treated with 5 ppm, a 
non-phytotoxic dose 
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In this section of the paper attempts have been 

made to elucidate the persistence of the chemotherapeutic 

activity of DCTFA and the time required for different con

centrations of DCTFA to inhibit the development of the 

bean rust disease. 

Persistence of the Effectiveness of 

DCTFA when Applied at Different Intervals of Time 

In this investigation, ten to twelve day old bean 

plants were used. Three different concentrations of DCTFA 

were employed; they were 400, 200 and 100 ppm; distilled 

water served as the control. A set of plants was sprayed 

with the concentrations of DCTFA mentioned above eight 

days prior to inoculation. Each set consisted of five 

plants for each treatment and the same number of plants 

for the control which were sprayed with distilled water. 

While spraying the plants, care was taken that no run

off from the leaves fell on the soil in the pots. Only 

one spray application was made in each treatment. The 

plants were watered once a day and were kept in the green

house. Second, third, fourth and fifth sets of plants 

were sprayed with the same concentrations of DCTFA in a 

similar fashion, four, two, one and one-half days prior to 

inoculation. The treated plants were inoculated with 

suspensions of bean rust uredospores using the previously 

described method. Immediately after inoculation the 
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plants were transferred to the humidity chamber. After 

twelve to fourteen hours of incubation they were removed 

to the greenhouse benches for further observation on the 

development of bean rust pustules. Rust pustules appeared 

on the primary leaves of the bean plants seven to eight 

days after inoculation. The number of pustules per unit 

area were computed by taking ten random counts from each 

treatment. 

Minimum Time Required for the Inhibition of Bean Rust 

by Plants Following the Application of DCTFA when Applied 

at Different Intervals of Time Prior to Inoculation 

In preliminary experiments, it was observed that 

when five ppm DCTFA was applied through the roots for 

twenty-four hours or more the bean plant failed to develop 

rust infection. Therefore, in subsequent experiments the 

time of root treatment with various concentrations of 

DCTFA was reduced. 

In these experiments, three concentrations (5.0, 

2.5, and 1.25 ppm) of DCTFA were used; distilled water 

served as the control treatment. Ten to twelve day old 

plants were divided into four sets. One set of plants was 

placed in the toxicant solution twelve hours prior to 

inoculation after washing the roots first in running tap 

water and then in distilled water. A second set of plants 

was placed in the toxicant solution six hours and next 
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set three hours prior to inoculation. Each plant was 

placed in 250 ml of toxicant solution in a 500 ml 

Erlenmeyer flask. Each treatment consisted of at least 

two plants. After the treatment of 12, 6, and 3 hours in 

the toxicant of different concentrations, all plants were 

removed from their respective flasks and their roots were 

dried by pressing them gently between the paper towels. 

They were transferred to 250 ml of distilled water in 500 

ml Erlenmeyer flasks, labeled to indicate the treatment 

received by each plant. Plants were inoculated with bean 

rust uredospores and then transferred to a humidity cham

ber. After incubation for twelve to fourteen hours, the 

plants were transferred to the laboratory because of high 

temperatures in the greenhouse during the late spring and 

summer months. In the laboratory the plants were provided 

with a twelve-hour photoperiod. Pustules of bean rust 

appeared approximately fifteen days after inoculation. 

The number of pustules were counted and tabulated accord

ing to treatment. In one experiment the number of pustules 

on trifoliate leaves were counted for comparison. Analy

sis of variance was run at a 95% confidence limit level 

and the figures marked with asterisks were found to be 

significantly different than the control. 
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Results 

In the experiments designed to study the effec

tiveness of various concentrations of DCTFA in relation to 

time, five readings were taken at random from plants 

receiving each treatment when the rust pustules appeared 

on the primary leaves seven to eight days after inocula

tion. The number of pustules falling within a square 

centimeter cut in a piece of hard paper were counted. The 

average of five readings from each treatment was calculated 

and the results from one of the representative experiments 

are presented in Table 11. 

Table 11. Number of rust pustules per unit area on the 
primary leaves of bean plants sprayed with different con
centrations of DCTFA at different intervals of time 

Number of Number of pustules per square centimeter 
days prior following various treatments of dichloro-
to inocula- tetrafluoroacetone 
tion 400 ppm 200 ppm 100 ppm 0 ppm 

8 days 10.6 8.9 9.1 10.4 

4 days 3.0 7.1 8.3 8.6 

2 days 0.0 7.6 8.9 9-7 

1 day 0.0 2.0 4.6 11.1 

i day 0.0 0.0 1.2 11.7 

The results above indicate that 400 ppm DCTFA used 

as a spray showed effectiveness in inhibiting the develop

ment of bean rust, as long as two days prior to inoculation. 
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The effectiveness of DCTFA as a chemotherapeutant 

decreases when it is applied more than two days prior to 

inoculations and is completely lost after four days. 

Application of 200 ppm as a spray was found to be com

pletely effective only up to twelve hours prior to inocu

lation and partially effective up to one day. 

The second part of this section describes the 

experiments designed to determine the minimum time required 

to control the bean rust disease when the plants were 

inoculated after receiving treatments of different concen

trations of DCTFA through the roots for varying lengths of 

time. 

The results from one of the representative experi

ments are presented in Table 12. The data in Table 13 

summarize the results obtained when the number of pustules 

were counted on trifoliate leaves. 

Table 12. Number of pustules on primary leaves treated 
with various concentrations of DCTFA applied through roots 
for different intervals of time prior to inoculation 

Cone. of DCTFA Hours of treatment prior to inoculation 
in ppm 12 hours 6 hours 3 hours 

5.0 0* 33 31 

2.5 7* 27 22 
1.25 8* 36 23 

0.0 46 39 32 

* Significantly different from other figures at 95$ confi
dence limit level. 
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Table 13. Number of pustules on trifoliate leaves 
treated with various concentrations of DCTFA through the 
roots for different intervals of time prior to inoculation 

Cone, of DCTFA Hours of treatment prior to inoculation 
in ppm 12 hours 6 hours 3 hours 

5.0 0* 28 28 

2.5 5* 31 37 

1.25 19 ' 37 25 

0.0 31 32 28 

* Significantly different from other figures at 95$ confi
dence limit level. 

Results from both experiments indicate that if 

plants, ten to twelve days old, were treated with five ppm 

DCTFA for twelve hours they fail to develop any rust infec

tion. All other treatments fail to give complete protec

tion to the plants against bean rust infection although 

2.5 and 1.25 ppm for twelve hours appreciably reduced the 

number of pustules. The data presented in Table 14 are 

based on one experiment in which three plants were used in 

each treatment; therefore, it is desirable not to make any 

definite conclusions for trifoliate leaves. No evidence 

of phytotoxicity was observed on any of the plants. 
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F. Effect of Dichlorotetrafluoroacetone on Respiration of 

Inoculated and Non-Inoculated Plants 

Obligate parasites need a living host plant on 

which to grow and complete their life cycle. The marked 

changes in the metabolism of the host plant caused by obli

gate parasites was reviewed recently by Thrower (76). 

It was virtually impossible to investigate the 

effects of dichlorotetrafluoroacetone on all the metabolic 

activities of the host plant; therefore, attempts were 

made to investigate the influence of DCTFA only on some of 

the most critical processes in the search for a clue to 

explain the mechanism of chemotherapeutic activity of 

DCTFA. This chapter of the paper concerns the effect of 

DCTFA on respiratory activity of the host plant and the 

host-parasite combination. 

It has been shown that respiration of the host 

increases in response to the development of an obligate 

parasite on it. This has been demonstrated by Samborski 

and Shaw (62) in the case of wheat rust and similar 

phenomena have been observed by Daly, Bell and Krupka 

(15) and later confirmed by Sempio and Barbieri (65) in 

the case of bean rust. 
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Effects of Various Concentrations of DC TEA 

on Respiration 

Bean plants were raised in the greenhouse in the 

usual manner. They were removed from the pots when they 

were ten to twelve days old, their roots were washed in 

running tap water and finally in distilled water, then the 

roots were dried by gently pressing them between paper 

towels. 

Three concentrations (50, 100, and 200 ppm) of 

DCTFA were used in these experiments; distilled water 

served as the control treatment. Each plant was placed in 

250 ml of toxicant in a 500 ml Erlenmeyer flask; three 

plants were used in each treatment. Respiration was meas

ured thirty-six hours after the treatment using a Warburg 

respirometer (Gilson Medical Electronics, Middleton, 

Wisconsin). Each reaction flask contained 0.3 ml 20$ K0H 

along with a piece of filter paper in the center well; 

2.7 ml of 0.1 M phosphate buffer pH 7*0, and eight leaf 

discs of 1.0 centimeter diameter. The reaction flasks 

were incubated at 25 C while shaking the flasks and stir

ring the water to maintain the uniform temperature of the 

flasks. Readings were taken at fifteen minute intervals. 

Uptake of oxygen was calculated by using the methods 

described by Umbreit, Burris and Stauffer (77)• Changes 

in respiration in relation to time are tabulated in Table 
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15 and the final data are plotted in Figure 5» Analysis 

of variance was run at the 5% level to ascertain any sig

nificant differences in the respiration of leaf tissues 

treated with different concentrations of DCTFA. 

Effect of DCTFA on the Respiration of Rust Inoculated and 

Non-inoculated Primary Leaves of Bean Plants 

at Different Intervals of Time 

These experiments were designed to study the 

effect of DCTFA on the respiratory activity of inoculated 

and non-inoculated primary leaves of bean plants at differ

ent intervals of time after treatment. 

Bean plants were raised in the greenhouse in the 

usual manner. When the plants were ten to twelve days 

old they were divided into two sets. One set was inocu

lated with bean rust uredospores using the previously 

described procedure; the other was maintained as the con

trol. Uniform rust infection appeared on the primary 

leaves five to six days after inoculation. 

Infected and non-infected plants were removed 

from the pots, their roots were washed clean of adhering 

soil and were placed in 250 ml of five parts per million 

DCTFA in 500 ml flasks. Five ppm DCTFA was used because 

it had been established earlier to be a satisfactory con

centration to control the establishment of infection when 

applied through the roots. Another set of plants was 
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placed in a similar amount of distilled water which served 

as the control treatment. After 36, 60, and S4 hours of 

root treatment in 5 ppm of toxicant oxygen uptake was 

measured using the manometric technique. Each reaction 

flask contained eight leaf discs of 1.0 centimeter diam

eter. The center well of the flask contained 0.3 ml of 

20% KOH. The leaf discs were suspended in 2.7 ml 0.1 M 

phosphate pH 7^0. The reaction flasks were incubated at 

25 C in the water bath of the Warburg respirometer. 

Readings were taken at fifteen minute intervals and the 

net oxygen uptake was calculated. 

Results 

Data from experiments designed ̂ to study the 

effect of various concentrations of DCTFA on the res

piratory activity of primary leaves of bean plants is 

presented in Table 14. 

The results in Table 14 indicate that there was 

no significant difference in the respiratory activity of 

primary leaves of bean plants, following a thirty-six 

hour treatment of various concentrations of DCTFA. The 

results presented above are plotted in Figure 5. 

Another set of experiments was performed to 

observe the effect of five ppm DCTFA on the respiratory 

activity of inoculated and non-inoculated primary leaves 

of bean plants at various intervals of time after treatment. 
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Table 14• Effect of various concentrations of DCTFA on 
respiration of discs from primary leaves of bean plants 
following 36 hours of treatment through roots 

Time in Oxygen uptake in microliters 
minutes 50 ppm 100 ppm 200 ppm 0 ppm 

15 1.30 0.0 3.60 2.23 

30 9.1 6.2 9.6 6.34 

45 13.00 11.16 14.40 11.4 

60 15.6 13.64 13.0 13.63 

75 13.2 16.12 21.6 14.32 

90 26.0 22.32 23.30 22.66 

105 27.30 23.56 30.0 22.30 

120 31.20 27.23- 36.0 27.36 

135 32.50 30.93 39.60 30.73 

Note: Analysis of variance of the 5$ level showed no sig
nificant differences in respiration in different treatments. 

The secondary purpose of this investigation was to deter

mine if there were any changes in respiratory response due 

to DCTFA when applied to bean plants which were infected. 

Data from one of the experiments is presented in Table 15. 

Data shown in Table 15 is plotted in Figures 6, 7 

and 3, respectively, and shows that there is no marked 

influence of five ppm DCTFA on respiration of primary 

leaves of bean plants which were inoculated and non-



74 

200 ppm 
100 ppa 
80 Ml 

CONTROL 

» o 
' I I I I I I I I I 
•5 30 45 60 79 90 109 120 135 150 

TIME IN MINUTES 

Figure 5. Effect of various concentrations of DCTFA on the 
respiration of tissue of primary leaves of bean 
plants 36 hours after treatment through the 
roots 



Table 15. Effect of five parts per million DCTFA applied as root treatment 
on oxygen uptake of inoculated and non-inoculated primary leaves of bean plant 
at different intervals of time. 

Oxygen uptake in microliters 36 hours aft er treatment 
Time in Infected and Infected and Non-infected Non-infected 
minutes treated non-treated and treated and non-treated 

15 4.71 5.75 1.65 1.58 
30 10.99 14.40 4.95 6.32 
45 21.98 27.36 11.55 11.06 
60 26.69 27.36 14.85 12.64 
75 32.97 36.00 18.15 17.38 
90 39.25 41.76 28.08 23.70 
105 45.53 46.08 31.35 30.02 
120 54.53 54.72 37.95 34.76 

Oxygen uptake in microliters 60 hours after treatment 
15 4.71 4.32 0.0 0.0 
30 14.13 11.52 6.60 6.32 
45 20.41 17.28 9.90 12.46 
60 23.55 20.16 14.85 20.54 
75 32.97 30.24 19.80 26.86 
90 42.39 38.88 28.05 31.60 
105 45.53 41.76 33-00 36.34 

Oxygen uptake in microliters 84 hours after treatment 
15 10.99 11.06 6.60 6.68 
30 20.41 17.38 6.60 6.68 
45 26.69 26.86 8.25 11.69 
60 29.83 30.02 14.85 18.31 
75 34.54 36.34 16.50 20.04 
90 40.82 39.50 18.50 21.71 
105 47.10 44 • 24 21.33 23.38 
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Figure 6. Effect of 5 ppm of DCTFA on the respiratory-
activity of inoculated and non-inoculated 
primary leaves of bean plants 36 hours after 
treatment through the roots 
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Figure 7. Effect of 5 ppm of DCTFA on the respiratory-
activity of inoculated and non-inoculated 
primary leaves of bean plants 4S hours after 
treatment through the roots 
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Figure 3. Effect of 5 ppm of DCTFA on the respiratory-
activity of inoculated and non-inoculated 
primary leaves of bean plants 72 hours after 
treatment through the roots 



inoculated. These observations confirm the results 

obtained by Daly et a.1. (15) and later by Sempio and 

Barbieri (65). These results also indicate that because 

of the insignificant differences observed in the respira

tory activity of inoculated treated and inoculated non-

treated bean plants on one hand and non-inoculated treated 

and non-inoculated non-treated plants on the other hand, 

the chemotherapeutic activity of DCTFA is not due to its 

influence on respiratory activity of either the host or 

the parasite. Some other mechanism is apparently involved. 

G. Effect of Dichlorotetrafluoroacetone on Apparent 

Photosynthesis 

Photosynthesis is the conversion of simple inor

ganic compounds into carbohydrates through the use of 

light energy. Although it is apparent from a review of 

the literature that certain fungicides affect the process 

of photosynthesis in higher plants, the exact mechanism 

or physiological processes involved are open to specula

tion. Recently, Sirois, Hilborn and Cooper (1964) have 

reviewed the literature on the influence of certain pro

tectant fungicides on apparent photosynthesis but to date 

there appears to be no report on the influence of sys-

temics on photosynthesis. 

In this section of the paper attempts have been 

made to investigate the effect of various concentrations 
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of dichlorotetrafluoroacetone on the rate of net photo

synthesis which might lead to a hypothesis regarding the 

mode of action of DCTFA. A secondary aim of these experi

ments was to determine the adverse effects of DCTFA on 

the process of carbon assimilation which is considered to 

be the prime function of green plants. 

Effect of Different Concentrations of DCTFA 

on Apparent Photosynthesis 

In these experiments plants, sixteen to eighteen 

days old, raised in the greenhouse in the usual manner 

were used. All the plants had fully expanded primary 

leaves, and increase in leaf area during the period of 

investigations was considered negligible. 

Bean plants were removed from the pots and their 

roots were washed in running tap water and then in dis

tilled water. Before placing the plants in 250 ml of 

toxicant in 500 ml Erlenmeyer flask their roots were 

dried by gently pressing them between paper towels. 

Three concentrations (5.0, 2.5, and 1.25 ppm) of DCTFA 

were used; distilled water served as the control. Each 

treatment consisted of three plants in separate flasks. 

Photosynthetic Measurement 

The standard leaf chamber technique as described 

by Bosian (7), Hesketh and Musgrove (37)? and El-Sharkawy 
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and Hesketh (26) was used. A Beckman infrared carbon 

dioxide analyzer (Beckman model IR 15, Beckman Instruments 

Inc., Pullerton, California, U.S.A.) was used and calibra

ted with standard air-CO^ mixture prepared by Matheson 

Company Inc., Newark, California. For a zero point deter

mination, air was passed through "Ascarite," a carbon 

dioxide absorber. 

The leaf chamber 18 X 12.5 X 5 cms. was made of 

clear plastic in the form of a box in which a leaf could 

be accommodated through a small opening in one of the 

sides. Leaves were sealed inside the chamber using a 

silicone rubber compound (Dow Corning Co. Inc., Midland, 

Michigan). Air was mixed with a fan to insure a uniform 

COg concentration around the leaf. The light source con

sisted of three 200 watt incandescent spot lights with 

one centimeter plexiglass and 8.5 cms of water between 

the lights and the leaf chamber. The intensity of light 

falling on the leaf chamber was 2200 foot candles. Air 

flow rate through the chamber was determined with a 

rotometer. Air was pumped through tubes from the air line 

of the laboratory, dried by passing through a column of 

anhydrous magnesium perchlorate (anydrone), passed through 

a trap for foreign particles then pumped through the 

analyser. Joints in the air lines were sealed with sili

cone rubber compound. The analyser was connected to a 
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continuously adjustable "H" Azar recorder (Leeds and 
2?"'' ' • * - • 

Northrup, Philadelphia, Pennsylvania} to"give-a ten fold 

amplification. • , 

The rate of net photosynthesis of one leaf from 

each plant was calculated twenty-four hours after treat-

ment with various concentrations of DCTFA applied through 

the roots. The same leaf was sampled 4^ and 72 hours 

after the treatment. A number of readings were taken 

each time but calculations were .from three readings 

from each leaf. The average of'three readings was com

puted and the average rate of net•photosynthesis was 

calculated from observations on three .different • leaves. 

Net photosynthesis rate (P) was calculated from 

the following equation: 

P = K* F* C02 (T/294)^ (29.92/P)^, *A 

where P = mg COgdm /hr. 

K = (mol. wt. of COg (44) X 1000)/22.4 liters 

X 273/294. 

F = liters of air flowing through^%4xe\chamber per 

hour. 

CO2 = differential readings in ppm air volume as 

determined by the infrared gas analyser. 
1 1 

(T/294)2 (29.92/P)2 = empirical gas law correction to con

vert air flow rate to standard conditions for 

the rotometer used. 
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A = leaf area in square decimeters. 

The leaf area was measured by cutting out a trac

ing of the leaf on paper and weighing on a balance. 

Results 

Experiments designed to investigate the effect of 

three different concentrations of DCTFA on the rate of 

net assimilation of primary leaves of bean plant at dif

ferent intervals were conducted. Results from one of the 

experiments are presented in Table 16. Duncan's multiple 

range test at the 5% level was applied to see if there 

was any significant difference between various treatments. 

Table 16. Effect of various concentrations of DCTFA on 
the rate cf r.et photosynthesis of primary leaves of bean 
plants measured at different intervals of time after 
treatment through the roots 

* 

Cone, in Duration of treatment in hours 
ppm 2- hours Ave 48 hours Ave 72 hours Ave 

5 ppm 25.8 18.6 20.10 
1c.6 20.9 10.9 14.6 10.90 15.1 
18.4 14.4 14.40 

2.5 ppm 19.1 21.0 .18.5 
11.3 19.9 11.3 24.8 9.4 21.2 
29.3 42.3 35.8 

1.25 Ptm 13.3 15.3 12.30 
26.2 18.7 30.6 20.3 27.90 19.3 
16.8 15.1 17.90 

0.0 ppm 2~.5 13.9 16.7 
11.4 16.2 11.2 14.6 12.8 18.4 
11.8 18.7 25.8 

Note: All figures are in mg C09 per square decimeter per 
hour. 
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It was concluded from the results in Table 16 that 

different concentrations of DCTFA do not cause any sig

nificant difference in the rate of net photosynthesis of 

bean plants. At the same time it is apparent that the 

chemotherapeutic activity of DCTFA is not associated with 

photosynthesis as there was no adverse effect of this 

toxicant on the process of photosynthesis. 

H. Effect of Dichlorotetrafluoroacetone on Polyphenol 

Oxidase Activity 

Polyphenol oxidases have been frequently related 

to chemical resistance of plant tissues, but the experi

mental results are still contradictory as to the exact 

role these enzymes play (50). van Kammen and Brouwer 

(Si) suggested that increased activity of polyphenol oxi

dases might lead to a greater amount of quinones, which 

by their toxic action might produce necrosis and this 

could provide the plant with a defense mechanism. Parkas 

and Kiraly (2S) have reviewed this subject at length. 

Ruben and Proskurnikova (61) suggested that the increased 

polyphenol oxidase activity following the application of 

streptomycin in potato and tomato plants was correlated 

to resistance to the infection of Phytophthora infestans 

(Mont.) d By. Higher concentrations of streptomycin were 



usually correlated with greater polyphenol oxidase activ

ity. Numerous examples can be found in the literature on 

the natural occurrence of higher concentrations of poly

phenol oxidases in resistant varieties of plants than in 

susceptible ones. Recently, Uritani (7$) has reviewed 

the role of plant phenolics and polyphenol oxidases in 

disease resistance. 

In view of the importance assigned to polyphenol 1 

oxidase in relation to disease resistance, attempts were 

made to investigate the influence of various concentra

tions of DCTFA on polyphenol oxidase activity of bean 

plants. 

Preparation of Crude Enzyme 

In these experiments, 10-12 day old bean plants 

were used, which were raised in the greenhouse in the 

usual manner. The effect of three concentrations of 

DCTFA on polyphenol oxidase activity in the primary 

leaves of bean plants was investigated. The concentra

tions used were 5.0, 2.5, and 1.25 ppm, and distilled 

water served as the control treatment. 

Plants were removed from the pots and their roots 

were washed in distilled water. They were placed in 250 

ml of toxicant of each concentration in 500 ml Erlenmyer 

flasks. Three plants were used in each treatment. 

Enzyme preparations were made 36, 60 and 34 hours after 
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the treatments according tc the method described by van 

Kammen and Brouwer (Si) with slight, modification. 

One gram of leaf tissue vras ground with 5 ml of 

Mcllvaine's buffer, pH 7-0.. ir. a Servall omnimixer. The 

homogenate was filtered thrcu.gr. glass wool and centri-

fuged at 10 j 000 rpm for 50 minutes in a Beckman L-2 

ultracentrifuge. The pellet vras discarded and the super

natant was dialyzed for 2L hours against the same buffer. 

The dialyzed sap was used as the crude enzyme prepara

tion. The entire procedure was performed at 2-6 C. 

Measurement cf Enzyme Activity 

Polyphenol oxidase activity was measured at 25 C 

in a Beckman model DU spectrophotometer. Chlorogenic 

acid was used as a substrate for the enzyme at a concen

tration of 0.02 mg per ml cf reaction mixture. Enzyme, 

buffer and substrate solution were at 25 C before use. 

Buffer and enzyme were mixed ir. ere ta ten proportions 

and the substrate was added at zero time. The contents 

of the tube were quickly mixed, and absorbance at 330 mu 

was measured using a blank containing a similar enzyme 

concentration and buffer but without chlorogenic acid. 

Measurements were made at two minute intervals after zero 

time. Changes in absorbance ir. relation to time were 

plotted and are presented in Figures 9, 10, and 11. 
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Figure 9. Effect of various concentrations of 
DCTFA on the polyphenol oxidase 
activity of the tissues of primary 
leaves of bean plants 36 hours after 
treatment through the roots 
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Figure 10. Effect of various concentrations 
of DGTFA on the polyphenol oxidase 
activity of the tissue of primary 
leaves of bean plants 60 hours 
after treatment through the roots 
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Figure 11. Effect of various concentrations 
of DCTFA on the polyphenol oxidase 
activity of the tissues of primary 
leaves on bean plants $4 hours 
after treatment through the roots 
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Results 

Data from one of the experiments designed to 

investigate the effect of various concentrations of DCTFA 

on the polyphenol oxidase activity in the primary leaves 

of bean plants are tabulated in Table 17. A graphic rep

resentation in Figures 9, 10, and 11 shows the change in 

absorbance in relation to time in various treatments 

described earlier. 

Table 17. Activity of polyphenol oxidase in primary 
leaves of bean plants following treatments with different 
concentrations of DCTFA at different intervals of time. 

Time in 
minutes 

Absorbance 36 hours after treatment 
5 ppm 2.5 ppm 1.25 ppm 0 ppm 

0 0.346 0.902 0.315 0.913 

2 0.343 0.900 0.312 0.917 

4 0.342 0.393 0.311 0.915 

6 0.341 0.394 0.309 0.915 

3 0.340 0.392 0.303 0.914 

10 0.340 0.392 0.306 0.913 

12 0.333 0.390 0.304 0.913 

14 0.336 0.333 0.302 0.912 

16 0.333 0.337 0.300 0.912 

13 0.330 0.335 0.793 0.912 

20 0.323 0.334 0.796 0.911 

Total change in absorbance 
in twenty minutes: 

0.013 0.013 0.019 0.007 
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Table 17 (Continued) 

Time in Absorbance 60 hours after treatment 
minutes 5 ppm 2.5 ppm 1.25 ppm 0 ppm 

0 0.836 0.724 0.736 O.856 

2 0.834 0.720 0.735 0.853 

4 0.831 0.716 0.734 0.851 

6 0.830 0.713 0.732 0.851 

8 0.828 0.711 0.730 0.850 

10 0.827 0.711 0.729 0.850 

12 0.826 0.709 0.726 0.849 

14 0.824 0.708 0.723 0.849 

16 0.823 0.707 0.722 0.849 

18 0.821 0.706 0.722 0.848 

20 0.820 0.706 0.721 0.848 

Total change in absorbance 
in twenty minutes: """ 

0.016 0.018 0.015 0.008 
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Table 17 (Continued) 

Time in Absorbance 34 hours after treatment 
minutes 5 ppm 2.5 ppm 1.25 ppm 0 ppm 

0 0.320 0.720 0.330 0.797 

2 0.317 0.713 0.327 0.797 

4 0.316 0.715 0.324 0.794 

6 0.314 0.713 0.322 0.794 

3 0.310 0.712 0.321 0.795 

10 0.309 0.710 0.319 0.794 

12 0.307 0.709 0.316 0.794 

14 0.305 0.703 0.315 0.795 

16 0.304 0.706 0.315 0.793 

13 0.302 0.704 0.314 0.793 

20 0.301 0.703 0.312 0.793 

Total change in absorbance in 
twenty minutes: 

0.019 0.017 0.013 0.004 
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It was evident from the results in Table 17 and 

Figures 9, 10, and 11 that there was a marked increase 

in the polyphenol oxidase activity in bean leaves treated 

with various concentrations of DCTFA, although this 

increase in activity could not be correlated with the 

increase in concentration of toxicant. 



DISCUSSIONS AND CONCLUSIONS 

One of the most important methods of controlling 

fungal diseases of plants is by the application of chemi

cals either to protect against or eradicate infection. 

Biological control, whatever its future, is as yet unable 

to compete with the immediate protection given by chemi

cal fungicides. Fungicides may be classed as protectants, 

eradicants or systemics. Systemic compounds are taken 

up by the plant and translocated within the plant system, 

protecting it against fungal invasion or limiting an 

established infection. This group of fungicides has been 

the subject of a great deal of research in recent years 

but to date few compounds have been successfully devel

oped for commercial use. 

Symmetrical dichlorotetrafluoroaceto.ne was first 

reported to be active as a protectant as well as a 

chemotherapeutant against a number of rust fungi by Allen 

and Friburg (1) and later these observations were sub

stantiated by George (31) and Hardison and Anderson (34) 

using the hydrate of DCTFA. Studies conducted here con

firm the results obtained by Allen and Friburg (1) in 

the sense that DCTFA was found to be a protectant as well 

as a chemotherapeutant against the bean rust fungus. 

94 
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In the present investigation, various concentra

tions of DCTFA were tested against three common bacter

ial plant pathogens, Erwinia carnegieana, Xanthomonas 

malvacearum and Agrobacterium tumefaciens. It was 

observed that A. tumefaciens was more sensitive than X. 

malvacearum and E. carnegieana. The ED q̂ values of 

DCTFA were found to be below 500 ppm for A. tumefaciens 

and between 500 and 1000 ppm for X. malvacearum and E. 

carnegieana. At 500 ppm or more DCTFA was found to be 

phytotoxic to the primary leaves of bean plants when 

applied as a spray. Therefore, phytotoxicity may be a 

limiting factor in its use on a commercial scale. But 

this observation on phytotoxicity is based on the bean 

plant; therefore, further observations on plants which 

are more tolerant than bean plants are warranted. Inves

tigations were conducted to observe the in vitro activ

ity of DCTFA on various phytopathogenic fungi. It was 

observed that none of the fungi showed any marked sensi

tivity towards DCTFA up to a concentration of 500 ppm. 

This observation can be attributed to a number of fac

tors: DCTFA might not" have permeated into the fungal 

spores or the concentration of DCTFA inside the fungal 

spore may not have been sufficient to disrupt the 

metabolic processes taking place inside the spore during 

germination. Presence of highly electronegative 
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fluorine atoms in DCTFA might hinder its entry through 

the fungal spore cell wall and may accumulate the toxi

cant on the surface of the fungal spore. Sisler and Cox 

(71) described the cell wall of fungi as a complex and 

variable structure containing among other substances, 
< 

chitin, cellulose and lipids. However, it is an 

accepted view that the cell wall plays a relatively 

unimportant role in penetration of compounds of low 

molecular weight; the important barrier is generally 

believed to be the semi-permeable cytoplasmic membrane. 

In general, the cytoplasmic membrane is considered to be 

made up of lipids, hence, the property of lipid solubility 

has been considered most important by many workers in 

consideration of the ability of fungitoxicant to permeate 

the spore. The inability of DCTFA to prevent germination 

of spores made it impossible to use any of the fungi 

tested as bioassay organisms. Therefore, all the studies 

were conducted using the bean plant. 

Foliar application to infected bean plants showed 

that a concentration of 250 ppm DCTFA can give one 

hundred percent control, whereas, no control was obtained 

with similar concentrations of trichlorotrifluoroacetone, 

thus indicating the fact that DCTFA can be used as an 

eradicant. A concentration of 1.25 ppm DCTFA when applied 

as a root treatment gave complete control of established 
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bean rust infection showing that DCTFA is being trans

located more effectively from the roots than from the 

leaves and at the same time it is indicative of the fact 

that DCTFA can move more readily through food conducting 

tissues than the food manufacturing tissues. 

It was observed that there was no effect of vari

ous concentrations of DCTFA on the viability of bean 

rust uredospores collected from treated infected plants. 

It can be postulated that DCTFA was unable to penetrate 

the uredospores but at the same time it could limit the 

development of established infections in the host tissue. 

This observation leads to the speculation that DCTFA 

might have an influence on the host rather than on the 

fungus. It cannot be ruled out that DCTFA might possess 

the ability to permeate only through the haustoria of 

the established mycelium and thereby control established 

infections. 

In order to investigate the above hypothesis, 

attempts were made to study the possible conversion of 

DCTFA into toxic metabolites, a phenomenon shown in the 

case of dimethyldithiocarbamates (59) which are not fungi-

toxic in vitro. It was not possible to demonstrate that 

any substance inhibitory to the germination of bean rust 

uredospores was formed. 



9 3  

It was observed that when different concentra

tions of DCTFA were applied through the roots, an effec

tive rust control was obtained on the infected primary 

and secondary leaves of bean plants but no control could 

be obtained when the toxicant was applied to leaves 

above, below or opposite the inoculated leaves nor was 

appreciable control obtained on the adjacent half of the 

leaves treated with various concentrations of DCTFA. 

These observations are contradictory to the results repor

ted by Allen and Friburg (1) regarding the downward and 

upward translocation of DCTFA when the toxicant was 

applied on the above ground parts of the plants. It 

appears that either the toxicant could not reach the 

tissues infected with the rust or the concentration of 

DCTFA after reaching the infected leaves was not in high 

enough concentration to give satisfactory control. It is 

quite likely that DCTFA may be translocated only from 

roots towards the leaves. Sijpesteijn and his co-workers 

(67) showed that 2-pyridinethiol-l-oxide moved only from 

leaves to roots and, therefore, it would not be surprising 

if DCTFA also is translocated in one direction only. 

Removal of phloem tissue by ringing appears to 

hinder the translocation of DCTFA from roots towards 

leaves. This may be due to some important part played by 

the phloem in its translocation, or the effectiveness of 
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DCTFA may have been reduced due to the accumulation of 

food material in the leaf tissue. These hypotheses could 

be further investigated by the use of radioautography. 

Phytotoxicity of a chemical has often limited its 

use on a commercial scale. It was observed that 500 ppm 

DCTFA used as a spray causes slight leaf-edge burning, 

whereas, prolonged treatment of bean plants through roots 

with 25 ppm or more would cause phytotoxic symptoms in the 

leaves. It is of interest that phytotoxic symptoms appear 

on leaves more readily than on any other part of the 

plant, indicating that phytotoxicity is due to the selec

tive accumulation of the toxicant or some of its compon

ents. It is difficult to make any conclusive remarks in 

this regard because no satisfactory method has been devel

oped or was available to identify the toxicant or its 

constituents in plant tissue. It appeared from the 

histological studies of treated and non-treated tissues 

with a toxic dose of DCTFA that it causes general poison

ing of the cells of various tissues. Plants treated with 

200 ppm of DCTFA showed shrinkage and to a certain extent 

disorganization of tissues in leaves and stems. Disorgan

ization of the epidermis in root tissue was also evident. 

It is possible that DCTFA at -coxic levels disrupts the 

property of semipermeability of cell walls and they become 

non-selective in action, thus rendering the cell suscep
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tible to unlimited amounts of toxicant. Experiments with 

trichlorotrifluoroacetone did not show any phytotoxicity 

lending credence to the idea that this compound is unable 

to penetrate the host tissue to any significant degree 

or it is easily metabolized by the host tissue rendering 

it non-phytotoxic to the bean plant. When the plants 

were drenched with various concentrations of DCTFA the 

phytotoxic symptoms appeared after a certain delay indi

cating that soil might be a barrier in the uptake of the 

toxicant through the roots or it can be suggested that a 
i 

certain amount of time is required for sufficient accumu

lation of the toxicant or its breakdown products to 

produce phytotoxic symptoms. 

Persistence of the effectiveness of 400 ppm 

DCTFA when applied as a spray was found to be of consid

erable interest. It was observed that it could control 

the development of bean rust infection up to two days 

after application, whereas, 200 ppm DCTFA used as a 

spray could remain effective only up to twelve hours 

prior to inoculation showing a correlation between the 

time of persistence of the effectiveness of DCTFA and 

the concentration of toxicant applied. A 5 ppm solution 

of DCTFA applied as a root treatment for twelve hours 

was enough to inhibit the development of bean rust indi

cating the relative effectiveness in translocation of 
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DCTFA through the roots. The effectiveness of various 

concentrations of DCTFA when applied as leaf treatments 

and as root applications does not last for a very long 

time. This may be due to the fact that DCTFA in small 

amounts may be metabolized in the plant system or accu

mulated in plant parts which has no part to play in the 

development of bean rust disease. 

An increase in respiration was observed in rust 

infected bean plants. This phenomenon already has been 

shown to be associated with infection by obligate para

sites (2, 13, 14, 28, 62, 65). The application of DCTFA 

to bean plants through the roots failed to decrease the 

oxygen uptake to any significant level as shown graphi

cally in Figures 7, and 9, respectively. Therefore, 

it was concluded that the mechanism of chemotherapeutic 

activity of DCTFA is not associated with respiration, 

either of the host or the pathogen. In a similar way, no 

significant difference was observed in the rate of 

photosynthesis following the application of various con

centrations of DCTFA through the roots. According to 

Sirois, et al. (70) the reduction in carbon assimilation 

after the application of fungicides may be due to the 

mechanical effects such as clogging of stomata brought 

about by spray residues. Another possibility is the 

interference of the host metabolism by fungicides. There 
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is no possibility of clogging of stomata in the case of 

DCTFA applied through the roots and there seems to be no 

evidence of any adverse effect on the physiology of the 

host. 

While investigating the effect of various concen

trations of DCTFA on polyphenol oxidase activity, it was 

observed that activity increased in the treated leaf 

tissue as compared with untreated ones (Figs. 10, 11 and 

12). Generally, an increase in polyphenoloxidase activ

ity is accompanied by an increase in respiration in 

diseased tissues but the exact manner in which polyphenol 

oxidase is linked to the respiratory chain is not known 

(78). An increase in polyphenoloxidase activity in leaf 

tissues of plants treated with different concentrations 

of DCTFA may account for the control of the bean rust 

infection. Or, control of bean rust infection by DCTFA 

may be due to the influence on various other metabolic 

processes such as ascorbic acid oxidases, auxin metabo

lism, and nitrogen metabolism. It will be worthwhile to 

investigate the effect of DCTFA on other aspects of host 

and fungus metabolism before arriving at any definite con 

elusions. 

Throughout the course of these investigations, 

three different chemicals were used: dichlorotetrafluoro 

acetone, dichlorotetrafluoroacetone hydrate and 
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trichlorotrifTuoroacetone. All these compounds belong to 

a group designated as alpha fluoroketones because of the 

alpha position of the fluorine atoms with respect to the 

carbonyl group. It was observed during the investigation 

that water solutions from dichlorotetrafluoroacetone and 

dichlorotetrafluoroacetone hydrate did not show any dif

ference in their chemotherapeutic and phytotoxic proper

ties. Therefore, it can be hypothesized that the addition 

of two and one-half molecules of water to a dichloro

tetrafluoroacetone molecule simply stabilizes the compound 

without altering its biological properties. An interest

ing observation was made while working with trichloro-

trifluoroacetone, a closely related compound to dichloro

tetrafluoroacetone, that this compound did not exhibit any 

chemotherapeutic activity or phytotoxicity at concentra

tions similar to that of dichlorotetrafluoroacetone. The 

only difference between dichlorotetrafluoroacetone and 

trichlorotrifluoroacetone is the substitution of a 

chlorine atom for one fluorine atom at the alpha position. 

The loss in chemotherapeutic and phytotoxic activity may 

be due to several possible mechanisms as described recently 

by Horsfall and Lukens (40). Among the possibilities are 

reduced permeability of trichlorotrifluoroacetone and a 

change in activity of the carbonyl group due to the sub

stitution. 
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To fully understand the mechanism of action of 

DCTFA against bean rust, it will be necessary to further 

investigate its influence on various other metabolic 

processes with the help of radioautography. This com

pound is very interesting because of its water solubil

ity, translocability and its eradicative as well as pro

tective activities against rust fungi. 



SUMMARY 

During the course of this investigation several 

aspects relating to the chemotherapeutic activity of 

symmetrical dichlorotetrafluoroacetone hydrates were inves

tigated. Special attempts were made to elucidate the mode 

of action of DCTFA against the bean rust disease caused 

by Uromyces phaseoli var. phaseoli. 

It was observed that DCTFA does not show any 

appreciable fungicidal activity at concentrations up to 

500 ppm in water when tested against the spores of ten 

different fungi. However, it was active against three 

phytopathogenic bacteria (Agrobacterium tumefaciens, 

Xanthomonas malvacearum, and Erwinia carnegieana) between 

the concentrations of 500 ppm and 1000 ppm DCTFA. It was 

observed that 25 ppm DCTFA gave complete control of 

established infections of bean rust when applied as a 

single spray. Similar infections could also be controlled 

when the toxicant was applied at concentrations as low as 

1.25 ppm through the roots. 

Dichlorotetrafluoroacetone hydrate is readily 

translocated when applied through the roots. Studies 

indicated that no apparent translocation of DCTFA took 

105 
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place from one part to another part of the plant when the 

toxicant was applied on the foliage. 

A 500 ppm concentration of DCTFA applied as a 

spray treatment resulted in a slight marginal burning. 

A prolonged root application of 25 ppm or more of DCTFA 

was markedly phytotoxic to the primary leaves of bean 

plants. A high concentration (200 ppm) of DCTFA applied 

through the roots caused disorganization and shrinkage of 

cells in various tissue systems. 

A twelve hour treatment of 5 ppm DCTFA through 

the roots prevented infection by the fungus, whereas, a 

400 ppm concentration of DCTFA applied two days prior to 

inoculation was found to be effective in preventing infec

tion of bean rust. 

It was observed that the germination of uredo-

spores was not reduced by the application of various 

concentrations (500, 250, 125, and 62.5 ppm) of DCTFA to 

the infected bean leaves on which they had developed. It 

was not possible to demonstrate that any substance inhibi

tory to the germination of bean rust uredospores was 

formed in vivo. 

These investigations failed to indicate that 

there was any measurable effect of DCTFA on the respira

tion of the bean plant alone as well as on the plants 

infected with bean rust. A similar observation was made 
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with regard to apparent photosynthesis. An increased 

polyphenol oxidase activity was observed in the primary 

leaves of bean plants treated with different concentra

tions (5.0, 2.5 and 1.25 ppm) of DCTFA in comparison 

with those of control plants which were treated with dis

tilled water. The possible relation of the increased 

polyphenol oxidase activity to a defense mechanism within 

the host is discussed along with several other possibili

ties. 

It was noted that trichlorotrifluoroacetone had 

no chemotherapeutic activity against bean rust nor was 

it phytotoxic to the bean plant at concentrations com

parable to those at which DCTFA is active, although it is 

a closely related compound. Several attempts to analyse 

DCTFA or its derivatives inside the host plant proved 

futile. 
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