
C H A P T E R 8 

Control of 
Plant Diseases 

I N F O R M A T I ON on symptoms, causes, and mechanisms of develop
men t of plant d iseases is intellectually interesting and scientifically 
justified, but, most important of all, it is useful b e c a u se it makes 
feasible the deve lopment of methods to combat plant d iseases and, 
thus, increase the quantity and improve the quality of plant products. 

Methods of control vary considerably from one d isease to another 
d e p e n d i ng on the kind of pathogen, the host, and the interaction of the 
two. In controlling d iseases, plants are generally treated as popula
tions rather than individuals, although certain hosts, especial ly trees, 
ornamentals, and, sometimes, virus-infected plants, often are treated 
individually. With the exception of trees, however, d a m a ge or loss of 
one or a few plants is usually considered insignificant and control 
measures are generally a i m ed at saving the populations rather than a 
few individual plants. 

Consider ing the regularity with which most serious d iseases of crop 
plants appear in an area year after year, provided that weather condi
tions are favorable (normal), the rapidity of spread of most plant dis
eases, and the difficulties, when at all possible, in curing a disease af
ter it has b e g un to deve lop, it is easy to understand why almost all 

173 



8. CONTROL OF PLANT DISEASES 

control methods are aimed at protecting plants from becoming dis
e a s ed rather than from curing them after they have b e c o me diseased. 
As a matter of fact, there is not a single infectious plant d isease that 
can be satisfactorily controlled in the field by therapeutic means, al
though certain diseases can b e cured under experimental conditions. 

T h e various control methods could b e generally classified as regula
tory, cultural, biological, physical, and chemical, d e p e n d i ng on the 
nature of the agents employed to control the disease. 

Regulatory Methods 

In order to prevent the import and spread of plant pathogens into 
the country or individual states, certain federal and state laws regulate 
the conditions under which certain crops may be grown and distrib
uted between states and countries. Such regulatory control is appl ied 
by means of quarantines, inspections of plants in the field or ware
house, and occasionally by voluntary or compulsory eradication of cer
tain host plants. 

Quarantines and Inspections 

Plant pathogens introduced into an area in which they did not exist 
before are likely to cause much more catastrophic epidemics than do 
existing pathogens, b e c a u se plants developing in the absence of a 
pathogen have no opportunity to select resistance factors specific 
against this pathogen and are, therefore, extremely vulnerable to at
tack by such a pathogen. S o me of the worst plant d isease epidemics 
that have occurred throughout the world, e.g., the downy mildew of 
grapes in E u r o p e, the bacterial canker of citrus, the chestnut blight, 
the Dutch elm disease, and the soybean cyst nematode, in the United 
States, are all d iseases caused by pathogens introduced from abroad. 

In order to k e e p out foreign plant pathogens and to protect the na
tion's farms, gardens, and forests, plant quarantine regulations pro
hibit or restrict entry into or passage through the United States from 
foreign countries of plant pathogens not known to be widely estab
lished in this country, and of plants, plant products, soil, or other ma
terials carrying or likely to carry such pathogens. Similar quarantine 
regulations also exist in most other countries. 

Plant quarantines are carried out by experienced inspectors sta
tioned in all points of entry into the country of persons or produce 
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likely to introduce ne w pathogens. Plant quarantines are already cred
ited for interception of numerous foreign plant pathogens and, there
by, saving the country's plant world from potentially catastrophic dis
eases. Yet, the introduction of pathogens in the form of spores, eggs, 
etc., on unsuspected carriers, the existence of latent infections of 
seeds and other plant propagative organs with viruses, fungi, bacteria, 
or nematodes, even after treatment, make plant quarantines consider
ably less than foolproof. Various steps taken by plant quarantine sta
tions, such as growing plants under observation for certain periods of 
time before they are re leased to the importer, tend to reduce the 
chances of introduction of harmful pathogens. In specific cases, for 
example with annual imports of flower bulbs from Holland, United 
States quarantine inspectors may, following previous agreement be
tween the parties involved, visit and inspect for d iseases the flower 
fields in Holland; if they find the fields to b e d i s e a se free, they issue 
inspection certificates allowing the import of such bulbs into the 
United States without further tests. 

Similar quarantine regulations govern the interstate, and even the 
intrastate, sale of nursery stock, tubers, bulbs, seeds, and other propa
gative organs, especially of certain crops, such as potatoes and fruit 
trees. T h e movement and sale of such materials within and between 
states, however, is controlled by the regulatory agencies of each state 
by mutual agreement and arrangement. 

Several voluntary inspection systems are also in effect in various 
states in which appreciable amounts of nursery stock, potato s e ed tu
bers, etc., are produced. Growers interested in producing and selling 
disease-free s e ed potatoes, woody ornamentals, etc., submit to a vol
untary inspection and/or indexing of their crop in the field and in stor
age by the state regulatory agency, by experiment station personnel, 
or others. If, following certain procedures r e c o m m e n d ed by the in
specting agency, the plant material is found to be free of certain, 
usually virus, d iseases, the inspecting agency issues a certificate indi
cating the freedom of the plants from these specific d iseases, and the 
grower may then advertise his produce as d isease free, thus securing a 
better and higher-priced market. 

Cultural Methods 

Among the cultural control methods are included those in which 
control is achieved through the activities of man and through the ge-
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netic or cultural manipulation of plants, but without the use of any 
biological, physical, or chemical agents. S o me of these methods are 
a imed at eliminating the pathogen from the plant or from the area in 
which the plants are growing (eradication), others at increasing the 
resistance of the host to the pathogen or creating conditions unfavora
ble to the pathogen, and still others at obtaining pathogen-free propa-
gative material from infected plants. 

Host Eradication 

Whe n a pathogen has b e e n introduced into a ne w area in spite of 
quarantine, or b e c a u se quarantines had not b e e n established in time 
to prevent such introduction, if plant d isease epidemics, which fre
quently follow the introduction of ne w pathogens, are to b e prevent
ed, all the host plants heretofore infected by or suspected to harbor 
the pathogen may have to b e removed and burned. This also results in 
elimination of the pathogen they carry and in prevention of greater 
losses from the spread of the pathogen to more plants. Such host eradi
cation has b e e n successful in controlling, for example, the bacterial 
canker of citrus in Florida and other southern states where more than 
three million trees have had to be destroyed for that reason. Host erad
ication is also carried out routinely in many nurseries, greenhouses, 
and fields to prevent the spread of numerous diseases through elimi
nation of the ready source of inoculum within the crop. 

With certain pathogens of annual crops —for example, viruses in
cluding cucumber mosaic virus and potato yellow dwarf virus — which 
overwinter only or mainly in other perennial, usually wild, plants, 
eradication of the host in which the pathogen overwinters sometimes 
suffices to eliminate completely or to reduce drastically the amount of 
inoculum that can cause infections the following season. Similarly, 
with pathogens requiring two alternate hosts to complete their life 
cycles —such as Puccinia graminis tritici, which requires wheat and 
barberry; Cronartium ribicola, the cause of white pine blister rust, 
which requires p ine and currant (Ribes); and Gy mno sporangium juni
per i-virginianae, the cause of cedar-apple rust, which requires cedar 
and apple — eradication of the wild or economically less important al
ternate host would interrupt the life cycle of the pathogen and would 
lead to control of the disease. This has b e e n carried out quite success
fully with stem rust of wheat and white pine blister rust through eradi
cation of barberry and currant, respectively, although, owing to other 
factors, both diseases are still widespread and catastrophic. In cases 
like the cedar-apple rust, however, in which both hosts may b e of ap-
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preciable economic importance, control through eradication of the 
alternate host is impractical. 

Crop Rotation 

Soil pathogens, which can attack plants of one or a few species or 
even families, can sometimes b e e l iminated from the soil by planting 
for three or four years, crops be longing to species or families not at
tacked by the pathogen. C o m p l e te control through crop rotation is 
poss ib le with pathogens that survive only on living plants or only so 
long as the host res idue persists as a substrate for their saprophytic 
existence. Whe n the pathogen, however, produces long-lived spores 
or can live as saprophytes for more than five or six years, crop rotation 
b e c o m es ineffective or impractical. In the latter cases, crop rotation 
can still b e useful by reducing, although not eliminating, the pathogen 
populations in the soil so that appreciable yields from the susceptible 
crop, which otherwise would b e impossible, can b e obtained every 
third or fourth year of the rotation. 

Sanitation 

Sanitation includes all activities a imed at eliminating or reducing 
the amount of inoculum present in a plant, field, or warehouse and at 
preventing the spread of the pathogen to other healthy plants and 
plant products. Thus, removal and proper disposal of infected 
branches or plant debris which may harbor the pathogen may reduce 
the spread of the pathogen and the amount of d isease that will de
velop later on. Workers who smoke, by washing their hands before 
handling certain kinds of plants, e.g., tomato, may reduce the spread 
of tobacco mosaic virus. Washing the soil off farm e q u i p m e nt before 
moving it from one field to another may also help to avoid spreading 
any pathogens present in the soil. Similarly, by washing the produce, 
its containers, and the walls of storage houses, the amount of inoculum 
and s u b s e q u e nt infections may be r educed considerably. 

Improvement of Growing Conditions of Plants 

Cultural practices aiming at improving the vigor of the plant often 
help increase its resistance to pathogen attack. Thus, proper fertiliza
tion, drainage of fields, irrigation, proper spacing of plants, and w e ed 
control will improve the growth of plants and may have a direct or in
direct effect on the control of a particular d isease. For example, the 
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most important measures for controlling Valsa canker of fruit and 
other trees are adequate irrigation and proper fertilization of the trees. 

Creating Conditions Unfavorable to the Pathogen 

Proper aeration of stored products hastens drying of their surface 
and inhibits germination and infection by any fungal or bacterial path
ogens present on them. Similarly, proper spacing of plants in the field 
or greenhouse prevents creation of high humidity conditions on the 
plant surfaces and inhibits infection by certain pathogens, such as 
Botrytis. Good soil drainage also reduces the number and activity of 
certain fungal pathogens (e.g., Pythium) and nematodes and may re
sult in significant d isease control. Appropriate choice of fertilizers or 
soil amendments may also lead to changes in the soil pH which may 
influence unfavorably the deve lopment of the pathogen. F looding of 
fields for long periods of time or dry fallowing may also reduce the 
number of certain pathogens in the soil by starvation, by lack of oxy
gen, or by desiccation. 

Tissue Culture 

With certain plants, such as carnation and chrysanthemum, that are 
generally propagated by cuttings, control of the vascular diseases 
caused by Fusarium, Verticillium, etc., may b e obtained through tis
sue culture of the meristem tips. Since these pathogens do not reach 
the apical meristems until the very late stages of the d isease, the cul
ture of meristem tips provides pathogen-free cuttings for starting ne w 
healthy plants. Similarly, most viruses do not invade the uppermost 
millimeter or so of the growing meristem and, by tissue culture of the 
meristematic tip, healthy plants may be produced. T i s s ue culture is, 
however, difficult and only one or a few healthy plants are produced 
by tissue culture and are then u s ed for further asexual propagation. 

Biological Methods 

Biological control of plant diseases can be achieved by selecting 
and breeding plants for resistance to particular pathogens or by using 
other microorganisms that are either antagonistic to the pathogen or 
parasitize the pathogen itself. Although the use and breeding of resist
ant varieties is the oldest, cheapest, and overall best means of control
ling plant d iseases, the use of hyperparasites or antagonistic microor
ganisms has b e e n attracting considerable interest in recen t years. 



Biological Methods 179 

The Breeding and Use of Resistant Varieties 

If plant varieties resistant to d iseases could be found or d e v e l o p ed 
and cultivated, all crop losses resulting from disease and all expenses 
for sprays and for other ways of d isease control could be avoided. 
Moreover, for many diseases, e.g., those c a u s ed by vascular pathogens 
and viruses, which cannot be adequately controlled by any available 
means, and for others, e.g., cereal rusts and root rots, which are eco
nomically impractical to control in other ways, the u se of resistant va
rieties provides the only means of producing acceptable yields. 

Different plants are resistant to certain pathogens for various rea
sons. S o me plants, of course, are immune to a particular pathogen 
even under the most favorable conditions for d isease development. 
Others exhibit certain degrees of resistance to a pathogen under most 
environmental conditions. Still others are actually susceptible to the 
pathogen but, under the conditions they are normally grown, may 
appear resistant. 

S o me very susceptible varieties exhibiting apparent resistance can 
escape d isease b e c a u se of rapid growth and early maturity and of 
some inherent quality which makes them resistant for a period of their 
life (earliness or lateness) and which, with proper planting can be 
m a de to coincide with the period of abundance of inoculum. Other 
varieties show tolerance or endurance to a d isease and can produce a 
good crop in spite of infection either b e c a u se of exceptional vigor or 
b e c a u se of a hardy structure. Still other varieties are not infected by 
certain pathogens b e c a u se their stomata are too few, too small, c losed, 
or p l u g g ed with m a s s es of cells, or b e c a u se the waxy coating on their 
leaves, the thick skin of their fruit, etc., do not allow the pathogen to 
enter the host. In all these cases, however, once the pathogen has es
tablished infection in the host it can deve lop freely and can produce 
symptoms as though the host is susceptible. 

Truly resistant varieties, on the other hand, are those in which the 
pathogen and the host are incompatible with each other, or the host 
plant can defend itself against the pathogen by the various defense 
mechanisms activated in response to infection by the pathogen. If re
sistance of a plant to a pathogen is provided by a single defense mech 
anism controlled by a single gene , such resistance is called monogen
ic, and the g e n e responsible for it is called a major gene . If resistance 
is provided by a combination of lesser defense mechanisms, each of 
which alone is rather ineffective against the pathogen, and such mech
anisms are controlled by a group or groups of complementary genes, 
such resistance is called polygenic or generalized resistance and the 
gene s are called minor genes. Varieties with monogenic resistance 
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generally show complete resistance under most environmental condi
tions, but a single mutation in the pathogen may produce a ne w race 
that may infect the previously resistant variety. On the contrary, vari
eties with polygenic resistance are less stable and may vary in their 
reaction to the pathogen under different environmental conditions, 
but a pathogen will have to undergo many more mutations to com
pletely break down the resistance of the host. As a rule, a combination 
of major and minor gene s for resistance against a pathogen is the most 
desirable m a k e up for any plant variety. 

For deve lopment of resistant varieties, first there must be sources of 
resistance, i.e., plants p o s s e s s i ng the genetic characteristics that en
able the plant to withstand attacks by the pathogen. Such plants may 
be present in the varieties or species normally grown in the area 
where the d isease is severe and in which the n e e d for resistant vari
eties is most pressing. With most d iseases, a few plants remain vir
tually unaffected by the pathogen although most or all other plants in 
the area may b e severely diseased. Such survivor plants are likely to 
have remained healthy b e c a u se of resistant characters present in 
them. If these plants are propagated asexually and continue to b e re
sistant to the pathogen in s u b s e q u e nt years they may b e c o me the 
stock plants for the deve lopment of one or more resistant varieties. 

If no resistant plants can be found within the local population of the 
species, other species, cultivated or wild, should b e checke d for re
sistance, and, if resistant, should b e crossed with the cultivated vari
eties in efforts to incorporate the resistance gene s of the other species 
into the cultivated varieties. With some diseases, e.g. late blight of 
potatoes, it has b e e n necessary to look for resistance gene s in species 
growing in the area where the d isease originated and where, presum
ably, existing plants m a n a g ed to survive the long, continuous pres
enc e of the pathogen b e c a u se of their resistance to it. Finally, it is pos
sible to increase or make apparent resistance in plants by the use of 
chemicals such as colchicine, which induce polyploidy in plants and 
result in creation of a homozygous condition by doubl ing heterozy
gous allelles, or by the use of mutagenic chemicals and radiations re
sulting in the occasional appearance of mutants which exhibit greater 
resistance to the pathogen than did the parent plant. 

Incorporating gene s for resistance from wild or unsatisfactory plants 
into susceptible, but agronomically desirable, varieties is a difficult 
and painstaking process involving a series of crossings, testing, back-
crossing to the desirable varieties, and so forth. T h e feasibility of the 
method in most cases, however, has b e e n proved repeatedly. Through 
breeding, varieties of some crops, e.g., tobacco, have b e e n d e v e l o p ed 
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in which gene s for resistance have b e e n introduced for as many as five 
different diseases. 

Before a ne w resistant variety is distributed for cultivation by the 
growers, it is usually subjected to a series of tests in which it is inocu
lated with all the known or representative races of the pathogen under 
a variety of environmental conditions. Fai lure of the variety to remain 
resistant to even a single existing race of the pathogen, under even 
one combination of environmental conditions, results in rejection of 
the variety as susceptible. 

E v en completely resistant varieties do not remain so forever. T h e 
continuous production of mutants and hybrids in pathogens sooner or 
later lead to the appearance of races that can infect previously resist
ant varieties. It is also poss ible that such races existed in the area in 
small populations and, therefore, had not b e e n detected at the time of 
introduction of the variety. Moreover, virulent races of the pathogen 
existing e l sewhere may b e brought in after introduction of the resist
ant variety. In all cases, w i d e s p r e ad cultivation of a single, previously 
resistant variety, would provide an excellent substrate for rapid devel
opment and spread of the ne w race of the pathogen and would most 
likely lead to an epidemic. T h e planting of several resistant varieties, 
therefore, is much preferable to just one. And the breeding of resistant 
varieties must b e going on at all t imes, so that, when the resistance of 
one breaks down after a few years of cultivation, others should b e 
available to take its place in the field. 

Cross Protection and Interference 

T h e term cross protection is u s ed specifically for the protection of a 
plant by a mild strain of a virus from infection by a strain of the same 
virus which causes much more severe symptoms. This appears to b e a 
general phenomenon among virus strains. Its application, however, in 
controlling virus diseases has met with little success b e c a u se of the 
laboriousness of the method for field crops and b e c a u se of the dangers 
of mutations, d o u b le infections and the danger of spread to, and 
higher virulence in, other crops. 

T wo cases resembl ing cross protection but probably due to interfer
enc e of one pathogen with the other have b e e n reported recently. Cer
tain plants, e.g., bean, inoculated with virus exhibit a greater resist
ance to infection by certain obligate fungal pathogens causing rusts 
and powdery mildews than do virus-free plants. However, in other 
host-virus-fungus systems, virus-infected plants are less resistant to 
fungus infections than healthy ones. A less documented case of "cross 

181 



182 8. CONTROL OF PLANT DISEASES 

protection" involves the inhibition of infection of pear with the fire 
blight bacterium by inoculation with a nonpathogenic bacterium. 

Hyperparasitism 

Control of pathogenic microorganisms with other microorganisms 
or viruses which parasitize or antagonize the pathogens has not yet 
met with appreciable practical success, but recen t experimental re
sults and the increased interest in and information about such possi
bilities hold great promise for future developments. T h e best known 
cases of hyperparasitism include the bacteriophages, mycoparasites, 
and nematophagous fungi. 

BACTERIOPHAGES 

Bacteriophages or phage (=bacteria-destroying viruses) are known 
to exist in nature for most plant pathogenic bacteria. Successful con
trol of several bacterial d iseases was obtained when the bacterio
phages were mixed with the inoculated bacteria, when the plants 
were first treated with bacteriophages and then inoculated with bac
teria, and when the s e ed was treated with the phage. Successfully 
controlled diseases include crown gall, c a u s ed by Agrobacterium 
tumefaciens, bacterial wilt of solanaceous plants, c a u s ed by Pseudom
onas solanacearum, fire blight of pear, caused by Erwinia amylovora, 
and wildfire to tobacco, caused by P. tabaci. No plant d isease caused 
by a bacterium has b e e n cured yet by treatment with phage after the 
disease has developed. T h e reasons for this are not clear but, appar
ently, the phage cannot reach all the bacterial cells, which in the host 
exist in d e n se masses and are surrounded by sl ime and other products, 
the present techniques of treatment with phage are inadequate, and 
our understanding of the phage-bacterium relation in nature is incom
plete. 

MYCOPARASITISM 

T h e mycel ium and spores of several phytopathogenic fungi such as 
Pythium, Fusarium, and Helminthosporium, are attacked and parasi
tized in culture and, probably, in the soil by one or more fungi which, 
as a rule, are not pathogenic to plants. T h e growth of some of these 
and of other fungi in the soil is also inhibited by the presence in their 
environment of certain other fungi and bacteria. No bacteria have 
b e e n shown yet to attack and parasitize fungi directly but some bacte-
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ria, e.g., Bacillus cereus, as well as some fungi appear to b e antagonis
tic to certain soil-inhabiting phytopathogenic fungi and through their 
enzymatic or toxic secretions cause lysis and death of the fungus. At
tempts to control soil-inhabiting fungal phytopathogens through addi
tion of the parasitic or antagonistic fungi and bacteria in the soil have 
given rather disappointing results. Addition of soil amendments favor
ing the hyperparasites, however, have induced an increase in the 
populations of the hyperparasites with a concomitant reduction of the 
populations of the phytopathogenic fungi and a parallel reduction in 
d isease severity. 

PARASITES OF N E M A T O D ES 

Many plant-parasitic nematodes are parasitized by soil fungi, proto
zoa, and possibly by bacteria and viruses. Several predators, including 
protozoa, fungi, other nematodes and microarthropods also s e em to 
attack phytopathogenic nematodes in the soil. T h e use of hyperpara
sites or predators to control plant-parasitic nematodes has b e e n little 
investigated yet. T h e greatest emphasis has b e e n p laced upon the use 
of predacious fungi but, while their effectiveness in vitro and in pot 
tests has b e e n encouraging, their application on a field scale has b e e n 
disappointing. 

Control through Trap Crops and Antagonistic Plants 

S o me plants that are not actually susceptible to certain sedentary 
plant-parasitic nematodes produce exudates that stimulate hatching of 
eggs of these nematodes. T h e larvae enter these plants but are not 
able to deve lop into adults and lay eggs, and finally they die. Such 
plants are called trap crops. By using trap crops in a crop rotation pro
gram, the nematode population in the soil is r educed considerably. 
For example, black nightshade plants (Solanum nigrum) reduce the 
populations of the golden nematode, Heterodera rostochiensis. Simi
lar results can b e obtained by planting highly susceptible plants 
which, after infection by the nematodes, are destroyed before the 
nematodes reach maturity and begin to reproduce. 

A few kinds of plants, e.g., asparagus and marigolds are antagonistic 
to nematodes b e c a u se they re lease certain substances in the soil 
which are toxic to several plant-parasitic nematodes and, when inter-
planted with nematode-susceptible crops, they decrease the number 
of nematodes in the soil and in the roots of the susceptible crops. 

Unfortunately, neither trap nor antagonistic plants give a sufficient 
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degree of control to offset the expense involved and, therefore, they 
have b e e n little u s ed in practical control of nematode diseases of 
plants. 

Physical Methods 

T h e physical agents most commonly u s ed in controlling plant dis
eases are temperature (high or low) and various types of radiation. 

Control by Heat Treatment 

Heat treatments have b e e n u s ed for soil sterilization, for disinfec
tion of propagative organs, for freeing plants from viruses, and for 
healing plant products before storage. 

S O IL STERILIZATION BY H E AT 

Soil sterilization in greenhouses, and sometimes in s e ed b e ds and 
cold frames, is usually achieved by the heat carried in live steam or 
hot water. T h e soil is steam-sterilized either in special containers (soil 
sterilizers) into which steam is suppl ied under pressure, or on the 
greenhouse benches, in which case steam is p i p ed into, and is al
lowed to diffuse through, the soil. Soil sterilization is completed when 
the temperature in the coldest part of the soil has remained for at least 
30 minutes at 82°C or above, at which temperature all plant pathogens 
in the soil are killed. Heat sterilization of soil is frequently achieved 
by heat produced electrically rather than suppl ied by steam or hot 
water. 

H O T - W A T ER T R E A T M E NT OF PROPAGATIVE ORGANS 

Hot-water treatment of certain seeds, bulbs, and nursery stock is 
commonly u s ed to kill any pathogens with which they are infected or 
which may be present inside s e ed coats, bulb scales, etc. In some dis
eases, s e ed treatment with hot water is the only means of control, as in 
the loose smut of cereals, in which the fungus overwinters as myce
lium inside the s e ed where it cannot b e reached by chemicals. Simi
larly, treatment of bulbs and nursery stock with hot water frees them 
from nematodes that may be present within these organs, e.g., 
Ditylenchus dipsaci in bulbs of various ornamentals, Radopholus sim-
ilis in citrus rootstocks. 
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T h e effectiveness of the method is b a s ed on the fact that these dor
mant plant organs can withstand higher temperatures than those in 
which their respective pathogens can survive for a given period of 
time. T h e temperature of the hot water u s ed and the duration of the 
treatment varies with the different host-pathogen combinations. Thus, 
in the loose smut of wheat the s e ed is kept in hot water at 52°C for 11 
minutes, whereas bulbs treated for Ditylenchus dipsaci are kept at 
4 3 ° C f o r 3 h o u r s. 

ELIMINATION OF V I R U S ES FROM P L A N TS BY H E AT 

Heat treatment has b e e n the most successful and widely u s ed thera
peutic method against virus d iseases of plants. Dormant plant materi
al, such as b u d w o o d, dormant trees, and tubers, is usually treated with 
hot water at temperatures ranging from 35° to 54°C, and treatment 
times from a few minutes to several hours. Actively growing plants are 
sometimes treated with hot water, but much more frequently they are 
treated with hot air, which gives both better survival of the plant and 
better elimination of the virus than does hot water. Temperatures of 
35° to 40°C s e em to b e optimal for air treatment of growing plants. For 
hot air treatment, the virus-infected plants are usually grown in the 
greenhouse or in growth chambers for periods varying for different 
host-virus combinations, but generally lasting 2-4 weeks, although 
some viruses require treatment for 2-8 months and others may b e 
e l iminated in just one week. 

Although many viruses can b e el iminated from their hosts by heat 
treatment, for several others such treatment has b e e n unsuccessful. It 
appears that most yellows and proliferation types of viruses, and many 
mechanically transmitted polyhedral viruses, can be el iminated by 
heat treatment. E longated viruses appear to b e , as a rule, resistant to 
heat treatment. Ther e does not s e em to b e , however, any correlation 
b e t w e en the in vitro stability of a virus and its ability to withstand 
heat treatment. 

H O T - A IR T R E A T M E NT OF S T O R A GE ORGANS 

Treatment of certain storage organs with hot air removes the excess 
moisture from their surfaces and hastens healing of wounds and thus 
prevents their infection by certain weak pathogens. For example, 
keeping sweet potatoes at 28°-32°C for 2 weeks helps the wounds to 
heal and prevents infection by Rhizopus and by soft-rotting bacteria. 
Also, hot-air " c u r i n g" of harvested tobacco leaves removes m o s t m o i s-
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ture from them and protects them from attack by fungal and bacterial 
saprophytes. 

Disease Control by Refrigeration 

Refrigeration is probably the most widely u s ed method of control
ling postharvest d iseases of fleshy plant products. L ow temperatures 
at or slightly above the freezing point do not, of course, kill any of the 
pathogens that may b e on or in the plant tissues but they inhibit or 
greatly retard the growth and activities of all such pathogens and 
thereby prevent the spread of existing infections and the initiation of 
ne w ones. Most perishable fruits and vegetables are usually refriger
ated immediately after harvest, transported in refrigerated vehicles, 
and kept refrigerated until they are u s ed by the consumer. Regular 
refrigeration of especially succulent fruits and vegetables is some
times p r e c e d ed by a quick hydrocooling or aircooling of these prod
ucts, aiming at removing the excess heat, carried in them from the 
field, as quickly as possible to prevent any ne w infections that might 
start otherwise. T h e magnitude of d isease control through refrigera
tion and its value to the growers and the consumers can hardly be ex
aggerated. 

Disease Control by Radiations 

Various types of electromagnetic radiations, such as ultraviolet (UV) 
light, X-rays, and ã-rays, as well as particulate radiations, such as a-
particles and /3-particles have b e e n studied for their ability to control 
postharvest d iseases of fruits and vegetables by killing the pathogens 
present on them. S o me satisfactory results were obtained in experi
mental studies using ã-rays to control postharvest infections of peach
es, strawberries, tomatoes, etc., by some of their fungal pathogens. 
Unfortunately, with many of these d iseases the dosage of radiation 
required to kill the pathogen also injures the plant tissues on which 
the pathogens exist. Although no plant d iseases are as yet commer
cially controlled by radiations, this control method appears to hold 
great promise. 

Chemical Control 

T h e most general means of controlling plant d iseases in the field 
and in the greenhouse and, sometimes, in storage, is through the use 
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of chemical compounds that are toxic to the pathogens. Such chemi
cals either inhibit germination, growth, and multiplication of the path
ogen or are outright lethal to the pathogen. D e p e n d i ng on the kind of 
pathogens they affect, the chemicals are called fungicides, bacteri
cides, nematocides, viricides or, for the parasitic higher plants, herbi
cides. S o me chemicals are toxic to all or most kinds of pathogens, oth
ers affect only one kind of pathogen, and certain compounds are toxic 
to only a few or a single specific pathogen. 

Most of the chemicals are u s ed to control d iseases of the foliage and 
of other aboveground parts of plants. Others are u s ed to disinfest and 
protect from infection seeds, tubers, and bulbs. S o me are u s ed to dis
infest the soil, others to disinfest warehouses, to treat wounds, or to 
protect stored fruit and vegetables from infection. Still others 
(insecticides) are u s ed to control the insect vectors of some pathogens. 

T h e great majority of the chemicals appl ied on plants or plant or
gans can only protect them from s u b s e q u e nt infection and cannot stop 
or cure a d isease after it has started. Also, the great majority of these 
chemicals are effective only in the plant area to which they have b e e n 
appl ied (local action) and are not absorbed or translocated by the 
plants. S o me chemicals, however, do have a therapeutic (eradicant) 
action, and some do b e c o me absorbed and systemically translocated 
by the plant. 

METHODS OF PLANT DISEASE CONTROL WITH 
CHEMICALS 

Foliage Sprays and Dusts 

Chemicals appl ied as sprays or dusts on the foliage of plants are 
usually a imed at control of fungus d iseases and to a lesser extent of 
bacterial d iseases. Most fungicides and bactericides are protectants 
and must b e present on the surface of the plant in advance of the path
ogen in order to prevent infection. Their presence usually does not 
allow fungus spores to germinate or they may kill spores upon germi
nation. Contact of bacteria with bactericides may inhibit their multi
plication or cause their death. 

S o me fungicides may also have a direct effect on pathogens which 
have already invaded the leaves, fruit, and stem, and in this case they 
act as eradicants by killing the fungus inside the host or they may sup
press the sporulation of the fungus without killing it. Whe n the eradi
cant action is l imited to a few hours or days after infection, it is called 
"kick-back" action, as, e.g., the action of phenyl-mercury compounds. 
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S o me fungicides, e.g., dodine, have a partial systemic action b e c a u se 
they can be absorbed by a part of the leaf t issues and b e translocated 
internally into the whole leaf area. A few fungicides, e.g., Actidione, 
and oxanthiin derivatives, are clearly systemics and can b e translo
cated internally throughout the host plant. S o me bactericides, e.g., 
streptomycin, are also systemics. 

T h e effectiveness of fungicides and bactericides d e p e n ds on their 
be ing soluble enough to b e absorbed by and act on the pathogen. Yet, 
since they are exposed to rain and dew, they must b e nearly insoluble 
if they are to remain on and protect the plant t issues for appreciable 
periods of time. The y must, therefore, adhere well on the leaf t issue so 
that they will have a lasting effect but they must spread and cover the 
surface well in order to protect the entire e x p o s ed area. Finally, fungi
cides and bactericides must b e toxic to the pathogen but must not b e 
phytotoxic, i.e., they must not cause injuries to the plant. 

Fungic ides and bactericides appl ied as sprays appear to b e more 
efficient than when appl ied as dusts. Dusts may be preferable to 
sprays if application is to b e m a de during a rain b e c a u se they adhere 
better to wet plant tissues. Sometimes other compounds, e.g., l ime, 
glyceride oils, may b e a d d ed to the active chemical in order to reduce 
its phytotoxicity and make it safer for the plant. C o m p o u n ds with a 
low surface tension, such as detergents, soap, and casein, are often 
a d d ed to fungicides in order to increase their spreading and thereby 
the contact area b e t w e en fungicide and the sprayed surface. S o me 
compounds, finally, are a d d ed to increase the adherence of the fungi
cide to the plant surface, e.g., flour, starch, and oils. 

Since most fungicides and bactericides u s ed today are mainly or 
solely protectant in their action, it is very important that they b e at the 
plant surface on which infection is anticipated before the pathogen 
arrives there or at least before it has time to germinate, enter, and es
tablish itself in the host. B e c a u se almost all spores require a film of 
water on the leaf surface or at least atmospheric humidity near satura
tion before they can germinate, sprays or dusts s e em to b e most effec
tive when they are appl ied before, during, or immediately after every 
rain during the period of possibility of infection. F u n g i c i d es with 
"kickback action" may be appl ied a few (20-70) hours after the rain 
since they are able to stop infections which have just started. Consid
ering that most fungicides and bactericides are effective only upon 
contact with the pathogen, it is important that the whole surface of the 
plant b e covered completely with the chemical in order to b e pro
tected. For this reason, young, expanding leaves, twigs, and fruits 
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must be sprayed more often than mature t issues, since small, growing 
leaves may outgrow protection after 3-5 days from spraying. T h e in
terval be tween sprays of mature t issue may vary from 7 to 14 days or 
longer, d e p e n d i ng on the particular d isease, the frequency and dura
tion of rains, and the season of the year. T h e s a me factors also deter
mine the number of sprays per season which may vary from 2 or 3 to 
15 or more. 

T h e number and variety of chemicals u s ed for foliar sprays and 
dusts is quite large and includes inorganic compounds containing 
copper, sulfur, mercury, or zinc, and also many organic compounds 
such as dithiocarbamates, mercurial organics, antibiotics, and numer
ous others. S o me of these compounds are specific against certain dis
eases, others are effective against a w i de spectrum of pathogens. 
Sprays with these materials usually contain 0.5 to 2 pounds of the 
c o m p o u nd per hundred gallons of water, although some, e.g., sulfur, 
are a p p l i ed at 4-6 pounds per 100 gallons of water. S o me of the fungi
cides u s ed for foliar sprays or dusts are also u s ed for s e ed treatments. 

Seed Treatment 

S e e d s, tubers, bulbs, and roots are usually treated with chemicals to 
prevent their decay after planting by controlling pathogens carried on 
them or existing in the soil where they will b e planted. Chemicals can 
b e appl ied on the s e ed as dusts, as thick water suspensions mixed 
with the seed, or the s e ed can b e soaked in a water solution of the 
chemical and then be al lowed to dry. T u b e r s, bulbs, corms, and roots 
can b e treated in similar ways. 

In treating s e e ds or any other propagative organs with chemicals, 
precautions must b e taken so that their viability is not lowered or de
stroyed. At the same time enough chemical must stick to the s e ed to 
protect it from attacks of pathogens and, when the s e ed is planted, to 
diffuse into, and disinfest a sphere of soil around the s e ed in which 
the ne w plant will grow without b e i ng attacked at this particularly 
vulnerable per iod of growth. 

Chemicals u s ed in treating seeds, bulbs, corms, tubers, and roots 
may b e copper, mercury, or zinc inorganic compounds, mercurial or
ganic (Ceresan, Panogen, S e m e s a n, etc.), or nonmercurial compounds 
(captan, chloranil, Dexon, dichlone, P C N B, thiram, etc.). S o me chemi
cals may control specific d iseases of some plants while others are 
more general in their action and may control many diseases of a num
ber of plants. 
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Soil Treatment 

Soil to be planted with vegetables, ornamentals, or trees is fre
quently treated (fumigated) with volatile chemicals (fumigants) for 
control of nematodes, fungi, and bacteria. Treatment is usually done 
several days or weeks before planting. T h e chemicals are appl ied ei
ther with tractor-mounted chisel-tooth injection shanks or disks, or, for 
small areas, with hand applicators. T h e chemical is injected 4-6 
inches d e e p in the soil and is appl ied either throughout the field or 
along the rows in which the plants will b e planted. S o me of the fumi
gants are so volatile that the treated soil must b e covered immediately 
with a plastic or other covering to retain the fumes. Certain fumigants 
move through the soil slowly so that no covering other than the soil is 
needed . T h e most common fumigants are chloropicrin, methyl brom
ide, ethylene dibromide ( E D B ), dichloropropene-dichloropropane 
(D-D), Mylone, Nemagon, Vapam, Vorlex, and Zinophos. 

Certain fungicides are appl ied to the soil as dusts, drenches, or 
granules to control damping off, seedl ing blights, crown and root rots, 
wilts, and other diseases. Such fumigicides include captan, Dexon, 
P C N B, and Semesan. 

Treatment of Tree Wounds 

Large pruning cuts and wounds m a de on the bark of branches and 
trunks accidentally or in the process of removing infections by fungi 
and bacteria, n e e d to b e protected from drying and from b e c o m i ng 
ports of entry of ne w pathogens. Drying of the margins of large tree 
wounds is usually prevented by painting them with shellac or wound 
dressing. T h e exposed wood is then sterilized by swabbing it with a 
solution of either 0.5 to 1.0% sodium hypochlorite ( 1 0 - 2 0 % Clorox), 
or with 7 0 % ethyl alcohol, or a 1:1,000 solution of mercuric chloride. 
Finally, the entire wound is painted with a permanent-type tree 
wound dressing, such as a 10:2:2 mixture of lanolin, rosin, and gum, or 
Cerano, or Bordeaux paint, or an asphalt-varnish tree paint. S o me 
wound dressings, e.g., Cerano and Bordeaux paint, are themselves 
disinfectants, while most others require the addition of a disinfectant, 
such as 0.25 % phenyl mercuric nitrate or 6 % phenol. 

Control of Postharvest Diseases 

T h e use of chemicals for the control of postharvest d iseases of fruits 
and vegetables is complicated enormously by the fact that most com
pounds effective against storage d iseases leave on the produce high 
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concentrations of res idues that are toxic to consumers. Many chemi
cals also cause injury to the products under storage conditions and 
give off undesirable odors. 

A number of fungitoxic chemicals, however, most of them u s ed spe
cifically for control of postharvest d iseases, have b e e n developed. 
Most of these are u s ed as dilute solutions into which the fruits or vege
tables are d i p p ed before storage, or as solutions u s ed for washing or 
hydrocooling of fruits and vegetables immediately after harvest. S o me 
chemicals, e.g., e lemental sulfur, are u s ed as dusts or crystals that 
undergo sublimation in storage, and others, e.g., S 0 2 , as gasses. Final
ly, some chemicals are impregnated in the boxes or wrappers contain
ing the fruit. Among the compounds u s ed for commercial control of 
postharvest d iseases of, primarily, citrus fruits but also of other fruits 
are borax, sodium carbonate, nitrogen trichloride, biphenyl, sodium o-
phenylphenate, salicylanilide, and thiabendazole. Certain other 
chemicals, such as elemental sulfur, sulfur dioxide, solutions of hy-
pochlorous acid and its hypochlorite salts, dibromotetrachloroethane, 
2,6-dichloro-4-nitroaniline ( D C NA or Botran), captan, and benzoic 
acid, have b e e n u s ed mostly for the control of storage rots of stone and 
p o me fruits, bananas, grapes, strawberries, melons, potatoes, etc. 

Disinfestation of Warehouses 

T o avoid infection of stored products by pathogens left over in the 
warehouse from previous years, the storage rooms are first c leaned 
thoroughly and the debris is r emoved and burned. This is usually fol
lowed by washing the walls and floors with a copper sulfate solution 
(1 p o u nd in 5 gallons of water), or by spraying with a 1:240 solution of 
formaldehyde. Warehouses that can b e c losed airtight and in which 
the relative humidity can be kept at nearly 1 0 0 % while the tempera
ture is b e t w e en 25° and 30°C can b e effectively fumigated with chloro-
picrin (tear gas) u s ed at 1 pound per each 1000 cubic feet. Fumigation 
of warehouses can also b e carried out by burning sulfur in the ware
house at the rate of 1 p o u nd per 1000 cubic feet of space, or with 
formaldehyde gas generated by adding 23 ounces of potassium per
manganate to 3 pints of formaldehyde per 1000 cubic feet of space. 
In all cases the fumigants should b e al lowed to act for at least 24 
hours before the warehouse doors are o p e n ed for aeration. 

Control of Insect Vectors 

Whe n the pathogen is introduced or disseminated by an insect vec
tor, control of the vector is as important as, and sometimes, easier than, 
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the control of the pathogen itself. Application of insecticides for the 
control of insect carriers of fungus spores and bacteria has b e e n quite 
successful and is a r e c o m m e n d ed procedure in the control of most 
such insect-carried pathogens. 

In the case of viruses, however, of which insects are the most impor
tant disseminating agents, insecticides have b e e n helpful in con
trolling the spread of virus d iseases only when they have bee n ap
plied at the area and on the plants on which the insects overwinter 
or on which the insects feed before they enter the crop. Control of 
virus diseases by killing the insect vectors with insecticides after 
they have arrived at the crop has se ldom proved adequate. This is 
probably b e c a u s e, even with good insect control, enough insects sur
vive for sufficiently long periods to spread the virus. Nevertheless, ap
preciable reduction in losses from certain virus d iseases have b e e n 
obtained by controlling their insect vectors and the practice of good 
insect control is always desirable. 

T Y P ES OF C H E M I C A LS U S ED F OR P L A NT D I S E A SE 
C O N T R OL 

Many hundreds of chemicals have b e e n advanced to-date for crop 
protection as fumigants, soil treatments, sprays, dusts, paints, pastes, 
and systemics. Salts of toxic metals or of organic acids, sulfur, organic 
mercurials, quinones, and hetercyclic nitrogen compounds comprise 
the most important fungicides. Copper, mercury, zinc, and to a lesser 
extent chromium, nickel, and cobalt, are the metals u s ed as inorganic 
or organic salts for their fungicidal activity. Of the nonmetals, sulfur, 
chlorine, and phosphorus are the most commonly used. 

Copper Compounds 

Bordeaux mixture, the product of reaction of copper sulfate and cal
cium hydroxide, is the most widely u s ed copper fungicide all over the 
world. It controls many fungus and bacterial leaf spots, blights, antrac-
noses, downy mildews, and cankers, but causes burning of leaves or 
russeting of fruit such as apples when appl ied in cool, wet weather. 
T h e phytotoxicity of Bordeaux is r educed by increasing the ratio of 
l ime to copper sulfate, since copper is the only ingredient in the Bor
deaux mixture that is toxic to pathogens and, sometimes, to plants, 
while lime's role is primarily that of a "safener ." For dormant sprays, 
concentrated Bordeaux is m a de by mixing 10 pounds of copper sul
fate, 10 pounds of l ime, and 100 gallons of water; it has the formula 10-
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10-100. T h e most commonly u s ed formula for Bordeaux is 8-8-100. For 
spraying young, actively growing plants the amounts of copper sulfate 
and lime are reduced, and the formulas u s ed may be 2-2-100, 2-6-100, 
etc. For plants known to be sensitive to Bordeaux, a much greater con
centration of l ime may b e used, as in the formula 8-24-100. 

T h e " f ixed" or " i n s o l u b l e" copper compounds have the copper ion 
fixed to the molecule more securely chemically so that it is only 
slightly soluble, and these compounds are, therefore, less phytotoxic 
than Bordeaux, but also less effective as fungicides. T h e " f ixed" cop
pers are u s ed for control of the same diseases as Bordeaux and they 
can also be u s ed as dusts. T h e " f ixed" coppers contain either basic 
copper sulfate (e.g., Basicop, Tribasic), or basic copper chlorides (e.g., 
C-O-C-S), or copper oxides (e.g., Cuprocide, Perenox), or miscella
neous other formulations. Most of them are r e c o m m e n d ed as sprays at 
the rate of 4 pounds per 100 gallons of water or as 7 % copper dusts. 

No good organic copper compounds have b e e n d e v e l o p ed yet in 
spite of numerous efforts in that direction. 

Sulfur Compounds 

Several inorganic sulfur formulations and numerous organic sulfur 
compounds have proven to be excellent fungicides and are u s ed to 
control a variety of d iseases. 

INORGANIC S U L F UR COMPOUNDS 

T h e e lement sulfur as a dust, wettable powder, paste, or l iquid is 
u s ed primarily to control powdery mildews on many plants, but it is 
also effective against certain rusts, leaf blights, and fruit rots. Sulfur, in 
its different forms, is available under a variety of trade names, such as, 
Kolodust, Microfine sulfur, Magnetic spray wettable sulfur, Micron-
ized sulfur, Kolofog. Most sulfur formulations are appl ied at the rate of 
1-6 pounds per 100 gallons of water and may cause injury in hot, dry 
weather, especial ly to sulfur-sensitive plants such as tomato, melons, 
and grape. 

By boiling l ime and sulfur together Lime-Sulfur, Self-boiled L ime-
Sulfur, and Dry Lime-Sulfur are produced which are u s ed as sprays 
for dormant fruit trees to control blight or anthracnose, powdery mil
dew, apple scab, brown rot of stone fruits, peach leaf curl, etc., and is 
sometimes u s ed for summer control of the same diseases. T h e various 
lime-sulfurs are appl ied at the rate of 2 to 10 gallons per 100 gallons of 
water. 
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ORGANIC S U L F UR COMPOUNDS - DITHIOCARBAMATES 

T h e organic sulfur compounds comprise unquestionably the most 
important, most versatile, and most widely u s ed group of modern fun
gicides. T h e y include thiram, ferbam, ziram, nabam, maneb, and 
zineb, and are all derivatives of dithiocarbamic acid. Dithiocarbamic 

TT S 
N—C—SH 

Dithiocarbamic 
acid 

acid as such is unstable and does not occur in the free state, but, by 
reacting with another molecule of dithiocarbamic acid or a metal, it 
forms stable and highly fungitoxic compounds, the so-called dithiocar
bamates, thiocarbamates, or carbamates. 

Thus, thiram consists of two molecules of dithiocarbamic acid 
jo ined together, with the amino hydrogens substituted by methyl 
groups. 

H 3C  ̂ Ν f| / C H 3 

N — C — S — S - C —Í 

Thiram 

Thiram is u s ed mostly for s e ed and bulb treatment for vegetables, 
flowers, and grasses, but also for the control of certain foliage d iseases, 
e.g., rusts, of lawn, fruits, and vegetables. Thiram is also good as soil 
drench for control of damping-off and seedl ing blights. Thiram, in var
ious formulations, is sold under many trade names: Thiram, Arasan, 
Tersan, Spottrete, Thylate, etc. 

Whe n the methylated dithiocarbamic acid molecules react with a 
metal rather than with themselves they produce the metalic dithiocar
bamates, which include ferbam and ziram. 

In ferbam, three molecules of dimethyldithiocarbamic acid react 
with one atom of iron. F e r b am is sold as Fermate, F e r b a m, Karbam 
Black, Coromate, Carbamate, etc., and is u s ed to control many foliage 
d iseases of fruit trees and ornamentals. 
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Ferbam 

Ziram contains zinc; it is sold as Zerlate, Karbam white, Corozate, 
etc., and controls many foliage d iseases of vegetables and ornamen
tals. 
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Ziram 

In another group of dithiocarbamic acid derivatives, called ethylene 
bisdithiocarbamates, two molecules of methyldithiocarbamic acid, 
which have already reacted with a metal, also react with each other 
through their methyl group; thus, nabam contains sodium. N a b am is 
sold as Dithane D-14, Parzate L iquid, etc.; and gives fair control of 
some foliage d iseases of flowers and vegetables. 
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Nabam 

Whe n zinc is substituted for sodium, a much better fungicide, zin-
eb , is obtained. Zineb is sold as Dithane Z-78, Parzate, etc.; it is an 
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Most dithiocarbamates are sprayed at the rate of 2 pounds per 100 
gallons of water, although zineb and thiram are often appl ied at the 
1-1.5 pound rate. 

Mercury Compounds 

T wo inorganic compounds of mercury, mercuric chloride, H g C l2, 
also known as corrosive sublimate or bichloride of mercury, and mer-
curous chloride, H g 2C l2, also known as Calomel, Calogreen, etc., are 
u s ed as 1:1000 dilutions for soaking the seed, rhizomes, and corms of 
several vegetables and flowers to control mainly certain bacterial and 
also some fungal diseases. T h e y are also u s ed as drenche s for control 
of certain lawn and other d iseases, as tree-wound disinfectants and as 
disinfestants of tools u s ed for pruning, etc. 

A large number of organic mercury compounds have strong fungici
dal and bactericidal activity, but, d ue to the phytotoxicity of mercury 
and its toxicity to humans and animals, most organic mercurials are 
u s ed for treatment of seeds, and only a few are u s ed as foliage sprays. 
Thus, Agrox (phenyl mercuryurea), Ceresan, Ceresan M, N ew Im
proved Ceresan (all derivatives of ethylmercury), Mer-Sols 
(derivatives of phenylmercury acetate), Panogen (methylmercury 
dicyandiamide), S e m e s an (hydroxymercury chlorophenol), and others 
are u s ed for s e ed treatment of small grains and certain ornamentals. 
Fol iage sprays of organic mercurials have b e e n u s ed primarily for turf 
d iseases, e.g., P M AS (phenylmercuric acetate) and Puraturf, or as 

excellent fungicide for the control of leaf spots, blights, fruit rots, etc., 
of vegetables, flowers, fruit trees, and shrubs. 

Maneb contains manganese, it is sold as Manzate, Dithane Ì-22 , 
Dithane M-45, etc., and is excellent for the control of foliage and fruit 
diseases of many vegetables, especial ly tomato, potato, and vine 
crops, and of flowers, trees, turf, and some fruits. 
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eradicant sprays against apple scab, e.g., Puratized Apple Spray 
(phenylmercury monoethanol a m m o n i um acetate), Puratized Agricul
tural Spray (phenylmercury triethanol a m m o n i um lactate), Phix, and 
T ag (both phenylmercury acetate). 

Quinones 

Quinones, which occur naturally in many plants and are also pro
d u c ed upon oxidation of plant phenolic compounds, often show an
timicrobial activity and are often cons idered to b e associated with the 
innate resistance of plants to d isease. Only two quinone compounds, 
chloranil and dichlone, however, have b e e n d e v e l o p ed and are u s ed 
commercially as fungicides. 
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Chloranil 

Chloranil (tetrachloro-p-benzoquinone) is sold as Spergon; it is 
u s ed mainly as s e ed and b u lb treatment for flowers, vegetables and 
some grasses. It is also u s ed as a soil drench , as a dip for flower corms 
and bulbs, and as sprays and dusts for certain foliage d iseases, e.g., 
downy mildews of melons, damping-off. 

Dichlone (2,3-dichloro-l ,4-naphthoquinone) is sold as Phygon, 
Phygon X L, etc., and is u s ed mainly as a s e ed treatment for certain 
vegetables and grasses. Dichlone is also u s ed as a protectant or eradi
cant spray for certain blights, fruit rots, and cankers of vegetables and 
fruit. 
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Dichlone 

Chloranil as a s e ed protectant is u s ed at the rate of 3-12 ounces per 
100 pounds of seed; and as a spray, at 1.5-4 pounds per 100 gallons of 
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water. Dichlone, on the other hand, is u s ed at 1-4 ounces per 100 
pounds of seed, and as a spray at 0.5-1.5 pounds per 100 gallons of 
water. 

Benzene Compounds 

Many b e n z e ne compounds are toxic to microorganisms, and several 
have b e e n d e v e l o p ed into fungicides and are u s ed commercially. 

Dinitro-o-cresol is contained in the formulations called Elgetol, 
Krenite, etc., and is u s ed as a dormant spray for control of certain dis
eases of fruit and ornamental trees, as a p r e e m e r g e n c e ground spray, 
and as a tree w o u nd treatment. 

OH 
CH3 

N 0 2 

D i n i t r o - o - c r e s ol 

Pentachloronitrobenzene, sold as P C N B, Terrachlor, etc., is a long-
lasting soil fungicide. It controls various soil-borne diseases of vegeta
bles, turf, and ornamentals. 

NO2 

Pentachloro
nitrobenzene Dichloran 

Dichloran (2,6-dichloro-4-nitroaniline), sold as Botran, D C N A, etc., 
is u s ed as a foliar and soil fungicide for certain d iseases of vegetables 
and flowers, and as postharvest dip for certain fruits and vegetables. 

Dinocap is a mixture of isomers of 2-(l-methylheptyl)-4-6-dinitro-
phenyl crotonate. It is sold as Karathane, Mildex, etc., and is specific 
against powdery mildews. 
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Dexon 
Dinocap 

Dexon contains p-(dimethylamino)benzene-diazosodium sulfonate 
and is u s ed as a s e ed and soil fungicide against damping-off and root 
rots of many ornamentals, vegetables, and fruits. 

Daconil 2787 contains tetrachloroisophthalonitrile; it is a new, safe, 

C = N 

CI 

Daconil 2787 

broad-spectrum fungicide effective against leaf spots and blights, 
b lossom blights, fruit spots and rots, certain powdery mildews, etc. 

Heterocyclic Compounds 

This is a rather heterogeneous group but includes some of the best 
fungicides, e.g., captan. 

ï 

Captan 

Captan (N-trichloromethylthiotetrahydrophthalimide) is sold as 
Captan, Orthocide, etc.; it is an excellent, safe fungicide for control of 
leaf spots, blights, fruit rots, etc., on fruits, vegetables, ornamentals 
and turf. It is also u s ed as a s e ed protectant for vegetables, flowers and 
grasses and as a postharvest dip for certain fruits and vegetables. 
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Folpet 

Difolatan [IV-( 1,1,2,2-tetrachloroethylsulfenyl)-cts-4-cyclohexene 
1,2-dicarboximide] is sold as Difolatan, Folcid, Ortho Difolatan, etc., 
has properties similar to those of captan and folpet and is u s ed primar
ily for the control of early and late blight of potatoes. 

ï 

N - S - C — C —Ç 

ci c'i 
II ï 
Difolatan 

Glyodin (2-heptadecylglyoxalidine acetate), sold as Glyodin, Crag 
Glyodin, etc., is effective against apple scab and certain other foliar 
diseases of fruit trees and ornamentals. 

^ 1 7 ^ 35 

ÍÇ 2· HOOCCH3 
I I 

H2C CH2 

Glyodin 

Dyrene (2,4-dichloro-6-o-chloroanilo-s-triazene) is sold as Dyrene, 
Turftox, etc.; it is u s ed for spraying ornamentals, turf, and vegetables. 

Folpet (N-trichloromethylthiophthalimide) is sold as Folpet, Phal-
tan, Orthophaltan, etc.; it is similar to captan in spectrum and effec
tiveness. In addition, it controls many powdery mildews. 
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Dyrene 

Oxanthiin Compounds 

Various oxanthiin derivatives, one of which has the formula: 

Oxanthiin derivative 

have b e e n recently shown to b e systemic in plants and highly toxic to 
several groups of fungi, especially the Basidiomycetes. In experimen
tal trials they gave good control of several smut and other d iseases; 
they appear to be very promising as fungicides. No oxanthiin com
pound, however, is available as yet commercially. 

Miscellaneous Organic Fungicides 

A number of other, chemically diverse compounds are excellent 
fungicides for certain d iseases or groups of d iseases. 

D o d i ne (JV-dodecylguanidine acetate) is sold as Cyprex. It is the 
best fungicide against apple scab, and it also controls certain foliage 
d iseases of cherry, strawberry, pecan, and roses. It gives long-lasting 
protection and is also a good eradicant. It appears to have local sys
temic action in leaves. 

C 1 2H 2 5N H -C —ÍÇ 2· CH3COOH 
NH 

Dodine 



202 8. CONTROL OF PLANT DISEASES 

Polyram is a ne w foliar and s e ed protectant fungicide containing 
zinc polyethylene thiuram disulfide complex. It controls rusts, downy 
mildews, leaf spots and blights of vegetables, ornamentals, and cer
tain trees. 

Oxyquinoline sulfate (also benzoate and citrate) is u s ed as a soil 
drench to control damping-off and other soil-borne diseases. An 
oxyquinoline-copper complex has also b e e n u s ed as a s e ed treatment, 
as a foliar spray against certain d iseases of fruits and vegetables, and 
as a wood preservative for picking boxes, baskets, crates, etc. 

T wo cadmium-containing fungicides, C a d dy (cadmium chloride) 
and Cadminate (cadmium succinate), are u s ed for control of turf dis
eases. 

Nickel has b e e n u s ed as nickel sulfate and nickel chloride for the 
control of cereal rusts. 

Zinc is sometimes u s ed as zinc naphthenate for disinfestation and 
preservation of wood. 

Soil Fumigants 

The y are u s ed primarily for control of plant-parasitic nematodes and 
are d iscussed in Chapter 13. 

Antibiotics 

Antibiotics are substances produced by one microorganism and 
toxic to another microorganism. Most antibiotics known to date are 
products of Actinomycetes and some fungi, e.g., Penicillium, and are 
toxic mostly against bacteria but also against some fungi. T h e chemi
cal formulas of most antibiotics are complex and are not, as a rule, re
lated to each other. Antibiotics u s ed for plant d isease control are gen
erally absorbed and translocated systemically by the plant. Antibiotics 
may control plant d iseases by acting on the pathogen or on the host 
directly, or after undergoing transformation within the host. 

Among the most important antibiotics in plant d isease control are 
streptomycin, tetracyclines, cycloheximide, and griseofulvin. 

Streptomycin 

Streptomycin is produced by the actinomycete Streptomyces gri-
seus. Streptomycin or streptomycin sulfate is sold as Agrimycin, Phy-
tomycin, Ortho Streptomycin, etc., and as a spray shows activity 
against a broad range of bacterial plant pathogens causing spots, 
blights, wilts, rots, etc.: e.g. Erwinia amylovora, the cause of fire 
blight, and Xanthomonas juglandis, the cause of walnut blight. Strep-
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Streptomycin 

tomycin is also u s ed as a soil drench , e.g., in the control of geranium 
foot rot c a u s ed by Xanthomonas sp. Streptomycin is also u s ed as a dip 
for potato s e ed pieces against various bacterial rots of tubers, and as a 
s e ed disinfectant against bacterial pathogens of beans, cotton, cruci-
fers, cereals, etc. Moreover, streptomycin is effective against several 
phycomycetous fungi especial ly Pseudoperonospora humuli, the 
cause of downy mildew of hops. 

Tetracyclines 

Tetracyclines are antibiotics produced by various species of Strep-
tomyces and are active against many bacteria. Of the tetracyclines, 
Terramycin (oxytetracycline), Aureomycin (chlortetracycline), and 
Achromycin (tetracycline) have b e e n u s ed to some extent for plant 
d isease control. Oxytetracycline, for example, r educed crown gall 
infections when appl ied as a soil drench or as a root dip, and is often 
u s ed with streptomycin in the control of fire blight of p o me fruits. 
Tetracyclines have recently b e e n shown to control certain yellows-
type d iseases of plants c a u s ed by mycoplasmas (PPLO). 

Oxytetracycline 

Cycloheximide 
Cyclohexamide is produced by Streptomyces griseus and is ob

tained as a byproduct in the production of streptomycin. It is sold as 
Actidione, Actispray, Actidione P M, Actidione R Z, etc., and is effec
tive against many phytopathogenic fungi. Cycloheximide is u s ed for 
the control of many turf d iseases, and of cherry leafspot, c a u s ed by 
Coccomyces hiemalis. It is also effective against powdery mildews of 
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many crop and ornamental plants, but its high phy to toxicity limits its 
usefulness appreciably. Several less toxic cycloheximide derivatives 
have shown good fungicidal activity and are b e i ng tested for their 
overall value as fungicides. 

Griseofulvin 

Griseofulvin, produced by Penicillium griseofulvum, is toxic to sev
eral phytopathogenic fungi, such as those causing powdery mildews, 
certain rusts, Botrytis, and others. Its u se for practical control of plant 
d iseases has b e e n very limited. 

Several other antibiotics have shown activity against plant patho
gens, and many more are presently be ing tested. Among these is blas-
ticidin, effective against the rice blast d isease caused by Piricularia 
oryzae, and also effective in reducing multiplication of virus in some 
virus diseases of plants. Others are pimaricin, nystatin, rimocidin, fili-
pin, phytoactin, polymyxin, erythromycin, and puromycin. N o ne of 
the latter are u s ed for plant d i s e a se control in practice yet. 

Growth Regulators 

Certain plant hormones have b e e n shown to reduce infection of 
plants by certain pathogens, e.g., tomato by Fusarium, potato by Phy-
tophthora, through the increase by these substances of the d i s e a se 
resistance of the host. In tobacco plants treated with maleic hydrazide, 
a growth retardant, the root-knot nematode, Meloidogyne, is unable to 
induce giant cell formation and is thereby prevented from completing 
its life cycle and from causing disease. Kinetin treatment of leaves 
before or shortly after inoculation with a virus, also reduces virus mul
tiplication, and number and size of lesions on local-lesion hosts. 
Stunting and axillary b ud suppression associated with certain virus 
diseases of plants can b e overcome with sprays of gibberel l ic acid. 
Although treatments with various growth regulators have given en
couraging control of some plant diseases in experimental trials, only 
gibberellic acid sprays are u s ed somewhat for the field control of sour 
cherry yellows virus on cherries. 
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M E C H A N I S MS OF A C T I ON OF C H E M I C A LS U S ED T O 
C O N T R OL P L A NT D I S E A S ES 

T h e complete mechanisms by which the various chemicals appl ied 
to plants control plant d iseases are yet unknown for most of the chemi
cals. Information for at least parts of such mechanisms, however, is 
available for some of the chemicals. 

S o me chemicals s e em to reduce infection by increasing the resist
ance of the host to the pathogen. This may b e brought about by alter
ing the constitution of the cell walls of the host, by limiting the avail
ability of essential coenzymes in the host, or by altering the rate or the 
direction of metabol ism in the host, which may thus b e in a better po
sition to defend itself against the pathogen. 

T h e great majority of chemicals are u s ed for their toxicity directly 
on the pathogen and are effective only as protectants at the points of 
entry of the pathogen. Such chemicals act by inhibiting the synthesis 
by the pathogen of certain of its cell wall substances, by acting as sol
vents of, or otherwise damaging, the cell m e m b r a n es of the pathogen, 
by forming complexes with, and thus inactivating, certain essential 
coenzymes of the pathogen, or by inactivating enzymes and causing 
general precipitation of the proteins of the pathogen. 

A few chemicals u s ed in plant d i s e a se control, particularly the anti
biotics, oxanthiins, and certain others, are absorbed by the host, are 
translocated internally through the plant and are effective against the 
pathogen at the infection locus. Such chemicals are cal led systemics 
or chemotherapeutants, and control of plant d iseases with such chemi
cals is called chemotherapy. Although most chemicals are absorbed 
and translocated by the plant in some, generally minor, degree , only 
antibiotics and the newly discovered oxanthiins appear to b e true sys
temics. Once in contact with the pathogen, chemotherapeutants s e em 
to affect pathogens in ways similar to those mentioned above for the 
nonsystemic chemicals. 
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