
1 
introduction 

The welfare of plants is of particular interest to those most directly 
concerned with the growth of plants and the manufacture and distribu
tion of plant products. It is of concern not only to farmers and workers in 
industries that process agricultural products, but also to innumerable 
workers in supporting industries whose livelihood depends on making 
equipment or products used in processing plant products—for example, 
machinery for textile and canning industries—or on distributing the raw 
or manufactured agricultural products. Most importantly, however, the 
welfare of plants should be of concern to every one of us as growers of 
plants for food or pleasure, as individuals concerned with the beauty and 
safety of our natural environment and, particularly, as consumers of 
plants and of the endless series of products derived from plants. 

The growth and yield of plants depend on the availability of nutrients 
and water in the soil where they grow and on the maintenance within 
certain ranges of such environmental factors as light, temperature, and 
moisture. Plant growth and yield depend also on protecting the plants 
from parasites. Anything that affects the health of plants is likely to affect 
their growth and yield and may seriously reduce their usefulness to 
themselves and to mankind. Plant pathogens, unfavorable weather, 
weeds, and insect pests are the most common causes of reduction or 
destruction of plant growth and production. Plants suffer from diseases 
whose causes are similar to those affecting animals and man. Although 
there is no evidence that plants feel pain and discomfort, the develop
ment of disease follows the same steps and is usually as complex in plants 
as it is in animals and man. 

Plant pathology is the study of (1) the living entities and the environ
mental conditions that cause disease in plants; (2) the mechanisms by 
which these factors produce disease in plants,- (3) the interactions be- 3 
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tween the disease-causing agents and the diseased plant; and (4) the 
methods of preventing disease, alleviating the damage it causes, or con
trolling a disease either before or after it develops in a plant. 

Plant pathologists study the diseases caused by fungi, bacteria, myco
plasmas, parasitic higher plants, viruses, viroids, nematodes, and protozoa. 
They also study plant disorders caused by the excess, imbalance, or lack of 
certain physical or chemical factors, such as moisture, temperature, and 
nutrients. Plant damages caused by insects, man, or other animals are not 
ordinarily included in the study of plant pathology. 

Plant pathology utilizes the basic techniques and knowledge of botany, 
mycology, bacteriology, virology, nematology, plant anatomy, plant 
physiology, genetics, biochemistry, horticulture, soil science, forestry, 
chemistry, physics, meteorology, and many other branches of science. 
Plant pathology profits from advances in any one of these sciences, and 
many advances in other sciences have been made in the attempt to solve 
phytopathological problems. A good knowledge of at least the basic facts 
of the related sciences is indispensable for efficient performance by any 
plant pathologist. 

Although plant pathology as a science attempts to increase our knowl
edge of the causes and the development of plant diseases, it is also a 
science with a more practical goal. The purpose is to develop controls for 
all plant diseases. The goal is to save the produce which today is de
stroyed by plant diseases and to make it available to the growers who toil 
to produce it and to the hungry and ill-clothed millions of our increas
ingly overpopulated world. 

the concept of 
disease in plants 

A plant is healthy or normal when it can carry out its physiological 
functions to the best of its genetic potential. These functions include 
normal cell division, differentiation, and development; absorption of 
water and minerals from the soil and translocation of these throughout 
the plant; photosynthesis and translocation of the photosynthetic prod
ucts to areas of utilization or storage,- metabolism of synthesized com
pounds,- reproduction,- and storage of food supplies for overwintering or 
reproduction. 

Whenever plants are disturbed by pathogens or by certain environmen
tal conditions and one or more of these functions are interfered with 
beyond a certain deviation from the normal, then the plants become 
diseased. The primary causes of disease are either pathogens or factors in 
the physical environment. The specific mechanisms by which diseases 
are produced vary considerably with the causal agent and sometimes with 
the plant. At first the reaction of the plant to the disease-causing agent is 
at the site of affliction, is of a chemical nature, and is invisible. Soon, 
however, the reaction becomes more widespread and histological changes 
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take place that manifest themselves macroscopically and constitute the 
symptoms of the disease. 

Affected cells and tissues of diseased plants are usually weakened or 
destroyed by the disease-causing agents. The ability of such cells and 
tissues to perform their normal physiological functions is reduced or 
completely eliminated; as a result, plant growth is reduced or the plant 
dies. The kinds of cells and tissues that become infected determine the 
type of physiological function of the plant that will be interfered with 
first. Thus, infection of the root (e.g., root rots) interferes with absorption 
of water and nutrients from the soil; infection of the xylem vessels 
(vascular wilts, certain cankers) interferes with translocation of water and 
minerals to the crown of the plant; infection of the foliage (leaf spots, 
blights, mosaics) interferes with photosynthesis; infection of the cortex 
(cortical canker, viral infections of phloem) interferes with the downward 
translocation of photosynthetic products; flower infections (bacterial and 
fungal blights, viral, mycoplasmal, and fungal infections of flowers) inter
fere with reproduction,- and infections of fruit (fruit rots) interfere with 
reproduction and/or storage of reserve foods for the new plant (Fig. 1). 

In contrast to the above, there is another group of diseases in which the 
affected cells, instead of being weakened or destroyed, are stimulated to 
divide much faster (hyperplasia) or to enlarge a great deal more (hyper
trophy) than normal cells. Such hyperplastic or hypertrophied cells result 
in the development of usually nonfunctioning, abnormally large, or ab
normally proliferating organs or in the production of amorphous over
growths on normal-looking organs. Overstimulated cells and tissues not 
only divert much of the available food stuffs to themselves and away from 
the normal tissues, but frequently, by their excessive growth, crush 
adjacent normal tissues and interfere with the physiological functions of 
the plant. 

Disease in plants, then, can be defined as any disturbance brought 
about by a pathogen or an environmental factor which interferes with 
manufacture, translocation, or utilization of food, mineral nutrients, and 
water in such a way that the affected plant changes in appearance and/or 
yields less than a normal, healthy plant of the same variety. Pathogens 
may cause disease in plants by (1) consuming the contents of the host 
cells upon contact; (2) killing or disturbing the metabolism of host cells 
through toxins, enzymes, or growth-regulating substances they secrete,-
(3) weakening the host by continually absorbing food from the host cells 
for their own use; and (4) blocking the transportation of food, mineral 
nutrients, and water through the conductive tissues. Diseases caused by 
environmental factors result from extremes in the conditions supporting 
life (temperature, light, etc.) and in amounts of chemicals absorbed or 
required by plants. 
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FIGURE 1. 
Schematic representation of the basic functions in a plant and of the interference 
with these functions caused by some common types of plant diseases. 
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classification 
of plant diseases 

There are tens of thousands of diseases that affect cultivated plants. On 
the average, each kind of crop plant can be affected by one hundred or 
more plant diseases. Each kind of pathogen may affect anywhere from one 
variety to several dozen or even hundreds of species of plants. To facili
tate the study of plant diseases, they must be grouped in some orderly 
fashion. This is necessary also for the identification and subsequent 
control of any given plant disease. Any one of several criteria may be used 
as a basis for classification of plant diseases. Plant diseases are sometimes 
classified according to symptoms they cause (root rots, cankers, wilts, 
leaf spots, scabs, blights, anthracnoses, rusts, smuts, mosaics, yellows, 
ring spots), according to the plant organ they affect (root diseases, stem 
diseases, foliage diseases, fruit diseases), or according to the types of 
plants affected (field crops diseases, vegetable diseases, fruit tree diseases, 
forest diseases, turf diseases, diseases of ornamental plants). However, the 
most useful criterion for classification of a disease is the type of pathogen 
that causes the disease (Figs. 2 and 3). Such a classification has the 
advantage that it indicates the cause of the disease, knowledge of which 
suggests the probable development and spread of the disease and also 
possible control measures for the disease. On this basis plant diseases are 
classified as follows: 

I. Infectious Plant Diseases 
1. Diseases caused by fungi 
2. Diseases caused by bacteria 
3. Diseases caused by mycoplasmas 
4. Diseases caused by parasitic higher plants 
5. Diseases caused by viruses and viroids 
6. Diseases caused by nematodes 
7. Diseases caused by protozoa 

II. Noninfectious or Physiological Disorders 
1. Too low or too high temperature 6. Nutrient deficiencies 
2. Lack or excess of soil moisture 7. Mineral toxicities 
3. Lack or excess of light 8. Soil acidity or alkalinity (pH) 
4. Lack of oxygen 9. Toxicity of pesticides 
5. Air pollution 10. Improper agricultural prac

tices 

history of 
plant pathology 

Man became painfully aware of plant diseases in the early times of 
antiquity. This is evidenced by the inclusion in the Old Testament of 
blasting and mildew, along with human diseases and war, among the 
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FIGURE 2. 
Schematic diagram of the shapes and sizes of certain plant pathogens in relation 
to a plant cell. 
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FIGURE 3. 
Morphology and multiplication of some of the groups of plant pathogens. 

Protozoa (Flagellates ) 

great scourges of mankind. The Greek philosopher Theophrastus (370-
286 B.C.) was the first actually to study and write about diseases of trees, 
cereals, and legumes, although his approach was observational and 
speculative rather than experimental. During the following 2000 years, 
little was added to the knowledge of plant pathology, although references 
to the ravages of plant diseases appeared in the writings of several con
temporary historians. 

The discovery of the compound microscope around the middle of the 
17th century opened a new era in the life sciences. The anatomy of plants 
was studied and described, and the fungi, bacteria, and many other mi
croorganisms were discovered. 

Fungi. In 1755, Tillet added the black dust from bunted wheat to 
seed from healthy wheat and observed that bunt was much more preva
lent in plants produced from such seed than from nondusted seed. He 
thus showed that bunt, or stinking smut, of wheat is a contagious plant 
disease. He also showed that its occurrence can be reduced by seed 
treatments. Tillet, however, believed that it was a poisonous substance 
contained in the dust, rather than living microorganisms, that caused the 
disease. 

In 1807, Prevost proved conclusively that bunt is caused by a fungus,-
he studied the spores, their production and germination. He could control 
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the disease by dipping the seed in a copper sulfate solution, and he 
pointed out the importance of the environment in induction and de
velopment of the disease. Prevost's findings, however, were ahead of his 
time and were rejected by almost all his contemporaries, who believed in 
spontaneous generation. 

The devastating epidemics of late blight of potato in Northern Europe, 
particularly Ireland, in the 1840s tragically dramatized the importance of 
plant diseases and greatly stimulated interest in their causes. The de
struction of the potato crop in Ireland in 1845 and 1846 caused wide
spread famine which resulted in the death of hundreds of thousands of 
people and the immigration of more than one and a half million Irish to 
the U.S. Several investigators described various aspects of the disease and 
of the pathogen, but it was DeBary (1861) who finally proved experimen
tally that the fungus Phytophthora infestans is the cause of the disease. 

DeBary (1853), working at first with smut and rust fungi, established 
conclusively that fungi are causes, not results, of plant disease. He de
scribed the microscopical structure and development of many smut and 
rust fungi and the relationships of these fungi to the tissues of the 
diseased plants. DeBary also made great contributions with his studies of 
the Peronosporaceae and the diseases they incite (downy mildews), espe
cially the late blight of potato, his discovery of the occurrence of two 
alternate hosts in the rusts, and his studies of the physiology of the 
Sclerotinia rot diseases of carrots and other vegetables. In the Sclerotinia 
diseases, DeBary noted that host cells were killed in advance of the 
invading hyphae of the fungus and that juice from rotted tissue could 
break down healthy host tissue. Boiled juice from rotted tissue had no 
effect on healthy tissue. DeBary concluded that the pathogen produces 
enzymes that degrade and kill plant cells from which the fungus can then 
obtain its nutrients. 

Brefeld (1875, 1883, 1912) contributed greatly to plant pathology by 
introducing and developing modern techniques for growing microorgan
isms in pure culture. In this he was assisted a great deal by the methods 
and refinements developed by Koch, Petri, and others. Brefeld also studied 
and illustrated the complete life cycles of the smut fungi and diseases of 
cereal crops. 

In 1878, a new disease, the downy mildew of grape, was introduced 
into Europe from the United States, spread rapidly, and threatened to ruin 
the vineyards of Europe. In 1882, Millardet noticed that vines which had 
been sprayed with the bluish-white mixture of copper sulfate and lime to 
deter pilferers retained their leaves through the season, whereas the 
leaves of untreated vines had been killed by the disease and had fallen to 
the ground. After numerous spraying experiments, Millardet concluded 
in 1885 that a mixture of copper sulfate and hydra ted lime could effec
tively control the downy mildew of grape. This mixture became known 
as "Bordeaux mixture/' and its success in controlling downy mildews and 
many other foliage diseases was spectacular. Even today Bordeaux mix
ture is one of the most widely used fungicides all over the world. The 
discovery of Bordeaux mixture gave great encouragement and stimulus to 
the study of the nature and control of plant diseases. 

10 
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In the early 1900s, studies of the genetics of disease resistance in the 
cereal rusts by Biffen (1905) and in the Fusarium wilts of cotton, 
watermelon, and cowpea by Orton (1900) led to the selection and breed
ing of resistant varieties in these and in other crops. 

Bacteria. In the meantime, Pasteur and Koch had proved in 1876 
that the animal disease anthrax is incited by a bacterium. In 1878, Burrill 
showed that fire blight of pear and apple is also caused by a bacterium. 
Soon after that, several other plant diseases were shown to be caused by 
bacteria; E. F. Smith's numerous and excellent contributions from 1895 
on to the study of bacterial diseases of plants established beyond any 
doubt the importance of bacteria as phytopathogens. 

Nematodes. The first plant parasitic nematodes were reported by 
Needham in 1743 within wheat galls (kernels). It was in the 1850s, 
however, before other nematodes such as the root knot, the bulb and 
stem, and the cyst nematodes were observed. A series of studies on plant 
parasitic nematodes were made by Cobb from 1913 to 1932 and these 
contributed greatly to nematode taxonomy, morphology, and methodol
ogy. 

Viruses. In 1886, Mayer reproduced the "tobacco mosaic" disease by 
injecting juice from infected tobacco plants into healthy plants. The juice 
of diseased plants remained infective even after continual heating at 
60°C, although it lost its infectivity after several hours of heating at 80°C. 
Since no fungi were present on the diseased plant or the filtered juice, he 
concluded that tobacco mosaic was probably caused by a bacterium. In 
1892, Ivanowski showed that the causal agent of tobacco mosaic could 
even go through a filter that retains bacteria. This led him to believe that 
the disease was caused by a toxin secreted by bacteria or by small bacteria 
that passed through the pores of the filter. Beijerinck (1898) finally con
cluded that tobacco mosaic was caused not by a microorganism but by a 
contagium vivum fluidum, which he called a virus. 

It was not until 1935, however, that Stanley obtained an infectious 
crystalline protein by treating juice from infected tobacco plants with 
ammonium sulfate and concluded that the virus could be considered as 
an autocatalytic protein which could multiply within living cells. In 
1936, Bawden and his colleagues demonstrated that the crystalline prepa
rations of the virus actually consisted of protein and nucleic acid. The 
first virus particles were viewed with the electron microscope by Kausche 
and his colleagues in 1939. In 1956, Gierer and Schramm showed that the 
protein could be removed from the virus and that the nucleic acid alone 
could infect a plant and could reproduce the complete virus. 

Protozoa. In 1909, Lafont observed flagellate protozoa in the latex-
bearing cells of laticiferous plants of the family Euphorbiaceae, but pro
tozoa found in laticiferous plants were thought to be parasitizing the 
latex without causing disease to the host plants. In 1931, Stahel found 
flagellates infecting the phloem of coffee trees and causing abnormal 
phloem formation and wilting of the trees. In 1963, Vermeulen presented 
additional and more convincing evidence of the pathogenicity of flagel-
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lates to coffee trees, and in 1976 flagellates were also reported from the 
phloem of coconut palm trees infected with the "hartrot" disease. 

Mycoplasmas. In 1967, Doi and his colleagues in Japan observed 
mycoplasmalike bodies in the phloem of plants infected with several 
leafhopper-transmitted diseases. The same year Ishiie and his colleagues 
showed that the mycoplasmalike bodies and the symptoms disappeared 
temporarily when the plants were treated with tetracycline antibiotics. 
Similar bodies have since been found in many other yellows- or 
witches'-broom-type diseases previously thought to be caused by viruses. 
In 1972, Davis and his colleagues observed a motile, helical microorgan
ism associated with corn stunt disease; they called it spiroplasma. It has 
since been shown that spiroplasmas are the cause of corn stunt and 
other plant diseases. Spiroplasmas resemble mycoplasmas and bac
teria in some respects but their relationship to mycoplasmas, bacteria or 
any other microorganisms is still unknown. 

Viroids. In 1971, Diener determined that the potato spindle tuber 
disease was caused by a small molecule of infectious ribonucleic acid 
(RNA) which he called a "viroid." Viroids are too small to multiply 
themselves and comprise the smallest known agents of infectious dis
eases. Several other plant diseases are now known to be caused by viroids. 

Rickettsialike bacteria. In 1972, Windsor and Black observed rick-
ettsialike organisms in the phloem of clover plants infected with the 
club leaf disease. The following year similar organisms were observed in 
grape infected with Pierce's disease, in peach infected with phony peach, 
and others. These pathogens are transmitted by leafhoppers and are pres
ent exclusively or primarily in the phloem or xylem elements of plants. 
They are apparently a new kind of bacteria but so far little is known about 
their nature and properties. 

During the 20th century, plant pathology has matured as a science. 
Thousands of diseases have been described, pathogens have been iden
tified, new kinds of plant pathogens have been discovered, and control 
measures have been developed. The studies of genetics and of the 
physiology of diseases have been expanded greatly, and new chemical 
compounds are being developed continually to combat plant diseases. 
Still, this is probably just the beginning of plant pathology and of the hope 
that it holds for the future. The huge losses in plants and plant products 
that occur annually are the single best reminder of how much is yet to be 
learned about plant diseases and their control. There are thousands of 
plant diseases that we know little or nothing about; there are probably 
new types of pathogens that cause plant diseases and are awaiting discov
ery; our knowledge of the physiology of plant diseases is dreadfully 
incomplete; and there must surely be better materials and methods for 
controlling plant diseases that are waiting to be produced and developed. 
Progress in any and all of these areas is the goal of plant pathology. And a 
hungry, overpopulated world is anxiously awaiting the results. 

12 
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importance 
of plant diseases 

KINDS AND AMOUNTS OF LOSSES 

Plant diseases are important to man because they cause damage to plants 
and plant products. For millions of people all over the world who still 
depend on their own plant produce for their existence, plant diseases can 
make the difference between a happy life and a life haunted by hunger or 
can even result in death from starvation. The death from starvation of a 
quarter million Irish people in 1845 and much of the hunger of the 
underfed millions living in the underdeveloped, rural countries today are 
morbid examples of the consequences of plant diseases. For countries 
where food is plentiful, plant diseases are important because they cause 
economic losses to growers, they result in increased prices of products to 
consumers, and they destroy the beauty of the environment by damaging 
plants around homes, along streets, in parks, and in forests. 

Plant diseases may limit the kinds of plants that can grow in a large 
geographical area by destroying all plants of certain species that are 
extremely susceptible to a particular disease,- this is exemplified by the 
American chestnut, which was annihilated in North America as a timber 
tree by the chestnut blight disease, and by the American elm, which is 
being eliminated as a shade tree by the Dutch elm disease. Plant diseases 
may also determine the kinds of agricultural industries and the level of 
employment in an area by affecting the amount and kind of produce 
available for canning or processing by the industries in the area. On the 
other hand, plant diseases are responsible also for the creation of new 
industries which develop chemicals, machinery, and methods to control 
plant diseases; the annual expenditures to this end amount to billions of 
dollars in the U.S. alone. 

The kinds and amounts of losses caused by plant diseases vary with 
the plant or plant product, the pathogen, locality, environment, control 
measures practiced, etc., or combinations of these factors. The amount of 
losses may range from slight loss to 100 percent loss. Plants or plant 
products may be reduced in quantity by disease in the field, as indeed is 
the case with most plant diseases, or by disease during storage, as is the 
case of the rots of stored fruits, vegetables, grains, and fibers. Frequently, 
severe losses are caused by reduction in the quality of plant products. For 
instance, spots, scabs, blemishes, and blotches on fruit, vegetables, or 
ornamental plants may have little effect on the quantity produced, but 
the inferior quality of the product may reduce the market value so much 
that production is unprofitable or a total loss. Some diseases, e.g., ergot of 
rye, make plant products unfit for human or animal consumption by 
making them poisonous. 

Financial losses resulting from plant diseases may be incurred indi
rectly by the farmer having to plant varieties or species of plants that are 
resistant to disease but are less productive, or more costly, or commer-
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cially less profitable; by having to spray or o t h e r w i s e contro l a disease, 
thus incurring expenses for c h e m i c a l s , m a c h i n e r y , s torage space, and 
labor; by having to provide refrigerated w a r e h o u s e s and t ranspor ta t ion 
vehic les , thereby increasing expenses ; by l imit ing t h e t i m e during w h i c h 
products c a n be kept fresh and heal thy , t h u s forcing growers to sell during 
a short period w h e n products are abundant and prices are low,- by n e c e s 
sitating t h e sorting of h e a l t h y f r o m diseased products , and t h u s increasing 
cos ts of handling plant products . 

S o m e plant diseases c a n be control led a l m o s t entirely by o n e or 
a n o t h e r m e t h o d , t h u s result ing in financial losses only to t h e a m o u n t of 
t h e cos t of the control . S o m e t i m e s , h o w e v e r , this c o s t m a y be a l m o s t as 
high as, or even higher than, the r e t u r n e x p e c t e d f r o m t h e crop, as in t h e 
case of s o m e diseases of smal l grains. For o t h e r diseases n o effective 
c o n t r o l m e a s u r e s are k n o w n as yet , and only a c o m b i n a t i o n of cul tural 
p r a c t i c e s and s o m e w h a t res is tant variet ies m a k e it possible to raise a 
crop. For m o s t plant diseases, however , prac t i ca l c o n t r o l s are available 
a l though s o m e losses m a y be incurred in spite of t h e contro l m e a s u r e s 
taken. In these cases , though, the benefits f r o m t h e c o n t r o l applied are 
generally m u c h greater t h a n t h e c o m b i n e d direct losses f rom t h e disease 
and the indirect losses due to expenses for contro l . 

SOME HISTORICAL AND 
PRESENT EXAMPLES OF LOSSES 
CAUSED BY PLANT DISEASES 

For thousands of years , m a n k i n d has depended on a few crop plants for its 
s u s t e n a n c e and survival . Wheat , rice, corn, a few other cereals , pota toes , 
and s o m e l e g u m e s h a v e provided t h e staple food for m a n in different parts 
of the world. T h e s a m e or related plants are used as feed for all domest i 
ca ted a n i m a l s , w h i c h are t h e n used by h u m a n s for food, as energy 
sources , or for pleasure. A s h u m a n societ ies developed, the needs of 
people for fiber plants for m o r e and bet ter c lothing kept on increasing. 
C o t t o n w a s and still is the m a i n fiber crop, but flax, h e m p , jute, and sisal 
h a v e been i m p o r t a n t in s o m e parts of t h e world. W o o d and w o o d products 
filled, at first, the needs for tools , shelter , and furniture , but r e c e n t l y 
industrial uses for paper, plast ics , e tc . , h a v e increased their d e m a n d 
t r e m e n d o u s l y . Industry has also been reaching m o r e and m o r e for plants 
as r a w mater ia ls , e.g., rubber, s y n t h e t i c fibers, drugs, and a large var ie ty of 
organic c o m p o u n d s . Improved living condi t ions also created and in
creased the need for m o r e and bet ter fruits, vegetables , sugar, and oil 
crops, w h i c h are part of a n o r m a l , healthful diet, as wel l as the need for 
l u x u r y or pleasure crops s u c h as t o b a c c o , coffee, tea, and c a c a o . Finally, 
plants h a v e a lways been a n e c e s s a r y part of m a n ' s e n v i r o n m e n t for 
a e s t h e t i c reasons, but also because they provide a m o d e r a t i n g force in 
balancing the c o n c e n t r a t i o n of carbon dioxide in the a t m o s p h e r e and in 
preventing floods and erosion of the soil and because t h e y i m p r o v e t h e 
physical properties and fertility of t h e soil by adding organic m a t t e r to it. 

Plant diseases h a v e affected t h e e x i s t e n c e , adequate growth, or produc-

14 
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t ivi ty of e a c h of t h e above kinds of plants and thereby one or m o r e of t h e 
basic prerequisi tes for a heal thy , safe life for h u m a n s s ince t h e t i m e t h e y 
gave up their dependence on wild g a m e and wild fruit for their e x i s t e n c e , 
b e c a m e m o r e s ta t ionary and d o m e s t i c a t e d and began to p r a c t i c e agricul
ture m o r e than 6 0 0 0 years ago. D e s t r u c t i o n of food and feed product ion 
and supplies by diseases has been an all t o o c o m m o n o c c u r r e n c e in the 
past and has resul ted in m a l n u t r i t i o n , s tarvat ion , migrat ion , or death of 
people and a n i m a l s in n u m e r o u s o c c a s i o n s , several of w h i c h are wel l 
d o c u m e n t e d in his tory . Similar effects are observed annual ly in underde
veloped, agrarian societ ies , in w h i c h t h e famil ies and nat ions are depen
dent for their s u s t e n a n c e on their o w n produce . In m o r e developed 
societ ies , losses f r o m diseases in food and feed produce result pr imari ly in 
f inancial losses and higher prices w i t h m u c h less direct local m a l n u t r i 
t ion and s tarvat ion . But it should be kept in m i n d that lost food or feed 
produce m e a n s less s u c h available in the world e c o n o m y and, considering 
the perennial ly inadequate a m o u n t s of food available, a lot of poor people 
s o m e w h e r e in the world will be the w o r s e off for these losses and will go 
hungry. 

S o m e e x a m p l e s of plant diseases that h a v e caused severe losses in the 
distant and/or r e c e n t past are listed below. 

EXAMPLES OF SEVERE LOSSES 
CAUSED BY PLANT DISEASES 

Fungal Diseases 
1. Cereal rusts—Worldwide—Frequent severe epidemics. Huge annual 

losses. 
2. Cereal smuts—Worldwide—Continuous losses on all grains. 
3. Ergot of rye and wheat—Worldwide—Poisonous to humans and animals. 
4. Late blight of potato—Cool, humid climates—Epidemics—Irish famine 

(1845-1846) . 
5. Brown spot of rice—Asia—Epidemics—The great Bengal famine (1943). 
6. Southern corn leaf blight—U.S.—Epidemic 1970—$1 billion lost. 
7. Powdery mildew of grapes—Worldwide—European epidemics ( 1 8 4 0 -

1850s). 
8. Downy mildew of grapes—U.S.—Europe—European epidemic ( 1 8 7 0 s -

1880s). 
9. Downy mildew of tobacco—U.S.—Europe—European epidemic ( 1 9 5 0 s -

1960s). 
10. Chestnut blight—U.S.—Destroyed all American chestnut trees ( 1 9 0 4 -

1940). 
11. Dutch elm disease—U.S.—Europe—Destroying all American elm trees 

(1930 to date). 
12. Coffee rust—Destroyed all coffee in S. E. Asia (1870s-1880s) . Since 1970 

present in Brazil. 
13. Banana leaf spot or Sigatoka disease—Worldwide—Great annual losses. 
14. Rubber leaf blight—S. America—Destroys rubber tree plantations. 
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Viral Diseases 
15. Sugarcane mosaic—Worldwide—Great losses on sugarcane and corn. 
16. Sugarbeet yellows—Worldwide—Great losses every year. 
17. Citrus quick decline (tristeza)—Africa, Americas—Millions of trees being 

killed. 
18. Swollen shoot of cacao—Africa—Continuous heavy losses. 
19. Plum pox or sharka—Europe—Spreading severe epidemic on plums, 

peaches, apricots. 

Bacterial Diseases 
20. Citrus canker—Asia, Africa, Brazil. Killed millions of trees in Florida 

1910s. 
21. Fire blight of pome fruits—North America, Europe. Kills numerous trees 

annually. 

Mycoplasmal Diseases 
22. Peach yellows—Eastern United States, Russia. 10 million peach trees. 
23. Pear decline—Pacific coast states and Canada (1960s), Europe. Millions 

of pear trees killed. 

Nematode Diseases 

24. Root knot—Worldwide—Continuous losses on vegetables and most other 
plants. 

25. Sugarbeet cyst nematode—Severe in northern Europe and the western 
U.S. 

Additional Diseases Likely to Cause Severe Losses in the Future 

Fungal 
1. Downy mildew of corn and sorghum—Just spreading out of S.E. Asia. 
2. Soybean rust—Also spreading from S.E. Asia and from Russia. 
3. Monilia pod rot of cocoa—Very destructive in S. America—Spreading 

elsewhere. 

Viral 
4. African cassava mosaic—Destructive in Africa—Threatening Asia and 

Americas. 
5. Streak disease of maize (corn)—Spread throughout Africa on sugarcane, 

corn, wheat, etc. 
6. Ho)a blanca (white tip) of rice—Destructive in the Americas so far. 
7. Bunchy top of banana—Destructive in Asia, Australia, Egypt, Pacific is

lands. 

Bacterial 
8. Bacterial leaf blight of rice—Destructive in Japan and India—Spreading. 
9. Bacterial wilt of banana—Destructive in the Americas—Spreading 

elsewhere. 

Mycoplasmal 
10. Lethal yellowing of coconut palms—Destructive in Central America. 

Spreading into U.S. 

Viroid 
11. Cadang-cadang disease of coconut—Killed more than 15 million trees in 

the Philippines to date. 

Nematode 
12. Burrowing nematode—Severe on citrus in Florida and on banana in many 

areas. 
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PLANT DISEASES AND 
WORLD CROP PRODUCTION 

World population today is about 4.0 billion and, at the present rate of 
growth, it is expected to be 4.4 billion by 1980 and 6.4 billion by the year 
2000. It is paradoxical that countries in which a high percentage of the 
population is engaged in agriculture have the lowest agricultural output, 
their people are living on a substandard diet and have the highest popula
tion growth rates. As a result of the current distribution of usable land 
and population, educational, and technical levels for food production, and 
of general world economics, it is estimated that even today some 600 
million are undernourished and 1.8 billion suffer from hunger or malnu
trition or both. To meet the food needs of these people and of the addi
tional millions to come in the next few years, all possible methods to 
increase the world food supply must and are presently being pursued, 
including: (1) expansion of crop acreages, (2) improved methods of culti
vation, (3) increased fertilization, (4) use of improved varieties, (5) in
creased irrigation, and (6) improved crop protection. 

There is no doubt that the first five of the above measures must 
provide the larger amounts of food. Crop protection from pests and dis
eases can only reduce the amount lost after the potential for increased 
food production has been attained by proper utilization of the other 
parameters. Crop protection, of course, has been important in the past 
and is important now. For example, it was estimated by the United States 
Department of Agriculture that in the United States alone, in 1965, crops 
worth $3.7 billion were lost to diseases, 3.3 billion to insects, and 2.5 
billion to weeds. But crop protection becomes even more important in an 
intensive agriculture where increased fertilization, genetically uniform 
high-yielding varieties, increased irrigation, etc., are used. Crop losses to 
diseases and pests not only affect national and world food supplies and 
economies but affect even more the individual farmer whether he grows 
the crop for direct consumption or for sale. Since operating expenditures 
for the production of the crop remain the same, harvest losses due to 
disease and pests directly lower the crop and the net return. 

It is estimated that 506 million tons (M.T.) of cereals (35 percent of the 
potential world production), 129 M.T. of potatoes (32 percent), 636 M.T. 
of sugar beets and sugar cane (45 percent), 78 M.T. of vegetables (28 
percent), 56 M.T. of fruits (29 percent), 6 M.T. of coffee, cocoa, tobacco, 
etc. (37 percent), 42 M.T. of oil crops (32 percent), and 8 M.T. of fiber 
crops and natural rubber (32 percent) are lost to diseases, insects, and 
weeds. The total value of these losses in 1978 prices amounts to about 
200 billion dollars. 

Plant diseases alone are responsible for losses of 135 M.T. of cereals, 89 
M.T. of potatoes, 232 M.T. of sugar beets and sugar cane, 31 M.T. of 
vegetables, 33 M.T. of fruits, 2.6 M.T. of coffee, cocoa, tobacco, etc., 14 
M.T. of oil crops, and more than 3 M.T. of fiber crops and natural rubber. 
The total value of the losses caused by plant diseases, in 1978 prices, 
amounts to about 70 billion dollars, i.e., a third of all losses to crops. This 
does not include losses caused by reduced quality of the harvested prod-
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ucts or by the cost of control measures applied to keep the losses at the 
above levels. 

When one considers the potential and actual value of the crops pro
duced in the various continents, the value of the losses caused to crops by 
diseases, insects and weeds, and the total regional percentage losses differ 
considerably with the continent. Thus, 25 percent of all produce in 
Europe is lost, 28 percent in Oceania, 29 percent in North and Central 
America, 30 percent in the U.S.S.R. and China, 33 percent in South 
America, 42 percent in Africa, and 43 percent in Asia. It is apparent that 
losses are much greater in underdeveloped areas than they are in the more 
developed ones. Another point that can be made is that, although diseases 
and insects cause approximately equal losses to world crops overall, in
sects are much easier controlled in developed countries than in the under
developed ones, especially Asia, while losses caused by diseases seem to be 
as great in developed as they are in underdeveloped countries. 

EFFECTS OF CHANGES IN 
AGRICULTURAL METHODS 
AND IN HUMAN SOCIETY ON THE 
DEVELOPMENT AND SPREAD 
OF PLANT DISEASES 

Among the many changes in human society in the last several decades 
have been the rapid increase in population with the resultant food def
icits, the greater mobility of people and products over the earth, the rapid 
increase in knowledge in every field of endeavor, industrialization, and 
the increased cooperation of scientists and governments in solving prob
lems common to several parts of the world. As a result of all these, new 
agricultural methods have been developed to meet the food and economic 
needs of the growers, the nations, and the world. However, all these 
changes in human society and agricultural methods have been having an 
effect on the kinds, severity of development, and rates of spread of the 
diseases that attack crop plants. 

Improvement of crop plants by breeding high-yielding varieties has 
been and continues to be one of the better and cheaper ways of increasing 
crop production. This is being done with every single kind of cultivated 
crop plant. However, it has achieved its greatest success and was respon
sible for a tremendous upsurge in food production, the so-called "green 
revolution/' in the case of the high-yielding dwarf and semidwarf wheat 
varieties that were also resistant, at least for some years, to the stem rust 
disease. These varieties, produced and distributed at first by the Interna
tional Maize and Wheat Improvement Center in Mexico, not only in
creased wheat production in Mexico in the mid-1960s 6.5 times that in 
1945, thus changing Mexico from a wheat-importing to a wheat-
exporting country, they also behaved very similarly and were just as 
productive in Africa and Asia. To produce high yields with these vari
eties, many agronomic practices had to be altered drastically. Plant 
density per acre was increased, the date of planting had to be changed, 
higher levels of fertilizers and heavier and more frequent irrigation had to 
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be employed. Soon, enormous areas were sown with a few high-yielding, 
genetically uniform dwarf varieties and in many areas local pathogens or 
local strains of common pathogens attacked the dwarf wheats. For exam
ple, monocultures of these wheats in the area of India, West Pakistan, 
Afghanistan, and Turkey increased from about 23,000 acres in 1966 to 30 
million acres in 1971, replacing hundreds of local varieties and coming in 
contact with numerous new pathogens or new pathogen races. When 
virulent pathogens or new virulent races that may arise come in contact 
with such huge expanses of genetically uniform crops, devastating 
epidemics may develop within a short time. Already, new races and 
biotypes of stem rust [Puccinia graminis f. sp. tritici), leaf rust (P. 
recondita), and stripe rust [P. striiformis) have been identified and have 
caused severe epidemics in some areas that reduced yields of dwarf 
varieties by as much as 5 5 percent. In the same or other areas Septoria leaf 
blotch and glume blotch also caused severe losses on some dwarf va
rieties. For example, in the Mediterranean countries, Septoria almost 
completely destroyed one dwarf variety causing yield losses between 80 
and 87 percent. Many of the dwarf wheats are susceptible to powdery 
mildew, while others are more susceptible than the older local varieties 
to seedling blights, to ergot, to smuts, or to certain local bacterial, viral, or 
nematode diseases. 

A similar "green revolution" with respect to improvement of rice 
varieties has been carried out by the International Rice Research Institute 
in the Philippines. New nonlodging dwarf rice varieties that respond 
favorably to high nitrogen fertilization and produce high yields were 
developed and distributed widely in southeast Asia and elsewhere. Soon, 
however, many of these varieties became susceptible to diseases, such as 
bacterial blight caused by Xanthomonas oryzae and bacterial leaf streak 
caused by X. oryzicola, that were either unknown or unimportant when 
old local varieties were planted, but which now, due to high nitrogen 
fertilization and double cropping of large expanses of genetically 
homogeneous varieties, reached catastrophic proportions. In some coun
tries, rice blast, caused by the fungus Pyricularia oryzae also became 
severe on the new high-nitrogen fertilized rice varieties. 

The need to reduce costs in the production of high-yielding hybrid corn 
seed led to the search for and development of the male-sterile plants that 
would not need detasseling. This, however, led to hybrids that were 
genetically uniform in carrying the trait for male sterility which also 
made them susceptible to a previously unimportant race of the fungus 
Helminthosporium maydis, and as a result the southern corn leaf blight 
destroyed more than a billion dollars worth of corn in the U.S. in just one 
year. 

Expansion of irrigation in Venezuela made possible the production of 
two rice crops per year where only one was gro\tn before. As a result, a 
serious outbreak of the virus disease hoja blanca occurred because the 
new conditions favored the multiplication and spread of the insect vector 
of the virus from the one rice crop to the other. Irrigation also increases 
the population and distribution of many fungal, bacterial, and nematode 
pathogens that affect the roots and lower parts of the stem. 
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The grafting of varieties on different rootstocks, either to secure true-
ness of the variety or to provide resistance to a factor to which the variety 
is susceptible, often leads to complications and heavy losses. In addition 
to the cases of true horticultural incompatibility between rootstock and 
scion, rootstocks often carry latent viruses or mycoplasmas that may be 
injurious to the scion, e.g., East Mailing clonal stocks used in apple tree 
propagation. In some cases, new pathogens attack the rootstocks through 
the soil, e.g., Fusarium javanicum var. ensiforme attacking the cucurbit 
rootstock on which greenhouse cucumbers were grafted because the 
rootstock was resistant to F. oxysporum. Finally, the rootstocks may be 
susceptible to viruses and mycoplasmas that are transmitted by insect 
vectors to resistant scions, as it happened with the citrus tristeza virus 
causing the decline of sweet orange trees grafted on sour orange 
rootstocks and with the mycoplasma causing the decline of pear varieties 
grafted on oriental pear. 

Mechanization of agricultural practices often results in a number of 
plant disease problems. This is usually the result of unnoticed and more 
indiscriminate contamination of cultivators, harvesters, conveyors, and 
farm equipment with pathogens upon contact with diseased plants or 
infested soil, and of the more widespread dissemination of these patho
gens to other products, other fields or other parts of the same, large field. 

The increased use and amounts of fertilizers, particularly nitrogen, for 
production of greater yields is generally considered to increase the sever
ity of diseases such as powdery mildew, rusts, fire blight, etc., caused by 
pathogens that prefer young succulent tissues, and to decrease the dis
eases caused by pathogens that attack primarily mature or senescent 
tissues. However, it is now known that it is generally the form of nitrogen 
(nitrate or ammonium) available to the host or pathogen that affects 
disease severity or resistance rather than the amount of nitrogen. In 
either case, increased fertilization does affect the susceptibility of plants 
to diseases and this must be taken into account in the efforts to increase 
productivity through fertilization. 

The weed killers which are increasingly used in cultivated fields not 
only cause injury to cultivated crop plants directly sometimes but they 
also influence several soil pathogens and soil microorganisms antagonis
tic to pathogens. Other chemicals, too, such as fertilizers, insecticides, 
fungicides, etc., alter the types of microorganisms that survive and thrive 
in the soil and this sometimes leads to reduction in the numbers of useful 
predators and antagonistic microorganisms of pathogens or their vectors. 
The use of fungicides and other pesticides specific against a particular 
pathogen often leads to increased populations and disease severity caused 
by other pathogens not affected by the specific pesticide. This occurs even 
with some rather broad spectrum systemic fungicides, e.g., benomyl, 
which control most but not all pathogens. Where such fungicides are used 
regularly and widely, those of the fungi, such as Pythium and Alternaria, 
that are not affected by them, soon become more important as pathogens 
than when other more general fungicides were used. 

The use of pesticides to control plant diseases and other pests has been 
increasing steadily at an annual rate of about 14 percent since the mid-
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1950s. In 1970 approximately 1 billion pounds of pesticides, including 
fungicides, insecticides and herbicides, were produced by United States 
companies for domestic and foreign use. There is little doubt that the 
pesticides increased yields of crops in most cases in which they were 
applied. The cost of production, distribution, and application of pesticides 
is, of course, another form of economic loss caused by plant diseases and 
pests. Furthermore, such huge amounts of poisonous substances do dam
age to our environment and food as they are spread over our crop plants 
several times each year. 

The public awareness of the direct, indirect, and cumulative effects of 
pesticides on organisms other than the pests they are intended to control 
has led to increased emphasis on the protection of the environment. As a 
result, many pesticides had to be abandoned or restricted in their use and 
their functions had to be taken over by other less effective or more 
specific pesticides or by other more costly or less efficient methods of 
control. The interest and effort to control diseases and other pests by 
biological and cultural methods is still growing while at the same time 
more restrictions are being imposed in the testing, licensing, and applica
tion of pesticides for disease control. Not only is it necessary for the 
pesticide producers to provide more detailed data on the effectiveness, 
toxicity, and persistence of each pesticide, but the application of each 
pesticide must be licensed for each crop on which it is going to be applied 
and, furthermore, in some countries each prospective commercial 
applicator of pesticides must pass an examination and be licensed to 
legally apply pesticides on crop plants. 

The desirability of using fewer and safer pesticides, however, is coun
teracted by the increasing demand of consumers over the last several 
decades for high-quality produce, especially fruits and vegetables free of 
any kind of blemishes caused by diseases or insects. A change in the 
attitude of consumers to demand less extravagant esthetic quality of 
produce could reduce use of pesticides and waste of perfectly wholesome 
foodstuffs, but such a change in attitude may not come for some time yet. 

The economics of agricultural production continue to lead to consoli
dation of smaller farms into increasingly larger ones often devoted to 
monoculture of a single profitable crop or a single stage of it. Monocul
ture is made more imperative by mechanization, since different crops 
would require additional expenditures for the specialized equipment 
needed for sowing, cultivation, spraying, harvesting, storage, and han
dling of various crops. The concentration into a continuous area of many 
fields and many plants of the same species and variety, however, carries 
many special risks, particularly the appearance or introduction and rapid 
spread of a destructive pathogen. 

The tendency in recent years of farm enterprises to specialize in the 
year-round production of young seedlings or cuttings, e.g., tomato, 
chrysanthemum, which they subsequently sell to commercial growers 
throughout the world, carries with it the danger not only of a destructive 
disease spreading rapidly within that farm, but, much more importantly, 
of a destructive disease being carried on the propagative material to the 
rest of the country and the world. This has already happened with a 
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chrysanthemum rust which spread from Japan to South Africa and from 
there throughout the globe. 

The increased mobility of all kinds of nursery stock and produce 
throughout the world has been a major factor in the spread or appearance 
of many new diseases in many parts of the world. In agriculturally 
advanced countries, plant quarantine inspectors at each port of entry 
intercept most of the pathogens and other pests. But many pathogens do 
get through nevertheless and, if they happen to be carried in an area 
where the environment is favorable and there are susceptible host plants, 
a new disease may appear. The chances for new diseases to appear are 
much greater in underdeveloped countries where new improved varieties 
are constantly imported from other, developed countries. Many times the 
imported propagative material carries pathogens that may be serious not 
only to this same variety but, more importantly, to some or all of the 
local varieties of the same and related species. Moreover, even when the 
imported propagative material is disease free, once it has been planted 
extensively in the new area or country, it may be attacked by one of the 
locally existing pathogens or races of pathogens and this may lead to an 
unexpected epidemic and the failure of the new variety. 

The increased travel for tourism and business has undoubtedly con
tributed to the introduction of some plant pathogens to new areas, but no 
specific cases are known. 

Industrialization and increased travel harm plants in more direct ways. 
The production of air pollutants by factories, automobiles, airplanes, etc., 
causes direct injury to most plants and reduces their growth and produc
tivity. Also, much productive land is constantly turned into residential 
areas, huge industrial complexes, shopping centers, parking lots, high
ways, and lesser roads. It is estimated that in the U.S. and Canada 
highway building alone takes a quarter of a million acres of arable land 
and that much more pasture land out of production in a single year! In the 
U.S., two million acres of land each year are converted from agricultural 
to nonagricultural uses, including 420,000 acres for urban development, 
an equal amount for reservoirs and flood control and nearly one million 
acres for parks, wilderness, and wildlife areas. The amount of cropland is 
decreasing at an annual rate of 3 percent. How long can this continue 
before we run out of food-producing land? 

diagnosis 
of plant diseases 

INTRODUCTION: 
PATHOGEN OR ENVIRONMENT} 

For diagnosis of a plant disease it is prudent to first determine whether 
the disease is caused by a pathogen or an environmental factor. In some 
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cases, in which typical symptoms of a disease are present, it is fairly easy 
for a somewhat experienced person to determine not only whether the 
disease is caused by a pathogen or an environmental factor but by which 
one of them. In most cases, however, a detailed examination of the 
symptoms and an inquiry into characteristics beyond the obvious symp
toms are necessary for a correct diagnosis. 

INFECTIOUS DISEASES 

Diseases caused by pathogens (fungi, bacteria, parasitic higher plants, 
nematodes, viruses, mycoplasmas, and protozoa) are characterized by the 
presence of these pathogens on the surface of these plants (some fungi, 
bacteria, parasitic higher plants, and nematodes) or inside the plants 
(most pathogens). The presence of such pathogens at an active state on 
the surface of a plant would indicate that they are probably the cause of 
the disease. Their detection and identification can, in some cases, be 
determined with the experienced naked eye or with a magnifying lens 
(some fungi, all parasitic higher plants, some nematodes) or, more fre
quently, by microscopic examination (fungi, bacteria, and nematodes). If 
no such pathogens are present on the surface of the diseased plants, then 
it will be necessary to look for additional symptoms and, especially, for 
pathogens inside the diseased plant. These are usually at the margins of 
the affected tissues, at the vascular tissues, or at the base of the plant, and 
on or in its roots. 

DISEASES CAUSED BY PARASITIC HIGHER PLANTS The presence of a 
parasitic higher plant (e.g., dodder, mistletoe, witchweed, broomrape, 
etc.) growing on a plant is sufficient for the diagnosis of the disease. 

DISEASES CAUSED BY NEMATODES The presence on or in a plant of a 
species of plant parasitic nematodes, which can be distinguished from the 
nonparasitic ones by the stylet (spear) they possess, indicates that the 
nematode is probably the pathogen that causes the disease, or at least 
involved in the production of the disease. If the nematode can be iden
tified as belonging to a species or genus known to cause such a disease, 
then the diagnosis of the disease can be made with a degree of certainty. 

DISEASES CAUSED BY FUNGI AND BACTERIA When fungal mycelium 
and spores or bacteria are present on the affected area of a diseased plant, 
two possibilities must be considered: (1) The fungus or bacterium may be 
the actual cause of the disease,- or (2) they can be one of the many 
saprophytic fungi or bacteria that can grow on dead plant tissue once the 
latter has been killed by some other cause—even other fungi or bac
teria. 

Fungi. Determination of whether the observed fungus is a pathogen 
or a saprophyte is initiated by microscopically studying the morphology 
of its mycelium, fruiting structures, and spores. From these, the fungus 
can be identified and can be checked in appropriate books of mycology or 
plant pathology to see whether it has been reported to be pathogenic or 
not, especially on the plant on which it was found. If the symptoms 
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caused on the plant correspond to those listed in the books as caused by 
that particular fungus, then the diagnosis of the disease is in most cases 
considered complete. If no such fungus is known to cause a disease on 
plants, especially one with symptoms similar to the ones under study, 
then the fungus found should be considered a saprophyte and the search 
for the cause of the disease must continue. In many cases, neither fruiting 
structures nor spores are initially present on the diseased plant tissue and 
therefore no identification of the fungus is possible. With most fungi, 
however, fruiting structures and spores are produced in the diseased 
tissue if the latter is placed in a glass, plastic, etc., "moisture chamber," 
i.e., a container in which wet paper towels, etc., are added to increase the 
humidity in the air of the container. 

Bacteria. The diagnosis of a bacterial disease and the identification 
of the causal bacterium is based primarily on the symptoms of the 
disease, the constant presence of large numbers of bacteria in the affected 
area and the absence of any other pathogens from it. However, bacteria 
are small (0.8 x 1-2 /xm) and, although they can be seen with the com
pound microscope, they are all tiny rods and have no distinguishing 
morphological characteristics for their identification. Care must be 
taken, therefore, to exclude the possibility that the observed bacteria are 
saprophytic, growing in the dead tissue that was killed by some other 
cause. The easiest and surest way of proving that the observed bacterium 
is the pathogen is through isolation and growth of the bacterium in pure 
culture and, using a single colony for reinoculation of a susceptible host 
plant, reproduce the symptoms of the disease. This is usually, but not 
always, the fastest and most accurate method for identification of the 
bacterium by comparison of the resultant symptoms with those produced 
by known species of bacteria. 

DISEASES CAUSED BY VIRUSES, VIROIDS, MYCOPLASMAS, RICKETTSIALIKE 
BACTERIA, AND PROTOZOA The diagnosis of diseases caused by the other 
pathogens, i.e., viruses, mycoplasmalike organisms ( M L O ) , rickettsialike 
bacteria, and protozoa, is much more difficult because it is complicated 
by two very important factors: (1) Because of their small size, transparent 
bodies, small numbers, etc., most of these pathogens cannot be seen with 
the regular compound microscope and, due to their distribution in the 
diseased plant, frequently they cannot be found and observed even with 
the electron microscope,- (2) the symptoms of many of the diseases they 
cause are nonspecific and resemble each other and those caused on plants 
by many environmental factors, by insect damage or by other pathogens 
of the root system. Of course, several diseases caused by these pathogens 
develop very distinct symptoms and these diseases can be diagnosed and 
the pathogen identified easily, quickly and with a great degree of accu 
racy. 

The diagnosis of diseases caused by the above pathogens without 
production of such diagnostic symptoms proceeds by first proving that 
such a disease is caused by a pathogen and not an environmental factor. 
This is accomplished by transmitting the pathogen from a diseased to a 
healthy plant and reproducing the symptoms on the inoculated plant. 
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The most common methods of such transmission are by budding or 
grafting part of a diseased plant onto a healthy plant; by rubbing sap from 
a diseased plant onto a healthy plant; or by allowing certain insects, 
nematodes, or other potential vectors of the pathogen to feed on the 
diseased plant and then transferring them onto a healthy plant. If by any 
of these methods the inoculated healthy plant develops symptoms iden
tical to those of the diseased plant, then the disease is certain to be caused 
by one of these pathogens and not by an environmental factor. 

Because at the present state of our knowledge the known MLO, rick-
ettsialike bacteria, and protozoa are transmitted only by budding or 
grafting and by certain insect vectors, transmission of the pathogen 
through sap, nematodes, or through certain other ways would be taken to 
indicate that the pathogen is a virus or a viroid. 

Further diagnosis of a disease caused by either a virus, viroid, MLO, 
rickettsialike bacteria, or protozoa may involve a series of tests, the most 
common of which are: (1) inoculation of several host plants with the 
pathogen and comparison of the symptoms on these hosts with those 
produced on the same hosts by known pathogens,- (2) electron microscopy 
of infected tissues and comparison of the morphology of the pathogen in 
them—if found—with that of other known pathogens,- (3) application of 
certain antibiotics on the diseased plant to determine whether the patho
gen is susceptible to any of them or not as expressed by recovery of the 
plant from the disease. For example, susceptibility to tetracyclines would 
tend to indicate a possible MLO etiology, susceptibility to penicillin 
would indicate a possible rickettsialike bacterium etiology, while no 
effect would indicate possible viral etiology; (4) thermotherapy of the 
disease by exposing diseased plants or parts of them to hot water or high 
air temperatures for different periods of time. Recovery from symptoms 
at lower temperatures or in shorter periods would tend to indicate MLO 
or rickettsialike etiology, the opposite would suggest viral etiology,- (5) if 
the pathogen can be isolated and purified, e.g., virus, Spiroplasma citri 
cultures, antisera may be produced and subsequently used for diagnostic 
serological tests. Sometimes sap from the diseased plant mixed with 
available antisera to known pathogens may give a quick identification of 
the unknown pathogen—if one of the antisera had been produced by use 
of the same species of the pathogen as the antigen. 

DISEASES CAUSED BY MORE THAN ONE PATHOGEN Quite frequently a 
plant may be attacked by two or more pathogens of the same or different 
kinds and may develop one or more types of disease symptoms. The most 
important aspect of such a situation is that the presence of the additional 
pathogen(s) be recognized. Once this is ascertained, the diagnosis of the 
disease!s) and the identification of the pathogen(s) proceeds as described 
above for each kind of pathogen. 

NONINFECTIOUS DISEASES 

If no pathogen can be found, cultured from or transmitted from a diseased 
plant, then it would have to be assumed that the disease is caused by a 
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nonliving, environmental factor. The number of environmental factors 
that can cause disease in plants is almost unlimited, but most of them 
affect plants by interfering with the normal physiological processes either 
by causing an excess of a toxic substance in the soil or in the air or lack of 
an essential substance such as water, oxygen or mineral nutrients, or by 
causing an extreme in the conditions supporting plant life, such as tem
perature, humidity, oxygen, C 0 2 , or light. Some of these effects are the 
result of normal conditions, e.g., low temperatures, occurring at the 
wrong time, or of abnormal conditons brought about naturally, e.g., 
flooding, drought, or by the activities of people and their machines, e.g., 
pollutants, soil compaction, or weed killers. 

Diagnosis of the specific environmental factor that causes or has 
caused a disease is sometimes made easy by the apparent change in the 
environment, e.g., a flood or a late or an early frost. Some environmen
tal factors cause specific symptoms on the plants that help diagnose the 
cause of the malady, but most of them cause nonspecific symptoms that, 
unless the prehistory of the environmental conditons, applied treat
ments, etc., in the area are known, make it very difficult to arrive at an 
accurate diagnosis of the cause. 

identification of a 
previously unknown disease— 
Koch's postulates 

When a pathogen is found on a diseased plant, the pathogen is identified 
by reference to special manuals; if the pathogen is known to cause such a 
disease, then the diagnosis of the disease may be considered completed. If, 
however, the pathogen found seems to be the cause of the disease, but no 
previous reports exist to support this, then the following steps are taken 
to verify the hypothesis that the isolated pathogen is the cause of the 
disease: 

1. The pathogen must be found associated with the disease in all the diseased 
plants examined. 

2. The pathogen must be isolated and grown in pure culture on nutrient 
media, and its characteristics described (nonobligate parasites), or on a 
susceptible host plant (obligate parasites), and its appearance and effects 
recorded. 

3. The pathogen from pure culture must be inoculated on healthy plants of the 
same species or variety on which the disease appears, and it must produce 
the same disease on the inoculated plants. 

4. The pathogen must be isolated in pure culture again and its characteristics 
must be exactly like those observed in step 2. 

If all the above steps (usually known as Koch's postulates) have been 
followed and proved true, then the isolated pathogen is identified as the 
organism responsible for the disease. 



KOCH'S POSTULATES 

Koch's postulates are possible, although not always easy to carry out, 
with pathogens such as fungi, bacteria, parasitic higher plants, 
nematodes, some viruses, some viroids, and the spiroplasmas. These 
organisms can be isolated and cultured, or can be purified, and can then 
be introduced into the plant and cause the disease. With the other patho
gens, however, such as most viruses, some viroids, mycoplasmas, rick-
ettsialike bacteria, and protozoa, culture or purification of the pathogen 
is not yet possible, and the pathogen often cannot be reintroduced into 
the plant to reproduce the disease. Thus, with these pathogens, Koch's 
postulates cannot be carried out and their acceptance as " the" pathogens 
of the diseases with which they are associated is more or less tentative. 
However, in most cases, the circumstantial evidence that shows that 
these are " the" pathogens of these diseases is overwhelming, and it is 
assumed that further improvement of techniques of isolation, culture, and 
inoculation of pathogens will someday prove that today's assumptions 
are justified. 
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