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Plants grow best within certain ranges of the various factors that make up 
their environment. Such factors include temperature, soil moisture, soil 
nutrients, light, air and soil pollutants, air humidity, soil structure, and 
pH. Although these factors affect all plants growing in nature, their 
importance is considerably greater for the cultivated plants which are 
often grown by man in areas barely meeting the requirements for normal 
growth. Moreover, cultivated plants are frequently grown or kept in 
completely artificial environments (greenhouses, homes, warehouses, 
etc.) or are subjected to a number of cultural practices (fertilization, 
irrigation, spraying with pesticides, etc.) which may affect their growth 
considerably. 

The common characteristic of noninfectious diseases of plants is that 
they are caused by lack or excess of something that supports life. Nonin
fectious diseases occur in the absence of pathogens, and cannot, therefore, 
be transmitted from diseased to healthy plants. Noninfectious diseases 
may affect plants in all their life stages, such as seed, seedling, mature 
plant, or fruit, and they may cause damage in the field, storage, or market. 
The symptoms caused by noninfectious diseases vary in kind and severity 
with the particular environmental factor involved and with the degree of 
deviation of this factor from its normal. Symptoms may range from slight 
to severe, and affected plants may even die. 

The diagnosis of noninfectious diseases is sometimes made easy by the 
presence on the plant of characteristic symptoms known to be caused by 
the lack or excess of a particular factor (Fig. 23). At other times 
diagnosis can be arrived at by carefully examining and analyzing the 147 
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FIGURE 23. 
Various types of symptoms caused by different environmental factors. 
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weather conditions prevailing before and during the appearance of the 
disease, recent changes in the atmospheric and soil contaminants at or 
near the area where the plants are growing, and the cultural practices, or 
possible accidents in the course of these practices, preceding the appear
ance of the disease. Often, however, the symptoms of several noninfec
tious diseases are too indistinctive and closely resemble those caused by 
several viruses, mycoplasmas, etc., and by many root pathogens. The 
diagnosis of such noninfectious diseases then becomes a great deal more 
complicated. One must then obtain proof of absence from the plant of any 
of the pathogens that could cause the disease, and must reproduce the 
disease on healthy plants after subjecting them to conditions similar to 
those thought of as the cause of the disease. To distinguish further among 
environmental factors causing similar symptoms, the investigator must 
cure the diseased plants, if possible, by growing them under conditions in 
which the degree or the amount of the suspected environmental factor 
involved has been adjusted to normal. 

Noninfectious plant diseases can be controlled by avoiding the ex
tremes of the environmental conditions responsible for such diseases, or 
by supplying the plants with protection or substances that would bring 
these conditions to levels favorable for plant growth. 

temperature 
Plants normally grow at a temperature range from 1 to 40°C, most kinds 
of plants growing best between 15 and 30°C. Perennial plants and dor
mant organs, such as seeds and corms, of annual plants may survive 
temperatures considerably below or above the normal temperature range 
of 1 to 40°C. The young, growing tissues of most plants, however, and the 
entire growth of many annual plants, are usually very sensitive to tem
peratures near or beyond the extremes of this range. 

The minimum and maximum temperatures at which plants can still 
produce normal growth vary greatly with the plant species and with the 
stage of growth the plant is in during the low or high temperatures. 
Thus, plants such as tomato, citrus, and other tropical plants grow best at 
high temperatures and are injured severely when the temperature drops 
to near, or below, the freezing point. On the other hand, plants such as 
cabbage, winter wheat, alfalfa, and most perennials of the temperate zone 
can withstand temperatures considerably below freezing without any 
apparent ill effects to the plant. Even the latter plants, however, are 
injured and finally killed if the temperature drops too low. 

A plant may also differ in its ability to withstand extremes in tempera
ture at different stages of its growth. Thus, older, hardened plants are 
more resistant to low temperatures than are young seedlings. Also, differ
ent tissues or organs on the same plant may vary greatly in their sensitiv
ity to the same low temperature. Buds are more sensitive than twigs, 
flowers and newly formed fruit are more sensitive than leaves, and so on. 
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Plants are generally injured faster and to a greater extent when temper
atures become higher than the maximum for plant growth than when 
they are lower than the minimum. However, too high a temperature 
rarely occurs in nature. High temperature seems to cause its effects on 
the plant in conjunction with the effects of other environmental factors, 
particularly excessive light, drought, lack of oxygen, or high winds ac
companied by low relative humidity. High temperatures are usually re
sponsible for sunscald injuries (Fig. 24A) appearing on the sun-exposed 
sides of fleshy fruits and vegetables, such as peppers, apples, tomatoes, 
onion bulbs, and potato tubers. On hot, sunny days the temperature of the 
fruit tissues beneath the surface facing the sun may be much higher than 
that of those on the shaded side and of the surrounding air. This results in 
discoloration, water-soaked appearance, blistering, and a desiccation of 
the tissues beneath the skin which leads to sunken areas on the fruit 
surface. Succulent leaves of plants may also develop sunscald symptoms, 
especially when hot sunny days follow periods of cloudy, rainy weather. 
Irregular areas on the leaves become pale green at first but soon collapse 
and form brown, dry spots. This is a rather common symptom of fleshy 
leaved house plants kept next to windows with a southern exposure in 
early spring and summer when the sun's rays heat the fleshy leaves 
excessively. Too high a soil temperature at the soil line sometimes kills 
young seedlings (Fig. 24B) or causes cankers at the crown on the stems of 
older plants. High temperatures also seem to be involved in the water 
core disorder of apples (Fig. 24C) and, in combination with reduced 
oxygen, in the blackheart of potatoes. 

Far greater damage to crops is caused by low than by high tempera
tures. Low temperatures, even if above freezing, may damage warm-
weather plants such as corn and beans. They may also cause excessive 
sweetening and, upon frying, undesirable caramelization of potatoes due 
to hydrolysis of starch to sugars at the low temperatures. 

Temperatures below freezing cause a variety of injuries to plants. Such 
injuries include the damage caused by late frosts to young meristematic 
tips (Figs. 25A, C) or entire herbaceous plants, the frost-killing of buds of 
peach, cherry, and other trees, and the killing of flowers, young fruit, and, 
sometimes, succulent twigs of most trees. Frost bands, consisting of 
discolored, corky tissue in a band or large area of the fruit surface, are 
often produced on apples, pears, etc., following a late frost (Fig. 25D). Low 
winter temperatures may kill young roots of trees, such as apple, and may 
also cause bark-splitting and canker development (Figs. 25B and 26) on 
trunks and large branches, especially on the sun-exposed side, of several 
kinds of fruit trees. Cross sections of limbs may show a black ring or a 
"blackheart" condition in the wood. Fleshy tissues, such as potato tubers, 
may be injured at subfreezing temperatures. The injury varies depending 
on the degree of temperature drop or the duration of the low temperature. 
Early injury affects only the main vascular tissues and appears as a 
ringlike necrosis,- injury of the finer vascular elements which are in
terspersed in the tuber gives the appearance of netlike necrosis. With 
more general injury, large chunks of the tuber are damaged creating the 
so-called "blotch-type" necrosis (Fig. 25E). 
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FIGURE 24. 
(A) Sunscald injury on pepper fruits. (B) Potato sprouts killed at the soil line by 
excessively high temperatures. (C) Stages of watercore development in Delicious 
apples. 1 = healthy. (Photos: A—courtesy USDA, Β—courtesy Dept. Plant Pathol., 
Cornell Univ., C—courtesy W. J. Lord.) 

152 



TEMPERATURE 

FIGURE 25. 
(A) Chilling injury on leaves and tips of young pea plants due to late frost. (B) Bark 
split on apple tree trunk due to low winter temperature. (C) Late frost injury on 
emerging pear leaves. (Left) Discoloration of upper side, (middle) discoloration and 
necrotic line as seen on upper side of leaf, (right) necrotic line on lower side. (D) 
Frost injury on apple fruit. (E) Low temperature injury on potato tuber in storage. 
(Photos A and Ε courtesy Dept. Plant Pathol., Cornell Univ.) 

Indoor plants, whether grown in a home or a greenhouse, are particu
larly sensitive to low temperatures both where they are growing and 
during transportation from a greenhouse or florist's shop to a home or 
from one home to another. Indoor plants are often tropical plants grown 
far away from their normal climate. Exposure of such plants to low, not 
necessarily freezing, temperatures may cause stunting, yellowing, leaf or 
bud drop, etc. Similarly, when grown indoors, even local plants remain in 
a very succulent vegetative state and are completely unprepared for the 
stresses of low, particularly subfreezing, temperatures. Plants near win
dows or doors during cold winter days and, especially, nights are subject 
to temperatures that are much lower than those away from the window. 
Also, cracks or breaks in windows, holes of electrical outlets on outside 
walls, etc., let in cold air that may injure the plants. A drop of night 
temperatures below 12°C may cause leaves and particularly flower buds 
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FIGURE 26. 
(A) Frost damage on young growth of rhododendron. (B) Cracking of rhododendron 
stem caused by frost. (Photos courtesy Dept. Plant Pathol., Cornell Univ.) 

of m a n y plants to turn ye l low and drop. E x p o s u r e of indoor plants to 
subfreezing t e m p e r a t u r e s for a few m i n u t e s or a few hours , e.g., whi le 
they are carried or t ransported in the t r u n k of a car f r o m the greenhouse 
to the house , m a y result in the death of m a n y shoots and flowers or in a 
sudden s h o c k to the plants f rom w h i c h t h e y m a y take w e e k s or m o n t h s 
to recover c o m p l e t e l y . Such a s h o c k is often observed on plants that had 
been kept indoors and are then t ransplanted in the field in the spring 
w h e n t e m p e r a t u r e s outdoors , a l though not freezing, are never theless 
m u c h lower than those in the greenhouse . Even w i t h o u t the s h o c k effect, 
plants growing at t e m p e r a t u r e s that are generally near the l o w e r — o r near 
t h e u p p e r — l i m i t of their n o r m a l range grow poorly and p r o d u c e fewer 
and smal ler b l o s s o m s and fruits . 

T h e m e c h a n i s m s by w h i c h high and low t e m p e r a t u r e s injure plants 
are quite different. High t e m p e r a t u r e s apparently i n a c t i v a t e cer ta in en
z y m e s y s t e m s and a c c e l e r a t e others , thus leading to a b n o r m a l b i o c h e m i 
cal reac t ions and death of the cell . High t e m p e r a t u r e m a y also c a u s e 
coagulat ion and denatura t ion of proteins , disruption of c y t o p l a s m i c 
m e m b r a n e s , suffocation, and possibly release of t o x i c products into the 
cell . 

L o w t e m p e r a t u r e s , on the o ther hand, injure plants pr imari ly by induc
ing ice f o r m a t i o n b e t w e e n and/or w i t h i n the cells . T h e ra ther pure w a t e r 
of the intercel lular spaces freezes first and at about 0°C, whi le t h e w a t e r 
w i t h i n the cell c o n t a i n s dissolved substances w h i c h , depending on their 
n a t u r e and c o n c e n t r a t i o n , depress t h e freezing point of w a t e r for several 
degrees. F u r t h e r m o r e , w h e n the intercel lular w a t e r b e c o m e s ice, m o r e 
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vapor (water) moves out of the cells and into the intercellular spaces, 
where it also becomes ice. The reduced water content of the cells de
presses further the freezing point of the intracellular water and this could 
continue, up to a point, without damaging the cell. Below that point, 
however, ice crystals form within the cell, disrupt the plasma membrane, 
and cause injury and death to the cell. The freezing point of water in cells 
varies with the tissues and species of the plant; in some tissues of the 
winter-hardy species of the north, ice probably never forms within the 
cells regardless of how low the temperatures become. Even when ice 
forms only in the intercellular spaces, cells and tissues may be damaged 
either by the inward pressure exerted by the ice crystals, or by loss of 
water from their protoplasm to the intercellular spaces. This loss causes 
plasmolysis and dehydration of the protoplasm, which may cause coagu
lation. The rapidity of the temperature drop in a tissue is also important, 
since this affects the amount of water remaining in a cell and, therefore, 
the freezing point of the cell contents. Thus, a rapid drop in temperature 
may result in intracellular ice formation where a slow drop to the same 
low temperature would not. The rate of thawing may have similarly 
variable effects, since rapid thawing may flood the area between cell wall 
and protoplast and may cause tearing and disruption of the protoplast if 
the latter is incapable of absorbing the water as fast as it becomes avail
able from the melting of ice in the intercellular spaces. 

moisture 

Moisture disturbances in the soil are probably responsible for more plants 
growing poorly and being unproductive annually, over large areas, than 
any other single environmental factor. Small or large territories may 
suffer from drought over periods of time. The subnormal amounts of 
water available to plants in these areas may result in reduced growth, 
diseased appearance, or even death of the plants. Lack of moisture may 
also be localized in certain types of soil, slopes, or thin soil layers under
laid by rock or sand and may result in patches of diseased-looking plants, 
while immediate surrounding areas appear to contain sufficient amounts 
of moisture and the plants in them grow normally. Plants suffering from 
lack of sufficient soil moisture usually remain stunted, are pale green to 
light yellow, have few, small and drooping leaves, flower and fruit 
sparingly and, if the drought continues, wilt and die (Fig. 27). Although 
annual plants are considerably more susceptible to short periods of in
sufficient moisture, even perennial plants and trees are damaged by pro
longed periods of drought and produce less growth, small, scorched leaves 
and short twigs, dieback, defoliation, and finally wilting and death. Plants 
weakened by drought are also more susceptible to certain pathogens and 
insects. 

Lack of moisture in the atmosphere, i.e., low relative humidity, is 
usually temporary and seldom causes damage. When combined with high 
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FIGURE 27. 
(A) Healthy fuchsia plant (left), stunted plant due to insufficient water (middle) 
and plant wilting due to lack of water. (B) Leaf scorch due to insufficient water 
reaching the leaf. (C) Stunted, wilted and dead corn plants in low part of a field 
flooded for several days because of heavy rains. (D) Brown, sunken, dry area on 
orange caused by reduced oxygen during storage. 

wind velocity and high temperature, however, it may lead to excessive 
loss of water from the foliage and may result in leaf scorching or burning, 
shrivelled fruit, and temporary or permanent wilting of plants. 

Conditions of low relative humidity are particularly common and 
injurious for house plants during the winter. In modern homes and 
apartments, heating provides comfortable temperatures for plant growth 
but it often dries the air to relative humidities of 15 to 25 percent which 
are equivalent tathat of desert environments. The air is particularly dry 
over or near the sources of dry heat, such as radiators. Potted plants kept 
under these conditions not only use up the water much faster, grow 
poorly, and may begin to wilt sooner, but the leaves, especially the lower 
ones, of many kinds of plants become spotted or scorched and fall prema
turely, while their flowers suddenly wither and drop off. These effects are 
particularly noticeable when plants are brought into such a hot, dry house 
directly from a cool, moist greenhouse or florist's shop. Generally, all 
house plants prefer high humidity, and certain ones require high humid
ity if they are to grow properly and produce flowers. Therefore, house 
plants should never be placed over radiators and humidity should be 
increased with a commercial humidifier, by occasionally dampening the 
leaves with water, by placing the pot on a brick, pebbles, etc., in a large 
pan of water, in a plastic case, etc. 
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Excessive soil moisture occurs much less often than drought where 
plants are grown, but poor drainage or flooding of planted fields, gardens, 
or potted plants may result in more serious and quicker damage, or death, 
to plants (Fig. 27C) than that from lack of moisture. Poor drainage results 
in plants that lack vigor, wilt frequently, and have leaves that are pale 
green or yellowish green. Flooding during the growth season may cause 
permanent wilting and death of succulent annuals within 2 to 3 days. 
Trees, too, are killed by waterlogging, but the damage usually appears 
more slowly and after their roots have been continually flooded for 
several weeks. 

As a result of excessive soil moisture caused by flooding or by poor 
drainage, the fibrous roots of plants decay, probably due to the reduced 
supply of oxygen to the roots. Oxygen deprivation causes stress, asphyxi
ation, and collapse of many root cells. Wet, anaerobic conditions favor the 
growth of anaerobic microorganisms which, during their life processes, 
form substances, such as nitrites, that are toxic to plants. Besides, the 
root cells damaged directly by the lack of oxygen lose their selective 
permeability and may allow toxic metals, etc. to be taken up by the 
plant. Also, once parts of roots are killed, more damage is done by 
facultative parasites which may be greatly favored by the new environ
ment. Thus, the wilting of the plants, which soon follows flooding, is 
probably the result of lack of water in the aboveground parts of plants 
caused by the death of the roots, although it appears that translocated 
toxic substances may also be involved. 

In addition to the above, many plants, particularly potted house plants, 
show several symptoms which are the result of incorrect watering, i.e., 
either the soil is allowed to dry out too much before it is then 
repeatedly flooded with water, or the plant is almost constantly over-
watered. In either case, overwatered plants may suddenly drop their lower 
leaves, or their leaves may turn yellow. Sometimes they develop brown or 
black wet patches on the leaves or stems, or the roots and lower stem may 
turn black and rot as a result of infection by pathogenic microorganisms 
encouraged by the excessive watering. Such symptoms can be avoided or 
corrected by watering only when the topsoil feels dry and then applying 
enough water to saturate thoroughly the whole mass of soil. Plants 
should never be watered when the soil is still wet, especially during the 
winter. When watering, any excess water should be drained through the 
drainage hole which should always be present in the bottom of the pot. A 
period of dryness should not be followed with repeated heavy watering 
but by a gradual return to normal watering. Generally, the supply of water 
should be maintained as uniform as possible. 

Another common symptom of house plants, and sometimes of outdoor 
plants, that is caused by excessive moisture is the so-called edema ( = 
swelling). Edema appears as numerous small bumps on the lower side of 
leaves or on stems. The "bumps" are small masses of cells that divide, 
expand and break out of the normal leaf surface and at first form 
greenish-white swellings or galls. Later, the exposed surface of the swell
ings becomes rusty colored and has a corky texture. Edema is caused by 
overwatering, especially during cloudy, humid weather, and can be 
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avoided by reduced watering and better lighting and air circulation of the 
plant. Many other disorders are caused by excessive or irregular watering. 
It is known, for example, that tomatoes grown under rather low moisture 
conditions at the time they are ripening often crack if they are suddenly 
supplied with abundant moisture by overwatering or by a heavy rainfall. 
Also, bitter pit of apples, consisting of small, sunken, black spots on the 
fruit, is the result of irregular supply of moisture, although excessive 
nitrogen and low calcium fertilization seem to also be involved in bitter 
pit development. 

inadequate oxygen 

Low oxygen conditions in nature are generally associated with high soil 
moisture and/or high temperatures. Lack of oxyten may cause desiccation 
of roots of different kinds of plants in waterlogged soils, as was mentioned 
under moisture effects. A combination of high soil moisture and high soil 
or air temperature causes root collapse in plants. The first condition, 
apparently, reduces the amount of oxygen available to the roots while the 
other increases the amount of oxygen required by the plants. The two 
effects together result in an extreme lack of oxygen in the roots and cause 
their collapse and death. 

Low oxygen levels may also occur in the centers of fleshy fruit or 
vegetables in the field, especially during periods of rapid respiration at 
high temperatures, or in storage of these products in fairly bulky piles 
(Fig. 27D). The best known such case is the development of the so-called 
blackheart of potato, in which fairly high temperatures stimulate respira
tion and abnormal enzymatic reactions in the potato tuber. The oxygen 
supply of the cells in the interior of the tuber is insufficient to sustain the 
increased respiration, and the cells die of suboxidation. Enzymatic reac
tions activated by the high temperature and suboxidation go on before, 
during, and after the death of the cells. These reactions abnormally 
oxidize normal plant constituents into dark melanin pigments. The pig
ments spread into the surrounding tuber tissues and finally make them 
appear black. 

light 

Lack of sufficient light retards chlorophyll formation and promotes slen
der growth with long internodes, thus leading to pale green leaves, 
spindly growth, and premature drop of leaves and flowers. This condition 
is known as etiolation. Etiolated plants are found outdoors only when 
plants are spaced too close together or when they are growing under trees 
or other objects. Etiolation of various degrees, however, is rather common 
in house plants, and also in greenhouses, seedbeds, and cold frames, 
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where plants often receive inadequate light. Etiolated plants are usually 
thin and tall and are susceptible to lodging. 

Excess light is rather rare in nature and seldom injures plants. Many 
injuries attributed to light are probably the result of high temperatures 
accompanying high light intensities. Excessive light, however, seems to 
cause sunscald of pods of beans grown at high altitudes where, due to 
absence of dust, etc., more light of short wavelengths reaches the earth. 
The pods develop small water-soaked spots which quickly become brown 
or reddish brown and shrink. 

The amount of light is considerably more important in relation to 
house plants. Some of them prefer shade or semishade during the growth 
season but full sunlight during the winter. Others prefer shade through
out the year while still others must have sunlight all year long. As a rule, 
house plants with deep green leaves prefer or tolerate shade much better 
than do plants with colored leaves, the latter generally doing better when 
they receive considerable sunlight. Most flowering house plants grow and 
flower best with full exposure to sunlight at all seasons. Lack of sufficient 
light for any of these kinds of plants has the same effects as on the 
outdoor plants, i.e., pale green leaves, spindly growth, leaf drop, few or no 
flowers, flower drop, etc. On the other hand, excessive sunlight on plants 
that prefer less light often results in the appearance of yellowish-brown or 
silvery spots on their leaves. Plants suddenly moved to an area with 
strikingly different light intensity than the previous one often respond 
with general defoliation. 

air pollution 

The air at the earth's surface consists primarily of nitrogen and oxygen 
(78 and 21 percent, respectively). Much of the remaining 1 percent is 
water vapor and carbon dioxide. Man's activities in generating energy, 
manufacturing goods, and disposing of wastes result in the release into 
the atmosphere of a number of pollutants which may alter plant metabo
lism and induce disease. Air pollution damage to plants, especially 
around certain types of factories, has been recognized for about a century. 
Its extent and importance, however, increased with the industrial revolu
tion and will, apparently, continue to increase with the world's increas
ing population, industrialization, and urbanization. 

Almost all air pollutants causing plant injury are gases, but some 
particulate matter or dusts may also affect vegetation. Some gas contam
inants, such as ethylene, ammonia, chlorine, and sometimes mercury 
vapors, exert their injurious effects over limited areas only. Most fre
quently they affect plants or plant products stored in poorly ventilated 
warehouses in which the pollutants are produced by the plants them
selves (ethylene), or from leaks in the cooling system (ammonia). 

More serious and widespread damage is caused to plants in the field by 
chemicals such as hydrogen fluoride, nitrogen dioxide, ozone (Fig. 28), 
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FIGURE 28. 
Flecking on the upper surface of tobacco leaf caused by naturally occurring high 
concentrations of ozone in the atmosphere. 

p e r o x y a c y l ni trates , sulfur dioxide, and par t icula tes . High c o n c e n t r a t i o n s 
of or long exposure to t h e s e c h e m i c a l s c a u s e visible and s o m e t i m e s 
c h a r a c t e r i s t i c s y m p t o m s (e.g., necrosis) on t h e affected plants . H o w e v e r , 
w h e n plants are exposed to dosages less t h a n those t h a t c a u s e a c u t e 
damage, their g r o w t h and product iv i ty m a y still be suppressed due to 
interference by the pol lutants w i t h t h e m e t a b o l i s m of t h e plant . T h e 
m a i n pol lutants , their sources , and their effects on plants are given in 
Table II. 

E x h a u s t s of a u t o m o b i l e s and other internal c o m b u s t i o n engines are 
probably the m o s t i m p o r t a n t sources of o z o n e and o ther p h y t o t o x i c 
pol lutants . T h o u s a n d s of tons of i n c o m p l e t e l y burned hydrocarbons and 
N 0 2 are released into the a t m o s p h e r e daily by a u t o m o b i l e e x h a u s t s . In 
the presence of ul t raviolet light f r o m t h e sun, this ni t rogen dioxide reac ts 
w i t h o x y g e n and f o r m s ozone and ni t r i c oxide . T h e o z o n e m a y reac t w i t h 
ni t r ic oxide to f o r m the original c o m p o u n d s : 

sunlight 
N 0 2 + 0 2 ' 0 3 + N O 

H o w e v e r , in the presence of unburned h y d r o c a r b o n radicals , t h e n i t r i c 
oxide reac ts w i t h these instead of ozone, and therefore t h e o z o n e c o n c e n 
t ra t ion builds up. O z o n e , too, c a n reac t w i t h vapors of cer ta in u n s a t u r a t e d 
hydrocarbons , but t h e products of s u c h r e a c t i o n s (various organic 
peroxides) are also t o x i c to plants . N o r m a l l y , t h e n o x i o u s f u m e s produced 
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by automobiles and other engines are swept up by the warm air currents 
from the earth's surface rising into the cooler air above, where the fumes 
are dissipated. During periods of calm, stagnant weather, however, an 
inversion layer of warm air is formed above the cooler air and this 
prevents the upward dispersion of atmospheric pollutants. The pollutants 
then are trapped near the ground where, after sufficient buildup, they may 
seriously damage living organisms. 

Peroxyacyl nitrate (PAN) injury has been observed primarily around 
metropolitan areas where large amounts of hydrocarbons are released into 
the air from automobiles. The problem is especially serious in areas like 
Los Angeles and New Jersey, where the atmospheric conditions are condu
cive to inversion layer formation. Many different kinds of plants are af
fected by PAN over large geographical areas surrounding the locus of PAN 
formation, due to diffusion or to dispersal of the pollutant by light air 
currents. 

Sulfur dioxide may injure plants in concentrations as low as 5 to 10 
ppm. Since sulfur dioxide is absorbed through the leaf stomata, condi
tions that favor or inhibit the opening of stomata similarly affect the 
amount of sulfur dioxide absorbed. After absorption by the leaf, sulfur 
dioxide reacts with water and forms phy to toxic sulfite ions. The latter, 
however, are slowly oxidized in the cell to produce harmless sulfate ions. 
Thus, if the rate of sulfur dioxide absorption is slow enough, the plant 
may be able to protect itself from the buildup of phy to toxic sulfites. 

nutritional 
deficiencies in plants 

Plants require several mineral elements for normal growth. Some ele
ments, such as nitrogen, phosphorus, potassium, calcium, magnesium, 
and sulfur, needed in relatively large amounts, are called ''major" ele
ments, while others, like iron, boron, manganese, zinc, copper, molyb
denum, and chlorine, needed in very small amounts, are called "trace" or 
"minor" elements or "micronutrients." Both major and trace elements 
are essential to the plant. When they are present in the plant in amounts 
smaller than the minimum levels required for normal plant growth, the 
plant becomes diseased and exhibits various external and internal symp
toms. The symptoms may appear on any or all organs of the plant, 
including leaves, stems, roots, flowers, fruits, and seeds. 

The kinds of symptoms produced by deficiency of a certain nutrient 
depend primarily on the functions of that particular element in the plant. 
These functions presumably are inhibited or interfered with when the 
element is limiting. Certain symptoms are the same in deficiency of any 
of several elements, but other diagnostic features usually accompany a 
deficiency of a particular element. Numerous plant diseases occur annu
ally in most agricultural crops in many locations due to reduced amounts 
or reduced availability of one or more of the essential elements in the 



TABLE II. 
AIR POLLUTION INJURY TO PLANTS 

Pollutant Source Susceptible Plants Symptoms Remarks 

Ozone (0 : L) Automobile exhausts. Expanding leaves of all Stippling, mottling, and Enters through stomata. It is 
Other internal combustion plants, especially tobacco, chlorosis of leaves, the most destructive air 

engines. bean, cereals, alfalfa, primarily on upper leaf pollutan to plants. A 
(Released N 0 2 combines petunia, pine, citrus, corn. surface. Spots are small to major component of 

with 0 2 in sunlight —» 0 : { ) large, bleached white to smog. 
From stratosphere. tan, brown, or black (Fig. 
From lightning, from 28). Premature defoliation 

forests. and stunting occurs in 
plants such as citrus, 
grapes, and vines. 

Peroxyacyl Automobile exhausts or Many kinds of plants, Causes ''silver leaf" on Particularly severe near 
nitrates other internal combustion including spinach, plants, i.e., bleached metropolitan areas with 
(PAN) engines. petunia, tomato, lettuce, white to bronze spots on smog and inversion 

(Gasoline vapors and dahlia. lower surface of leaves layers. 
incompletely burned that may later spread 
gasoline ± Ol } or N 0 2 —> throughout leaf thickness 
PAN). and resemble ozone 

injury. 

Sulfur dioxide Stacks of factories. Many kinds of plants, Low concentrations cause It also combines with 
(SOJ Automobile exhausts, and including alfalfa, violet, general chlorosis. Higher moisture and forms toxic 

other internal combustion conifers, pea, cotton, concentrations cause acid droplets (acid rain). 
engines. bean. 

Toxic at 0.3 to 0.5 ppm. 
bleaching of interveinal 
tissues of leaves. 

Nitrogen From oxygen and nitrogen Many kinds of plants Causes bleaching and 
dioxide in the air by hot including beans, bronzing of plants similar 
( N 0 2 ) combustion sources, e.g., tomatoes. to that caused by S 0 2 . At 

furnaces, internal Toxic at 2 to 3 ppm. low concentration it also 
combustion engines. suppresses growth of 

plants. 
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Hydrogen Stacks of factories Many kinds of plants, Leaf margins of dicots and HF may evaporate or be 
fluoride processing ore or oil. including corn, peach, leaf tips of monocots turn washed out of plant and 
(HF) tulip. Actively growing, tan to dark brown, die, plant recovers slowly. 

especially wet leaves, are and may fall from the leaf. 
most sensitive. Some plants tolerate HF 

Toxic at 0.1 to 0.2 ppb. up to 200 ppm. 

Chlorine (Cl2) Refineries, glass factories, Many kinds of plants, Leaves show bleached, 
and incineration of plastics. usually near the source. necrotic areas between 
Hydrogen Toxic at 0.1 ppm. veins. Leaf margins often 
chloride appear scorched. Leaves 
(HC1) may drop prematurely. 

Damage resembles that 
caused by S 0 2 . 

Ethylene Automobile exhausts. Many kinds of plants. Plants remain stunted, their Ethylene is a plant hormone 

(CH 2 CH 2 ) Burning of gas, fuel oil, and Toxic at 0.05 ppm. leaves develop with numerous functions. (CH 2 CH 2 ) 
coal. abnormally and senesce 

From ripening fruit in prematurely. Plants 
storage. produce fewer blossoms 

and fruit. 
Fruit, e.g., apples, develop 

depressed, necrotic, dark 
areas (scald). 

Particulate Dust from roads, cement All plants. Form dust or crusty layers 
matter factories. on plant surfaces. Plants 
(dusts) Burning of coal, etc. become chlorotic, grow 

poorly, and may die. Some 
dusts are toxic and burn 
leaf tissues directly or 
after dissolving in dew or 
rainwater. 
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164 ENVIRONMENTAL FACTORS THAT CAUSE PLANT DISEASES 

TABLE III. 
NUTRIENT DEFICIENCIES IN PLANTS 

Deficient 
Nutrient Functions of Element Symptoms 

Nitrogen 
Ν 

Present in most 
substances of cells. 

Plants grow poorly and are light green in color The 
lower leaves turn yellow or light brown and the 
stems are short and slender (Fig. 29A). 

Phosphorus 
Ρ 

Present in DNA, RNA, 
phospholipids 
(membranes), ADP, 
ATP, etc. 

Plants grow poorly and the leaves are bluish-green with 
purple tints. Lower leaves sometimes turn light 
bronze with purple or brown spots. Shoots are short 
and thin, upright, and spindly. 

Potassium 
Κ 

Acts as a catalyst of 
many reactions. 

Plants have thin shoots which in severe cases show 
dieback. Older leaves show chlorosis with browning 
of the tips, scorching of the margins, and many 
brown spots usually near the margins. Fleshy tissues 
show end necrosis (Fig. 29C and E). 

Magnesium 
Mg 

Present in chlorophyll 
and is part of many 
enzymes. 

First the older, then the younger leaves become mottled 
or chlorotic, then reddish. Sometimes necrotic spots 
appear. The tips and margins of leaves may turn 
upward and the leaves appear cupped. Leaves may 
drop off (Fig. 29D). 

Calcium 
Ca 

Regulates the 
permeability of 
membranes. Forms 
salts with pectins. 
Affects activity of 
many enzymes. 

Young leaves become distorted, with their tips hooked 
back and the margins curled. Leaves may be irregular 
in shape and ragged with brown scorching or spotting. 
Terminal buds finally die. The plants have poor, bare 
root systems. Causes blossom end rot of many 
fruits (Fig. 29F). 

Boron 
Β 

Not really known. 
Affects translocation 
of sugars and 
utilization of 
calcium in cell wall 
formation. 

The bases of young leaves of terminal buds become 
light green and finally break down. Stems and leaves 
become distorted. Plants are stunted (Fig. 30). Fruit, 
fleshy roots or stems, etc., may crack on the surface 
and/or rot in the center. Causes many plant diseases, 
e.g., heart rot of sugar beets, brown heart of turnips, 
browning or hollow stem of cauliflower, cracked 
stem of celery, corky spot, dieback and rosette of 
apples, hard fruit of citrus, top sickness of tobacco, 
etc. 

Sulfur 
S 

Present in some amino 
acids and 
coenzymes. 

Young leaves are pale green or light yellow without any 
spots. The symptoms resemble those of nitrogen 
deficiency. 

Iron 
Fe 

Is a catalyst of 
chlorophyll 
synthesis. Part of 
many enzymes. 

Young leaves become severely chlorotic, but their main 
veins remain characteristically green. Sometimes 
brown spots develop. Part of or entire leaves may dry. 
Leaves may be shed (Fig. 29B). 
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soils where the plants are grown. The presence of lower-than-normal 
amounts of most essential elements usually results in merely a reduction 
in growth and yield. When the deficiency is greater than a certain critical 
level, however, the plants develop acute or chronic symptoms and may 
even die. Some of the general deficiency symptoms caused by each essen
tial element, the possible functions affected, and some examples of com
mon deficiency disorders are given in Table III and shown in Figs. 29 and 30. 

soil minerals 
toxic to plants 

Soils often contain excessive amounts of certain essential or nonessential 
elements, both of which at high concentration may be injurious to the 
plant. Of the essential elements, those required by plants in large 
amounts, such as nitrogen and potassium, are usually much less toxic 
when present in excess than are the elements required only in trace 
amounts, such as manganese, zinc, and boron. Even among the latter, how
ever, some trace elements such as manganese and magnesium have a 
much wider range of safety than do others, e.g., boron or zinc. Besides, not 
only do the elements differ in their ranges of toxicity, but various kinds of 
plants also differ in their susceptibility to the toxicity to a certain level of 
a particular element. Concentrations at which nonessential elements are 

TABLE III. [Continued) 

Deficient 
Nutrient Functions of Element Symptoms 

Zinc 
Zn 

Is part of enzymes 
involved in auxin 
synthesis and in 
oxidation of sugars. 

Leaves show interveinal chlorosis. Later they become 
necrotic and show purple pigmentation. Leaves are 
few and small, internodes are short and shoots form 
rosettes, and fruit production is low. Leaves are shed 
progressively from base to tip. It causes "little leaf" 
of apple, stone fruits and grape, "sickle leaf" of cacao, 
"white t ip" of corn, etc. 

Copper Is part of many 
oxidative enzymes. 

Tips of young leaves of cereals wither and their margins 
become chlorotic. Leaves may fail to unroll and tend 
to appear wilted. Heading is reduced and the heads 
are dwarfed and distorted. Citrus, pome, and stone 
fruits show dieback of twigs in the summer, burning 
of leaf margins, chlorosis, rosetting, etc. Vegetable 
crops fail to grow. 

Manganese 
Mn 

Is part of many 
enzymes of 
respiration, 
photosynthesis, and 
nitrogen utilization. 

Leaves become chlorotic but their smallest veins 
remain green and produce a checked effect. Necrotic 
spots may appear scattered on the leaf. Severely 
affected leaves turn brown and wither. 



ENVIRONMENTAL FACTORS THAT CAUSE PLANT DISEASES 

FIGURE 29. 
Some examples of nutrient deficiency symptoms in plants. (A) Nitrogen 
deficiency on tobacco (left) and one week after fertilization. (B) Iron deficiency on 
peach. Note uniform yellowing of affected leaves compared to normal leaf at top 
of photo. (C) Potassium deficiency on tomato (left). Healthy leaf at right. (D) 
Magnesium deficiency symptoms on maple. (E) Healthy (right) and potassium-
deficient alfalfa plants. (F) Blossom end rot of tomato caused in part by calcium 
deficiency. 

toxic also vary among elements, and plants in turn vary in their sensitiv
ity to them. For example, some plants are injured by very small amounts 
of nickel, but can tolerate considerable concentrations of aluminum. 

The injury occurring from excess of an element may be slight or severe 
and is usually the result of direct injury by the element to the cell. On the 
other hand, the element may interfere with the absorption or function of 
another element and thereby lead to the symptoms of a deficiency of the 
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SOIL MINERALS TOXIC TO PLANTS 

FIGURE 30. 
Boron deficiency symptoms on plants. (A) Healthy (right) and stunted tomato 
plant. (B) Cracking and breakdown of beets. (C) Internal breakdown of cauliflower 
stem. (D) Corky neck surface and internal breakdown of broccoli stem. (E) 
Healthy (top) and cracked pears due to boron deficiency aggravated by prolonged 
drought. 

element being interfered with. Thus, excessive sodium induces a de
ficiency of calcium in the plant, while the toxicity of copper, manganese, 
or zinc is both direct on the plant and by inducing a deficiency of iron in 
the plant. 

Excessive amounts of sodium salts, especially sodium chloride, 
sodium sulfate, and sodium carbonate, raise the pH of the soil and cause 
what is known as alkali injury. This injury varies in the different plants 
and may range from chlorosis to stunting, leaf burn, wilting, to outright 
killing of seedlings and young plants. Some plants, e.g., wheat, apple, are 
very sensitive to alkali injury, while others, e.g., sugar beets, alfalfa, and 
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168 ENVIRONMENTAL FACTORS THAT CAUSE PLANT DISEASES 

several grasses, are quite tolerant. On the other hand, when the soil is too 
acidic, the growth of some kinds of plants is impaired and various symp
toms may appear. Plants usually grow well in a soil pH range from 4 to 8, 
but some plants grow better on the lower pH than others, and vice versa. 
Thus, blueberries grow well on acid soils, while alfalfa grows best on 
alkaline soils. The injury caused by low pH is, in most cases, brought 
about by the greater solubility of mineral salts in acid solutions. These 
salts then become available in concentrations that, as was pointed out 
above, either are toxic to the plants or interfere with the absorption of 
other necessary elements and so cause symptoms of mineral deficiency. 

Boron, manganese, and copper have been most frequently implicated 
in mineral toxicity diseases, although other minerals, e.g., aluminum and 
iron, also damage plants in acid soils. Excess boron is toxic to many 
vegetables and trees. Excess manganese is known to cause a crinkle-leaf 
disease in cotton, and has been implicated in the internal bark-necrosis of 
Red Delicious apple and in many other diseases of several crop plants. 
Sodium and chlorine ions also have been shown to cause symptoms of 
poor growth and decline, like those shown by some of the trees along 
roads in northern areas where heavy salting is carried out in the winter to 
remove ice from roads. 

herbicide injury 

Some of the most frequent plant disorders seem to be the result of the 
extensive use of herbicides (weed killers). The constantly increasing 
number of herbicides in use by more and more people for general or 
specific weed control is creating numerous problems among those who 
use them, their neighbors, and those who use soil that has been treated 
with herbicides. 

Herbicides are either specific against broadleaved weeds [e.g., 2,4-D, 
dicamba (Banvel-D)], and these are applied in corn and other small grain 
fields and on lawns, or specific against grasses and some broadleaved 
weeds (e.g., Dacthal, Atrazine), and these are applied in orchards, 
vegetable and truck crop fields,- in addition, some herbicides are general 
weed or shrub killers (e.g., 2 ,4 ,5-T, Silvex). Most of the herbicides are safe 
as long as they are used to control weeds among the right crop plants, at 
the right time, at the correct dosage and when the correct environmental 
conditions prevail. When any one of the above conditions are not met, 
abnormalities develop on the cultivated plants with which the herbicides 
come in contact. Affected plants show various degrees of distortion or 
yellowing of leaves (Fig. 31), browning, drying and shedding of leaves, 
stunting and even death of the plant. Much of this damage is caused by 
too high doses of herbicides, or when applied too early in the season or 
on too cold or too hot a day, or when dust or spray droplets of an herbicide 
are carried by the wind to nearby sensitive plants or to gardens or fields on 
which plants sensitive to the herbicide are grown. Of course, direct 



HERBICIDE INJURY 

FIGURE 31. 
(A, B, and C) Injury on trees from drift of herbicide applied to lawn or orchard. (A) 
The leaves are smaller with greatly narrowed interveinal areas. (B) Leaves are 
rolled and petioles are distorted. Normal leaf at bottom. (C) Yellowing of veins or 
entire leaves caused by herbicide injury. (D) Leaf distortion of geranium cuttings 
after transplanting in soil contaminated with herbicide. Note two normal leaves 
(bottom) developed before transplanting. (E) Frenching of tobacco caused by 
accumulation of toxic substances in the soil produced by bacteria (Bacillus 
cereus) and fungi (Aspergillus) and interfering with amino acid metabolism in 
plants. (Photo C courtesy W. J. Lord). 

application of the wrong pesticide in a field with a particular crop plant 
will kill the crop just as if it were a weed. 

Use of preplant or preemergence herbicides through application to the 
soil before or at planting time often affects seed germination and growth 
of the young seedlings if too much or the wrong herbicide has been 
applied. Most herbicides are used up or are inactivated within a few days 
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FIGURE 32. 
Spray injury on pear leaf (A) and fruit (B), and on apple blossom (C, left). (D) 
Distortion of maple stem and twig by the climbing vine of bittersweet, Celastrus 
scandens. (E) Fire damage on oak trunk. 

to a few months from the time of application; some, however, persist in 
the soil for more than a year. Sensitive plants planted in fields previously 
treated with such a persistent herbicide may grow poorly and may pro
duce various symptoms. Also, home owners, home gardeners, and 
greenhouse operators often obtain what looks like good, weed-free soil 
from fields that, unbeknown to them, had been treated with herbicides. 
Such soil when used to grow potted, bench, or garden plants results in 
smaller, distorted, yellowish plants (Fig. 3 ID) which sometimes shed 
some or all of their leaves and either die or finally recover. 
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other improper 
agricultural practices 

As with herbicides, a variety of other agricultural practices improperly 
carried out may cause considerable damage to plants and increased finan
cial losses. Almost every agricultural practice can cause damage when 
done the wrong way, at the wrong time, or with the wrong materials. 
Most commonly, however, losses result from application of chemicals, 
such as fungicides, insecticides, nematicides, and fertilizer, at too high 
concentrations or on plants sensitive to them. Spray injury resulting in 
leaf burn or spotting or russeting of fruit is common on many crop plants 
(Fig. 32). 

Excessive or too deep cultivation between rows of growing plants may 
be more harmful than useful because it cuts or pulls many of the plants' 
roots. Road or other construction often cuts a large portion of the roots of 
nearby trees and results in their dieback and decline. Inadequate or 
excessive watering may cause wilting or any of the symptoms described 
earlier. In the case of African violets, droplets of cold water on the leaves 
cause the appearance of rings and ringlike patterns reminiscent of virus 
ringspot diseases. Potatoes stored next to hot water pipes under the 
kitchen sink often develop black heart. Trees frequently grow poorly and 
their leaves are chlorotic, curled, or reddened because their trunk is 
girdled by the fence wire. The roots of plants potted in pots that are too 
small for their size are often badly distorted and twisted and the whole 
plant grows poorly (Fig. 23). 
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