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A new expression of injury to vegetation caused by air pollutants in the Los Angeles area

has been observed in the field following smog.

A type of banding, not hitherto described,

occurs in the same location on leaves of the same age, the location appearing to be related
to cellular maturity. A distinct pattern of banding was observed in some form on all but

one of 50 species studied following a single exposure to smog.
that in which cellular differentiation had most recently occurred.

The area damaged was
Fumigations with gasoline

mixed with ozone and with car exhaust fumes mixed with ozone have produced these

bands.

Familiarity with this pattern makes it possible to determine by visual inspection

whether damage has been caused by smog or by some other agent, and to establish
the fact that smog has been present, even though no other measurements have been made.
It has also assisted in establishing the fact that gasoline vapors and car exhaust gases

are potential sources of crop damage.

Because the location of the injury seems to depend

on the stage of development of the leaf cells, plant fumigation could be of use to the

botanist for studying growth and development rates of plants.

AS DAMAGE TO VEGETATION has

been studied for many vyears.
The effect of sulfur dioxide on plants
has received the most attention, as it has
been observed in many areas throughout
the world, and heavy losses to crops
have been reported. Fluorine is re-
ceiving much attention at the present
time. The generalsubject of gas damage
to plants has been well summarized
by Thomas (74).

In the Los Angeles area, these two
gases are now being controlled, but a
new type of pollutant has appeared—
smog. Losses in Los Angeles County,
to vegetable crops alone, were estimated
by one observer at $480,000 for one
year (73). This was probably very
conservative, as such effects as the reduc-
tion in size of many plants had not been
reported at that time (7). Damage to
vegetation caused by a single smog
period has been observed from Ventura,
Calif., to the Mexican border, a distance
of approximately 200 miles.

Smog is defined by Webster as smoke
and fog, but at the present time the term
is used to indicate many types of air
pollutants. The only one known to
cause typical damage to vegetation, as
observed in the Los Angeles area and
considered in this paper, is that produced
by the oxidation products of unsaturated
hydrocarbons mixed with ozone (5).
The chief sources of these vapors are
the manufacture, storage, marketing,
and daily use of gasoline (77). Injury
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to vegetation can be expected where any
of these vapors are present, the extent
of the damage depending on the quan-
tity of the vapors and meteorological
conditions.

Although a number of methods have
been suggested for measuring the con-
centration of smog (9), one cannot be
certain of the validity of these measure-
ments because the substances that cause
injury to vegetation and eyve and throat
irritation have not been completely
identified (8). Plants themselves thus
become a most useful tool in determining
what substances form smog (5), detecting
phytotoxic constituents in the atmos-
phere, tracing the occurrence of smog,
and estimating its severity. Studies in
this field by the Los Angeles County Air
Pollution Control District have been in
progress for more than 5 years and
considerable information has been ac-
cumulated (7, 2,5, 7,8, 70, 77).

Five test plants were originally adopted:
spinach, endive, oats, alfalfa, and sugar
beets (5). Recently, two more plants
have been added: annual blue grass,
because of its extreme sensitivity and
universality, and petunia, because it
remains sensitive over a considerable
period of time.

It is believed that the injury caused by
smog is best diagnosed by means of a
syndrome based upon three general
types of observations: macroscopic,
microscopic, and the location of the
damage on the leaf.

AGRICULTURAL AND FOOD CHEMISTRY

Macroscopically, silvering, glazing,
streaking, or speckling occurs on leaves of
plants. The formation of anthocyanin
is also observed. These symptoms vary,
depending on the twype of vegetation
and the anatomical structure of the leaf.
Variations in the color of the damaged
leaves range from white through tan and
bronze to brown-black, depending on the
species of the plant and the severity of
the injury. No complete description of
the injury has been published, although
reports have been made by Middleton
(73), Thomas (74), and the Air Pollu-
tion Control District (70, 77). A con-
siderable reduction in the size of plants
exposed to smog has been observed (7,
77). Endive in filtered air has grown to
twice the size of that grown in ordinary
air during a smog period.

Microscopically  (7,77), the cells
become enlarged and wusually turgid.
This phase is followed by plasmolysis.
The chloroplasts concentrate in the
middle of the cell and disintegrate.
Dehydration then occurs and the cells
collapse without rupturing the walls or
breaking contacts between cells. Fur-
ther dehydration of the damaged area
results in enlargement of the intercellular
spaces between the collapsed cells, caus-
ing most of the macroscopic effects de-
scribed. Except in severe cases, damage
is limited to the cells surrounding the
substomatal chamber. An excellent de-
scription of the microscopic appearance









