Plant Physiol. (1966) 41, 132-135

Suppression of Plant Growth by Nitrogen Dioxide'
O. C. Taylor and F. M. Eaton

Air Pollution Research Center and Department of Soils and Plant Nutrition,
University of California, Riverside, California

Received May 19, 1965.

Swummary.

Nicotiana glutinosa and pinto bean seedlings (Phascolus vulgaris) were

exposed for short periods (3 days or less) to high concentrations of NO, (4.11-20.53
mg/m?® to compare the resulting leaf lesions with ozone damage produced at concentra-

tions of 0.43 to 0.86 mg/m3.

Although the same physiological age leaf tissue was dam-

aged by both toxicants, damage caused by NO, was unlike that caused by ozonc.
Pinto bean (Phaseolus vulgaris) and Pearson improved tomato (Lycopersicon esci-
lentum) seedlings were continuously exposed for 10 to 22 days, to low concentrations of

NO, (less than 1.03 mg/m?).

These exposures caused significant growth suppression,

increase in green color (total chlorophyll content), and distortion of leaves.

Nitrogen oxides arc¢ emitted to the atmosphere in
large quantity from the many combustion sources in
our mechanized society. The estimated daily emis-
sion for Los Angeles in 1963 was 660 tons of which
approximately 60 9, was from vehicular sources (1).
Maximum measured concentrations exceeded 3.0 ppm
(6.16 mg/m?) at times and reached a peak of 3.93
ppm (8.07 mg/m?) NQ. hut generally concentrations
were well below 0.5 ppm (1.027 mg/m?*) with the
highest levels occurring during the night (2). The
involvement of NO, in photochemical reactions in the
atimosphere was responsible for reduction in concen-
tration during daylight hours. Because of this re-
action Thomas (9) stated that it was unlikely that
atmospheric concentrations of nitrogen oxides will
ever accumulate to a level that will cause significant
plant damage.

Jenedict and Breen (4) found that the most sen-
sitive weeds treated in their experiments required 20
ppm (41.06 mg/m*) of NO, to cause damage. Ac-
cording to Middleton et al. (7) pinto bean plants
were much more sensitive to NO, and required ex-
posure to only 3.0 ppm (6.15 mg/m?) for 4 to 8
hours to be visibly damaged. Tow concentrations of
NO,, approximately equivalent to concentrations in
the Los Angeles atmosphere, applied continuously for
successive days, caused marked chlorosis of basal
leaves of Nicotiana glutinosa (5). 'This chlorotic
symptom on the lower more mature leaves may or
may not have heen accompanied by accelerated leaf
abscission.

The studies reported here were attempts to deter-
mine the effect of continuously applied low non-
lesion inducing concentrations of NO. on plant
growth, chlorophyll content, and the cation-anion re-
lationship within plants.

' This work was supported in part by grant number
AP-270 from the Division of Air Pollution, Bureau of
State Services, Public Health Service.

Materials and Methods

Pearson improved tomato (Lycopersicon esculen-
tum) and pinto beans (Phaseolus vulgaris) seedlings
for the experiments were grown in a uniform soil
mix of equal parts peat and loamy top soil. Tomato
seeds were germinated in vermiculite, and single plants
were transplanted to 1 liter plastic pots containing
600 g of the soil mix and fumigations were started
when the third and fourth true leaves appeared. Tive
pinto hean seeds were planted in each pot and sub-
sequently thinned to a single healthy seedling.  Fumi-
gations were started 6 days after the hean seeds were
planted, when the 2 primarv bean leaves had a total
area of about 25 cm?.

A dual fumigation chamber was located in o
larger glass enclosed chamber equipped with refriger-
ated air conditioning to facilitate temperature control.
The experiments were run in natural sunlight with
partial shade. The plant exposure chambers were
approximately (0.3 m®* in volume and large enough to
accomodate 20 replications per treatment. A com-
mon air supply was first filtered through activated
charcoal to remove oxidant air pollutants and the air
stream was divided equally between the treatment and
control sections of the chamber. NO, was continu-
ously added and thoroughly mixed with the air stream
entering the treatment chamber. NO. was diluted
and pressurized with prepurified nitrogen gas in a
stainless steel tank to facilitate the introduction of
small amounts of NO, necessary to maintain the de-
sired NO, concentration in the cxposure chamber.
Concentrations of NO, were continuously monitored
with a recording analyzer using Saltzman solution
(8). The chambers were designed so that the treat-
ment and control plants could be interchanged and
plants rerandomized every second or third day to
minimize the effect of position on growth response.

The tomato and bean plants were cut off at the
cotvledonary node when harvested. Chlorophvll was
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determined by the method described by Arnon (3)
using a wavelength of 632 my.

Results

In preliminary experiments exposure of Nicotiana
glutinosa to 472 mg/m* NO), for 8 hours and 40
minutes caused leaf damage. The collapsed and
subsequently dead bleached tissue was most prominent
at the apex and along the margin of the leaves (fig
1) and most severc on older leaves near the hase of
the plants. Shorter exposure (3 hrs) to 493 mg/m?®
N, did not cause visible damage on the N. glutinosa
plants.  Similarly plants of Maryvland variety, Catter-
ton, and 2 strains of cigar wrapper tobacco, Bel-W-3
(ozone sensitive) and Bel-B (ozone resistant), were
not visibly damaged by exposure to 4.93 mg/m®* NQO,
for 4 days. Nine-day-old pinto bean seedlings did not
develop visible symptoms until they were exposed to
20.53 mg/m* NO, for 4 hours.

leaves. A, Necrotic
B, Bleaching of

Fic 1. Nicotiana  glutinosa
lesions caused by 4.72 mg/m3? NO.,.
leaves caused by 0.6 mg/m?® ozone.

PLANT GROWTH SUPPRESSED BY NO, 133

In the 3 experiments with pinto bean plants an at-
tempt was made to maintain NO, concentrations be-
tween 0.61 mg/m* and 0.82 mg/m® but during the
night the concentrations often increased to approxi-
mately 1.03 mg/m® with no appreciable change in flow
of air or NO.. Apparently the rate of NO, absorp-
tion by the plants declined significantly at night.
Continuous exposurce of bean plants to the low con-
centrations of NO, caused a gradual but decided
change in plant appearance without causing visible
necrosis. T'he most pronounced change was the
downward cuping and darker green leaf color of
treated plants (fig 2). Overall suppression of
growth was evident after 1 week to 10 days (table I).
The effect of NO, on color of the plants was sub-
stantiated by the significant increase in total chloro-
phyll content based on both fresh and dry leaf weights
(table 1).

Pearson improved tomato seedlings responded to
low concentrations of NO., in much the same way as
the bean scedlings (table I1). FExcept for the dry
weight of plant material in 1 experinent, the suppres-
sion of growth was significant or highly significant
in all experiments. Characteristically the NO), treated
tomato plants were much darker green than control
plants and the leaflets had a strong tendency to curve
downward (fig 2). Total nitrogen content of the
tomato plants was not affected by the NI, treat-
ments and the trend indicated a slight decrease in
nitrate nitrogen (table TI1). The apparent reduc-

tion in nitrates was greater when frozen tissue was
analyzed and compared to oven dried tissue, suggest-
ing that 053° temperature of the drying oven may have
changed the form of nitrogen in the tissue.

I'here

F1c. 2. Distortion of foliage, suppressed growth and
intensified green color of tomato and pinto bean seedlings
exposed for 19 days to NO,. Left, Control plants grown
in activated charcoal filtered air. Right, Plants grown
in atmosphere containing 0.62 mg NO, per m3.
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Table I.

PHYSIOLOGY

Lftect of NO, Exposurc on Growth Rate of Pinto Bean Scedlings

and Chlorophyll Content of Primary Leaves

Statistical analysis by t test. N = 20.
Chlorophyll content (mg/g)
Days Cone NO, Frwt (g) Dry wt (g) Frowt Dry wt
exposed  mg/m? NO., Check NO, Check NO, Check NO, Cheek
10 0.02 1.41 1.94%* 0.110 0.141% 2.26 1.84 254 22.9%
i9 0.62 3.85 +4.53* 0.382 0.423* 2.25 1.90% 2495 2458 N.S.
11 0.62 1.76 2.00% 0.195 0.208 N.S. 3.01 2.40% 27.12 23.52%

N.S. Signifies no significant difference,
*  Significant difference at 1 ¢ level.

Table I1. Effect of NO, Exposurc on Growth of Pearson Improved Tomato Plants

Expressed as Fresh 1 eight, Dry

Weight and Area of Fifth True Leaf

Statistical analysis by t test. N = 20.
5th Leaf area
Conc NO, Fr wt (g) Dry wt (g) (dm?)
Days exposed mg/m? NO, Check NO, Check NO, Check
0 0.31-0.43 14.3 18.0* 0.10 0.15*
14 0.53-1.17 2.3 2.8k 0.17 0.18 N.S,
19 0.82-1.03 8.7 10.6* 0.66 1.04%= .. s
22 (0.27-0.53 6.22 7.94% 0.47 0.59%* 0.50 0.62%:
N.S \lgnillin: no significant difference.
Significant difierence at 3¢ level
# Nignificant difference at 1 op level.
Table T Effect of NO, Exposure for 19 days on Cation, Nitrate and Total
Nitrogen Content of Pearson Tmproved Tomato Seedlings
Total NO,~Nitrogen Total nitrogen
(a Mg K Na Cation Oven Quick Oven
Meq/g of plant tissue Dried Frozen Dried
Control 103 57 127 1 300 37.7 36 380
123 11 281 35.9 23 388

Treated 90

51

was also a trend toward a reduction in Mg, Ca and K
content of tissue exposed to NO.,.

Discussion

Acute symptoms on bean. tomato and tobacco
seedlings, induced by exposure to high concentrations
(> 493 mg/m?) of NO.,. resemble necrotic lesions
caused by SO, or by excessive concentrations of
ozone,

The increase in total chlorophyll content. resulting
in a deep green coloration of foliage of bean and to-
mato seedlings fumigated with NO, stands in contrast
with the findings of Bush et al. (3) after fumigating
plants with engine exhausts. Their description of
chronic symptoms of N. glutinosa resembled in many
ways the symptoms obtained by exposure to very low
concentrations of ozone. 'The chlorotic symptoms
might be regarded as reasonable hecause of the oxi-
dizing potential of NO., but there was no evidence of
such a reaction in our experiments with bean and
tomato plants. The effectiveness of NO. in oxidiz-
ing buffered potassium jodide solution is approxi-

mately 10 9 that of ozone (6). This same oxidizing
relationship was evident in the production of visible
necrotic lesions which were produced by 0.54 to 0.04
mg/m?* ozone. About 10 times as much NO, (3.13-
7.18 mg/m?*) was needed to cause damage comparable
to ozone.

The symptoms of damage described by Bush (3)
and the acute symptoms observed in these investiga-
tions suggest that NO, damage is caused by the oxi-
dizing properties of the toxicant. By contrast, the
increase in chlorophyll per unit weight and the charac-
teristic leaf curvature caused by NO, exposure in
these investigations have no resemblance to previously
described symptoms of oxidant, NO, or ozone dam-
age. There was a suggestion of inverse relation be-
tween the increased chlorophyll and reduction in plant
weight and leaf size: i.c. chlorophvll per leaf was
not changed.
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