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Summary. Nicotiana glutinlosa aiid pinto lbean seedlinlgs (Pliaseoluis v/lgaris) were
exposed for short periods (3 days or less) to high concenitratioins of NO, (4.11-20.53
mllg/nii3 to compare the resultinig leaf lesions with ozone damiiage prodtuced at conicentra-
tiolns of 0.43 to 0.86 ng/iM3. Althoutgh the saimie physiological age leaf tissue was danii-
aged by both toxicanits, damage cauise( Ny . was unlike that caused by Ozone.

P)into bean (P/iascoli/s zvul/gris) aind Pearsoni improved tomato (L!vcopersiwoii esclI-
lentuhm) seedlinigs \sere conitinuotusly exposed for 10 to 22 days, to low concentrations of
NO2 (less thanl 1.03 mg/rn3). rhese eXpOsures Cauised signlificant gro\wth suppression.
increase in green color (total chlorophyll coltentit), anld distortioii of leaves.

\itrooen oxi(les are emiiitted to the atmlosphere in
large quantity froml the many combustion sources in
our nmechatnized societv. The estimated daily emis-
.Sion for Los A.ngeles in 1963 was 660 toIns of which
ap)l)roximately 60 % was fronm vehicular sources (1).
Maximlumii meastured concenitrations exceeded 3.0 ppm
(6.16 mg/nm3) at times and reached a peak of 3.93
ppm (8.0/7 mg/ni3) NO,, but generally conicenitrations
were well below 0.5 ppmi (1.027 mIg/ni3) with the
highlest levels occurring (luring the night (2). The
involvemiienit of NO., in )hotochemical reactioins in the
atino.phere was responsible for reductioll in conlcen-
tration dluriing daylight hours. Because of this re-
action Thomas (9) stated that it was unlikelv that
atmosph)lleric concentrations of nitrogen )xi(les will
ever accumu11l]ate to a le\-el that w,Till cau.se significant
plaint damage.

Benedict and( BIreen (4) foulnd that the miiost sen-
sitive wxeeds treated in their experiments re(quiired 20
11in (41.06 mg/1e3) of No., to cause danage. A\c-
cor(ling to Middletoni et al. (7) pinto beani plants
w-ere much more sensitive to NO., and required ex-
l)ostire to onIV 3.0 ppmn (6.15 mgY/ni3) for 4 to 8
hours to be visibly damiiaged. Low concenitrationis of
NO3, ap)proximiately equivalent to conicenitrations in
the Los Angeles atmoslphere. alppliedI continuously for
sutcce.ssive (lays, cause(d marke(d clhlorosis of basal
leaves of Nicticotlaa glltinosa (5). T'his chlorotic
vsymptoni on the low\er miiore mature leaves may or
may not have been accomnpanie(d by accelerated leaf
.hscission.
The studies reported here were attempts to deter-

iine the effect of continuouslv applied low non-
lesioin indtucinlg cotncentrations of NO.. on lplant
groNwth, chlorophyll cointeIlt aiid the cation-aiiioii re-
lation.slhip within plant;.

Thi.s work \x-as sup)iorte(d in part by grant number
XP-270 from the Division of Air Pollution, Bureau of
State Services, Ptoblic Healtlh Service.
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Materials and Methods

Pearsoni imlproved toniiato (Lvcopersicon escuileni-
tornII) and pinto beans (Phascolhis vulgaris) seedling..
for the experiments were growni in a unlifornm soil
mix of equal parts peat and loamy top soil. Tomato
seeds were germinated in vermliculite, an(d single )lamstw
were transplantecd to 1 liter plastic pots containing
600 g of the soil mix and fumigations wvere started
when the thirdl anid fourth true leaves al)l)earedl. Five
piinto bean seeds were planted in eaclh pot and sub-
.sequentlv thinnledl to a single healthy see(lling. Flumii-
g,atioiis were starte(1 6 days after the bean seecls were
plantedl, when the 2 primary bean leaves had a total
area of about 25 cm2.

A dutal fulmligatioln chamber w\as located in -i

larger glass enclosed chamber equippe(d \ith refriger-
ated air con(litioniing to facilitate temperature control.
The experimzenits were run in natural sunlight with
partial shade. The plant exposuire clhambers were
approximately 0.3 mn in volume aimdI lar-ge eniouigh to
accomo(late 20 relplications per treatmlent. A conm-
mon airsu1)il)ly w as first filtere(d throulgh activated
clharcoal to remove oxidant air pollutants and the air
stream was (livide(l equally between the treatmenit an(d
control sections of the chamber. NO., x\as conti-n
ousnl added anid thoroughly Inixe(l wvith the air stream
enterinig the treatmient chamber. NO., was dilute(
anid pressurized w'ith prepurifie(d nitrogeni gas in a
stainless steel tank to facilitate the introductioni of
snmall amnounts of NO, necessary to mllainltainl the de-
sired NO. concenitratioin in the exposure chamuber.
Concentrations of NO, were continuously mloniitored
wxith a recordinig analyzer using Saltzmiian solutioni
(8). The chambers were designed so that the treat-
nent and control plants could be interchanged and(
l)lants rerandomlized every second or third day to
minimize the effect of position on growth response.
The tomato and bean plants were cut off at the

cotvledonarv nlode when harvested. Chlorophyll wasta
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(leternlinie(i l)v the metlho(l lescribed by A\rnon (3)
usinig a wavelen-th of 652 iiiu.

Results

In l)relilminary experimenlts exposuire of Xicotiaz,,a
glitti7iosa to 4.72 mg/rmn Nt )., for 8 hours anidl 40
iiillultes cautsed leaf damiage. 'T'lhe collapsed anid
subsequently (lea(d bleache( tissuIe w\\as m1ost Pro1iij1ent
at the apex ani(l alonig the miiargini of the leaves (fig
1) ali(l milost severe oil older leaves lnear the base of
the PlaInts. Shorter exposure (5) hrs) to 4.93 mg/nin
NtO., did nlot cause visible damilage on1 tie A. gltndiosa
p)lants. Similarly lplalnts of M\aryland variety. Catter-
ton, and 2 strains of cigar wrapper tobacco. Bel-\\ -3
(ozone sensitive) anid Bel-T3 (ozone resistant), were
not visiblv damaged by exposure to 4.93 mg/mg3 NO3.,
for 4 days. Nine-day-old pinto bean seedlinlgS did not
(levelop visible symptoms ililtil they were exlosed to
20.53 mmig-/i NO., for 4 houirs.

FIG 1. Nicotiana gluttintosa leaves. A, Necrotic
lesions caused by 4.72 mg/m3 NO_. B, Bleaching of
leaves caused by 0.6 mg/mrn ozone.

In the 3 experimiienits witlh pinto b)ealn l)lants ain at-
teimipt was made to miainitain -NO., conlcenitrationis be-
tween 0.61 mig/m3 anid 0.82 ni1g/mni, bult dturinig the
night the concenitrationis ofteni inicreasedl to approxi-
l1matelv 1.03 mng/ni` with 11o ap)l)recialble chalnige in flow
of air or NO.0 Apparently the rate of N0. absorp-
tioin 1h tile p)lants (leclinie(l significantly at niight.
Conitinutlouts exposture of 1)beai pIlanlts to the low con-
centrations of NO., cauise(d a gradual b1ut (lecided
chanige in l)lant appearalnce \without catsinig visible
necrosis. 'T'lhe imiost pronouncedl clhalnge was the
low-nwar(l ctuping anltl (larkier greell leaf color of
treate(l lants (fig 2 ). Overall sl)ppression of
growvth wvas evident after- I \week to 10 days (table I).
The effect of NO,, on color of the plants was sub-
stanltiate(d 1v the significanlt inicrease in total chloro-
phyll conitenit based oni both fre. hl and dry leaf weighlts
(tThle I).

1'earsoni impl)roved tonia to see(dlings resi)ond(le(d to
lowv conicenitrationls of NO.. in mutchl the samie vay as
the bean seedlings (table 11). Excep)t for the dry
\weight of plant material in I exlperinent, the stip)l)res1
sioil of growth wvas significait or highly signiific:ant
ill all experinm.ents. Characteristically the N( ).. treate(d
tomnato l)lallts were miuich (larker greeln thal-i cointrol
plaints and the leaflets had a stronig teiidencx to curve
diow11var(d ( fig 2). TI'otal niitrogenl colitenlt of th'1
tom1iato plants \vas not affecte(d by the N.'., treat
menits alid the trell(l inidicate(d Ia slight decrea.se in
nitrate niitrogeni (table Ill) 'I'le aililarenlt re(lic-
t ion iii nlitr-ates \was greater \\ len frozenl tissuie \was
analyzed and compared to oveni (Irie(l tissuie, sug-gesL -

ing that 6)5 tempi)eratulre of the (irving ovenI m1ay have
chlanged the forimi of niitrogen ill tile tissuie. 'I'here

Affill

FIG. 2. Distortioni of foliage, suppressed growth and
initensified green color of tomato and Dinto bean seedlings
exposed for 19 days to NO.,. Left, Control plants grown
in activated charcoal filtered air. Right, Plaints grown
in atmosphere containing 0.62 mg NO., per m3.
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'lal)le 1. .hfject of A. Lposnre on;roz'th Rate of J)j/0 Beau) Seetoinus
and Cihlor-op/lii-1 Conte)t of PrJimary I eaveS

Statistical analysis by t test. N = 20.

C..hlorophvll content ( ig/g)
I)av (Colnc NO., Ir \t (g) I)ry Nvt (g) Fr Nvt )ry wt
.Xpoed,(l mg/rn5;; NO., Cieck NO., Cieck NO., Check NO., Chec\
10 0.62 1.41 1.94* 0.110 0.1412;.26 1.84' 25.4 22.9*
i9 0.62 3.85 4.53* 0.382 0.423* 2.5 1.90* 24.95 24.58 N.S.
I 1 0.62 1.76 2.06 0.195 0.208 N.S. 3.01 2.40* 27.1 2 23.52*

N.S. Signifies nio signiificanit (lifferenice,
Signiificanit (lifferenice at I % level.

Table II. ftfect of ANO,, E.xposnre oni Groz-th of Pearsot Imo provcd Toniaicto Plants
Expresscd as IrcAsh f'eight, I)ry lWciht and .4rea of Fifthl Tr7ite Lcaf

Statistical analyvsis by t test. N = 20.

5th Leaf area
Conlc NO., Fr xvt ( g ) Dry wt (g) ( dlm )

D)ays exp)osedl nlig/lNO. Check NO., Check NO , Check

10 0.31-0.43 14.3 18.0* 0.10 0.15* ... ...

14 0.53-1.17 2.3 2.8** 0.17 0.18 N.S. ... ...

19 0.82-1.03 8.7 10.6 0.66 1.04**.
0.27-0.53 6.22 7.94*-! 0.47 0.59 :* 0(.50 0.62*:

N. S. Si-nific 1) signinficant differelne.
Sigilificanlt (ififierenle at I lcvel.

- Silnifie ;lt (lilt ereiieea)Vt 1 htx(el.

Tabl e II1. Ffffee of O(). E!xPosm-c for /9 daYs on CtIaion. .AVitrat t iad Totual
.\Xitrogen Conltent of Pearson I mprovcd 1nlo(to Scedledinys

( a 'M-g 1 NNaI
.\teq/g of p)lant tissue

Trotal
Cation

NO,-N itrogen
Ovenl Quick
Dried Frozen

I 05 ;7 127 1 1 300 37.7 36
9(6 51 123 1 1 281 35.9 23

was also a trenid tovar(l a reductioln in Mg, Ca alnd K
conitenlt of tisstue exposed to NO,

Discussion

Acute symiiptonms onl bean, tomiiato an(l tobacco
seedlinlgs. ilduice(d by exposture to high concentrations
(> 4.93 mg/in3) of NO., resemble niecrotic lesions

caused b)y SO., or byv excessive coincenitrationis of
ozOlie.

'T'he increase in total chlorophl11 coniteit, rcsulItin1g
in a, deep gireen colorationi of foliage of beani and to-
mato seedlinigs fumigate(d x-ith NO., stands in contrast

with the finidings of lBush et al. (5) after fumiigating
l)lants -with enginie exhausts. Thleir description of
chronic symptoms of N. gliutiniosa resembled in many

Ways the syml)toms obtained by exposure to very lowx
concentrations of ozone. Th'lie chlorotic svniptollis
imight be regar(led as reasonable becaulse of the oxi-
dizing l)otential of NO.,, but there w-as no evidenice of
such a reactioii in our experimients vith bean an(l

tonmato l)lants. Tlhe effectiveness of NO.. in oxi(liz-
ing buffered l)otassiumt iodi(le solution is approxi-

imiately 10 % that of ozonie (6). T'his same oxidizinig
relationishil) vas evident in the production of visible
necrotic lesionis v-hiclh Nere produced by 0.54 to 0.64

Imig,/II13 ozoIne. About 10 times as mliuch NO., (5.13-

7.18 mg17>/1113) was needed to caulse damage coilllparable
to ozone.

The symptoms of danmage described by Buslh (

and the acute sym,nptomiis observed in these investi-a-
tions suggest that NO., (lamiage is catised by the oxi-
dizing properties of the toxicaiut. By contrast, the
increase in chlorophyll per uniit weight and the charac-
teristic leaf curvatture caused by NO., exposture in
these investigations have no resemlblance to previously
(lescribed symptoms of oxidant, NO., or ozone damii-
age. There was a suggestion of iniverse relatioln be-
tween the inicreased chlorophyll and redutctioni in planit
weight and leaf size, i.e. chlorophyll per leaf was

not clhangecl.
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