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elatively high levels of atmos
ic ozone under conditions of ur
photochemical air pollution were 

ed by Heggestad and Middleton 
) as a cause of weather fleck, a 
lily-deteriorating leaf spot of 
tain types of cigar and cigarette 

tobaccos. Fleck symptoms appeared 
Jn tobacco fields near Washington, 
D. C., on days immediately following 
elevated ozone levels. Burk and 
Heggestad (2) described histologi
cally the collapse of cells in affected 
leaf areas. Taylor, De Roo, and Wag
goner (8) stressed the effect of ex
eess soil moisture in causing in
creased fleck injury and regarded 
ozone as a probable cause of weather 
fleck in the Connecticut River Valley, 
where losses to cigar-wrapper pro
ducers were extremely severe. Walker 
and Vickery (11) reported more 
severe fleck losses in irrigated flue
cured tobacco grown in southern On
tario, Canada, near the northern 
shores of Lake Erie. Air pollution 
Was a suspected fleck cause. 

-M:~isii~s of cooperati've investigations by the 
Cro an Agricultitral Experiment Stati01i cmd 
Se,-!? Research Division, Agricultural Research 

vu:e, U.S.D.A. 
A.~~search Technician, Crops Resea.rcli Division, 
Dep" ·, U.S.D.A., and Professor of J!qronomy, 
.,,,"'

1
tnient of Agronomy, University of Maryland, 

ec ively. 

Fleck was observed in Maryland 
tobacco at least since 1957. Symp
toms in plantings at the University 
of Maryland T'obacco Experimental 
Farm, 14 miles east-southeast of 
downtown Washington, were more 
severe in some varieties than in 
others. Varietal responses of tobacco 
to weather fleck were described by 
Burk and Heggestad (2), Sand (7), 
and Povilaitis ( 5). Wanta, More
land, and Heggestad (12) reported a 
degree of rubber cracking at the To
bacco Experimental Farm compar
able with that found in the tobacco 
field at Beltsville, Maryland. 

The economic significance of 
weather fleck in Maryland was not 
previously ascertained since damaged 
areas of the leaf do not become 
ushot-holed" as in shade-grown 
wrapper, or darkly stippled, as in the 
Canadian flue-cured varieties. Since 
:flecking is most frequent and severe 
in recently mature leaves, the great
est potential loss in Maryland to
bacco is, therefore, in the thin-crop, 
more valuable grades. In this respect 
the abscission of overmature leaves 
during harvesting accounts for large 
numbers of high-quality leaves on 
the ground. 

The influence of air po11ution on 
premature· leaf- senescence and ab
scission of several crop species has 
been investigated by Taylor ( 9), 
Taylor et al. (10), and Ledbetter, 
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Zimmerman, and Hitchcock (4). Tay
lor (9) exposed lemon plants to syn
thetic smog containing the reaction 
products of ozone and 1-hexene, and 
after several exposures observed that 
older leaves were chlorotic and 
dropped prematurely. Ledbetter, Zim
merman, and Hitchcock (4) also 
noted chlorosis and early abscission 
of the older leaves of tomato and 
sweet potato plants exposed repeat
edly to low concentrations of ozone. 

In 1959 and 1960 at the Univer
sity of Maryland Tobacco Experi
mental Farm, a relation between the 
incidence and severity of fleck and 
the early senescence and leaf loss of 
Catterton tobacco became apparent 
in a factorial experiment combining 
irrigation, nitrogen application rates, 
and three plant spacings. 

There was more fleck where soi1 
was supplementally irrigated and 
fertilized at the lowest nitrogen 
level. This fleck was accompanied by 
considerable premature senescence 
and leaf abscission. 

In 1961 a study was undertaken to 
determine relations between fleck 
and leaf losses at three nitrogen 
application rates and three plant 
spacings in the presence of urban 
air pollution in the vicinity of the 
Experimental Farm. The purpose of 
the evaluation was to study the in
teractio.n of air pollution and these 
experimental practices in producing 
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f!CENTAGE OF FLECKED LEAVES ON 

IRRIGATED PLOTS 

PERCE'.NTAGE OF FLECKED LEAVES ON 

NON-IRRIGATED PLOTS 

e 3,-Fleck incidence {percentage of le-aves flecked) as affected by nitrogen rate, plant 
lation, and moisture supply. 

''° 

SEVERITY OF fLECK ON NON-IRRIGATED PLOTS 

ure 4.-Fleck seve·rity (prnportion of leaf area iniured) as affected by nitrogen rate, plant 
pulation, Md moisture supply. 

" {' 
: ,;, . ' 

Acr11c 4s4o"20 

POST HARVEST COUNT OF MARKET QUALITY 

LEAVES LEFT ON IRRIGATED PLOTS 

li9 

Figure 5.-Count of potentially marketable leaves 
nitrogen rate, plant pop,u\ation, .and moisture supply. 

POST HARVEST COUNT OF MARKET QUALITY 

LEAVES LEFT ON NON-IRRIGATED PLOTS 

lost during harvest of plots affected by 
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spouse was very pronounced when 
supplemental irrigation, intermedi
ate to high plant populations, and 
the lowest nitrogen rate. were com
bined. 

The incidence as a percentage 
and relative severity of fleck ob
served in plots appears in Figures 
3 and 4. More leaves of each plant 
showed fleck in plots that received 
supplemental irrigation than the 
correspond:ing plots that receive.d 
natural 1·ainfall. At the 90-pound 
nitrogen rate, fleck incidence. was 
two times greater than at the same 
level of nitrogen used with natural 
rainfall. At the lowest nitrogen 
rate more leaves were flecked re
gardless of the soil moisture,; the 
percentage of :flecked leaves de
clined as the nitrogen rate increased 
to the 90- and 120-pound levels, ir
respective of moisture. The planting 
density at all three nitrogen levels 
and in both moisture practices 
seemed relatively unimportant as an 
influence upon the, incidence of fleck. 
Fleck incidence at the 120-pound ni
trogen level was less than at the 
60- and 90-pound nitrogen levels. 

The relative severity of leaf dam
age was based on a scale ranging 
from O to an upper limit of total 
injury with a value of 240. The most 
fleck damage was found with supple
mental irrigation and the highest 
planting density with a 60-pound ni
trogen rate. Nearly 35, percent visi
ble leaf injury occurred with this 
combination, whi1e in other irrigated 
combinations the severity of injury 
was less. 

The severity of injury in natural 
rainfall plots at all nitrogen rates 
and plant spacings was much less 
than in the corresponding irrigated 
plots. There was 12 percent leaf sur
face injury at the 60-pound nitrog~n 
rate and closest plant spacing, or 
about one-third as much injury as in 
the corresponding irrigated treat
ment. 

Statistical analysis of the data for 
the incidence and severity of fleck 
showed that differences between 
treatments and between the two 
moisture practices were significant 
at the 0.01 level of probability. 

Leaf losses before. and during 
harvest are, presented in Figure 5. 
Substantially more leaf loss occurred 
on most of the irrigated plots, par
ticularly at the lowest nitrogen rate. 
The leaf loss at the closest spacing 
was 3 to 4 times as great as the 
widest spacing, although the number 
of plants at the closest spacing was 
two times as great. Treatment differ .. 
ences were statistically significant at 
the 0.01 level. 

Tobacco yields and the estimated 
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.]so produced the greatest 
A highly susceptible physio
tate following rapid growth 

s e contributed to the greater 
vty of these plants-a situa
trasting with that found in 

bacco field experiment. This 
true especially if growth of 
and mangels at low nitrogen 

as extremely slow and the 
were less sensitive because of 
bysiological resistance that 
with certain environmental 

The injury reduction re-
d i,y Brewer, Guillemet, and 
Jing at highest balanced ele
levels is interesting since it 
reflect changes in metabolism 

could relate to smog protection 
ntrolling element levels. 
e possible effect of air pollution 
remature senescence and loss of 
cco leaves may be considered in 
ion to the report of T'aylor et al. 
. Petunia plants receiving re
d fumigation with low concen

ons of ozone developed a chloro-
of the older leaves followed by 

senescence and abscission. The 
tion products of ozone and 
xene, often described as syn
·c smog, produced a similar ef-

Richards et al. ( 6), in a dis
sion of oxidant stipple of grape, 
·eved ozone to be the principal 
sal agent of leaf injury. Pre
ture senescence and leaf abscis
n were frequently observed in 
eyards and were thought to be a 
ondary consequence of oxidant 

jury. 
In conclusion, fleck and leaf loss 

iten found "in Catterton tobacco pro
duction probably result from the 
interaction of many factors. The in
·iluences of nitrogen fertilization, 

plant competition, and moisture ~up
ply in the presence of products of 
urban photochemical air pollution 
occupy a highly important position 
in the total interaction. Other effects 
such as leaf diseases, poor soil aera
tion, and root damage from excess 
moisture undoubtedly contribute; 
however, their importance is difficult 
to assess. 

Acknowledgment 
The authors express gratitude to 

R N. Jeffrey and H. E. Heggestad, 
Crops Research Division, Agricul
tural Research Service, U. S. Depart
ment of Agriculture, for helpful 
comments and criticisms of the 
manuscript. The assistance of Mrs. 
Kenneth Dennison, Department of 
Agronomy, University of Maryland, 
in making the statistical analyses 
and in preparing figures is also 
gratefully acknowledged . 

Literature Cited 
(1) Brewer, R F., F. B. Guillemet, 

and R. K. Creveling, "Influence 
of N-P-K fertilization on inci
dence and severity of oxidant 
injury to mangels and spin
ach." Soil Sci. 92: 298-301 
(1961). 

(2) Burk, L. G. and H. E. Hegge
stad, "Weather fleck on Nicoti
ana tabacum." Plant Disease 
Reporter 40: 424-427 (1956). 

(3) Heggestad, H. E. and J. T. 
Middleton, "Ozone in high con
centrations as cause of tobacco 
leaf injury." Science 129: 208-
210 (1959). 

(4) Ledbetter, M. C., P. W. Zim
merman, and A. E. Hitchcock, 
"The histopathological effects 

of ozone on plant foliage." 
Contrib., Boyce Thompson Inst. 
20: 275-282 (1959). 

(5) Povilaitis, B., "Varietal reac
tions to weather fleck." Lighter 
28:1 (1958). 

(6) Richards, B. L., J. T. Middle
ton, and W. B. Hewitt, "Air 
pollution with relation to agro
nomic crops: V. Oxidant stip
p_le of grape." Agron. J our. 50: 
559-561 (1958). 

(7) Sand, S. A., "Weather fleck in 
tobacco as a problem of inter
action between genes and en
vironment.'' Tobacco Science 4: 
137-146 (1960). 

(8) Taylor, G. S., H. G. de Roo, and 
P. E. Waggoner, ' 1Moisture and 
fleck of tobacco." Tobacco Sci
ence 4: 62-68 (19'60). 

(9) Taylor, 0. C., "Air pollution 
with relation to agronomic 
crops: IV. Plant growth sup
pressed by exposure to air
borne oxidants (smog)." Agron. 
J our. 50: 556-558 (1958). 

(10) Taylor, 0. C., E. R. Stephens, 
E. F. Darley, and E. A. Cardiff, 
"Effect of air-borne oxidants 
on leaves of pinto bean and 
petunia." Am. Soc. Hort. Sci. 
75: 435-444 (1960). 

(11) Walker, E. K and L. S. Vick
ery, "Influence of sprinkler ir
rigation on the incidence of 
weather fleck on flue-cured to
bacco in Ontario," Can. J. Plant 
Sci. 41: 281-287 (1961). 

(12) Wanta, R C., W. B. Moreland, 
and H. E. Heggestad, "Tropo
spheric ozone: An air pollution 
problem arising in the Wash
ington, D. C., metropolitan 
area." lVlonthly Weather Re
view, Aug. 1961, pp. 289-296. 

T
ob

ac
co

 S
ci

en
ce

, 1
96

2,
 6

-4
0,

 p
. 1

67
-1

71
, I

S
S

N
.0

08
2-

46
23

.p
df

P
ub

lis
he

d 
w

ith
 k

in
d 

pe
rm

is
si

on
 fr

om
 "

T
ob

ac
co

 In
te

rn
at

io
na

l"




