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SUMMARY grauer (normaler) Tabak. Die grauen Blattproben 
wiesen in der Mehrzahl bei alien Probenahmen einer-

Analysis of leaf samples at intervals between late June 
and early August of 1979 and 1980 indicated lower 
mean concentrations of nitroien and potassium, and 
higher mean concentrations of iron and manganese in 
grey than in non-grey (normal) tobacco. In grey to
bacco, the concentrations of potassium and iron were 
present in deficient and toxic levels, respectively, 
in the majority of the samples throughout the whole 
sampling periods. Although symptoms on leaves re
sembled those of iron toxicity, changes in intensity of 
grey symptoms during sampling were associated with 
severity of potassium deficiency. 

ZUSAMMENF ASSUNG 

Die Untersuchung von Tabakblattproben in bestimm
ten Zeitabstiinden zwischen Ende Juni und Anfang 
August der Jahre 1979 und 1980 zeigte, da6 grau
farbener Tabak im Durchschnitt weniger Stickstoff und 
Kalium und mehr Eisen und Mangan enthiilt als nicht-

* Rcaive<l: )rd September 1985- aCC<"pled: HrdJuly 1986. 
Coulfibution No. J-1011 of the St. Jean Research Station and contribution 
No.l-642 of the Ottawa Engineering and Statistical Research Institute. 

seits zu geringe Wene fiir Kalium und andererseits 
toxisch hohe Werte fiir Eisen auf. Wenn die Symptome 
auf dem Blattgut aucb dem Erscheinungsbild einer 
Eisenvergiftung entsprachen, ist doch ein Zusammen
hang zu sehen zwischen ihrer im Untersuchungszeit
raum zu beobachtenden Veriinderung und dem Ausma£ 
des Kaliummanl!els. 

RESUME 

L'analyse d'echantillons de feuilles de tabac preleves a 
intervalles determines entre la fin de juin et le debut 
d'aoiit en 1979 et 1980 a montre que le tabac de couleur 
grise contenait en moyenne moins d'azote et de potas
sium et davantage de fer et de manganese que le tabac 
normal (non gris). Pour taus les echantillons, il s'est 
avere que, dans leur grande majorite, les feuilles grises 
etudiees, presentaient une concentration se situant au 
niveau de la carence pour ce qui etait du potassium, et 
de la toxicite pour ce qui etait du fer. Bien que les 
symptOmes observes sur les feuilles aient ressemble a 
ceux causes par une toxicite en fer, l'evolution de leur 
intensite au cours de la duree des examens doit cepen
dant etre associee a la gravite de la carence en potassium. 
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INTRODUCTION 

The grey disorder of flue-cured tobacco (1) is most fre
quently associated with nutrient imbalance within the 
plant. Wide differences in the macro and micronutrient 
composition of grey tobacco in different growing re
gions or countries have been reported (18). In Quebec, 
where this disorder causes significant economic losses 
of flue-cured tobacco, ARNoLD et al. (2) reported 
significantly less nitrogen (N), phosphorus (P), potas
sium (K), calcium (Ca), and boron (B) but more iron 
(Fe) and aluminium (AI) in grey than in non-grey to
bacco leaves sampled from 15 different locations. Other 
workers have also reported less N (5) and K (17) and 
more magnesium (Mg), manganese (Mn), zinc (Zn) (6), 
Fe, and chlorine (Cl) (18) in grey tobacco. 
Except for the study of ARNOLD et al. (2) in which 
fresh leaves sampled from physiologically mature plants 
were used, all other studies have involved cured leaves. 
To gain a better understanding of the nutrient status of 
grey tobacco during growth and development, this 
study compared the levels of selected macro and micro
nutrients in fresh leaves of grey and non-grey tobacco 
sampled at intervals during two growing seasons, from 
three locations. 

MATERIALS AND METHODS 

Three tobacco farms in Quebec, known to produce 
both grey and non-grey tobacco, were chosen for 
sampling in both 1979 and 1980. Soils on these farms 
were classified as imperfectly or well drained podzols 
based on survey reports of LAJOIE (11), PAGEAU (14), 
and GooBoUT (8). 
Tobacco (Nicotiana tabacum L. 'Delhi 76') was trans
planted to field by 1 June and grown according to pro
vincial recommendations. Four grey and four non-grey 
plants were sampled from each location at 2-week in
tervals between late June and late July, and subse
quently at 1-week intervals until early August (Fig. 1) 
at which time plants were physiologically mature. At 
each sampling time, all leaves of four plants were 
bulked in pairs, oven dried, ground, and the concentra
tion of N, P, K, Ca, Mg, Mn, and Fe determined as de
scribed by ARNOLD et al. (2). 
The data were analysed as a series of experiments using 
the factorial structure: locations (L), treatments (G), 
and time of sampling (T) (4 (chapter 14)). For some 
variables, the interactions LT and LG were large rela
tive to the three-factor interaction LGT which was 
used to test effects. 

RESULTS AND DISCUSSION 

The seasonal fluctuations of N, P, K, Ca, and Mg (ex
pressed on percentage dry weight basis) and of Mn and 
Fe (expressed in ppm dry weight basis) in leaves of 

grey and non-grey tobacco during the growing seasons 
of 1979 and 1980 are presented in Table 1. Except for 
Ca in both years, Mg in 1979 and P in 1980 only, anal
ysis of variance indicated no significant interaction be-· 
tween treatments and time, but significantly lower con
centrations (averaged over the season) of the macronu
trients and higher concentrations of micronutrients in 
leaves of grey to\:>acco in both years. 
The N and K data were further analysed by subtracting 
the tissue level of each nutrient element in grey from 
non-grey tobacco at each sampling (Table 1); results 
were expressed as +6 for increases or -6 for decreases 
of Nor K, respectively (Fig. 1). Unlike other nutrients, 
a consistent and similar seasonal trend in 6N and 6K 
levels (Fig. 1) was observed in both years. During the 
early growing season (25 or 26 June), the 6N and 6K 
levels in grey tobacco were considerably lower than in 
non-grey tobacco. During the midseason (10 July 1979 
and 8-29 July 1980), the 6N and 6K levels were gen
erally higher in grey than in non-grey tobacco. During 
the later growing season (24 July- 7 August 1979 and 
22 July - 12 August 1980), the 6 levels of these ele
ments decreased more rapidly and progressively in grey 
tobacco with each weekly sampling. Coincident with 
this trend, symptoms of grey tobacco, i.e. spotting 
(speckling) and chlorosis (1) on the first true leaves, 

Figure 1. 
Seasonal Increase(+~) or decrease(-~) In nitrogen and po
tassium contents of grey compared with non-grey tobacco 
leaf samplea (vertical bars represent standard errors). 
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first appeared about three weeks after transplanting 
(first leaf sampling: 25 or 26 June (Fig. 1)). Symptoms 
were no longer evident in grey plants after these leaves 
abscised 4 or 5 days later until after 8 or 10 July sam
pling dates, when symptoms reappeared, staning with 
the leaf tips. Chlorosis apparently similar to that de
scribed for symptoms of N deficiency (16) was also 
present. Although initially not apparent in upper leaves, 
grey symptoms developed acropetally after each succes
sive sampling, occurring in the uppermost leaves by the 
final sampling date in August of each year. 
Based on reports indicating (a) that flue-cured tobacco 
should contain 1.5% to 2.0% N in cured leaves (12), 
(b) that slaty-grey tobacco, a related disorder in 
Rhodesia, was deficient inN (1.35%) (17), and (c) that 
grey tobacco in Ontario was not excessively low in N 
(1.54% - 2.15%) (5), it appears that grey tobacco in 
the present study was not deficient in N although the 
concentration was generally less than in non-grey to
bacco (Table 1 and Fig. 1). However, on the basis of 
similar evidence for K (deficiency, 2.79% - 3.70%; 
adequate, 4.37%- 5.29%) (10), it appears that K con
tent in grey tobacco leaves was deficient on all dates of 
sampling in 1979 and 1980, except 10 July 1979, and 8, 
22 and 29 July 1980 (Table 1). These dates correspond 
to periods with the highest 6-K contents (Fig. 1), sug
gesting that 6-K contents, and possibly also those of 
6-N, are related with appearance or intensity of grey to
bacco symptoms. In slaty-grey tobacco, a related disor
der described in Rhodesia, WILTSHIRE (17) implicated 
both low N and K as causal factors. The evidence also 
suggests that a split application of K fertilizer once in 
spring and again in midseason may alleviate the grey 
disorder, but further studies are required to clarify this 
VIeW, 

Both Fe and Mn levels in grey tobacco were consist
ently higher than in non-grey tobacco throughout the 
two growing seasons. Based on reports indicating a 
level of about 300 ppm Fe in grey tobacco (6, 15), the 
levels of Fe analysed in tobacco leaf samples collected 
during the growing season of both years were generally 
within or above this toxic range. At no time did the Mn 
content approach toxic levels of 3000 ppm suggested by 
Bo.RTNER (3) or 4000 ppm to 11000 ppm suggested by 
JAcOBSON and SwANBACK (9). This evidence supports 
previous observations of ARNOLD et al. (2) indicating 
that symptoms of Quebec grey tobacco resembled 
more closely those of Fe toxicity rather than those 
caused by excess Mn or Al. According to GAYED (7), 
grey tobacco in the field is mainly caused by Mn toxic
ity and is more common in acidic soil where Mn is ab
sorbed faster by the plant. No difference was observed 
in the pH of grey and non-grey soils in Quebec (2). 
However, Mn cannot be entirely ruled out as a causa
tive agent in grey tobacco because Mn and Fe are 
closely interrelated in their metabolic functions with 
the effectiveness of one element determined by the pro
ponionate presence of the other (13). 
This study confirms that symptoms of grey tobacco on 
leaves seemed most closely associated with Fe toxicity 
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and also suggests a relationship between severity of le 
deficiency and intensity of grey tobacco symptoms. 
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