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Abstract

The response of flue-cured tobacco to nitrogen fertilization was
studied on a coarse grained loamy sand brown fdrest spil in 1985,
1986 and 1988. The experiment was set up in a split-plot design

with nitrogen fertilizer rates from 0 through 120 kg N ha_l by 20

kg increments as whole plots and cultivars as sub-plots.

While the main soil characteristics and nutrient levels were unchan-
ged, the soil nitrate - N content in spring showed a substantial
increase in the course of the years: 1985 (0-50 cm): 6,2 kg N ha_l,
1986 (0-60 em): 17,4 kg N ha_l, 1988 (0-60 cm): 53,9 kg N ha

The results can be summarized as follows:

The response of flue-cured tobacco to fertilizer N was a function
of soil nitrate - N in spring. The economically optimum rate of nit-
rogen fertilizer application decreased with increasing amounts of

soil nitrate - N.



Under the conditions of this experiment, the soil nitrate - N

to a depth of 60 cm could be considered equivalent in its effect
to fertilizer N. These data indicate that it may be possible to
predict N fertilizer need of flue-cured tobacco, by subtracting
the soil nitrate - N measured prior to transplanting, from the
total mineral nitrogen uptake by the crop. This method appears

to be a simple tool to avoid excessive rates of N fertilizer app-

lication.

Résume

La réponse du tabac virginie 3 la fertilisation azotée a éte
étudiée sur un sol brun forestier, sable limoneux, pendant trois
années (1985, 1986, 1988).

L'essai a été établi selon un dispositif factoriel en blocs-comp-
leti 3 quatre répétition, avec les doses d'azote de 0 a 120 kg

ha

subdivisées en deux d'apreés les variétées.

par des échelles de 20 kg ha™! comme parcelles principales,

Alors que les caractéristiques principales du sol et la fournitu-
re d'éléments nutritifs, sauf celle de 1l'azote, ont été guasi
constantes, la teneur en azote nitrique du sol, mesurée au prin-

temps, a augmenté considérablement au cours des années: 1985 (0-50
1 1

cm): 6,2 kg N ha™—, 1986 (0-60 cm): 17,4 kg N ha ~, 1988 (0-60 cm):

53,9 kg N ha L.

Les études ont conduit aux résultats suivants:

- La réponse du tabac virginie 3 la fertilisation azotée a varie
de 1'année 3 1'autre en fonction de 1'azote nitrigue dans le
profil du sol.

- L'optimum économique de la dose d'azote a baissé avec l'augmen-
tation de la teneur en azote nitrigue du sol.

- Dans les conditions de cet essai, 1'azote nitrique du sol sur
60 cm a pu Btre considéré, en ce gui concerme son influence

sur le tabac, comme équivalent a 1'azote de 1'engrais.




- Les données obtenues permettent de prévoir 1'engrais azote
pour le tabac virginie de facon 3 soustraire la guantité d'azote
nitrique mesurée dans le sol avant la plantation de la quantité
d'azote absorbée par le plante pour un rendement fixé.

- Cette méthode parait €tre un outil simple pour éviter 1l'appli-
cation excessive de 1'engrais azoté.

Introduction

Methods to predict optimum rates of N fertilizer for flue-cured
tobacco show great diversity. Until recently, N fertilizer re-
commendations in Hungary have been based on the organic matter
content of the soil, accepting the concept that soil mineral nit-
rogen is not a good index of nitrogen available to the crop. This
concept does not take into account that mineral N can accumulate
in the root zone, most frequently as residual nitrogen from the
previous crop, thus substantially modifying the amount of nitro-
gen supplied by the soil.

Current N fertilizer recommendations for arable crops are gene-
rally based on measurements of soil mineral nitrogen (usually re-
ferred to as Nmin) in early spring. The basic principle of the
Nmin method is an inverse relationship between the mineral nit-
rogen content of the soil in spring and the cptimum rate of N
fertilizer application. This relationship has been demonstrated
to exist for several crops, including barlsy(SGper and Huang
1963), sugarbeet (Reuss and Rao 1971) and winter-wheat (Wehrman
and Scharpf 1979).

High quality flue-cured tobacco requires a precisely controlled
nitrogen fertility regime with supplies of N being controlled
within narrow limits. To obtain well matured tobacco, the avallab-
le nitrogen in the soil must be nearly depleted by the time maxi-
mum growth is attained (Elliot 1975).

Although the tobacco plant will absorb both ammonium and nitrate

N, the nitrate form has been shown to be utilized more effective-



ly from an acid medium (McCants and Woltz 1967). The measured
amount of this form of nitrogen is the best expression of the

N - supplying power of the soil, where serious leaching is not

a problem (Peterson et al. 1960).

Little information is available on the nitrogen fertilization

of tobacco, based on the mineral N content of the soil. Most
recently it was demonstrated that for flue-cured fobacco in Ger-
many 60 kg N ha™' has to be present in available form at the be-
ginning of the season in the 0-60 cm depth, as the sum of soil
mineral N and fertilizer N (Hechler 1988).

The present study was conducted to determine (i) whether varying
amounts of nitrate N in the soil would result in substantial dif-
ferences in the response of flue-cured tobacco to fertilizer N,
and (ii) whether soil nitrate nitrogen levels can be used as an

index of N fertilizer needs of Hungarian flue-cured tobacco.

Experimental procedure

The experiment was conducted on a coarse-grainad , loamy sand,
brown forest soil in the north of Hungary, at the Kdpolna Expe-
riment Station of the Tobacco Research Institute, in 1985, 1986
and 1988.

The weather data for each growing season are shown in Table 1.
The main soil characteristics are shown in Table 2. The soil
samples. were taken for analysis in March each year, to a depth
of 50 cm in 1985, and 60 cm in 1986 and 1988. Ten cores were
composited for the whole experimental area (2000 mz) by 25 cm
depth increments in 1985, and by 20 cm increments in 1986 and
1988. Nitrate nitrogen was determined on a 1 M KCL ectract, by
colorimetric procedure. A 2 year rotation was used with tobacco
preceeded by winter-wheat.

The experiment was established in different sites of the same
field each year. The main soil characteristics as well as nut-



rient levels, except for N, show little variation for different

years.

It is important to note that soil NU3 -~ N increased substantial-
1y from 1985 through 1988 (Table 3). Calculations converting so-
il nitrogen analysis to kg N ha-l were made assuming bulk den-

sity of soil as 1,3 g cm_B.

The main factors that contributed to the accumulation of the re-

sidual N in the soil are as follows:

Owing to the dry weather in 1986 and 1987, the yield of the pre-

ceeding crop was lower than expected. Since N fertilizer applica-
tion had been based on the yield potential and related crop N up-
take, part of the fertilizer N was not used up, but carried over

from one year to the next.

The leaching from the root zone of mineral nitrogen was not con-

siderable, due to the dry weather.

There was no influence of subsoil water on the annual movement

of ND3 - N in the upper 0-60 cm layer, as water table could be

found at a depth of more than four meter.

The experiment was set up in a split plot design with N fertili-

zer rates from 0 through 120 kg N ha L

by 20 kg increments as
whole plots and cultivars (Hevesi 5 and Hevesi 6, F, hybrid both)
as sub plots. Treatments were replicated four times. Row width

was 1.00 m with plants spaced 0.40 m apart. Each sub plot was com-
prised of 50 plants.

The phosphorus and potassium fertilizer was applied uniformly over
nitrogen rates, using 30-50 kg P,0, ha ! and 160-120 kg K,0 ha "
depending on the soil analysis each year.

The tobacco was transplanted in early May. Cultural practices and
harvesting were in accordance with those recommended for flue-cu-
red tobacco in Hungary. The plants were irrigated when it was ne-
cessary. lopping was made in the button stage and followed imme-
diately by the application of a contact suckercide.

The cured leaves, by plot and primings, were weighed for yield,

and leaf samples were composited by grades and primings for che-



mical analysis. Total nitrogen and total algaloids were deter-
mined by the Kjeldahl and UV spectrophotometric method, respec-
tively. .

Data for yield, quality, crop value and rate of ripening were
analysed by analysis of variance and regression analysis. The
rate of ripening was the percentage of total yield harvested
by September 4.

For each characteristic the data were pooled by cultivars be-

fore the analysis.

Results and discussion

The data of agronomic characteristics are presented in Table 4,
and regression curves are shown in Figures 1-5. Yields tend to
increase rapidly as nitrogen fertilizer rates increase and reach
a peak at around 920 kg N ha_l in 1985, with low soil nitrate nit-
rogen content (Figure 1). The points shown are treatments means
averaged over four replications. As soil nitrate-N becomes higher
in 1986 and 1988, the shape of the curve becomes more level and
the coefficients of correlation between yield and fertilizer N
rates are decreasing. The yields from the 0 kg'N ha_l treatments
are a reflection of differences in nitrate - N content of the

spil for different years.

Average price of the cured leaf decreases with increasing rates
of nitrogen fertilizer, and this relationship was found to be 1i-
near (Figure 2). The slope of the curve is the slightest, and the
correlation coefficient is the lowest in 1985, indicating that
higher rates of nitrogen fertilizer can be used without adverse
effect on visual guality, when soil nitrate - N content is low .
In years with high soil nitrate - N content in spring, tobacco
responds to increasing rates of N fertilizer with sharply decrea-
sing average price and highly significant (r) values. The same
is true for the percentage of the top two grades of cured leaves
(Figure 3), with the distinction that a quadratic equation fitted
better the relationship than a linear type one.



A pronounced effect of cropyear on the absolute level of visual
quality is demonstrated in Figures 2 and 3, inasmuch as high
temperature in 1986 resulted in better quality than that obtained
in the two other years.

Changes in nitrate - N content of the soil for different years,
are best reflected by crop value (Figure 4). The economically op-
timum rate of nitrogen fertilizer application decreased with
increasing amounts of soil nitrate - N in spring: 70-90 kg ha_l

in 1985, 40-60 kg ha~l in 1986, and 0 kg ha ' in 1988.

The rate of ripening, expressed as percentage of yield harvested
by September 4, showed a linear decrease with increasing rates

of nitrogen fertilizer (Figure 5). The slope of the curve was
again the slightest in 1985, with values of cured leaf percenta-
ge harvested by September 4 around 90 %. Increasing amounts of
soil nitrate - N in spring resulted in a lower percentage of har-
vested leaves by the above date, together with a more pronounced

response to fertiliter nitrogen.

Regression curves of total N and total alcaloids in the cured
leaves are shown in Figures 6 and 7. The total N content in leaves
increases both with higher rates of fertilizer N, and with increa-
sing amounts of soil nitrate - N, the response to fertilizer be-
ing somewhat less pronounced in 1988 than in the two other years.

While showing no response in 1985, the curve of total dlecsloids is

sharply responding to fertilizer N in 1986 and 1988.

The data discussed to this point indicate that varying amounts
of nitrate - N in the soil result in substantial differences in
the response of flue-cured tobacco to fertilizer N, as far as ag-

ronomic characteristics and chemical components are concerned.

The question arises whether the Nmin method is applicable to the



fertilization of flue-cured tobaccoc, in other words, whether it
is possible to estimate the optimum nitrogen application by measu-

ring the amount of soil nitrate - N prior to transplanting.

Based on earlier investigations into yield potential and related
crop N uptake of Hungarian flue-cured tobaccos, a balance sheet
can be drawn up with N requirements of the crop on one side and
contribution of fertilizer N and soil mineral N on the other. In
more refined methods, the amount of N mineralized during the gro-
wing season is also taken into account (Rémy 1981). Predicting
nitrogen supplied from organic sources is, however, quite diffi-
cult. Moreover, for light soils with less than 1,5 % organic mat-
ter in the top 20 cm, the nitrogen supplied form this source is
of limited practical importance, partly because of the restricted
amount and partly because of losses that may, to a certain extent,

compensate the gains.

Research on whole-crop N uptake per unit of yield has demonstra-
ted that Hungarian flue-cured tobaccos require around 33 kg N ha_l
to produce one ton of cured leaf (Gondola 1989). For a yield goal
of 2 t ha ! the expected crop N uptake is around 66 kg ha™l. Sub-
tracting the soil nitrate - N content in spring from the total mi-

1 and neglecting the

neral N required to produce a yield of 2 t ha
amount of N mineralized from different sources during the growth
period, fertilizer N need can be estimated as 60 kg ha"l in 1985,

49 kg ha t in 1986 and 12 kg ha ' in 1988 (Table 5).

Conclusions

The response of flue-cured tobacco to fertilizer N was a function
of soil nitrate - N content in spring. The high responsiveness of
flue-cured tobacco to varying amounts of soil nitrate - N 1is acco-
unted for by the modest amount of mineral N required to produce 1

ton of cured leaf. With crop nitrogen uptake of 33 kg ha_1 t'l cu-



red leaf, even a small variation in soil nitrate - N will subs-

tantially modify the N supply to this crop.

Under the conditions of this experiment, the soil nitrate - N
to a depth of 60 cm could be considered equivalent in its ef-
fect to fertilizer N. These data indicate that it may be pos-
sible to predict N fertilizer need for flue-cured tobacco, by
subtracting the soil nitrate - N measured prior to transplan-
ting, from the total mineral nitrogen uptake by the crop. This
method appears to be a simple tool to avoid excessive rates of

N fertilizer application.

Since flue-cured tobacco absorbs most of the total nitrogen
within 50 to 60 days after transplanting, and since soil samples
can be taken as late as April, the time interval between soil
sampling and maximum N uptake is relatively short as compared

to other crops. Thus, the dependability of the Nmin method will
accordingly be higher.

Sampling the soil to a depth of 60 cm in three layers is a la-
borious job for the tobacco grower. A great majority of the to-
bacco root system by weight occurs within the 0-30 cm layer, as
shown for air-cured tobacco by Chouteau (1959). Studies are 1in

progress to determine the most suitable sampling depth for Hun-

garian flue-cured tobacco.
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Figure 2. Effect of nitrogen fertilization on average |wcarv |8
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Figure 3. Effect of nitrogen fertilization on the |wneary
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Figure 4. Effect of nitrogen fertilization on érop ?ﬁﬁ%ﬁ” il
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Figure 5. Effect of nitrogen fertilization on the
rate of ripening
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Figure 6. Effect of nitrogen fertilization on total ‘HUNGAF_!Y
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