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a  b  s  t  r  a  c  t

Sun-cured  tobacco  (Nicotiana  tabacum)  is  one  of  the  most  important  industrial  crops  for  Greece  and  other
Mediterranean  countries.  A field  experiment  was  conducted  in  2012  and  2013  under  organic  conditions
in  Agricultural  University  of  Athens  in  order  to compare  the growth,  yield,  nicotine  and  sugar  content
of  three  Greek  sun-cured  tobacco  cultivars  at two between-row  spacings.  Three  cultivars  of the  Greek
Basmas  were  sown  in  a seedbed  in  a greenhouse  and  then  transplanted  in the  field  at  distances  10–and
20–cm  between  rows.  The  experimental  design  was  a split-plot  in a randomized  complete  block  with
three  replicates.  Tobacco  was  harvested  at 80, 95, 115, and  135  days  after  transplanting  (DAT).  Our  results
showed  that wider  row  spacing  resulted  in  lower  yield  than closer  row  spacing  for  all  three  cultivars.
Cultivars  × year  interaction  was  significant  for  total  yield.  Tobacco  yield  ranged  from  1315  to  1920  and
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from  1545  to  2090  kg  ha , for the wider  and  narrower  row spacing,  respectively.  Chemical  analysis
revealed that  nicotine  content  was  also  affected  by cultivar  and  row  spacing  and  ranged  between  3.40
and  5.19%.  Narrow  row  spacing  resulted  in reduction  of  nicotine  content,  while  sugar  content  was only
affected  by  cultivar.  Narrower  row  spacing  could  be used  in  some  cases  for a higher  production  of  tobacco
of  lower  nicotine  content,  whenever  this  is desirable  for  blending  purposes.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Tobacco (Nicotiana tabacum L.) is one of the most important
ndustrial crops for many countries (Akehurst, 1968; Rezitis and
rown, 1999). Especially, Eastern-type tobacco, with its Greek vari-
ties, is of high quality, and it is a crop with further potential
specially for marginal or declining areas (it accounts for more than
0% of the total area cultivated by tobacco-growers in Greece). In
ddition to the foreign currency which it brings in, tobacco plays

 very important social and economic role, since it is the main
ource of income for many families, not to mention the people
mployed in processing and marketing the product (Bilalis et al.,
009; Rezitis and Brown, 1999). Thanks to the type of soil, which is
articularly suitable, ideal climatic conditions and a long tradition

or growing the product, Greek oriental tobacco is of high qual-
ty regarding color, aroma and flavor, and has excellent burning
roperties (Travlos et al., 2014).

∗ Corresponding author. Tel.:+30 2105294483.
E-mail addresses: travlos@aua.gr, htravlos@yahoo.gr (I.S. Travlos).

ttp://dx.doi.org/10.1016/j.indcrop.2015.05.057
926-6690/© 2015 Elsevier B.V. All rights reserved.
However, tobacco quality can be significantly modified by cul-
tivar and growing practices (Tso, 1990). Among growing practices,
plant spacing can affect agronomic and chemical traits of tobacco
(Schlotzhauer et al., 1989). Plant spacing in tobacco production usu-
ally refers to distances between tobacco plants within and between
rows in the field, but it can also be interpreted as total number
of plants and leaves produced within a defined area (Bukan et al.,
2010; Campbell et al., 1982). In most cases, narrower spacing of
plants generally results in a reduction of size, body, thickness, and
weight per unit area of the leaf (Lamprecht and Van der Merwe,
1984; Sfikas, 1970). At higher planting densities an increase of yield
of some tobacco cultivars has been reported by several authors.
However, quality of such leaves was  within a wide range and conse-
quently increasing plant population remains a challenge (Chaplin
et al., 1968; Collins et al., 1969; Lamprecht and Van der Merwe,
1984).

In many cases, Greek farmers tend to prefer wide distances

between rows, in order to produce bigger leaves. Therefore, the
objective of the present study was  to compare under organic con-
ditions the growth, yield and nicotine and sugars content of three
Greek sun-cured tobacco cultivars at two between-row spacings.

dx.doi.org/10.1016/j.indcrop.2015.05.057
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
http://crossmark.crossref.org/dialog/?doi=10.1016/j.indcrop.2015.05.057&domain=pdf
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Fig. 1. Response of the number of leaves for each cultivar to different row spacing (A) 10 c
standard errors of the means.

Table 1
Mean monthly rainfall and temperature during the field experiments in 2012 and
2013.

Rainfall Temperature
Month 2012 2013 2012 2013

—-———— mm ————— ——————◦C —————
March 18.4 14.6 11.6 13.5
April 8.0 2.2 16.8 17.1
May  17.2 8.8 20.8 22.2
June  0.0 11.2 27.1 25.3
July  0.0 0.0 30.7 28.2
August 0.0 0.0 29.2 28.6
September 1.4 0.0 24.8 24.1

T
A
v

n

October 1.0 11.8 21.5 18.5

able 2
nalysis of variance for cultivar (CV), row spacing (RS), and year (Y) effects on number of 

alues are shown.

Source df Number of leaves Plant height Tota

CV 2 78.91*** 69.74*** 19.6
RS 1 26.67** 30.74*** 11.4
CV  × RS 2 0.34 ns 0.08 ns 0.1
Y  1 32.56** 12.30** 0.1
Y × CV 2 28.11*** 1.44 ns 3.6
Y × RS 1 0.08 ns 0.25 ns 0.5
Y  × CV × RS 2 4.07* 0.22 ns 0.9

s = not significant.
* P < 0.05.

** P < 0.01.
*** P < 0.001.
m in 2012, (B) 20 cm in 2012, (C) 10 cm in 2013 and (D) 20 cm in 2013. Bars denote

2. Materials and methods

2.1. Experimental details

A field experiment was  carried out in 2012 and 2013 under
organic conditions in the experimental field of the Agricultural Uni-
versity of Athens (37◦ 59′ 12N, 23◦ 42′ 96E, 29 m altitude). The soil
was sandy clay loam (520 g kg−1 sand, 140 g kg−1 clay and 340 g
kg−1 silt) (Bouyoucos, 1962), with pH 7.11 (1:2 H2O), 19 g kg−1

organic matter (Wakley and Black, 1934), 134 g kg−1 CaCO3, 16 g
kg−1 total nitrogen, a medium supply of available phosphorus

−1
(P-Olsen 0.021 g kg ) and a good supply of available potassium
(0.8 g kg−1). The crop cultivated both years before the tobacco was
pea (P. sativum cv. Arvika), which was incorporated into the soil
with a disk harrow. Three cultivars of the Greek Basmas (orien-

leaves, plant height (at 85 DAT), yield, nicotine and sugar content of tobacco. F-test

l yield Nicotine content Sugar content Sugar/nicotine ratio

1*** 54.42*** 29.62*** 21.28***

0** 6.65* 0.75 ns 1.04 ns
3 ns 0.01 ns 2.42 ns 0.71 ns
8 ns 14.51*** 2.64 ns 14.80***

2* 6.25** 1.17 ns 5.87**

7 ns 0.56 ns 1.39 ns 0.01 ns
6 ns 0.16 ns 0.36 ns 0.48 ns
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Fig. 2. Response of plant height for each cultivar to different row spacing (A) 10 cm in 201
errors  of the means.

Table 3
Sugar/nicotine ratios for the three tobacco cultivars at the different row spacings in
2012 and 2013.

2012 2013
Cultivar 10 cm 20 cm 10 cm 20 cm

Thamna 0.978 ± 0.027 0.907 ± 0.048 0.927 ± 0.068 0.885 ± 0.003
Gratini 1.269 ± 0.021 1.154 ± 0.024 1.165 ± 0.029 1.110 ± 0.040
Likio 1.334 ± 0.043 1.415 ± 0.185 1.056 ± 0.080 1.023 ± 0.007
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tivar was significant for all growth, yield and quality parameters.
Number of leaves, plant height, yield and nicotine content were
alues are means ± standard errors.

al type), known as “Thamna”, “Gratini” and “Likio” were sown
n a seedbed in a greenhouse on 5 March 2012 and 25 February
013. Transplanting of tobacco seedlings in the field was  done on

 May  2012 and 27 April 2013 at distances 10 and 20 cm between
ows (Fig. 1), while within-row plant spacing was 30 cm.  Cultiva-
ion (hand hoeing) was carried out twice: at 10, 20 and 30 days after
ransplanting (DAT). Irrigation was scheduled as recommended for
his type of tobacco during both growing seasons (TIC, 1996) and
ertilization was achieved by the incorporation of pea as green

anure as previously described.
The experimental design was a split-plot in a randomized com-

lete block with three replicates, three main plots (CV, cultivars)
nd two sub-plots (RS, row spacing of 10 and 20 cm). The plot
ize was 5 m × 2 m and the sub-plot size was 2 m × 2 m.  The dis-
ance among plots was 1 m and the same distance was  also kept
mong sub-plots and among replicates. Mean monthly tempera-

ure and rainfall data during the growing season as recorded in the
gricultural University of Athens are given in Table 1.
2, (B) 20 cm in 2012, (C) 10 cm in 2013 and (D) 20 cm in 2013. Bars denote standard

2.2. Measurements and determinations

Measurements of the number of leaves and plant height were
taken at 40, 55, 70, 85 and 80, 90, 115 and 135 DAT, respectively, in
10 tobacco plants of the two middle rows of each sub-plot. Tobacco
was harvested by hand, in four primings (at 80, 95, 115 and 135
DAT). In each cutting, the mature leaves (older) were harvested
and properly sun-cured. Tobacco yield was the sum of the dry
weights of each separate harvest. Samples from all the primings
were combined to prepare composite samples, which were used
for the chemical determinations. Samples were dried at 80 ◦C for
72 h, to constant dry weight, in a forced-air oven and ground in a
Wiley mill using a 1 mm sieve. Nicotine and reducing sugars were
measured using CORESTA recommended methods no.35 (ISO/DIS
15152) (CORESTA, 1994a) and no.38 (ISO/DIS 15154) (CORESTA,
1994b), respectively.

2.3. Statistical analysis

Analysis of variance (ANOVA) was  conducted for all data. All
statistical analyses were conducted using the Statistica 7 software
package (StatSoft, Inc. 2300 East 14th Street, Tulsa, OK 74104, USA).

3. Results and discussion

Analysis of variance of our data revealed that the effect of cul-
significantly affected by row spacing. The year was also a signifi-
cant factor for all the measured parameters except yield. Moreover,
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Fig. 3. Response of tobacco total yield for each cultivar to row spacing in (A) 2012
and (B) 2013. Bars denote standard errors of the means.
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tion of visual, physical and chemical characteristics of cured leaves
(Mendell et al., 1984). Among them, traits such as nicotine con-
he interaction of the year with the cultivar was significant for
he number of tobacco leaves, total yield, nicotine content and
ugar/nicotine ratio, as well.

.1. Plant growth parameters

The significant effects of cultivar, row spacing and year on
obacco growth and in particular on the number of leaves are shown
n Fig. 1. Likio was the cultivar with the higher number of leaves
t least until 70 DAT. Furthermore, wider spacing between rows
esulted in more harvested leaves per plant for each harvest, prob-
bly due to the lower competition between tobacco plants (Fig. 1).
hese differences between the two row spacings were more intense
uring 2012.

Regarding plant height, the effects were quite similar, with Likio
eing the higher cultivar in all cases (Fig. 2). Moreover, row spacing
f 20 cm resulted to 16–26% and 4–26% higher plants than the 10 cm
ow spacing for 2012 and 2013, respectively. It has also to be noted
hat some of the differences on tobacco growth during the two years

ay  be related with the differences in the precipitation dispersal
uring the two growing seasons as shown in Table 1. In all cases, the
eriod of rapid growth was until 60 DAT, as previously mentioned in
ther studies (Lolas et al., 1983). It is also noticeable that all cultivars
ontinued to grow after 60 DAT, which is in full accordance with

revious studies on oriental tobacco grown in Greece (Lolas et al.,
983).
Fig. 4. Response of nicotine content for each cultivar to row spacing in (A) 2012 and
(B)  2013. Bars denote standard errors of the means.

3.2. Total yield

Tobacco yield ranged from 1315 to 1920 and from 1545 to
2090 kg ha−1, for the wider and narrower row spacing, respectively
(Fig. 3). Row spacing of 10 cm resulted from 14 to 17%, 5 to 35% and 9
to 11% higher yield than with the spacing of 20 cm for Thamna, Gra-
tini and Likio, respectively. Moreover, there were some differences
among the three cultivars with Likio showing the highest yield,
from 27 to 39% and from 5 to 53% higher than the corresponding
values for Thamna and Gratini, respectively. The wide range of the
observed differences can be plausibly ascribed to the significant
effect of row spacing on final yield (P < 0.001) and the significant
interaction between year and cultivar (P < 0.05) as shown in Table 2.

Results of the present study are in accordance with previous
studies on burley and other oriental type cultivars (Lamprecht and
Van der Merwe, 1984; Schlotzhauer et al., 1989 Sficas, 1970). Also,
it has to be noted that especially in the case of narrow spacing, the
yield of the studied cultivars was  significantly higher not only from
the corresponding values for wider spacing but also higher than
other previously studied Oriental type tobacco cultivars (Delibacak
et al., 2014).

3.3. Quality parameters

It is well known that tobacco quality is a complex combina-
tent, sugars concentration and their ratio dramatically influence
the quality of tobacco. Our results showed that nicotine content
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ig. 5. Response of tobacco sugars for each cultivar to row spacing in (A) 2012 and
B)  2013. Bars denote standard errors of the means.

as affected by cultivar and row spacing and ranged between 3.40
nd 5.19%. In most cases, higher nicotine content was  revealed for
obacco grown at wider spacing, since probably growth was higher
n that case because of a lower plant density (Fig. 4). Thamna had a
igher nicotine content compared to Gratini and Likio.

Reducing sugars concentrations is also an indicator of smoking
uality (Weybrew et al., 1983). Among other factors, cultivar may
ubstantially affect the levels of sugars (and not only nicotine) in
obacco leaf. In our case, Gratini was the cultivar with the highest
ugar content in both row spacings and years (Fig. 5). However,
one of the other factors (row spacing and year) had significant
ffect, confirming the important role of genotype on the quality
arameters of tobacco (Xiao et al., 2007).

Regarding the ratio of sugars/nicotine, this was ranged between
.885 and 1.415 in all cases, as shown in Table 3. Likio and Thamna
ad the highest and lowest values of this important index, respec-
ively. Moreover, the effect of the year and its interaction with
ultivars were also significant (P < 0.001 and P < 0.01, respectively).
n general, it could be said that this low ratio of sugars/nicotine
f our studies was due to high nicotine content combined with
ow content of dissolved sugars (Tso, 1990). High nicotine content

ithout high availability of sugars is indicative of high strength
f tobacco as previously described in several studies (Tso, 1990;
rachev, 2004). Chemical constituents of leaves in all types of

obacco are considered to be determinant factors for leaf quality.
onsiderable efforts have been directed at correlations between

gronomic traits and chemical constituents (Legg et al., 1965;
hite et al., 1979), however there is still a clear lack of information

articularly for sun-cured tobacco (Xiao et al., 2007).
 Products 75 (2015) 212–217

4. Conclusions

The results of this study highlight the differences between three
oriental tobacco cultivars regarding their growth, yield and qual-
ity at two  row spacings. Wider row spacing (a common practice
for Greek farmers) resulted in lower yield due to the lower num-
ber of tobacco plants compared with the narrow spacing. Narrow
row spacing resulted to a reduction of nicotine content, probably
because of a high competition among roots where alkaloids are
synthesized. Narrower row spacing could be used in some cases for
a higher production of tobacco of lower nicotine content, when-
ever this is desirable for blending purposes. Further studies should
be conducted on the evaluation of the effects of several agronomic
practices on growth, yield and quality especially for the less-studied
and high-promising cultivars of oriental tobacco.
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