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Abstract: The effect of prolonged water deficit on four Virginia (flue-cured) tobacco genotypes, Line 842, Oxford 207, RG11 
and Virgin D, was analyzed in whole plants. Drought stress was induced by withholding irrigation and subjecting plants 
to low, moderate and severe regimes. Some growth indices such as fresh weight, plant growth rate, number, color and area 
of new developed leaves, as well as proline, hydrogen peroxide (H2O2) and malondialdehyde (MDA) content as a measure 
of oxidative stress were investigated to examine the role of genotype in water-deficit tolerance. Under stress, the weight of 
the aboveground parts of plants, plant growth height, number of new developed leaves and leaf area index decreased with 
the severity of treatment. The stressed plants accumulated more proline, malonildialdehide and hydrogen peroxide than 
control non-stressed plants under water-deficit conditions. The results showed that among the genotypes, Virgin D (VD) 
was the most sensitive to drought, while L 842 and Oxford 207 were moderately tolerant; RG11 was drought-tolerant. This 
suggests that the correlation between the physiological traits and level of antioxidative response exists and therefore it could 
be used as a rapid screening test to evaluate the drought tolerance of tobacco. 
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IntRoduCtIon

Water-deficit, permanent or temporary, is one of the 
major abiotic factors that limits productivity of culti-
vated crops, and their ability to withstand such stress 
is of immense economic importance [1,2]. The nu-
merous responses of plants to water deficits generally 
vary with the severity as well as with the duration of 
the water stress [3,4], which triggers a wide variety 
of plant reactions ranging from altered gene expres-
sion and cellular metabolism to changes in growth 
rate and plant productivity [5,6]. Like other abiotic 
stresses, water deficit leads to oxidative stress through 
an increase in reactive oxygen species (ROS), such 
as superoxide (O2

−), hydrogen peroxide (H2O2) and 
hydroxyl radicals (OH ) [7-9]. These ROS are highly 
reactive and can alter normal cellular metabolism 
through oxidative damage to nucleic acids, proteins, 
lipids, chlorophyll and any other organic constituent 
of a living cell [7,10]. Under optimal growth condi-
tions, ROS are mainly produced at a controlled level 
in chloroplasts, peroxisomes and mitochondria, while 

under stress, their rate of production is dramatically 
elevated [11]. 

During water deficit, plants adapt to oxidative 
stress by accumulating certain protective compounds 
such as proline, glycine, betaine, polyols, trehalose, 
etc. [12]. Proline plays a predominant role in protect-
ing plants from osmotic stress. The malondialdehyde 
(MDA) content, a product of lipid peroxidation, has 
been considered as indicator of oxidative damage and 
has been widely utilized to differentiate drought-toler-
ant and drought-sensitive cultivars [13-16]. Similarly, 
differential H2O2 accumulation has been reported in 
many plants in response to drought stress [17]. 

Tobacco (Nicotiana tabacum L.) Solanaceae is 
one of the most important industrial crops cultivated 
in many countries with different climatic conditions. 
The advantages of adequate soil-water content and ap-
propriate irrigation in flue-cured tobacco production 
have been reported [18-22]. It was found that tobacco 
was the most sensitive to soil-water deficit during the 
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early developmental stages and period of leaf expansion 
[23,24]. Moreover, water deficit of different severity at 
the flowering and ripening stages of tobacco delayed 
harvesting time and resulted in a reduction of plant 
height, leaf number and leaf area [20-22,25].

In Bulgaria, flue-cured Virginia tobacco is cul-
tivated mainly in areas under irrigation. However, 
the amount of rainfall is unpredictable and generally 
insufficient during the critical growing stage of the 
plants [26]. Although tobacco is relatively drought-
stress tolerant plant per se, reports demonstrated the 
loss of quality leaf yield in response to water-deficit 
stress [22,24,27-29]. Thus, improving the drought tol-
erance and water-use efficiency of flue-cured tobacco 
is one of the important subjects of studies that include 
both conventional breeding approaches and effective 
drought-tolerant screening systems.

Recently there has been an increasing interest in 
identifying attributes that contribute to water-deficit 
resistance and which can be used as selection criteria 
in tobacco-breeding programs [20,22,24,25]. How-
ever, the water-deficit tolerance experiments were per-
formed mainly in fields where the growing conditions 
were difficult to control. This study was designed to 
develop a rapid laboratory screening method for test-
ing tobacco genotypes to water deficit in the early on-
togenetic stages by investigating: (i) the effects of wa-
ter-deficit stress in four Virginia (flue-cured) tobacco 
genotypes on some morphological and physiological 
changes; (ii) the levels of some nonenzymatic stress-
related markers − proline, malonildialdehide (MDA) 
and hydrogen peroxide (H2O2), and their relationship 
to the degree of water-deficit tolerance.

MAteRIAls And Methods

Plant material

Four flue-cured Virginia tobacco (Nicotiana tabacum 
L.) genotypes of economic importance were chosen 
for this study: Line 842 (L 842) was developed in the 
Tobacco and Tobacco Products Institute (TTPI), Plo-
vdiv by Prof. Chinchev [26]. It is an early-maturing 
line with moderately high yield potential and good 
quality. The cultivars Oxford 207 (Ox 207) and RG11 
were introduced by the USA, while Virgin D (VD) was 

developed and released by Germany. L 842 and VD are 
resistant to potato virus Y (PVY), which is widespread 
in Bulgaria [30,31]. All experiments were carried out 
using seeds produced in the same year and under the 
same climatic conditions in the field of the TTPI. 

experimental site and experimental procedure

Tobacco (Nicotiana tabacum L.) seeds were germinated 
in a growth chamber (Float System for Producing To-
bacco Seedlings). Seedlings at the fourth leaf stage were 
transplanted to individual pots (65/65/60 mm). Growth 
conditions were 25°/18°С (day/night) under a 16/8-h 
photoperiod with light intensity of 120 μmol m-2 s-1 

and relative humidity (RH) of  75%. Only plants at the 
6th true leaf stage and similar growth development 
were used in the water stress experiments.

Irrigation regime

Drought stress was imposed by cessation of watering for 
4 weeks. Four irrigation regimes were applied: normal 
water supply (control plants that were watered to full 
capacity) and limited water supply provoking drought 
stress, which included irrigation with 20 mL distilled 
water (low stress), 10 mL distilled water (moderate 
stress) and 5 mL distilled water (severe stress); water 
was supplied once a week. All experiments were re-
peated at least twice, and each experimental treatment 
was performed with ten plants in four replicates. 

sampling

The length and width of the growing 6th leaf was mea-
sured at the beginning of water-deficit treatment. At 
the end of experiment (29th day after the start of the 
irrigation regime), the following traits were recorded: 
fresh weight (FW), plant absolute growth rate (AGR) 
of the whole aboveground parts (measured using the 
formula: (H2 – H1)/(t1 – t2) × 100 = %, where H1 and 
H2 are the initial and final plant height (cm) at the 
beginning (t 1) and end (t 2) of the measurement peri-
od, respectively) [32]. The green leaves of plants were 
used to determine the non-enzymatic stress-related 
compounds. Samples of the leaves were collected, 
cut into pieces and immediately frozen in liquid ni-
trogen. Leaf area index (LAI) was determined [33] 
using the following formula: LAI = k (LW), where 
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k is an empirical constant 0.653; L and W represent 
the leaf length and width (cm). Leaf relative water 
content (RWC) was estimated as described in [34]. 
The calculation was made according to the equation: 
RWC (%) = (FW-DW)/(TW-DW) x 100, where FW is 
sample fresh weight, DW sample dry weight and TW 
sample turgid weight.

Proline content measurement

Free proline content was extracted from 0.5 g of leaf 
and samples of stems in 3% (w/v) aqueous sulphosali-
cylic acid and estimated by using ninhydrin reagent 
[35]. The absorbance of the fraction with toluene as-
pired from the liquid phase was read at 520 nm. Pro-
line concentration was determined using calibration 
curve and expressed as μmol proline/g FW.

hydrogen peroxide assay 

The H2O2 content was colorimetrically measured as 
described [36]. About 500 mg of leaf and stem tissues 
were homogenized in an ice bath with 5 mL of 0.1% 
(w/v) trichloroacetic acid. The homogenate was cen-
trifuged at 12000×g for 15 min at 4ºC. The enzymatic 
reaction was started with 0.5 mL of supernatant and 0.5 
mL of peroxidase reagent consisting of 10 mM potas-
sium phosphate buffer (pH 7.0) and 1 mL 1M KJ. The 
absorbancy of the supernatant was measured at 390 nm. 
H2O2 concentrations were calculated using a standard 
curve prepared with known concentrations of H2O2. 

lipid peroxidation assay

The level of lipid peroxidation was determined by es-
timating the MDA content in 500 mg (fresh weight) 
leaves and stems [37]. MDA is a product of lipid per-
oxidation by thiobarbituric acid reaction. The concen-
tration of MDA was calculated from the absorbance 
at 532 nm (correction was done by subtracting the 
absorbance at 600 nm for unspecific turbidity) by us-
ing an extinction coefficient of 155 mM−1 cm−1.

statistical analysis

Standard errors of means were calculated for all param-
eters studied. Data were analyzed using ANOVA and 

Duncan’s multiple range test at P<0.05 with the statis-
tical package STATISTICA 7.0 (Stat-Soft, Inc., USA).

Results

An equal developmental stage of tobacco plants was 
one of the prerequisite conditions of the current study. 
In our case, Ox 207 and RG11 genotypes germinat-
ed and developed much slower than the other two. 
Therefore, the screening for water-deficit stress began 
2 weeks later. At the onset of water-deficit treatment, 
the oldest (basal) leaves of all four tobacco genotypes 
showed evidence of senescence − the first two leaves 
were completely desiccated, while visible yellowing, but 
without the loss of leaf turgor, occurred in the 3rd and 
the 4th leaves; the 5th and 6th were green with incom-
plete leaf development. On the top of plant, an apical 
7th leaf with a length of less than 5 mm appeared.

Among the four genotypes tested, cv. Ox 207 ex-
hibited the lowest values of plant growth parameters 
under normal irrigation (control plants) (Table 1). 
These data varied to a lesser extent in the remaining 
three genotypes, as the superiority in one parameter 
was compensated by the lower values in the other pa-
rameters. The rate of leaf initiation differed among the 
tested tobacco genotypes (Table 2). Both cultivars Ox 
207 and RG11 revealed a slower rate of leaf initiation 
in control and water-deficit stress variants, thus indi-
cating a genotype-dependence of that trait. However, 
the total number of green leaves in all the genotypes 
was almost equal over the course of the experiment. 

Water deficit caused a significant decrease in 
plant growth rate (5-6-fold) compared with normal 
irrigated plants (Table 1). At the point of measure-
ment, it appeared that drought stress affected the area 
of green leaves in all genotypes, but to a lesser extent 
their number (Tables 1 and 2). The number of green 
leaves in the L 842 line was reduced under low stress 
conditions and remained at that level under moder-
ate and severe stress. The water shortage in moderate 
and severe stress dramatically increased the number of 
yellow leaves and reduced the number of green ones; 
the leaf size also diminished (Table 1). In the VD geno-
type, there were no significant differences between the 
number of yellow leaves, but with the increasing de-
gree of drought the number of green leaves and their 
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size decreased (Table 2). It was found that in RG11 
and Ox 207 genotypes drought led to the appearance 
of single yellow leaves; in RG11 this occurred under 
severe stress only, but for Ox 207 their number was sta-
tistically significantly lower under moderate and severe 
stress (Table 2). It was observed that stress affected the 

area of the green leaves mainly (Table 1) and to a lesser 
extent their number. Also, water-deficit treatment dra-
matically affected the fresh weight of treated plants in 
all four genotypes examined (Table 1). 

In this study, leaf relative water content (RWC) 
was also followed (Table 1). The control plants had 
84.9-91.1% of RWC. Cessation of water supply re-
sulted in a slow decline of RWC. A decline between 
2.5-3.5% was determined in the leaf RWC under low 
stress conditions, while under moderate stress the de-
cline ranged from 9 to 16%; under severe water stress, 
a decline of approximately 41-52.5% was observed. 

In situations of water deprivation, the free proline 
level was found to increase in all four genotypes in par-
allel with the severity of the stress (Fig. 1). At low stress, 
the Ox 207, L 842, RG11 and VD genotypes showed 
higher proline amounts in comparison to the control. 
Under moderate stress conditions, free proline content 
also increased from 3.5- (L 842) to 9-fold (RG11 line). 
Also, the changes in proline levels in tobacco plants 
caused by severe stress (compared with the control) 
were similar to those observed under low and moder-
ate stress. The level of proline was, as expected, much 
higher in the RG11 line (30-fold) compared with the 
control. It appears that the levels of free proline in the 
leaves of tobacco plants were offset by the significantly 

table 2. Number of yellow and green leaves after water-deficit 
stress in four tobacco genotypes 

treatment Genotypes
number of leaves

Yellow leaves Green leaves

C
on

tr
ol

 (C
) L842 2.6±0.51 a 4.6±0.40 a

DV 3.0±0.45 a 4.0±0.32 a
RG11 0.0±0.00 b 4.2±0.20 a
OX207 0.0±0.00 b 3.8±0.20 a

Lo
w

 st
re

ss
 

(L
S)

 

L842 1.8±0.37 a 4.0±0.00 a
DV 2.2±0.20 a 3.2±0.20 b
RG11 0.0±0.00 b 3.2±0.20 b
OX207 0.2±0.20 b 3.2±0.20 b

M
od

er
at

e 
st

re
ss

 (M
S)

 L842 3.8±0.20 a 2.0±0.32 b
DV 2.4±0.24 b 2.4±0.25 ab
RG11 0.0±0.00 d 2.8±0.20 a
OX207 1.0±0.00 c 1.8±0.20 bc

Se
ve

re
 

st
re

ss
 (S

S) L842 4.0±0.32 a 1.4±0.24 a
DV 2.2±0.20 a 0.8±0.20 a
RG11 1.2±0.37 b 1.2±0.20 a
OX207 1.4±0.32 b 1.4±0.25 a

Mean values followed by the same letter are not significantly 
different (P < 0.05)

table 1. Morphological and physiological changes of tobacco plants under drought stress
treatments Genotypes leaf area index 

of the 6th leaf
Plant growth  

rate (%)
Fresh weight/

plant (g)
Growth area of green 

leaves / plant (cm2)
RWC

Mean±sd (%)
L842 1.56±0.16 a

a 64.5±3.0 a 
a 2.33±0.05 a 

b 53.0±8.4 a 
a 87.2±2.6 a 

ab

VD 1.03±0.12 a 
b 65.9±4.9 a 

a 2.55±0.07 a 
a 48.2±5.3 a 

a 84.9±1.2 a 
b

Control (C) RG11 0.68±0.04 a 
c 61.7±3.3 a 

a 2.41±0.07 a 
ab 41.2±3.9 a 

ab 91.1±1.3 a 
a

OX207 0.41±0.05 a 
c 57.5±3.0 a 

a 2.12±0.08 a 
c 31.6±2.6 a 

b 89.6±0.9 a 
a

L842 1.37±0.11ab 
a 52.4±5.3 a 

a 1.99±0.09 b 
ab 42.7±2.9 a 

a 84.4±2.1 a 
ab

Low VD 0.72±0.12 b 
b 55.1±4.2 b 

a 2.17±0.09 b 
a 26.7±1.1 b 

b 82.7±1.9 a 
c 

stress (LS) RG11 0.42±0.04 b 
c 39.5±4.6 b 

b 1.82±0.07 b 
b 22.6±2.4 b 

bc 88.4±2.5 a 
a 

OX207 0.28±0.05 ab 
c  49.9±5.3 b 

ab 1.47±0.07 b 
c 17.2±2.0 b 

c 86.6±1.0 b 
a

L842 1.13±0.13 b 
a 14.6±3.7 b 

c 1.32±0.02 c 
a 15.8±3.2 bc 

a 78.9±2.2 bc 
ab

Moderate VD 0.46±0.05 bc 
b 35.0±1.8 c 

ab 1.11±0.06 c 
b 15.6±1.2 c 

a 71.6±2.6 c 
b

stress (MS) RG11 0.30±0.07 b 
b 35.4±3.6 b 

a 1.17±0.04 c 
b 14.6±0.6 c 

a 80.4±2.6 c 
a
 

OX207 0.24±0.04 b 
b 23.6±3.7 b 

bc 1.07±0.06 c 
b   8.7±1.1 c 

b 82.9±2.8 c 
a

L842 0.64±0.06 c 
a 10.4±2.7 b 

a 0.64±0.06 d 
a   4.6±0.8 c 

a 47.6±2.9 d 
c

Severe VD 0.34±0.05 c 
b 12.5±1.6 d 

a 0.68±0.05 d 
a   4.6±1.5 d 

a 49.3±1.5 d 
bc

stress (SS) RG11 0.08±0.02 c 
c 12.7±2.1 c 

a 0.57±0.03 d 
a   3.4±0.8 d 

a 54.3±2.8 d 
ab

OX207 0.16±0.03 b 
c 11.2±2.7 c 

a 0.67±0.03 d 
a   3.4±0.6 c 

a 59.2±2.6 d 
a

Numbers indicate mean±standard error (n=10); Values are significantly different at 5% significance level when compared between variants. Mean 
values followed by the same letter are not significantly different; subscript letters indicate the differences between variants of treatments and superscript 
letters indicate the differences between genotypes. Plant growth rate was measured at the beginning and at the end of the experiment. 
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lower amount of proline in the RG11 line in compari-
son with the three other tobacco genotypes. 

Fig. 2 shows the effect of water stress on H2O2 con-
tent in the examined tobacco genotypes. The level of 
H2O2 increased in the leaves of all genotypes, and this 
increase was a function of water-deficit stress. The pat-
tern of H2O2 increase was different in the genotypes 
examined. Among unstressed plants, the lowest level 
of H2O2 was that of RG11. Water deficit gradually in-

creased the H2O2 concentration, as the highest concen-
tration was measured in VD under severe water stress. 
The result indicated that among the four tobacco geno-
types, the most sensitive were L 842 and VD (Fig. 2). A 
significant number of yellow and withered leaves was 
established in both L 842 and VD, pointing to hydrogen 
peroxide-induced accelerated aging of leaves [38].

As shown in Fig. 3, significant differences in the 
levels of MDA caused by water deficit were detected 
among the four tobacco genotypes. Irrespective of 
experimental conditions, MDA levels were lower in 
RG11 than in the L 842, Ox 207 and VD genotypes. 
MDA content increased significantly in the leaves of 
the drought-treated plants in cv VD, as an increase of 
almost 6-fold was evident under severe stress condi-
tions. Also, a gradual increase in the lipid peroxidation 
level of L 842 was found. In fact, L 842 line accumulated 
more MDA than RG11; a small ‘water-deficit-depen-
dent’ increase in lipid peroxidation level in the leaves of 
Ox 207 line became apparent after moderate and severe 
stress, which was not statistically significant. 

dIsCussIon

Flue-cured tobacco, an important industrial crop cul-
tivated in Bulgaria, frequently suffers from water-def-
icit stress during the growing season from late April 
to September. The present study was aimed at better 

Fig. 3. Effect of water-deficit stress on MDA content in leaves 
of four Virginia (flue-cured) tobacco genotypes. Each column 
indicates the mean±SE obtained from four replicates of at least 
two independent experiments; different letters indicate signifi-
cant differences between the genotypes under various treatment 
options assessed by Fisher LSD test (P≤0.05) after performing 
ANOVA multifactor analysis.

Fig. 1. Effect of water-deficit stress on the free proline content 
in leaves of four Virginia (flue-cured) tobacco genotypes. Each 
column indicates the mean±SE obtained from four replicates of 
at least two independent experiments; different letters indicate 
significant differences between the genotypes under various treat-
ment options assessed by Fisher LSD test (P≤0.05) after perform-
ing ANOVA multifactor analysis.

Fig. 2. Effect of water-deficit stress on H2O2 content in leaves of 
four Virginia (flue-cured) tobacco genotypes flue-cured. Each 
column indicates the mean±SE obtained from four replicates of 
at least two independent experiments; different letters indicate 
significant differences between the genotypes under various treat-
ment options assessed by Fisher LSD test (P≤0.05) after perform-
ing ANOVA multifactor analysis.
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understanding the relationships between water-deficit 
stress and Virginia tobacco genotypes. We conducted 
this study to examine the responses of different to-
bacco genotypes to water deficit, especially the an-
tioxidant defenses they use to adapt to the stressful 
conditions. During the experiment, four irrigation 
regimes were applied to induce water-deficit stress. 
In situations of water deprivation, the magnitude of 
oxidative stress increased in parallel with the severity 
of water-stress treatment. 

It is known that the accumulation of proline under 
stress protects cells by balancing the osmotic strength 
of cytosol with that of vacuole and external environ-
ment [39]. Also, proline accumulation might have a 
scavenger function [40,41]. Thus, it was suggested 
that an increased proline concentration can cause, or 
at least contribute substantially to, the plant defense 
mechanisms against environmental stress [29,42-44]. 
In this study, the proline content increased dramati-
cally as the differences in the level of proline among 
genotypes were not substantial. Among the genotypes 
tested, line RG11 was the most tolerant to water-defi-
cit-induced oxidative stress with regard to free proline 
content (Fig. 1). There is evidence that the plants’ abil-
ity to accumulate proline under severe stress correlates 
positively with their drought-resistant rating [45- 49].

The levels of lipid peroxidation were measured on 
the basis of the accumulation of MDA, a major prod-
uct of lipid peroxidation [50]. Our results revealed 
that exposure to low, moderate and severe water defi-
cit led to differential increases in the MDA content of 
the four tobacco genotypes (Fig. 3). Moreover, some 
of the effects were very large in magnitude; e. g. there 
was a 6-fold increase in MDA content in cv VD under 
severe stress conditions compared with increase in 
the other genotypes. The increase of MDA content, a 
priori, suggested that the water deficit was associated 
with lipid peroxidation mechanisms. The marked dif-
ference between the tobacco genotypes in responding 
to water stress indicated that genotype could partici-
pate as a significant component in the mechanism of 
adaptation to abiotic stress conditions in plant cells. 
Recent studies showed that at different levels of wa-
ter stress, each tobacco genotype behaved differently 
according to its genetic makeup [29]. These results 
are in agreement with the findings of several authors 
[17,48,51-54], who also showed that MDA content in-

creased with increase in the degree of stress in wheat, 
bean, barley and sunflower.

It was established that hydrogen peroxide, as a 
reactive oxygen species (ROS), directly correlated 
with specific plants’ responses to a variety of abiotic 
stressors that are dependent on peroxide accumula-
tion mediated by calcium ion movement and mitogen-
activated protein kinase cascades [55]. In our experi-
ments, an overproduction of H2O2 was observed in 
plants exposed to a number of water-deficit stress 
conditions, especially remarkable in cv. VD, followed 
by L 842 (Fig. 2). The lower levels of H2O2 and MDA 
in RG11 correlated with the absence or low number 
of yellow leaves in this genotype under all the stress 
conditions (Table 2). On the whole, the response of the 
tobacco genotypes to water-deficit-induced stress with 
respect to H2O2 level revealed a similar trend to that of 
free proline content and MDA (Fig. 3). The apparent 
increase in the level of leaf H2O2 in the tested tobacco 
plants may be attributable to the stress-induced mem-
brane damage. It was revealed that the generation of 
H2O2 as a part of plant defense systems is a signal 
for the activation of specific responses to biotic and 
abiotic stressors [56]. The current results are in accor-
dance with reports suggesting a correlation between 
environmental stress and the rapid synthesis of H2O2 
in cell organelles and in the apoplast [57,58]. 

In the present study, the drought-response differ-
ence was clearly expressed among the tested genotypes 
with respect to two traits: number of yellow and wilting 
leaves (accelerated aging of leaves) and total number of 
leaves formed during the treatment period. According 
to Chinchev [26], the development of a great number 
of leaves is genetically determined. In general, cv VD 
was the most susceptible after exposure to water-deficit 
where the total number of leaves, including the yellow-
ing ones, decreased in parallel with the severity of the 
stress. The number of leaves decreased non-significant-
ly in L 842 but the number of yellow leaves increased 
in parallel with the severity of stress treatment. The 
observed decrease in RWC, especially, under moderate 
and severe stress in L 842 and VD correlated with the 
plant growth reduction, number of yellowed leaves, and 
also with subsequent withering of the plants due to de-
hydration of the tissue. In addition, after low and mod-
erate stress all the leaves of cv RG11 remained green 
while under severe stress 50% of them became yellow. 
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These results supported the suggestion that tobacco cv 
RG11 was drought-tolerant, while both L 842 and Ox 
207 genotypes were moderately tolerant; cv VD was 
drought-sensitive.

In conclusion, the presented data strongly sug-
gest that a number of physiological and biochemical 
features of tobacco plants such as fresh weight and 
height of the aboveground parts, number, color and 
area (leaf area index) of developed leaves before treat-
ment, and proline, H2O2 and MDA concentrations, 
are directly affected by water-deficit-induced stress. 
Although the four genotypes had similar responses 
to the water stress, the cv RG11 was less affected by 
various parameters as compared to the three other 
genotypes. Results from this study indicated that both 
L 842 and Ox 207 genotypes were moderately toler-
ant to water-deficit stress, while cv VD seemed to be 
drought-sensitive. In agreement with the observation 
of Celik and Atak [29], who reported that the drought 
response of tobacco was strongly affected by genetic 
factors, this study indicated a genotype-depending 
water-deficit stress response. Genotypic differences in 
drought tolerance could be, at least in part, attributed 
to the ability of plants to acclimate and induce differ-
ent defense mechanisms under severe water stress. 

If we also consider the wider implications of this 
work, it is clear that water-deficit stress dramatically 
alters plant development and changes a range of an-
tioxidants. The results indicate that drought-induced 
oxidative-stress tolerance is mostly dependent on the 
genetic potential. This initial study of water-deficit 
stress in N. tabacum plants could serve as a valuable 
test system for screening drought-tolerant genotypes 
at the early stages of plant growth and development. 
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