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ABSTRACT

To evaluate the responses of canola seedlings to different levels of drought stress and nitrogen at different growth stages,
an experiment was conducted as a factorial in a completely randomized design with three replications at the
experimental greenhouse of Mohaghegh Ardabili University in 2013. Treatments included three levels of drought stress
(30%, 50% and 70% of FC) and five levels of nitrogen (Control based on soil test results, 25% less than the recommended
level, 50% less than the recommended level, 25% more than the recommended level and 50% more than the
recommended level). The recommended level of nitrogen, based on soil test results, was 0.09 g of nitrogen per kg of
soi. ANOVA results showed that water stress x nitrogen significantly affected the total soluble protein content, lysine and
proline amino acids content, chlorophyll a/b ratio and carotenoids content in all stages of sampling (4-6, 6-8 and 8-10
leaf stages). The total soluble protein content increased with the advancement of plant growth. The highest total soluble
protein content (28.63 mg/g FW) was observed at 8-10 leaf stage under severe water stress conditions (30% of FC) and
the application of 0.09 g N per kg of soil (control). Changes in lysine and methionine amino acids were different over the
growth period, so that the lysine content was decreased at 8-10 leaf stage compared to that of 4-6 leaf stage while the
methionine was accumulated over the same period of time.
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INTRODUCTION

Abiotic stresses lead to the production of high levels of Reactive Oxygen Species (ROS) in plants which
cause damage to proteins, lipids, carbohydrates and DNA. Plants use both enzymatic and non-enzymatic
defense mechanisms to neutralize the harmful effects of ROS. Among the non-enzymatic defense
mechanisms are the changes made in amino acids and carotenoids contents [39]. Plants responses to
stress are complex and depend on some factors associated with morphological, biochemical and
physiological processes [35]. Organic solutes such as sugars, organic acids, polyols and nitrogen-
containing compounds such as amino acids, amides, proteins and ammonium compounds help to
maintain osmotic adjustment [18]. Synthesis and accumulation of low molecular weight metabolites,
which are being known as compatible solutes, is considered as an osmotic adjustment mechanism in
plants and its major role is to increase the ability of cells to retain water without affecting their normal
metabolism. The accumulation of non-toxic compatible solutes in higher concentrations, helps to
maintain the turgor pressure or to protect the macromolecular structures against the effects of reduced
water activity [20].

Proteins are sensitive to the chemical damages caused by ROS andstudies suggest that amino acids react
with ROS. Methionine is highly sensitive to oxidative stress and its oxidation into methionine sulfoxide
(MetSO) leads to a change in its activity and formation of many proteins [12].Many studies have shown
that hydrophilic amino acids act as antioxidants by increasing their solubility, therefore better act in
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response to free radicals [23, 26, 36, 37]. Some amino acids such as histidine, tyrosine, methionine,
cysteine and tryptophan have been accepted as antioxidants despite their occasional oxidative behavior
[10]. Several mechanisms have evolved in plants in order to get rid of excess energy in photosynthetic
membranes. Carotenoids, zeaxanthin and tocopherols play an important protective role in all
photosynthetic organisms by transforming the excitation energy into heat or scavenging the ROS
[41].Various environmental stresses decrease the photosynthetic pigments content [6].Drought stress not
only damages the photosynthetic pigments, but also destroys the thylakoid membranes [3, 22, 24].
Therefore, a decrease in photosynthetic capacity of plants subjected to drought stress is not unexpected
[6].

Photosynthetic pigments played an important role in radiation absorption and dissipation of excess
energy and the chlorophyll a and b contents were changed under water deficit conditions. An increase in
chlorophyll and carotenoids contents under water deficit conditions could be due to a decrease in leaf
area or a defensive response against the detrimental effects of water stress [16]. Chlorophyll content in
two cultivars of chrysanthemum sp. was respectively decreased by 49.7 and 25.4 percent under drought
stress (for 7 days) but it was later increased after re-watering them by 92.8 and 68.4 percent, respectively
[44].The chlorophyll a/b ratio gradually increased in mutant Arabidopsisplants after 24h of drought
stress. It was also increased significantly during the drought stress period in wild Arabidopsisplants
except for a slight decrease at 48h after stress. The chlorophyll a/b ratio in wild Arabidopsisplants was 1.2
and 1.4 times higher than that of mutant ones after 48 and 72h of drought stress, respectively [33].

Plants that were subjected to water stress, demonstrated a higher adaptability with higher levels of
nitrogen application. Drought tolerance could therefore be attributed to an increase in nitrogen
application which prevented damages to cell membrane and enhanced the osmotic adjustment [38]. The
photosynthesis rate, chlorophyll and soluble proteins contents are different in plants under various
moisture and nutritional conditions. Nitrogen is a component of chlorophyll and enzymes. More than half
of the enzymes are in form of soluble proteins and many are involved in photosynthesis [1, 2, 15].An
increased application of nitrogen enhanced the photosynthetic activities through an increase in soluble
proteins content [50]. Soluble proteins content was also significantly correlated to chlorophyll content
and the net photosynthetic rate [48, 50]. The optimal nitrogen nutrition is the basis of plant’s growth and
productivity and is also essential for the biosynthesis of amino acids, proteins and enzymes [42]. Nitrogen
deficiency could also be considered as an abiotic stress which decreases the yield [49].

Based on what was mentioned above, this study was conducted to evaluate the effects of drought stress
and different levels of nitrogen application on responses of and changes in soluble proteins content,
amino acids and pigments in canola seedlings.

MATERIALS AND METHODS

Lysine and methionine content assay

Leaf samples were well grinded in a mortar containing 0.1% HCI. The resulted solution was then mixed
with 50% glycerol, phosphate buffer and ninhydrin in order to extract lysine. It was then placed in the
boiling water (100°C). The absorption was read at 570 nm. Methionine was also extracted by adding
NaOH (5N), glycine dihydrate (50%), sodium nitroferricyanide dihydrate (0.1%)and HCl (1:1) to the
resulted solution mentioned above and its absorption was read at 510 nm [28].

Photosynthetic pigments assay

Fresh leaf tissue was used for the measurement of chlorophyll. 0.2 g of leaf tissue was gradually grinded
using 80% acetone in order to extract chlorophyll into the acetone solution. The final volume of the
solution was then brought up to 20 ml using 80% acetone. The resulted solution was centrifuged at 400
rpm for 10 min and the optical absorption of the supernatant was then read at both 645 and 663 nm
using a spectrophotometer. Chlorophyll and carotenoids contents were obtained according to the
following equations [5].

Chlorophyll a= (19.3xA663-0.86xA645)V/100W

Chlorophyll b= (19.3xA645-3.6xA663)V/100W

Chlorophyll t= chlorophyll a + chlorophyll b

Carotenoids= (1000a470-1.82Ca-85.02Cb) /198

Chlorophyll a/b= Chlorophyll a/ Chlorophyll b

Total Soluble Sugar assay

To measure the amount of carbohydrates, an alcoholic extract was first prepared from the leaves. In order
to that, 0.5 g of leaf tissue kept at -70°C in refrigerator was first completely homogenized using a
porcelain mortar. Then 5 ml of 95% ethanol was added to it and it was transferred into a capped test tube
and vortexed for 30 seconds. The supernatant was separated and transferred to another tube and then
70% ethanol was added to the remaining solid part twice, 5 ml each time, and washed out completely.
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The supernatant was ultimately transferred to a test tube and 15 ml of the extract was obtained. The
resulted extract was then centrifuged at 3500 rpm for 15 min. The supernatant solution was then used to
measure the soluble sugars according to the method proposed by Omokolo et al [34]. The absorbance was
then measured using a spectrophotometer at a wavelength of 625 nm.

Statistical analysis was performed using SAS software. Mean comparisons was also performed using
Duncan’s multiple range test at P<0.05.

RESULTSAND DISCUSSION

Total protein

ANOVA results showed that water stress x nitrogen significantly affected all the evaluated traits at all
sampling stages (4-6, 6-8 and 8-10 leaf stage) in this study (data not shown). The highest total protein
content was observed at 4-6 leaf stage under severe water stress conditions (30% of FC) and the
application of N at the recommended rate (N3) (Figure 1a). The lowest total protein content (2.43 mg/g
FW) however, was achieved under mild water stress conditions (50% of FC) and the application of N1
(0.04 g N per kg of soil) (Figure 1a). Unlike the 4-6 leaf stage, the highest total protein content (19.33
mg/g FW) at 6-8 leaf stage was observed under mild water stress conditions (50% of FC) and the
application of N at 50% more than the recommended rate (Figure 1b). The accumulation of total protein
content increased with the advancement of plant growth (Figure 1c).The significant interaction between
water stress and nitrogen may indicate that the application of different rates of N under various moisture
conditions would have different effects on total protein content. An increased application of N under both
mild (50% of FC) and severe water stress conditions (30% of FC) during the 6-8 leaf stage, increased the
total protein content but decreased it under favorable moisture conditions (FC of 70%). Generally, the
accumulation of total protein was increased with the advancement of plant growth due to canola
seedlings response to increased rates of nitrogen application under both favorable moisture and mild
water stress conditions. Results proved that nitrogen plays its protective role against the adverse effects
of water stress partly based on its nutritional function. Zhou et al. (2011) also suggested that an increased
rate of N application had a positive correlation with an increase in total soluble protein content [50].
Changes in protein content in response to abiotic stresses has a complex mechanism which in most cases
depends on the plant species and is sometimes independent of the genotype [19]. An increase in protein
content under stress conditions is mainly due to a decrease in starch to protein ratio rather than an
absolute increase of protein content [30].

Lysine

Mean comparison results for water stress x nitrogen show that any increase in N application rate up to
N4 under optimal moisture conditions increased the lysine content at all sampling stages (Figures 2a, 2b
and 2c). Unlike the 4-6 leaf stage in which the highest lysine content was achieved under mild water
stress conditions in most of the N application treatments (Figure 2a), the accumulation of lysine
decreased under all moisture conditions with the advancement of plant growth (up to the 8-10 leaf stage)
(Figures 2a and 2c). Increased N application rates up to 0.11g per kg of soil (N4), increased the lysine
content under favorable moisture conditions in all three stages of sampling. An increase in water stress
severity during the 6-8 leaf stage also resulted in an increase of lysine content compared to the favorable
moisture conditions (Figure 2b). The higher lysine contents observed in plants under mild and severe
water stress conditions compared to those under favorable moisture conditions which even received
greater amounts of N may indicate that water stress had a greater impact than nitrogen on the production
of lysine. A decrease in lysine content during the growth is due to the catabolism of this amino acid that
leads to the formation of substances which protect the plants against the adverse effects of water stress.
Lysine may cause an increased water stress tolerance through its transformation into proline
[21],aminobutyric acid [9] and arginine, a potential precursor of polyamines [27]. Therefore, any
decrease in lysine content during the growth may indicate its transformation into other substances to
raise the level of stress tolerance in plants.

Methionine

Methionine content decreased at 4-6 leaf stage under severe water stress conditions (30% of FC) with
increasing rates of N application (Figure 3a). The highest methionine content (0.064) at 6-8 leaf stage was
however observed under mild water stress conditions (50% of FC) with the application of 0.13 g N per kg
of soil (N5) (Figure 3b). Methionine accumulation was increased exponentially under both mild and
severe water stress conditions (50% and 30% of FC, respectively) during the 8-10 leaf stage. With the
advancement of plant growth, the potential of higher N application rates to produce methionine was also
increased so the application of N more than the recommended rate (N4 and N5 treatments) during the 8-
10 leaf stage under mild and severe water stress conditions, increased the methionine content more than
the similar conditions during the previous growth stages. Methionine may also enhance the defensive
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capability of plants against the water deficit through its transformation into polyamines. The binding of
free polyamines to macromolecules protects them against the damages caused by oxidative stress. The
free polyamines, however, are primarily involved in maintaining the osmotic and cellular pH balances
[29].

Chlorophyll a/b

Mean comparison results showed that there was no significant difference between the treatments for
chlorophyll a/b ratio under favorable moisture conditions (FC of 70%) at 4-6 leaf stage. However, the
lowest chlorophyll a/b ratio was obtained with the application of N at the recommended rate (N3) under
both mild (FC of 50%) and severe water stress conditions (FC of 30%) at the same stage (Figure 4a).
Chlorophyll a/b ratio was increased under favorable moisture conditions during the 6-8 leaf stage (Figure
4b) compared to that at 4-6 leaf stage (Figure 4a). Chlorophyll a/b ratio was also lower under favorable
moisture conditions during the 8-10 leaf stage compared to that of mild and severe water stress
conditions for all the N application treatments (Figure 4c). Mixed results have been reported for
chlorophyll a/b ratio. Antolinet al. (1995) reported an increase in chlorophyll a/b ratio under severe
water stress conditions [4]. However, a decrease in chlorophyll a/b ratio has also been reported in three
canola varieties under water stress conditions [7]. Seedlings under mild water stress conditions (50% of
FC) in this study showed a positive response to added nitrogen in higher than recommended (control)
rates of N application at 4-6 leaf stage through an increase in chlorophyll a/b ratio (Figure 4a) and the
same was observed during the 8-10 leaf stage too (Figure 4c). Zhou et al. (2011) also reported the
positive impact of N on increasing the chlorophyll content [50]. Water stress changes the leaves anatomy
and make them smaller but thicker resulting in high concentrations of chlorophyll per unit leaf area so
that the photosynthetic rate per unit area may be less affected but it would be reduced in leaves and the
whole plant. Estill et al. (1991) reported an increased chlorophyll a/b ratio due to changes in
photosynthetic systems through a lower ratio of photosystem II /I under water stress conditions [13].
Carotenoids

The highest carotenoids content was observed under favorable moisture conditions (FC of 70%) with the
application of 0.13g of N per kg of soil at 4-6 leaf stage (Figure 5a). An increased rate of N application
under favorable moisture conditions had a greater impact on carotenoids content increase compared to
that of mild and severe water stress conditions during the 4-6 leaf stage (Figure 5a). Plants exposed to
mild water stress (50% of FC) reacted positively to an increased rate of N application during the 6-8 leaf
stage in terms of carotenoids content (Figure 5b). The lowest carotenoids content, however, was
observed under severe water stress conditions with the application of 0.04g of N per kg of soil (N1) at 8-
10 leaf stage (Figure 5c).An increased rate of N application resulted in higher carotenoids content under
favorable moisture conditions. An increased rate of N application under severe water stress conditions
(30% of FC) at 4-6 leaf stage increased the carotenoids content (Figure 5a) but the same did not happen
under similar conditions during the 6-8 leaf stage (Figure 5b). Schwanz and Polle (2001) reported that
carotenoids content were affected by water deficit and reduced under severe water stress conditions
[40]. Higher rates of N application (N4 and N5) also increased the carotenoids content under severe
water stress conditions during the 8-10 leaf stage (Figure 5c). Although the carotenoids content was
decreased under severe water stress conditions during the 6-8 leaf stage, the continuation of water stress
and its negative impact caused an increase in carotenoids content again so the higher than recommended
rates of N application (N4 and N5) positively affected the carotenoids content. An increase in carotenoids
content under water stress conditions lead to an increased tolerance to water deficit [16]. In addition to
their role in radiation absorption, carotenoids also protect the photosynthetic apparatus against the
harmful free radicals [41].(Sifermann-Harms, 1987).

Soluble Sugars

Mean comparisons results showed that the soluble sugars content under all moisture conditions at 4-6
leaf stage was the highest with the application of 180 kg.ha-1 of nitrogen (control) and the production of
soluble sugars was decreased by using nitrogen less or more than the recommended rate (figure 6a). The
highest soluble sugars content (0.719 mg.g-1 FW) at 6-8 leaf stage was observed under favorable
moisture conditions (70% of FC) and the application of N3 (control) (figure 6b). The lowest soluble
sugars content (0.338 mg.g-1 FW) at the same stage was also observed under mild drought stress
conditions (50% of FC) and the application of 270 kg.ha-1 of nitrogen (Figure 6b). Soluble sugars
production was decreased under severe drought stress conditions (30% of FC) at all levels of nitrogen
application during 8-10 leaf stage (figure 6¢) compared to 6-8 leaf stage (figure 6b). Soluble sugars
content production was also decreased under mild drought stress conditions (50% of FC) at all levels of
nitrogen application except the N5 during 6-8 leaf stage (figure 6¢c) compared to 4-6 leaf stage (figure
6b).Studies done in recent years have emphasized on the role of sugars and sugar alcohols during drought
stress conditions and changes in drought tolerance by manipulating the genes involved in the metabolism
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of such compounds [8, 11, 17, 25, 47]. The main role of these sugars and sugar alcohols is the osmotic
protection, osmotic adjustment, carbon storage and removing the radicals. The accumulation of soluble
carbohydrates in response to environmental stresses is related to the osmotic adjustment or the
protection of cellular membranes. Carbohydrates are able to play the role of metabolic signals, thus
affecting the physiological response and the metabolic adjustment to the stress conditions [45]. Drought
stress may lead to an increase in the hydrolysis of starch or a decrease in the transportation of sucrose,
and leaf tissues may also act as osmotic protectors in cellular osmotic adjustment by maintaining the
concentration of reducing sugars through their storage or synthesis [14]. The concentration of soluble
sugars and proteins may also be varied among plants that are exposed to different moisture and
nutritional conditions [32].Saneoka et al. (2004) stated that plants exposed to drought stress showed a
higher adaptation to the stress at higher levels of nitrogen, and both the cell membrane stability and
turgor pressure increased by an increase in nitrogen application. MDA concentration in leaves was also
increased compared to control as a sign of lipid peroxidation under drought stress conditions but an
increased application of nitrogen in plants under drought stress led to a decrease in MDA content [38].
They attributed drought tolerance to an increased use of nitrogen that prevented the damage to the cell
membrane and increased the osmotic adjustment [38]. A decrease in soluble sugars content at higher
levels of nitrogen application during 8-10 leaf stage in the current study, was consistent with the results
reported by Zhou et al. (2011) stating a decrease in soluble sugars content due to an increase in the
application of nitrogen [50]. A decrease in soluble sugars content through an increased application of
nitrogen could therefore indicate that the nitrogen input allocated the organic carbon to a higher
photosynthetic output for growth instead of developing the drought tolerance.
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CONCLUSION
Overall, it could be concluded that water stress and different levels of N application caused biochemical
changes in canola leading to various responses from the plant’s anti-oxidant system. In other words,
canola seedlings used various mechanisms in their response to water stress and different N application
rates.
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