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Abstract

Background and Objective: While nickel is a necessary trace element, its accumulation in the environment becomes
toxic, inhibiting germination and plant growth. Selenium, also an essential micronutrient, can function as a protective
agent against such abiotic stresses. The present study aimed to evaluate the effects of selenium and nano-selenium
application on the physiological and growth indices of canola (Brassica napus L.) under nickel stress.

Methods: In the present study, the effects of different levels of nickel and selenium on some physiological and
biochemical traits of canola were investigated under hydroponic conditions in a factorial experiment based on a
completely randomized design with four replications. The first factor was nickel application in the nutrient solution at
three levels (0, 10, and 50 uM) supplied as nickel sulfate. The second factor was a combination of selenium application
in two forms: (1) selenium added to the nutrient solution as selenate at three levels (0, 10, and 20 pM) from sodium
selenate, and (2) foliar spraying of nano-selenium at three levels (0, 2, and 5 ppm).

Results: The results indicated that exposure to 10 uM nickel did not cause any significant changes in the measured
indicators compared to the control. The 50 uM nickel application increased nickel accumulation in both the roots and
shoots, but reduced the other traits. Increasing nickel levels also enhanced root potassium content. The application of 10
pM selenium and 2 ppm nano-selenium generally moderated adverse effects of nickel toxicity. These treatments enhanced
root and shoot dry weights compared to the control by increasing soluble sugar levels in leaves, boosting potassium
retention in roots, reducing electrolyte leakage percentage, and elevating chlorophyll content.

Conclusion: This study demonstrates that selenium enhances canola growth under nickel stress by increasing leaf soluble
sugar and potassium levels. Finally, the application of 10 pM selenium in the nutrient solution or foliar spraying with 2
ppm nano-selenium is recommended for canola cultivation under nickel stress conditions.
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Table 1. Analysis of variance of nickel (Ni) and selenium (Se) effects on Ni and potassium (K) concentrations in root and shoot and
root to shoot Ni concentration ratio of canola
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Fig. 1. Mean comparisons of interaction effect of nickel (Ni) and selenium (Se) on root Ni concentration (A) and shoot Ni concentration
(B) of canola. Nickel (Ni) was used at three levels of 0, 10, and 50 uM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se)
at concentrations of 0, 10, and 20 uM from a sodium selenate source (Seo, Seio and Sezo), and nano-selenium (NSe) at concentrations
of 0, 2, and 5 mg/L (Nseo, Nse2 and Nse5). Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 2. Mean comparisons of interaction effect of nickel and selenium on root K concentration (A) and shoot K concentration (B) of
canola. Nickel (Ni) was used at three levels of 0, 10, and 50 pM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at
concentrations of 0, 10, and 20 uM from a sodium selenate source (Seo, Seio and Sezo), and nano-selenium (NSe) at concentrations of
0, 2, and 5 mg/L (Nseo, Nsez2 and Nse5). Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 3. Mean comparisons of interaction effect of nickel and selenium on chlorophyll SPAD index (A) and electrolyte leakage (B) of
canola. Nickel (Ni) was used at three levels of 0, 10, and 50 pM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at
concentrations of 0, 10, and 20 uM from a sodium selenate source (Seo, Seio and Sez0), and nano-selenium (NSe) at concentrations of
0, 2, and 5 mg/L (Nseo, Nsez2 and Nse5). Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 4. Mean comparisons of interaction effect of nickel and selenium on soluble sugars of canola. Nickel (Ni) was used at three levels
of 0, 10, and 50 pM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at concentrations of 0, 10, and 20 uM from a
sodium selenate source (Seo, Seio and Sezo), and nano-selenium (NSe) at concentrations of 0, 2, and 5 mg/L (Nseo, Nsez and Nse5).
Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 5. Mean comparisons of interaction effect of nickel and selenium on root length (A) and shoot length (B) of canola. Nickel (Ni)
was used at three levels of 0, 10, and 50 uM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at concentrations of 0, 10,
and 20 uM from a sodium selenate source (Seo, Seio and Sezo), and nano-selenium (NSe) at concentrations of 0, 2, and 5 mg/L (Nseo,
Nsez and Nse5). Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 6. Mean comparisons of interaction effect of nickel and selenium on root dry weight of canola. Nickel (Ni) was used at three levels
of 0, 10, and 50 pM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at concentrations of 0, 10, and 20 uM from a
sodium selenate source (Seo, Seio and Se2o), and nano-selenium (NSe) at concentrations of 0, 2, and 5 mg/L (Nseo, Nse2 and Nse5).
Means with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 7. Mean comparisons of interaction effect of nickel and selenium on leaf area of canola. Nickel (Ni) was used at three levels of 0,
10, and 50 uM from a nickel sulfate source (Nio, Niio and Niso), selenium (Se) at concentrations of 0, 10, and 20 uM from a sodium
selenate source (Seo, Seio and Sezo), and nano-selenium (NSe) at concentrations of 0, 2, and 5 mg/L (Nseo, Nsez and Nse5). Means with
at least one similar letter are not significantly different (LSD, p < 0.05).
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