Salicylic Acid Increases Photosynthesis of Drought Grown Mustard Plants with SufficientN via Regulation of Ethylene and ABA Synthesis and Nitrogen-Use Efficiency
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Details of Methodology
Abscisic acid determination
 The content of ABA was determined by adopting the method of Hung and Kao (2004)with slight modifications. Leaves were frozen with liquid nitrogen immediately and ground into fine powder. The powder was homogenized in the extraction solution (80% v/v methanol containing 2% v/v glacial acetic acid). The crude extract was centrifuged and passed through polyvinylpyrrolidone column and C18 cartridges to remove plant pigments and other non-polar compounds which could interfere in the immunoassay. The eluates were then concentrated to dryness by vacuum evaporation and resuspended in Tris-buffered saline. Afterwards, ABA was determined spectrophotometrically at 405 nm with an ABA immunoassay detection kit (model PGR-1; Sigma-Aldrich, St. Louis MO, USA).
Measurement of ethylene evolution
Ethylene was measured by placing 0.5 g of cut leaf material into 30 mL tubes containing moist paper to minimize evaporation from the tissue and stoppered with secure rubber caps and placed in light for 2 h under the same condition used for plant growth. The 1-mL gas sample of 1 mL was withdrawn from the tubes with a hypodermic syringe and assayed on a Nucon 5700 gas chromatograph (Nucon Engineers Private ltd., New Delhi, India) equipped with a 1.8-m PorapackTM N (80–100 mesh) column (Sigma-Aldrich, St. Louis, MO, USA), a flame ionization detector and data station. Nitrogen was used as carrier gas. The flow rates of nitrogen, hydrogen, and oxygen were 30, 30, and 300 mL min−1, respectively. The detector was set at 150 ◦C. Ethylene was identified based on the retention time and quantified by comparison with peaks from standard ethylene concentration.
Determination of H2O2 and TBARS Content
H2O2 content was determined following the method of Okuda et al. (1991). Fresh leaf tissues (500 mg) were ground in ice-cold 200 mM HClO4. Homogenized samples were centrifuged at 1200 x g for 10 min. After that, perchloric acid of the supernatant was neutralized with 4M KOH. Homogenized material was further centrifuged at 500 x g for 3 min for the elimination of insoluble KClO4. The final reaction mixture volume (1.5 mL) consisted of 1 mL of the eluate, 80 μL of 3-methyl-2-benzothiazoline hydrazone, 400 μL of 12.5 mM 3-(dimethylamino) benzoic acid in 0.375 M phosphate buffer (pH 6.5), and 20 μL of peroxidase (0.25 unit). The reaction was started with the addition of peroxidase at 25°C. The increase in absorbance was estimated at 590 nm on a spectrophotometer (5430R Eppendorf). The H2O2 content was calculated using the extinction coefficient 0.28 μmol–1cm-1.
	Lipid peroxidation in leaves was measured following the method of Dhindsa et al. (1981) by estimating the content of thiobarbituric acid (TBA) reactive substance (TBARS). Fresh leaf samples (500 mg) were homogenized in 0.25% 2-TBA in 10% trichloroacetic acid (TCA) using mortar and pestle. At 95°C, homogenized samples were heated for 30 min and then rapidly cooled in an ice bath and centrifuged at 10000 x g for 10 min. To 1 mL aliquot of the supernatant, 4 ml of 20% TCA containing 5% TBA were added. The absorbance of the supernatant was recorded at 532 nm. Nonspecific turbidity was corrected by subtracting the absorbance of the same at 600 nm. The content of TBARS was calculated using the extinction coefficient (155 mM−1 cm−1).
Reduced and oxidised glutathione content 
Reduced glutathione was determined following the method of Anderson (1985). Glutathione was assayed by an enzymic recycling procedure in which it was sequentially oxidized by 5'5'-dithiobis-2-nitrobenzoic acid (DTNB) and reduced by NADPH in the presence of GR. For specific assay of GSSG, the GSH was masked by derivatization with 2-vinylpyridine. 
	Fresh leaves (500 mg) were homogenized in 2 ml of 5% sulphosalicylic acid under cold conditions. The homogenate was centrifuged at 10, 000 x g for 10 min. To 0.5 mL of supernatant, 0.6 mL of phosphate buffer (100 mM, pH 7.0) and 40 μl of 5,5-dithiobis-2-nitrobenzoic acid (DTNB) were added. After 2 min the absorbance was read at 412 nm. Redox state was presented as the ratio of GSH to oxidized glutathione (GSSG).
Determination of NR activity and N content
Leaf nitrate reductase (NR; EC, 1.7.99.4) activity was measured in fresh leaves by using the method of Kuo et al. (1982) by preparing the enzyme extract. 
	Leaf tissues (100 mg) were frozen in liquid N2 and ground to a powder with mortar and pestle and then stored at −80°C. At 4°C, the powder was thawed for 10 min and homogenized in 250 mM Tris HCl buffer (pH 8.5), containing 10 mM cysteine, 20 mM FAD, 1.0 mM EDTA, 1.0 mM DTT and 10% (v/v) glycerol. At 4°C, the homogenate was centrifuged at 10,000 x g for 30 min. NR activity was measured by adopting the method of Nakagawa et al. (1984) spectrophotometrically as the rate of nitrite production at 28°C. The assay mixture contained KNO3 (10 mM), HEPES (0.065M pH 7.0), NADH (0.5 mM) in phosphate buffer (0.04 mM, pH 7.2) and the enzyme extract in a final volume of 1.5 mL. The reaction was started by the addition of NADH. After 15 min of incubation, the reaction was terminated by the addition of 1.0 mL of 1.0 N HCl solution containing 1% sulphanilamide followed by the addition of 1.0 mL of 0.02% aqueous N-1-napthylethylene-di-amine di hydrochloride. The absorbance was read at 540 nm after 10 min. 
	Leaves N content was estimated by the Kjeldahl digestion method described bLindner (1944). A 10 ml aliquot of the digested material was taken in a 50 ml volumetric flask. To this, 2 mL of 2.5 N NaOH and 1.0 mL of 10% Na2SiO3 solutions were added to neutralize the excess of acid and to prevent turbidity, respectively. The volume was made up to the mark with de-ionized water. In a 10 mL graduated test tube, 5 mL aliquot of this solution was taken and 0.5 mL Nessler’s reagent was added. The contents of the test tubes were allowed to stand for 5 min for maximum color development. The optical density of the solution was read on a spectrophotometer at 525 nm.
Glucose (Glc) content
Glucose content in leaf was determined adopting the method of Krishnaveni et al. (1984), and Glc was used as a standard. Dried leaves were dissolved in 80% ethanol to obtain the leaf extract, which was heated in a water bath for 10 min at 60◦C and then allowed to cool. The samples were cooled and were then centrifuged at 1500 x g for 1 min. The supernatant that was obtained was collected for the estimation of Glc content. The reaction mixture contained 1.0 mL of methanol, 25 mg O-dianisidine, 49 mL of phosphate buffer (0.1 M) at pH 6.5, peroxidase (5.0 mg), and 5.0 mg of Glc oxidase. To this reaction mixture (1.0 mL) 0.5 mL of the enzyme extract was added in a test tube to start the reaction. The test tubes were incubated at 35 ◦C, for 40 min. To terminate the reaction, 2.0 mL of 6 N HCl was added. At 540 nm, the colour intensity of the reaction mixture was recorded.

