Modulation in growth, gas exchange and antioxidant activities of salt stressed rice (Oryza sativa L.) genotypes by zinc fertilization
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ABSTRACT
Salt stress poses a major threat against rice that is reinforced by Zn deficiency especially in calcareous and alkaline soils due to high pH, calcareousness and climate of arid to semi arid. With the objective to ameliorate the salt stress through exogenous Zn application. There were four rice genotypes (BAS- 2000, KSK- 133, IR- 6 and Bas- 198) were subjected to two salinity levels (control and 70 mM) in the presence of  two levels of zinc (control and 15.00 mgkg-1 ). Results revealed that salinity stress adversely affected the biochemical, morphological, physiological activities of all rice genotypes. The application of Zn significantly improved the crop performance both under saline and non-saline conditions. Studies further exhibited that KSK-133 found leading genotype at salt stressed conditions by showing less reduction in plant growth attributes i.e plant biomass, SPAD value, stomatal conductance, photosynthetic rate, transpiration rate, antioxidant enzymes i-e Superoxide dismutase (SOD) and Catalase (CAT) activities, Zn concentration and K+/Na+, relative to percent of control treatment. The results of our experiment clearly indicated that under salt stressed conditions KSK-133 performed well then BAS- 2000 and IR- 6while genotype Bas- 198 was observed sensitive against salinity stress. In case of non-saline conditions by Zn application, Basmati-2000 performed well compared to others.
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Introduction
Soil salinity is a global environmental challenge to sustainable agriculture which has been increasing over the time [1]. As indicated by [2], more than 800 million ha will be influenced by salinity in future, making it a noteworthy requirement to sustenance creation for an enduring expanding population. Salt negative impact on plant development have at first been connected with the osmotic stress created by decline in soil water potential and subsequently, limitation of water uptake by roots [3]. Soil salinity in general reduces the plant growth or may lead to plant death due to osmotic ions toxicity and nutrient imbalance [4.5]. Generally a variation was observed among the rice cultivars performance regarding its growth stages against saline conditions. The saline sensitive stages are vegetative and reproductive stages as compared to its germination stage [6]. For the evaluation of rice response against salinity stress several studies were conducted. The phenotypic response of FL-478 (Salt tolerant) and IR-29 (Salt sensitive) were studied at vegetative growth stage. It was concluded that the rice cultivar FL-487 accumulate low Na+ to K+ ratio in leaf which was evaluated as a salt tolerant rice cultivar.
Zinc nutrition have a vital role for plant growth, development and different metabolic process  such as carbohydrates metabolism, expression and regulation of genes, development of cell wall and respiration. Among the crops disorders, the deficiency of Zn is considered as wide micronutrient disorder which is mostly common in rice fields where actually reduced conditions exist  [7]. 
Zinc deficiency results due the inhibitory effect of Zn with alkaline earth metal cations which are dominant in salt-affected soils and ultimately result into Zn deficiency [8]. The application of Zn reduces the activity of membrane bound NADPH oxidase which have a key role in delivering reactive oxygen species [9] and reduce photo oxidation while improve the activity of SOD and CAT [10]. Zinc assume a crucial part in a few basic cell functions, for example, metabolism of protein and indole acetic acid [11]. Moreover, Zn addition relieves the adverse impact of NaCl  [9]. In submerged soils the deficiency of the Zn may result due to the formation of insoluble ZnCO3 (partial pressure of CO2 coupled with decomposition of OM), ZnS (due to the intensively reduced conditions) and insoluble franklinite (ZnFe2O4) under submerged conditions and insoluble Zn (OH)2 at alkaline pH [12].
The use of Zn under saline conditions can suppress the uptake of Na and Cl from root to leaves [13]. The current study conducted with the objectives to assess the Zn function in alleviating the salinity stress for rice growth and its role for nutrient uptake under saline conditions.
Materials and methods
Plant material, growth and treatment condition:
A hydroponic study was performed at Agriculture Research Centre (ARC), Northeast Agriculture University Harbin, and china. Seeds were collected from Kala Shah Kaku, Research Station, and Punjab, Pakistan. Seeds of 4 rice genotypes (Oryza sativa L.) i.e. BAS- 2000, Bas- 198 KSK- 133, IR- 6 were sown in iron trays having washed sand. Separate iron tray was used for each rice genotype during germination. Water was spread daily over these iron trays to sustain optimum moisture. When seedling growth reached at two leaf stage (after 8 days of sowing), the seedlings of each rice genotype were transplanted in holes of thermopal sheet with the help of foam wrapped at shoot root junction, suspended on 100 L iron tub, having ½ strength Yoshida nutrient solution [10]. The composition of the basic nutrient media was (gL-1): (NH4NO3 91.4, MgSO4.7H2O 324, K2SO4 71.4, CaCl2 88.6, NaH2PO4.2H2O 40.3, MnCl2.4H2O 1.5, ZnSO4.7H2O 0.035, CuSO4.5H2O 0.031, H3BO3 0.934, FeCl3.6H2O 7.70, (NH4)6Mo7O24.4H2O 0.074 and Citric acid (monohydrate) 11.9. The solution of culture was renewed once a week. Completely randomize design (CR D) with factorial arrangement was used with four replicates. After the transplanting of four days, salinity treatments (control, 70 mM) and Zn treatments were applied (control and 15 mg kg-1) using sodium chloride and Zn-EDTA. The solution pH was adjusted to 5.5±0.5 throughout the experiment with 1 M NaOH or HCl. The desired level of EC was developed by using NaCl salt and measured with EC meter.
Plant growth and biomass measurement:
Four weeks after transplantation, plants were separated into shoots and roots and dried at 75 0C for 48 h and plant height, fresh and dry weight of shoot and root were measured. .
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Measurements of SPAD value, Antioxidant enzymes activity and Gas Exchange parameters:
The chlorophyll contents were measured with a chlorophyll meter (Minolta Co. Ltd., Japan). The activities of enzymes like catalase (CAT) and superoxide dismutase (SOD) measured by the method of [14.15] respectively. A portable Infra-red gas analyser (ADC Bio-scientific Ltd., UK) was used to measure the gas exchange parameters including net photosynthetic rate(A), transpiration rate(E), stomatal conductance(gs) and intracellularCO2 concentration (Ci).
Plant harvest: 
Shoot and root samples (1.0 g) were digested in a di-acid (HNO3:HClO4 ratio of 2:1) mixture [16]. The concentration of Zn was measured by using atomic absorption spectro photometer (AASP) (PerkinElmer, 100 Analyst, Waltham, USA). The concentration of K+, Na+ was measured by using Sherwood-410 Flame Photometer.
Statistical analysis
All values are means for four replicates. The data was analyzed by using the analysis of variance (ANOVA) with two factors performed using, SPSS form 16.0 (SPSS, Chicago, IL). Least Significant Difference (LSD) test was adopted for the comparison of treatment means.
Results
Plant growth and chlorophyll contents
The plant growth of all rice genotypes i-e plant height, fresh and dry biomass of shoot, and chlorophyll contents reduced significantly under NaCl salinity stress.  In case of both non-saline and saline, soil applied Zn increased these growth related parameters (Figures 1A, 1B, 2A and 2B). The application of Zn increased shoot fresh and dry weight, plant height and chlorophyll contents under non-saline conditions by applying Zn- ED TA. In case of saline condition, highest performance was observed in KSK- 133 rice genotype while minimum performance was observed in  Bas-198but in case of non-saline condition no significant difference was observed.
 Antioxidant enzymes activities
An increase in the antioxidant enzyme activity was seen in the plant exposed to salinity. Zinc application additionally increased the activity of these two enzymes under saline and non saline conditions, and demonstrated its part in increasing salt resilience. Effects of salinity on CAT and SOD activities were genotypic dependent; genotype KSK-133 and Basmatii-2000 were not much affected as the other genotypes showed reduction under saline conditions (Fig. 3A and 3B).
Salt stress significantly reduced the gas exchange parameters i-e rate of photosynthetic and transpiration, stomatal conductance and internal CO2 concentration. Effect of Zn application significantly increased the photosynthetic rate, transpiration rate, stomatal conductance and internal CO2 concentration (Fig. 4A, 4B, 5A and 5B). The application of Zn under both non-saline and saline increased the gas exchange parameters i-e rate of photosynthetic and transpiration, internal CO2 concentration and stomatal conductance. Among the genotypic response there was no significant difference was observed under non-saline condition while in case of saline condition KSK- 133 performed best while lower performance was observed in Bas-198.
Leaf Ionic Concentrations
The leaf ionic concentration like Zn and K were reduced under saline condition (Fig. 6A, 6B and 7). A huge increment was observed only in case of Na. In case of saline condition, rice genotype Bas-198 accumulated more sodium then the remaining ones genotypes. A contradictory affect was observed among soil applied Zn and saline condition. The application of Zn increased the concentration of Zn and K while decreased the sodium concentration under both non-saline and saline conditions. In case of Zn concentration soil applied Zn increased the Zn concentration while a reduction was observed in Zn concentration under saline conditions.
Discussion
Plant growth parameters including plant height, fresh and dry biomass and chlorophyll contents significantly reduced under saline condition.  The application of Zn increased all the attributes under both non-saline and saline condition. Actually, plant roots which have a direct contact with the medium and considered as the plant nutrient suppliers which provides very helpful information about the potential of salt tolerance. Salinity stress adversely decreased the growth of root actually it was already reported that rice root are more sensitive to salt stress under solution medium which results into a reduction in root growth [16]. Plant growth parameters and plant biomass was significantly reduced by increasing salinity. In case of rice crop same finding were reported by [17]. Some other researchers [18] also observed same findings for cereals and especially for rice [19]. Increasing salinity decreased the shoot and the root length and the seedling dry weight of rice genotypes [20].
An increase in the antioxidant enzyme activity was seen in the plant exposed to salinity. Zinc application additionally increased the activity of these two enzymes under control and saline conditions, and demonstrated its part in increasing salt resilience. Changes in the activity of antioxidants enzymes like SOD and CAT were also observed under salinity stress in our study. The activity of SOD and CAT decreased under saline environment which is also widely studied by [7] they observed that even the NaCl minute concentration speed up the antioxidant enzymes activities. Changes in the antioxidant enzyme activities under salinity stress is also reported by [22]. Zinc application increased the activity of SOD and CAT which is also widely studied by [23]. Zn increased the activity of SOD and CAT which have a key role to scavenge and detoxify the reactive oxygen species [24].
Salt stress significantly reduced the gas exchange parameters i-e rate of photosynthetic and transpiration, stomatal conductance internal and CO2 concentration were significantly reduced. Effect of Zn application significantly increased the internal CO2 concentration, transpiration rate, stomatal conductance and photosynthetic rate. A significant decrease in gas exchange parameters of all rice genotypes was observed due to salinity. The adverse effect of salinity reduced the transpiration rate and rate of CO2 fixation. This effect has been widely studied by some other researchers [25] which results due to mesophyll limitations and stomatal closure [26.27]. The application of Zn improved assimilation rate of CO2 and transpiration rate in our study. These results were also observed under control and saline conditions; Zn mitigating role the adverse effect of salinity becomes clear. Zinc application on photosynthesis enhancing effect was obtained in the experiments of [28]. These effects might be due to Zn role in many enzyme systems [24]. Zinc is also involve in many photosynthetic enzymes like Ribulose bisphosphate carboxylase and Carbonic anhydrase which have an important role in the CO2 fixation [29]. Both of these enzymes have a key role in process of photosynthesis and any modification in these enzymes activities results into several effects on photosynthetic rate [30].
The contents of Zn, Na and K concentration varied under salinity stress in the current study. Except the Na, the concentration of Zn and K decreased with imposition of salt stress. Same other findings are also studied by [31.32]. Zn application decreased Na contents while Zn and K contents increased. Similar observations also observed by [33. 34] because the chelated sources having the ability to minimize counteract with the soil compaction and prevent the Zn losses because Zn is bounded with the ligand [35].

Conclusion
In conclusion, we conclude that Zn application significantly improved the uptake of some nutrients based on these results. Zn application decreased the Na contents and while increased K and Zn contents which caused the improvement in the growth of rice through turgor maintenance and increase in net CO2 assimilation rate (Pn) under both normal and saline conditions. Application of Zinc also enhanced the activity of SOD and CAT under salinity stress. The above described results are in agreement with the proposed hypothesis and further it is an indication of strategy for rice production under saline condition. However further investigation is required to study Zn role in searching the reactive oxygen species and zinc connection with different supplements is still obliged a get a reasonable picture to exploring its part in nutrient uptake. Under saline conditions Zn accessibility is restricted so the use of chelated source is by all accounts the best technique to conquer the disturbances due to salinity.
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FIGURE LEGENDS
Fig 1: Effect of NaCl and zinc application on shoot fresh and dry weight (g) weight (g) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 

Fig 2: Effect of NaCl and zinc application on plant height (cm) and Chlorophyll content (SPAD value) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 

Fig 3: Effect of NaCl and zinc application on CAT activity (U mg-1 protein) and SOD activity (U mg-1 protein) of four rice genotypes; averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 

Fig. 4: Effect of NaCl and zinc application on photosynthetic rate (μmol CO2 m-2 s-1) and transpiration rate (mmol H2O m-2 s-1) of rice genotypes; averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 

Fig. 5: Effect of NaCl and zinc application on stomatal conductance (mmol H2O m-2 s-1) and internal CO2 concentration (μmol H2O mol-1) of rice genotypes; averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. . 

Fig 6: Effect of NaCl and zinc application on leaf Na+ concentration (mmol m-3) and leaf K+ concentration (mmol m-3) of four rice genotypes; averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 

Fig 7: Effect of NaCl and zinc application on Leaf Zn concentration (mg kg-1)of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 
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Fig 1: Effect of NaCl and zinc application on A) shoot fresh and B) shoot dry weight (g) weight (g) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 
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Fig 2: Effect of NaCl and zinc application on A) plant height (cm) and B) Chlorophyll content (SPAD value) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week.  
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Fig 3: Effect of NaCl and zinc application on CAT activity (U mg-1 protein) and SOD activity (U mg-1 protein) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week
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Fig. 4: Effect of NaCl and zinc application on photosynthetic rate (μmol CO2 m-2 s-1) and transpiration rate (mmol H2O m-2 s-1) of rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week
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Fig. 5: Effect of NaCl and zinc application on stomatal conductance (mmol H2O m-2 s-1) and internal CO2 concentration (μmol H2O mol-1) of rice genotypes; averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week
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Fig 6: Effect of NaCl and zinc application on leaf Na+ concentration (mmol m-3) and leaf K+ concentration (mmol m-3) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 
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Fig 7: Effect of NaCl and zinc application on Leaf Zn concentration (mg kg-1) of four rice genotypes; the averagevalue ±standarddeviation of four measurementsfor treatment performed twice a week. 
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