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Abstract

:

Petunia (Petunia × hybrida Hort. Vilm.-Andr.) is a well-suited plant for sustainable landscape issues in borderline areas with irrigation with saline water. Salicylic acid (SA) as a modulator performs an imperative function in modulating plant salt tolerance. However, there are a few reports on the effect of SA on petunia plants irrigated with saline water. During the 2022/2023 season, a factorial pot experiment in a randomized complete block design was carried out in Riyadh, Saudi Arabia, to assess the effect of SA concentration (0, 500, 1000, 2000 mgL−1) on petunia plant growth, flowering, ion content, chlorophyll level, and proline concentration under irrigation with salty water (230, 1500, 3000 mgL−1). Saline water up to 3000 mgL−1 dramatically reduced plant growth, chlorophyll, ions, and flowering attributes, while the contrary was observed in proline and sodium concentrations as compared to the control treatments (irrigation with tap water). Foliar spraying with 1000 mgL−1 SA considerably boosted plant growth and flowering as well as chlorophyll, proline, and ion content compared to untreated plants under such salinity levels. Alternatively, the application of 1000 mgL−1 to normal or salinized water significantly decreased the Na content in non-treated plants under such a salinity level. Accordingly, using 1000 mgL−1 of SA under salt stress conditions could be a useful technique to lessen the mutilation induced by the use of salinized water in the era of climate change.
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1. Introduction


Water availability represents a serious problem in most arid and semi-arid climates worldwide [1]. Policymakers encourage the usage of marginal water resources for irrigation in dry regions like the Kingdom of Saudi Arabia (KSA) in order to avoid freshwater resource scarcity [2,3]. However, excessive dissolved salt concentrations in marginal water are often harmful to plant growth and development [4,5].



Salinity induces a series of morpho-physiological responses and molecular modifications that prevent plant development and flowering behavior [5,6,7,8,9]. Salinity injury in plants is primarily caused by osmotic stress, cytotoxicity, and nutritional conflict [5,6,7,8,9]. Salinity reduces a plant’s ability to absorb enough water to meet its evaporative demands, causing growth and flowering decline and lessened metabolic pathways [8,10,11,12]. Excessive accumulation of sodium (Na) and chloride (Cl) deactivates numerous metabolic pathways by evoking the over-production of reactive oxygen species (ROS) [3,7,8,13]. In addition, the accumulation of Na and Cl induces marginal chlorosis and leaf necrosis by impeding crucial ion uptake and transport activities [14,15]. The impact of salt can be seen in a variety of biochemical activities, including photosynthesis, nucleic acid production, enzyme activation, and ion transport [16]. Additionally, many development and blooming characteristics are affected by salt [17,18]. In this concern, Fornes et al. [19] and Elhindi et al. [18] found that irrigation with saline water significantly lessens flowering aptitude and flower quality as well as reducing the flowering date.



To mitigate the dramatic impacts of salinity on plant establishment, several control strategies have been developed and implemented, including the use of various natural or synthetic compounds such as ions, biostimulants, and plant growth substances [7,10,18,20,21]. Using phytohormones for enhancing growth and development under abiotic stress is highly recommended and provides new ideas for irrigation with saline water [11,22].



Salicylic acid (SA) as an endogenous plant phytohormone/plant growth substance, plays an important role in several plant biochemical pathways under normal or stressful conditions and modulates a plant’s ability to withstand stress [11,23,24,25,26]. The influence of SA on plant development differs based on its concentration, the plant species, and ecological circumstances [11,22,27]. Exogenous SA regulates a variety of plant metabolic pathways, i.e., germination, nutrient uptake, photosynthetic rates, chlorophyll assimilation, and organic solute accumulation [8,11,12,24,25,26]. Several studies show that SA boosts plant growth and induces stress tolerance by enhancing antioxidant capacity and reducing ROS accumulation [8,28,29]. Flowering is another important parameter that is directly regulated by SA in several plants [30,31].



The use of ornamental and flowering plants (OFP) in gardens, roadways, landscaping, and cut flowers is critical in the horticultural industry [32,33]. The annual ornamental petunia (Petunia × hybrida Hort. Vilm. -Andr.) plant has a lengthy flowering time, it easily grows, and it comes in a variety of forms and sizes [34]. It is widely planted in sustainable urban landscapes in marginal sites because of its high salt tolerance. It is also primarily utilized as an annual bedding and container plant in dry and semi-arid climates [35]. However, there have been few studies on the effect of SA on Petunia plants under salinity, and whether or not SA can improve Petunia salt tolerance is still unknown.



Accordingly, the aim of this investigation was to assess the impact of SA on petunia plant growth, flowering, ion content, chlorophyll level, and proline concentration in irrigation with saline water. We hypothesized that using SA would mitigate the negative effects of salty water on Petunia plant growth and flowering. Furthermore, the occasion to examine the potential usage of saline water in Petunia plants is anticipated to open novel possibilities for the expansion of OFP business in KSA.




2. Materials and Methods


2.1. Experimental Setup


From 15 November 2022 to 1 May 2023, a completely randomized block pot design was carried out at King Saud University, Riyadh, KSA (longitude: 46°43′ E, latitude: 24°55′ N, and above mean sea level: 625 m), with a temperature of 24/20 °C, relative humidity of 60–70%, and photoperiod of 11 h, to investigate the impact of saline water (230 ‘tap water control’, 1500, and 3000 mgL−1 sodium chloride ‘NaCl’), spraying of SA concentration (0, 500, 1000, and 2000 mgL−1), and their combinations on Petunia plant growth, flowering, chlorophyll index, proline concentration, and nutrient content.



Petunia seeds (Petunia hybrida) cv “Madness White” were seeded into peat moss-filled plug trays on 15 November 2022. At emergence, uniform seedlings (5–8 leaves) were transplanted into plastic pots (30 cm in diameter) containing 5.5 kg of experimental garden soil, in greenhouse environments with usual day and night temperatures of 30 °C and 19 °C, and natural light (800 mmol m−2 s−1) with an 11/13 h day/night photoperiod. The garden soil characteristics are indicated in Table 1



The plants were irrigated with tap water for 15 days until plant establishment, and then with saline water (NaCl). The plants were watered three times a week−1, utilizing tap water (control, 230 mgL−1), 1500, or 3000 mgL−1 NaCl, to keep the soil moisture at 80% of field capacity. The plants received SA with Tween 20 (0.05%) as a surfactant via monthly spraying from 15 January to 15 April. All plants received NPK chemical fertilization (Sangral NPK 20:20:20, SQM Europe, NV, Antwerpen, Belgium) at the rate of 2 g pot−1. Fertilization was added four times every 30 days through the growing period (from 15 January to 15 April).




2.2. Data Recorded


On 1 May, nine plants from each treatment were dispensed for deliberation of morphological, flowering, and biochemical attributes.




2.3. Vegetative and Flowering Attributes


Stem length (SL, cm), stem diameter (SD, mm), and leaf number plant−1 (LNP), as well as shoot fresh weights (SFW, g) and dry weights (SDW, g) were determined. Also, leaf area plant−1 (LA, cm2) was assessed with leaf area meter LI-3000 COR (Walz Co., Temecula, CA, USA). The flower number plant−1 (FN) and flower diameter (FD, mm), in addition to flower fresh weights (FFW, g) and dry weights (FDW, g) were correspondingly documented.




2.4. Physiological and Chemical Analysis


The chlorophyll content was quantified as SPAD units using a Minolta (chlorophyll meter) SPAD 502 Plus chlorophyll meter (Konica Minolta, Tokyo, Japan). According to Yadava [36], 9 measurements were taken from the 5th upper leaf and averaged to yield a single record per leaf.



Proline level was estimated in fresh leaf tissues, as designated by Bates et al. [37], with a ninhydrin reagent. In a boiling water bath, the sulfosalicylic acid extract was mixed with acid ninhydrin for one hour. Toluene was used to capture the chromophore, and the optical density was read at 520 nm. Proline level (g g−1 fresh weight ‘FW’) was calculated using the proline standard curve.



Ion content (nitrogen ‘N’, phosphorous ‘P’, potassium ‘K’, calcium ‘Ca’, magnesium ‘Mg’, iron ‘Fe’, zinc ‘Zn’, copper ‘Cu’, and manganese ‘Mn’) was determined within acid extraction of shoot dry weight following the Association of Official Analytical Chemists (A.O.A.C.) protocol [38]. The micro-Kjeldahl method was used to estimate N content. The procedure of Cooper [39] was followed for the assessment of P. Alternatively, K, Ca, Mg, Fe, Zn, Cu, and Mn were appraised using iCAPTM 7000 Plus Series ICP-OES (Thermo ScientificTM, Waltham, MA, USA) following Bettinelli et al. [40] protocols.




2.5. Statistical Analysis


The data homogeneity was realized earlier before the analysis of variance (ANOVA). The Costatc Software, version number 6.303 statistical package (CoHort software, 2006; Birmingham, UK) was used for data analysis. Differences between treatments were distinguished using a two-way ANOVA to assess the effect of SA in alleviating salinity damage. When significant (p ≤ 0.05), a comparison of means (Tukey test) was instigated. The existing data are mean with standard error (SE).





3. Results


3.1. Growth Attributes


Irrigation with saline water significantly (p ≤ 0.05) decreased petunia plant growth in a dose-dependent means (Figure 1a–f). Nonetheless, all examined traits considerably declined to a superior range for 3000 mgL−1 to the 1500 mgL−1 NaCl treatment as compared with irrigation with tap water. Irrigation with 1500 mgL−1 NaCl decreased SL (32.39%), SD (53.15%), LNP (64.80%), LA (53.81%), SFW (44.93%), and SDW (48.96%). Using 3000 mgL−1 NaCl significantly lessened SL (41.45%), SD (79.31%), LNP (77.14%), LA (70.40%), SFW (66.57%), and SDW (70.68%) relative to the non-salinized control plants (Figure 1a–f).



SA spraying expressively (p ≤ 0.05) boosted the growth features of petunia plants as compared with non-treated plants. The highest values of growth attributes were achieved after 1000 mgL−1 SA foliar spraying, followed by 500 mgL−1 SA and 2000 mgL−1 SA. SA at 1000 mgL−1 expressively increased SL, SD, LNP, LA, SFW, and SDW by 33.04, 121.70, 106.71, 126.1, 113.89, and 130.54%, correspondingly, relative to 0 mgL−1 SA-sprayed plants (Figure 1g–l).



The application of 1000 mgL−1 SA had the capacity to reverse the harmful effect of salinity on petunia plants, chiefly those grown under 3000 mgL−1 NaCl salt stress. Accordingly, it is feasibly declared that SA application might reduce the negative impressions of salt stress (1500 and 3000 mgL−1 NaCl), which enhanced all the growth attributes of Petunia plants in saline conditions. SA at 1000 mgL−1 achieved the maximum severe salt tolerance (3000 mgL−1) and improved plant growth features (Figure 2a–f).




3.2. Flowering Attributes


Salt stress considerably (p ≤ 0.05) declined flowering features relative to irrigation with tap water. The lowest records were attained in plants irrigated with 3000 mgL−1 NaCl which reduced FN, FD, FFW, and FDW by 81.34, 75.85, 63.35, and 92.14%, correspondingly, compared with the control plants (Figure 3a–d).



Instead, SA treatment increased flowering features. Foliar application with SA at 1000 mgL−1 provides the highest FN (136.13%), FD (111.84%), FFW (157.78%), and FDW (175.46%) weights as compared with the non-treated plants (Figure 3e–h).



As for the interaction effects, the maximum FN, FD, FFW, and FDW were achieved with irrigation with tap water plus 1000 mgL−1 SA relative to the rest of the treatments. Under 3000 mgL−1 NaCl, the application of 1000 mgL−1 SA improved FN, FD, FFW, and FDW by 256.37, 265.24, 270.06, and 616.25%, correspondingly, compared with plants irrigated with 3000 mgL−1 NaCl alone (Figure 4a–d).




3.3. Chlorophyll


Chlorophyll levels were significantly (p ≤ 0.05) affected by irrigation with saline water and/or SA foliar application (Figure 5a). The supreme chlorophyll level (SPAD) was attained from petunia plants irrigated with tap water. Chlorophyll concentration in petunia leaves significantly decreased with increasing salinity stress (Figure 5a). The lowest values (12.83 SPAD) were achieved in plants irrigated with 3000 mgL−1 NaCl compared with plants irrigated with tap water.



The same table proves that SA spraying hastened the production of chlorophyll relative to non-treated ones (0 mgL−1 SA). The maximum chlorophyll index was noted in plants sprayed with 1000 mgL−1, followed by 500 mgL−1 and 2000 mgL−1, compared to non-treated plants (Figure 5d).



Regarding the combination treatments, it was noted that SA spraying, notably 1000 mgL−1, causes hyper-accumulation of chlorophyll compared with non-treated plants in such salinity levels. Within severe salinity, the supplementation of SA attenuated the destructive impacts of salinity on chlorophyll content (Figure 5c).




3.4. Proline


Petunia plants irrigated with saline water evoked the hyperaccumulation of proline (Figure 5b). The greatest concentration (68.65%) was recorded in severe saline water relative to irrigation with tap water (Figure 5b).



Spraying petunia plants with SA significantly increased proline concentration relative to non-treated plants. The highest concentration was observed in plants treated with 1000 mgL−1 (Figure 5e).



The same table proves that the interaction treatments evoked an over-accumulation of proline, compared with untreated plants. The ultimate concentration (106.29%) was obtained due to irrigation with 3000 mgL−1 with a foliar application of 1000 mgL−1 SA (Figure 5f).




3.5. Mineral Composition


Nutrient contents in petunia plant shoots were suggestively (p ≤ 0.05) influenced by salinity, SA, and their interactions (Table 2 and Table 3). Irrigation with saline water gradually reduced all examined nutrients excluding Na, which is elevated with salinity levels. The lowermost N (54.11%), P (48.35%), K (70.63%), Ca (45.12%), Mg (85.06%), Mn (39.33%), Cu (50.32%), Fe (72.01%), and Zn (52.69%) were documented as a result of irrigation with 3000 mgL−1 NaCl water compared to plants irrigated with tap water. Alternatively, 3000 mgL−1 NaCl expressively (p ≤ 0.05) raised the Na content by 152.96% relative to non-salinized treatment.



Alternatively, SA levels in foliar application raised all the nutrient contents studied, but decreased Na concentration in petunia shoots relative to non-treated plants. The supreme effective SA level for boosting N, P, K, Ca, Mg, Mn, Cu, Fe, and Zn, as well as reducing Na, was 1000 mgL−1, as compared with unsprayed plants (Table 2 and Table 3).



SA supplementation in salt-affected plants conspicuously invalidates the drastic injuries to nutrient levels. The prime effective level was 1000 mgL−1 SA, which boosted N (63.40%), P (4.43%), K (61.88%), Ca (164.63%), Mg (179.27%), Mn (83.23%), Cu (269.44%), Fe (769.23%), and Zn (81.03%), while decreasing Na (27.43%), compared to plants irrigated with 3000 mgL−1 NaCl (Table 2 and Table 3).





4. Discussion


One of the biggest issues in the agriculture sector is salt stress which reduces plant growth as indicated previously and in the present study [5,12,25,41]. Salt stress limits plant growth by interfering with various physiological processes and molecular alterations, i.e., photosynthesis, ionic imbalance, and increasing ROS buildup [7,8,11]. This decline in plant growth might also result from the blocking of vascular tissues and the disruption of water uptake, nutrient uptake, and assimilation capacity [11,42]. Additionally, salt stress defeats plant photosynthetic effectiveness, withdraws ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco), and diminishes the ATP assimilation required for plant establishment [43]. Furthermore, salinity causes a significant drop in plant water status, and/or reduces the cyclin-dependent kinase (CDK) activity that reduces cell division and elongation, and ultimately reduces plant growth [44,45]. Exogenous spraying of SA is one of the successful treatments being developed by researchers to minimize the negative consequences of salt [11,12,22]. SA is a unique plant growth substance and essential antioxidant that has the capacity to moderate the drastic effects of salinity [8,26]. In this concern, Stevens et al. [46] stated a comparable increase in tomato plant growth under 200 mM NaCl irrigation via the amendment of 0.1 mM SA by the root medium. Data reported here show that SA promotes petunia plant growth in either non-saline or saline circumstances. In fact, NaCl-affected plants treated with SA exhibited plant growth relative to that of those grown without SA treatment. The exogenous application of SA under stress conditions is anticipated to regulate stomatal movement during stress, which lowers transpiration and water loss, maintains turgor, and regulates plant establishment [47]. Moreover, SA-enhanced physiological pathways, i.e., enhanced carbon assimilates, improved secondary metabolites assimilation, preserved plant water status, and improved plant growth under normal or salinized conditions [25,48]. Additionally, SA enhanced mitosis and cell extension of apical meristems [49], along with sustained RWC and photosynthetic capacity [25,50]. Finally, SA reinforced the antioxidant defense systems required to mitigate oxidative injuries [31].



As recorded in the current study, flowering features distinctly declined due to irrigation with saline water, which was established before [4,18,51]. So, plants irrigated with saline water may have diminished flowering intensity, delayed flowering, and a reduced flowering date [18,19]. Consistent with Ahmad et al. [52], irrigation with saline water hinders the vascular system and ultimately limits water uptake. The flowering reduction under salinity could result from the deterioration of plant photosynthesis and the devastation of chloroplasts [53]. Furthermore, it hampers photochemical pathways, diminishes the Calvin cycle enzyme activities [54], and modifies plant hormones [55]. As indicated earlier and in the current study, it can be said that SA application induces early flowering of several plants [30,31] due to its role in overcoming the demand for photoperiod [56]. Improving flowering attributes with SA application within non-salinized and salinized treatments could be attributable to maintaining water homeostasis and developed antioxidant activity as well as water use efficiency [31,57]. Moreover, the spraying of SA might be a novel implement for molecular biologists to explicate the genes and mechanisms that control flowering, since this process is not entirely implicit and needs more investigation [26].



Current outcomes revealed that irrigation with saline water considerably decreased the chlorophyll index relative to irrigation with tap water. A decline in chlorophyll has been stated previously in several plants [8,11,12,58]. The deterioration of chlorophyll caused by saline water might be related to boosted chlorophyllase activity [59,60], decreased assimilation of the key chlorophyll pigment complexes encoded by the cab gene family [61], and/or a drop in chlorophyll biosynthesis intermediation concentrations [62]. The reduced SPAD index under salinity was previously anticipated due to the generation of ROS, which accelerates the deterioration of the thylakoid membranes, chlorophyll devastation, and modifications in chlorophyll protein complexes, that ultimately mutilate chlorophyll [63,64]. Conversely, earlier investigations displayed a reduction in chlorophyll levels resulting from the decline in the assimilation of 5-aminolinolic acid, an essential intermediate of protochlorophyllide, which transforms into chlorophyll in light conditions [65]. Furthermore, salt stress persuades a decline in chlorophyll assimilation of intermediation and reductions in the expression of ChlD, Chl H, and Chl I-1 gene encoding subunits of Mg-chelatase [66,67]. Current results revealed that the spraying of SA boosted chlorophyll accumulation in salt-affected plants. Plants treated with SA had higher levels of chlorophyll than control or salt-affected plants [8,11,58,68,69]. Variations in chlorophyll with SA spraying are advocated to be concentration dependent and species specific [11,12]. These outcomes supported the findings of Fariduddin et al. [70], who discovered that foliar spraying of SA up to 30% mitigated the inhibition of chlorophyll production caused by 120 mM NaCl in the growing medium. SA mitigates the harmful effect of salinity on chlorophyll by decreasing ROS, elevating the antioxidant systems that accelerate cell division and elongation, and possibly inhibiting chlorophyll oxidase enzymes, subsequently preventing chlorophyll breakdown and enhancing photosynthesis [71,72]. The stimulatory effect of SA on chlorophyll content might be attributable to its role in increment-triggered chlorophyll biosynthesis [73], and conjointly due to the phenomenon of antioxidant scavenging to provide protection to chloroplast and chlorophyll against degradation [74].



Recent outcomes showed that the application of saline water with or without SA supplementation considerably boosted proline accretion in petunia plans. Enhancement in the accumulation of proline in saline- and/or SA-treated plants [8,11,58,75] indicates the role of SA in synthesizing proline to maintain a favorable solute potential. Proline is well known for its ability to maintain cell turgor and stabilize cell membranes by reducing membrane leakage [76]. Proline is known to work as an energy sink, to regulate redox potential and mitigate salt stress, and act as an antioxidant to quench singlet oxygen species by decreasing oxygenase and carboxylase activities of Rubisco and protecting plants [77,78]. Proline accumulation under the experimental condition results from changes in the activities of proline-synthesizing and -degrading enzymes and the up- and down-regulation of genes responsible for proline biosynthesis [77]. Recently, proline metabolism under SA application has received less attention and needs further study. The increment in proline under SA may be due to rising nitrogen in the plant which is taken into account as the main ingredient of proline [69]. Besides the upregulation of genes involving proline synthesis, Nazar et al. [79] showed that increases in proline could be observed in mustard under SA treatment through an increase in γ-glutamyl kinase and a decrease in proline oxidase activity.



The results of the current research show that raised salinity up to 3000 mgL−1 reduced ion content. Salinity typically induces ionic imbalance through drops in N, P, K, Mg, Ca, Mn, Cu, and Zn, accompanied by the extra accumulation of Na, which was established formerly [3,11,18,41]. A reduction in ion uptake and/or transport in addition to ionic poisonousness may be to blame for the dramatic effects of salinity on plant nutritional status [58,80]. Extreme levels of saline ions in plant tissues typically inhibit N uptake, resulting in a decrease in N concentration [11,81], as well as ion uptake, such as K and Ca [11,58,82]. Within salinity, the decline of N or P could be caused by the antagonism between either chloride and nitrate [83] or phosphate [84], correspondingly. The inhibition of K uptake is primarily caused by the physical and chemical similarities between K and Na that encouraged the competition on main binding sites [85]. Furthermore, there is an antagonism between either Ca and Mg with Na which disturbs membrane functions and induces a deterioration of membrane integrity and selectivity [86]. Plant ion uptake typically degenerated within saline environments owing to a substantial drop in transpiration rates as well as diminished membrane permeability and decreased root-absorbing capacity [87]. The decline of root development under salinity might be one of the reasons behind the decrease in plants’ ion concentration [88]. Numerous crucial physiological processes in salt-affected plants are influenced by SA, including an increase in nutrient absorption and a decrease in Na concentrations [58,89]. Similarly, Roshdy et al. [90] have described that the application of SA up to 90 ppm lessens the deleterious impact of salinity on N, P, and K content and declines the Na concentration of strawberry leaves under 40 mM NaCl. It was stated that the exogenous application of SA at 0, 1.0, 1.5, and 2.0 mM declined the Na uptake and was effective in improving ion uptake in salt-affected cotton seedlings [58,91]. Likewise, SA at 1.0 mmol/l with NaCl expressively enhanced essential ion buildup and reduced Na and Cl content relative to NaCl treatment only [92]. SA is able to modify essential ion uptake, thus improving ion concentration under normal or stress conditions [11,58,93].




5. Conclusions


SA might be taken into consideration as a prospective growth substance to enhance the growth of petunia plants under salinity conditions. The current findings displayed that elevated salinity decreased petunia plant development and flowering characteristics, which was partially restored with foliar SA administration. Additionally, data showed that a threshold rate of 1000 mgL−1 SA was necessary to reduce salt stress by raising ion homeostasis, increasing the concentration of chlorophyll index and decreasing sodium. However, additional investigation is required to entirely recognize the best concentrations and conditions for SA usage to attain supreme benefits under saline water application.
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Figure 1. Vegetative growth attributes of Petunia plants as affected by irrigation with saline water (a–f) and salicylic acid (g–l). Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05). 
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Figure 2. Vegetative growth attributes of Petunia plants as affected by the interaction between irrigation with saline water and salicylic acid (a–f). Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05). 
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Figure 3. Flowering attributes of Petunia plants as affected by irrigation with saline water (a–d) and salicylic acid (e–h). Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05). 
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Figure 4. Flowering attributes of Petunia plants as affected by the interaction between irrigation with saline water and salicylic acid (a–d). Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05). 
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Figure 5. Chlorophyll (SPAD) and proline (µg/g FW) concentration of Petunia plants as affected by irrigation with saline water (a,b) and salicylic acid (d,e) and their combination (c,f). Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05). 
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Table 1. Physical and chemical analysis of garden soil.
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	Characteristics
	Value
	Characteristics
	Value





	Silt%
	88.1
	Cation exchange capacity (meq 100 g−1 soil)
	35.9



	Clay%
	8.80
	Organic matter%
	1.78



	Sand%
	3.02
	Available N (mg kg−1 soil)
	57.2



	pH
	7.62
	Available P (mg kg−1 soil)
	7.93



	EC (dSm−1)
	1.45
	Available potassium (mg kg−1 soil)
	120



	Bulk density (g cm3)
	1.42
	
	










 





Table 2. Macronutrient concentration (mg/total dry weight) of Petunia plants as affected by irrigation with saline water and salicylic acid and their combination.
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Treatments

	
Nitrogen

	
Phosphorus

	
Potassium

	
Calcium

	
Magnesium






	
NaCl salinity




	
Control 230 mgL−1 (S0)

	
363.4 ± 5.95 a

	
80.59 ± 3.04 a

	
484.6 ± 7.32 a

	
48.75 ± 3.02 a

	
47.69 ± 3.05 a




	
Low salinity 2000 mgL−1 (S1)

	
260.1 ± 5.40 b

	
75.66 ± 2.91 b

	
321.5 ± 2.67 b

	
35.06 ± 0.99 b

	
34.62 ± 0.99 b




	
High salinity 4000 mgL−1 (S2)

	
166.7 ± 8.83 c

	
41.62 ± 1.44 c

	
142.3 ± 7.24 c

	
26.75 ± 2.49 c

	
25.77 ± 2.50 c




	
p values

	
***

	
***

	
***

	
***

	
***




	
Salicylic acid




	
Without 0 mgL−1 (SA0)

	
218.1 ± 28.62 c

	
58.08 ± 3.76 b

	
290.6 ± 5.33 c

	
26.43 ± 2.34 c

	
25.37 ± 3.49 c




	
Low concentration 500 mgL−1 (SA1)

	
286.5 ± 31.83 a

	
71.93 ± 6.97 a

	
327.5 ± 5.38 a

	
39.28 ± 2.89 b

	
38.30 ± 3.01 b




	
Moderate concentration 1000 mgL−1 (SA2)

	
295.9 ± 31.469 a

	
74.66 ± 7.40 a

	
338.0 ± 5.15 a

	
45.65 ± 3.56 a

	
44.67 ± 4.50 a




	
High concentration 2000 mgL−1 (SA3)

	
253.2 ± 23.17 b

	
59.16 ± 6.43 b

	
308.5 ± 4.13 b

	
36.76 ± 2.67 b

	
35.77 ± 2.25 b




	
p values

	
***

	
***

	
***

	
***

	
***




	
Interaction effects




	
S0 + SA0

	
301.1 ± 16.12 bc

	
68.46 ± 2.21 e

	
455.9 ± 1.27 d

	
35.56 ± 1.28 e

	
34.29 ± 1.92 e




	
S0 + SA1

	
403.4 ± 2.26 a

	
87.43 ± 1.89 b

	
503.5 ± 2.30 b

	
50.98 ± 1.55 b

	
50.00 ± 1.56 b




	
S0 + SA2

	
415.1 ± 0.94 a

	
93.16 ± 2.60 a

	
513.3 ± 2.39 a

	
63.22 ± 1.896 a

	
62.23 ± 1.93 a




	
S0 + SA3

	
334.2 ± 2.31 b

	
73.34 ± 1.82 d

	
465.8 ± 0.90 c

	
45.25 ± 1.98 c

	
44.26 ± 2.04 c




	
S1 + SA0

	
236.1 ± 12.481 de

	
62.24 ± 1.87 f

	
313.4 ± 2.14 g

	
31.16 ± 1.63 fg

	
30.18 ± 1.53 fg




	
S1 + SA1

	
271.6 ± 14.26 cd

	
84.26 ± 1.92 c

	
324.4 ± 2.38 f

	
35.96 ± 1.29 e

	
34.97 ± 1.23 e




	
S1 + SA2

	
281.2 ± 1.84 cd

	
85.41 ± 1.98 bc

	
334.6 ± 2.64 e

	
40.28 ± 2.11 d

	
39.30 ± 2.09 d




	
S1 + SA3

	
251.7 ± 0.97 cd

	
70.66 ± 1.34 de

	
313.4 ± 2.83 g

	
35.02 ± 1.42 e

	
34.03 ± 1.47 e




	
S2 + SA0

	
117.2 ± 1.81 g

	
43.48 ± 2.42 g

	
102.5 ± 1.71 k

	
12.64 ± 2.63 h

	
11.63 ± 2.58 b




	
S2 + SA1

	
184..5 ± 0.92 f

	
44.12 ± 1.11 g

	
154.5 ± 2.45 i

	
30.92 ± 0.59 g

	
29.94 ± 0.58 fg




	
S2 + SA2

	
191.5 ± 1.36 ef

	
45.41 ± 2.22 g

	
165.9 ± 1.28 h

	
33.45 ± 1.94 ef

	
32.48 ± 1.91 ef




	
S2 + SA3

	
173.6 ± 2.11 f

	
33.5 ± 1.61 b

	
146.3 ± 1.76 j

	
30.01 ± 1.24 g

	
29.04 ± 1.26 g




	
p values

	
***

	
***

	
***

	
***

	
***








Significance levels are denoted by *** p ≤ 0.001. Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05).













 





Table 3. Micro-nutrient concentration (mg/total dry weight) of Petunia plants as affected by irrigation with saline water and salicylic acid and their combination.






Table 3. Micro-nutrient concentration (mg/total dry weight) of Petunia plants as affected by irrigation with saline water and salicylic acid and their combination.





	
Treatments

	
Manganese

	
Copper

	
Iron

	
Zinc

	
Sodium






	
NaCl salinity (mgl−1)




	
Control 230 mgL−1 (S0)

	
0.755 ± 0.008 a

	
0.155 ± 0.009 a

	
1.57 ± 0.030 a

	
0.315 ± 0.012 a

	
6.08 ± 0.27 c




	
Low salinity 2000 mgL−1 (S1)

	
0.589 ± 0.034 b

	
0.190 ± 0.008 b

	
1.30 ± 0.019 b

	
0.245 ± 0.006 b

	
66.6 ± 3.21 b




	
High salinity 4000 mgL−1 (S2)

	
0.458 ± 0.035 c

	
0.077 ± 0.015 c

	
0.440 ± 0.021 c

	
0.149 ± 0.011 c

	
76.0 ± 3.12 a




	
p values

	
***

	
***

	
***

	
***

	
***




	
Salicylic acid




	
Without 0 mgL−1 (SA0)

	
0.498 ± 0.058 c

	
0.107 ± 0.018 c

	
0.93 ± 0.203 b

	
0.205 ± 0.023 c

	
61.4 ± 11.53 a




	
Low concentration 500 mgL−1 (SA1)

	
0.646 ± 0.038 b

	
0.158 ± 0.010 b

	
1.08 ± 0.198 b

	
0.254 ± 0.029 b

	
46.4 ± 10.26 b




	
Moderate concentration 1000 mgL−1 (SA2)

	
0.712 ± 0.024 a

	
0.190 ± 0.014 a

	
1.39 ± 0.081 a

	
0280 ± 0.021 a

	
42.2 ± 9.49 b




	
High concentration 2000 mgL−1 (SA3)

	
0.546 ± 0.054 c

	
0.108 ± 0.024 c

	
1.00 ± 0.209 b

	
0.206 ± 0.023 c

	
48.2 ± 10.55 b




	
p values

	
***

	
***

	
***

	
***

	
***




	
Interaction effects




	
S0 + SA0

	
0.726 ± 0.011 b

	
0.126 ± 0.011 e

	
1.43 ± 0.03 cd

	
0.27 ± 0.02 b

	
7.46 ± 0.24 g




	
S0 + SA1

	
0.773 ± 0.030 ab

	
0.16 ± 0.02 d

	
1.64 ± 0.02 ab

	
0.353 ± 0.011 a

	
5.44 ± 0.33 gh




	
S0 + SA2

	
0.786 ± 0.011 a

	
0.206 ± 0.023 ab

	
1.68 ± 0.13 a

	
0.36 ± 0.02 a

	
5.17 ± 0.54 h




	
S0 + SA3

	
0.736 ± 0.030 b

	
0.13 ± 0.02 e

	
1.53 ± 0.03 bc

	
0.28 ± 0.02 b

	
6.26 ± 0.11 gh




	
S1 + SA0

	
0.43 ± 0.04 e

	
0.16 ± 0.02 d

	
1.25 ± 0.04 ef

	
0.23 ± 0.02 c

	
83.3 ± 1.70 b




	
S1 + SA1

	
0.656 ± 0.04 c1

	
0.19 ± 0.011 bc

	
1.30 ± 0.03 e

	
0.26 ± 0.02 b

	
64.4 ± 1.99 e




	
S1 + SA2

	
0.726 ± 0.03 b

	
0.23 ± 0.02 a

	
1.36 ± 0.02 de

	
0.27 ± 0.02 b

	
53.7 ± 1.05 f




	
S1 + SA3

	
0.543 ± 0.046 d

	
0.18 ± 0.02 cd

	
1.30 ± 0.24 e

	
0.22 ± 0.02 c

	
65.1 ± 2.35 e




	
S2 + SA0

	
0.34 ± 0.034 f

	
0.036 ± 0.011 f

	
0.13 ± 0.02 h

	
0.116 ± 0.01 e

	
93.5 ± 2.12 a




	
S2 + SA1

	
0.51 ± 0.034 d

	
0.123 ± 0.011 e

	
0.32 ± 0.02 g

	
0.15 ± 0.02 d

	
69.3 ± 1.99 d




	
S2 + SA2

	
0.623 ± 0.011 c

	
0.133 ± 0.011 e

	
1.13 ± 0.02 f

	
0.21 ± 0.02 c

	
67.9 ± 1.11 d




	
S2 + SA3

	
0.36 ± 0.04 f

	
0.016 ± 0.011 f

	
0.18 ± 0.02 h

	
0.12 ± 0.02 e

	
73.2 ± 1.59 c




	
p values

	
***

	
***

	
***

	
***

	
***








Significance levels are denoted by *** p ≤ 0.001. Mean values ± standard error in a column for each characteristic with dissimilar letters are significantly different (Tukey test at p ≤ 0.05).
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