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Abstract

:

Salt stress is one of the primary abiotic stresses that negatively affects agricultural production. Melatonin, as a useful hormone in plants, has been shown to play positive roles in crop improvement to abiotic stress conditions. However, it remains unclear whether spraying melatonin could reduce the halotolerance gap between tomato genotypes with different salt sensitivities. Here, plant growth, H2O2 content, electrolyte leakage, antioxidant system, gas exchange, pigment content, and chloroplast ultrastructure of salt sensitive genotype (SG) and resistant genotype (RG) at CK (control), M (spraying melatonin), S (salt), and SM (spraying melatonin under salt stress) were investigated. The results showed that the weight, height, and stem diameter of the plant at SM from both genotypes significantly increased compared with S. The plant undergoing SM from both genotypes showed significantly decreased H2O2 but increased activity of SOD, APX, GR, and GSH, as well as net photosynthetic rate and Fv/Fm, as compared with S. The ratio between SM and S (SM/S) of SG was significantly higher than that of RG in terms of plant height and stem diameter, whereas antioxidant parameters, H2O2 content, and electrolyte leakage showed no difference between RG and SG in SM/S. The SM/S of SG in terms of photosynthetic parameters and pigment content were significantly higher than that of RG. Chloroplast ultrastructure showed remarkable changes under salt stress, whereas spraying melatonin reduced the destruction of chloroplasts, especially for SG. We concluded that spraying melatonin reduces the halotolerance gap between SG and RG by photosynthesis regulation instead of the antioxidant mechanism. This indicated that the positive roles of melatonin on tomato plants at salt stress depend on the genotype sensitivity.
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1. Introduction


Melatonin (N-acetyl-5-methoxytryptamine) is a molecular compound with physiological activity and is widely studied in animals for its important roles. Since melatonin was discovered in plants by Dubbels and Hattori in 1995 [1,2], the functions of this hormone in animals and plants have been the subject of broad interest. Many studies have shown that melatonin can effectively relieve the damage caused by stress in plants and improve plant resistance [3,4,5,6,7].



Studies have found that nearly all stresses, such as salt, drought, heat, cold, and others can cause a rapid and massive upregulation of melatonin production in various plants [8,9,10]. Melatonin can slow the aging of leaves by reducing chlorophyll degradation [11,12,13,14,15,16,17]. Melatonin can also enhance stress resistance under abiotic stress by directly removing reactive oxygen species (ROS) or enhancing the antioxidant capacity of plants, such as tomato, wheat, and soybean [18,19,20,21,22,23]. In particular, exogenous melatonin relieved the repressed plant growth, decreased oxidative stress, improved AsA-GSH cycle, and maintained Na+/K+ balance of tomato treated by NaHCO3 [18]. Through redox balance modulation, the pre-treatment of melatonin ameliorated the damage on wheat caused by cold stress (5/2 °C day/night for 3 days) [19]. Melatonin alleviated ultrastructural damage caused by water deficit by enhancing antioxidant scavenging ability from the perspective of antioxidant enzymes and nonenzymatic antioxidants [22]. Melatonin can trigger pathways such as increasing stress-related factors, activating mitogen-activated protein kinase (MAPK) signaling, and enhancing photosynthesis under stress in Arabidopsis and Bermudagrass [24]. Therefore, previous studies have extended our understanding of positively regulatory mechanisms in plants under stress conditions mediated by melatonin.



Soil salinization is one of the major stresses during agricultural production. Salt stress can suppress plant growth and reduce crop production and ultimately threaten the survival of plants by inducing osmotic and oxidative stress and ion toxicity. At present, the area of saline soils in the world is 100 million hectares [25]. The saline soil is projected to grow at a blistering 10% annual rate, mostly due to unreasonable tillage methods [26]. Salt stress is becoming an increasing threat that restricts the sustainable development of agriculture.



Tomato is one of the worldwide vegetable crops that is often threatened by salt stress during cultivation. The growth and production of tomato plants were usually inhibited by salt stress. A recent study found that exogenous melatonin improved salt resistance of tomato seedlings mainly by controlling ROS levels and enhancing photosynthesis via non-stomatal factors [27]. However, only one tomato cultivar (‘Jin Peng Yi Hao’) was applied, the salt sensitivity of which was unclear. At present, there are no reports about the effects of melatonin on tomato genotypes with different salt sensitivity. The question is whether spraying melatonin can reduce the halotolerance gap between salt-sensitive and salt-resistant tomato genotypes. In this study, the response of sensitive and resistant genotypes to salt treatment in the aspects of plant growth, H2O2 content, electrolyte leakage, antioxidant system, gas exchange, pigment content, and chloroplast ultrastructure was investigated. Our hypothesis is that the positive role of melatonin in increasing salt tolerance of tomato could be announced more in salt sensitive genotype. We will help to understand the effects of melatonin on different tomato genotypes in salinity conditions.




2. Materials and Methods


2.1. Plant Material and Culturing


One salt SG, ‘LA1698’, from tomato genetics resource center (TRGC) and one salt RG, ‘Lemon Boy’, from American markets were applied in the current experiment. All the seedlings were planted in the glasshouse of Nanjing Agricultural University. The temperature was 25–30 °C/16–20 °C (day/night). After pre-germination, the sterilized seeds were sowed into 72 aperture disks. During the growth period, the seedlings were irrigated with 1/2 Garden nutrient solution of Japan (GNSJ). When two euphylla appeared, the consistent size of seedlings was transferred to 32 aperture disks, cultured with quartz sand. Each disk was put in a plastic pallet (6 cm high, 54 cm long, and 28 cm wide), and the plastic pallets were filled with 5 L of 1/2 GNSJ (changing the nutrient solution every two days).




2.2. Treatment of Experiment


When the seedlings appeared with 5–6 leaves, the treatments started with ten seedlings per treatment. The treatments were as follows: (1) CK, spraying distilled water; (2) S, 200 mM NaCl + spraying distilled water; (3) M, spraying 100 μM melatonin; and (4) SM, 200 mM NaCl + spraying 100 μM melatonin. The GNSJ was irrigated every two days, and the S treatment was applied by irrigating the GNSJ containing 200 mM NaCl. Melatonin was sprayed every two days at night (8 pm) since it is easy to decompose at light conditions.




2.3. Experimental Method


The growth indexes, including plant height, stem diameter, upper-ground fresh/dry weight, and under-ground fresh/dry weight were measured when the salt stress lasted for 10 days. After six days’ salt stress, the third leaf from the top-down was used to measure other indexes. There were three biological replications except for the growth indexes, which had five replications.



Five seedlings were washed and dried onto the tissues and then used to measure plant height, stem diameter, upper-ground fresh weight, and under-ground fresh weight. All the seedlings were baked at 120 °C for 30 min and then at 80 °C until they reached a constant weight as dry weight.



The H2O2 in the leaf was extracted and analyzed as previously described by Alexieva et al. (2001) [28]. The electrolyte leakage was determined as previously described by Bajji et al. [29].



The SOD activity was determined using nitroblue tetrazolium (NBT) [30]. The POD activity was assayed based on the method of Muñoz-Muñoz et al. (2009) [31]. The CAT activity was measured based on a method previously described by Aebi (1984) [32]. APX activity was determined as previously described by Nakano et al. (1981) [33]. The GR activity was determined as previously described by Zhu et al. (2007) [34]. The contents of AsA and DHA were measured based on Zhang et al. (1996) [35]. The contents of GSH and GSSH were measured according to Nagalakshmi et al. (2001) [36].



The pigment parameters, including content of chlorophyll a, chlorophyll b, chlorophyll a/b, total chlorophyll, and carotenoid content, were measured based on Arnon (1949) [37].



The photosynthetic parameters including gs, intracellular CO2 concentration (Ci), Tr and Pn were determined using Li-6400 (Li-Cor Company, Lincoln, NE, USA) on the 6th day at 9:00–11:00 a.m. after salt treatment. The setting of parameters was as follows: 800 μmol·m−2·s−1 photosynthetic photon flux density (PPFD), 380 ± 10 μmol·m−2·s−1 environment CO2 concentration, and 25 °C chamber temperature.



After 30 min of dark adaptation, the Fv/Fm of seedlings were measured using IMAGING-PAM (WALZ, Effeltrich, Germany). Six spots of each leaf were measured, and the six results were averaged as result for each leaf. Three leaves from three seedlings per treatment were measured.



The leaves were fixed in 2.5% glutaraldehyde solution at 4 °C for 8 h. After washing in phosphate buffer (pH = 7.2), fixing in 1% osmic acid, and dehydration through a graded series of ethanol, the samples were infiltrated and embedded in Epon-812. After the samples were sliced using an ultramicrotome (LKB Nova, Bromma, Sweden), sections were stained with uranyl acetate and lead citrate. Afterwards, all the sections were observed and photographed using a transmission electron microscope (H-7650, Hitachi Ltd., Tokyo, Japan).




2.4. Data Analysis


At least, three biological replications were applied to all data analyses. Student’s t-test was performed using SPSS 21.0 statistics. The difference of p < 0.05 (*) and p < 0.01 (**) between treatments was considered as statistically significant difference. The significant difference shown in supplementary figures (Figures S1–S3) was compared among the four treatments (CK, S, M, and SM) within genotype.





3. Results


3.1. The Effect of Exogenous Melatonin on the Growth of Tomato Seedlings under Normal Conditions and Salt Stress


Compared with CK, the fresh weight, dry weight, plant height, and stem diameter for M treatment showed no significant difference in both RG and SG (Figure S1a,b,d,e), except for the root shoot ratio of the two tomato genotypes, which significantly increased due to M treatment (Figure S1c). Salt-treated (S) seedlings showed remarkably decreased fresh weight, dry weight, plant height, and stem diameter in both genotypes compared with CK (Figure S1a,b,d,e), except for the root–shoot ratio (Figure S1c). Compared with the S treatment, all the growth indices for SM treatment on the two tomato genotypes significantly increased (Figure S1).



To further compare RG and SG after spraying melatonin under or not under salt stress, we set CK of RG and SG to 1 to eliminate genotype differences. The relative fresh weight, relative dry weight, relative plant height, and relative stem diameters of RG were significantly higher than those of SG for S treatment (Figure 1a,b,d,e). Although for SM treatment, the fresh weight, dry weight, plant height, and stem diameters of RG were also significantly higher than those of SG, the ratio of the higher decreased as compared with S treatment. For example, under S treatment, RG’s relative fresh weight was 1.5 times that of SG, while under SM treatment, RG’s relative fresh weight was 1.2 times that of SG; under S treatment, RG’s relative dry weight was significantly higher than that of SG, while under SM treatment, RG’s relative dry weight was not significantly different from that of SG. Furthermore, the ratio between SM and S (SM/S) of SG was significantly higher than that of RG in terms of relative plant height and stem diameters (Figure 1d,e).




3.2. The Effect of Exogenous Melatonin on the H2O2 Content and Electrolyte Leakage of Tomato Seedlings under Normal Conditions and Salt Stress


Compared with CK, the H2O2 content and electrolyte leakage for M treatment showed no significant difference in both RG and SG (Figure S2a). Compared with CK, the H2O2 content and electrolyte leakage for S treatment of the two tomato genotypes all remarkably increased (Figure S2a). Compared with the S treatment, the H2O2 content and electrolyte leakage for SM treatment of the two tomato genotypes significantly decreased (Figure S2a).



As explained above, we set the CK of RG and SG to 1 to eliminate genotype differences. The electrolyte leakage of SG was significantly higher than that of RG for S treatment, even though no difference was observed for H2O2 content (Figure 2a,b). As for SM treatment, the electrolyte leakage of SG was also significantly higher than that of RG, but the specific value was decreasing compared with S treatment. Under S treatment, SG’s electrolyte leakage was 1.6 times that of RG, while under SM treatment, SG’s electrolyte leakage was 1.3 times that of RG. Furthermore, there was no difference between RG and SG for electrolyte leakage in SM/S (Figure 2b).




3.3. The Effect of Exogenous Melatonin on the Activity of SOD, POD, CAT, and AsA–GSH Cycles of Tomato Seedlings under Normal Conditions and Salt Stress


There was no difference in the activity of SOD, POD, CAT, and APX, and the content of AsA between CK and M, but the GR activity, GSH content, and AsA/DHA for M, significantly increased compared with CK (Figure S2b). The SOD, POD, APX, and GR activity and GSH content significantly increased, while CAT activity, AsA/DHA, and AsA content significantly decreased under S compared with CK (Figure S2b). Compared with the S treatment, almost all the antioxidant indices for SM treatment of the two tomato genotypes significantly increased, except for the activity of POD for RG and CAT for SG (Figure S2b).



Further, we compared RG and SG after spraying melatonin under or not under salt stress. The relative APX activity, relative GSH, and relative AsA content of RG were significantly higher than those of SG under S (Figure 3d,f,g). The relative GSH content of RG was significantly higher than that of SG, but the relative AsA content of SG was significantly higher than that of RG in the SM treatment (Figure 3f,g). However, there was no difference in most of these antioxidant indices between RG and SG in SM/S, except for the AsA content of SG, which was significantly higher than that of RG in SM/S (Figure 3).




3.4. The Effect of Exogenous Melatonin on the Photosynthetic Parameters of Tomato Seedlings under Normal Conditions and Salt Stress


There was no difference in the photosynthetic parameters between CK and M, except for the transpiration rate (Tr) under normal conditions, which significantly increased after spraying melatonin (Figure S3a). All four photosynthetic parameters significantly decreased for RG and SG under S compared with CK (Figure S3a). The content of chlorophyll a, chlorophyll b, carotenoid and total chlorophyll, chlorophyll a/b, and Fv/Fm of SG significantly decreased under salt stress compared with CK (Figure S3b). Compared with the S treatment, intercellular CO2 concentration (Ci) of RG and SG significantly declined under SM (Figure S3a). Compared with the S treatment, Tr and net photosynthetic rate (Pn) and all pigment parameters significantly increased in SG under SM (Figure S3).



Further, we compared RG and SG after spraying melatonin under or not under salt stress. All four relative photosynthetic parameters of RG significantly increase as compared with those of SG under S (Figure 4). The same trend was observed for the content of relative chlorophyll a, relative chlorophyll b, relative total chlorophyll content, and relative Fv/Fm of RG (Figure 5). However, when spraying melatonin under salt stress (SM), all four photosynthetic parameters showed no difference between RG and SG (Figure 4), while relative chlorophyll a, relative chlorophyll b and relative total chlorophyll content, and relative Fv/Fm of RG still showed significantly higher than SG (Figure 5 and Figure S4).



Certainly, the Tr, Pn, chlorophyll a, chlorophyll b, carotenoid, total chlorophyll content, and chlorophyll a/b of SG in SM significantly increased compared with the S treatment (Figure S3a). The chlorophyll a, chlorophyll b, carotenoid, and total chlorophyll content of SG to SM significantly increased compared with the S treatment (Figure S3b). As can be seen, the SM/S of SG was significantly higher than that of RG for relative stomatal conductance (gs), relative Tr, and relative Pn, as well as for relative chlorophyll a, relative chlorophyll b, and relative total chlorophyll content (Figure 5).




3.5. The Effect of Exogenous Melatonin on the Ultrastructure of the Chloroplast of Tomato Leaves under Salt Stress


The effects of melatonin on the ultrastructure of the chloroplast of tomato seedlings were observed in RG and SG under S (Figure 6). Whether spraying melatonin or not, under normal conditions, there were no differences in the ultrastructure of the chloroplast, and there were many bigger oval chloroplasts whose envelopes were neighboring cell walls and could be clearly defined (Figure 6A1,B1,E1,F1). In addition, the chloroplast contained a large number of starch grains (S) (Figure 6A2,B2,E2,F2), and the layer structure of the chloroplast was clear and neatly organized (Figure 6A3,B3,E3,F3).



Under salt stress, the ultrastructure of the chloroplast showed remarkable changes (Figure 6C1–C3,G1–G3). The number of chloroplasts decreased, the volume of the chloroplasts was small and thin, and the envelope could not be identified for RG and SG (Figure 6C1,G1). In addition, the number and volume of the starch grains (S) decreased, and the number and height of the basal granule decreased (Figure 6C2,G2). The ultrastructure of the chloroplast of SG appeared to have a serious distortion under S, where the grana thylakoid (GL) and stroma thylakoid (SL) were swelling, loose and in an irregular arrangement (Figure 6G3 and Figure S5). Compared with SG, the chloroplast was bigger, and the swelling of the GL and SL was not obvious in RG (Figure 6C1–C3,G1–G3 and Figure S5).



However, the volume of the chloroplast was enlarged, and the GL and SL were well aligned at SM treatment in the RG (Figure 6D1–D3 and Figure S5). Melatonin also effectively remitted the swell of GL and SL and reduced the destruction of chloroplasts for SG (Figure 6H1–H3 and Figure S5). In addition, there were many plastoglobules (P) in the chloroplast under salt stress in RG and SG and spraying melatonin effectively decreased the P of RG and SG (Figure 6C1–C3,D1–D3,G1–G3,H1–H3). These results suggest that spraying melatonin effectively decreased the halotolerance gap in chloroplasts between RG and SG under salt stress.





4. Discussion


Salt stress is one of the common abiotic stresses that has an adverse influence on the growth and development of various plants including tomato [38,39,40]. Increasing studies have shown a beneficial role of melatonin in relieving plant growth under salt stress [5,27,41]. Most studies have found that melatonin can directly remove ROS and enhance the antioxidant capacity [21,22,23], as well as trigger molecular pathways, such as increasing stress-related factors of plants [24]. At present, there are no reports about the effects of melatonin on the tomato genotypes with different salt sensitivity. It remains unclear whether spraying melatonin can reduce the halotolerance gap between sensitive and resistant tomato genotypes.



All five growth parameters of tomato plants under salt stress were less affected when melatonin was applied (Figure S1). Exogenous melatonin can effectively relieve the growth inhibition due to salt stress as indicated by significantly improvement in the growth index under salt stress + melatonin as compared with salt stress [5,27,41], which was in accordance with our results. Moreover, we found that the SM/S of salt SG was significantly higher than that of salt RG in plant height and stem diameter (Figure 1d,e), suggesting that spraying melatonin can reduce the halotolerance gap between SG and RG. However, the question is how exogenous melatonin reduces this halotolerance gap between SG and RG. Therefore, we further studied two key systems, including antioxidant and photosynthetic systems, to explain how different genotypes respond to salt and melatonin treatment.



Salt stress can lead to excessive accumulation of ROS, resulting in oxidative damage in plants [5,18,27]. Accordingly, salt stress significantly increased the H2O2 content and electrolyte leakage in tomato (Figure S2). Previous studies indicated that exogenous melatonin can significantly enhance salt resistance by decreasing the ROS and electrolyte leakage and increasing the antioxidant indices of tomato seedlings under salt stress [18,27], which is consistent with our findings. Furthermore, the antioxidant indices (H2O2 content, electrolyte leakage, and activities of antioxidant enzymes) except for AsA content showed no difference between RG and SG in SM/S (Figure 2 and Figure 3). This suggests that the antioxidant system was not the key factor for reducing the halotolerance gap between SG and RG.



Plant photosynthesis is a complex physiological and biochemical process that can be easily affected by stress [42]. Here, the decline in photosynthesis in tomato under salt stress is due to the stomatal factor since both gs and Ci decreased, as explained by Von Caemmerer and Farquhar (1981) [43]. Melatonin can effectively relieve the decline of photosynthesis under stress conditions, including salt, heat, and cold stress [6,10,18,19,27], which was in accordance with our findings in tomato under salt stress (Figure S3). Previous studies found that melatonin can significantly promote stomata opening, increase gs, and enhance photosynthesis of grape and apple plants to reduce injury caused by water deficit [22,44]. However, the alleviated effects of melatonin on tomato under salt were not through stomatal regulation since gs was unaffected (Figure S3). This indicated that melatonin relieved the photosynthesis of tomato under salt stress through non-stomatal factors, in accordance with Zhou et al. (2016) [27]. Most importantly, we found that, when spraying melatonin under salt stress, the SM/S of SG was significantly higher than that of RG in terms of gs, Tr, and Pn, and chlorophyll a, chlorophyll b, and total chlorophyll content (Figure 4 and Figure 5). Furthermore, compared to the halotolerance gap between RG and SG under salt stress, the chloroplast ultrastructure showed a narrow halotolerance gap between SG and RG under salt stress after spraying melatonin (Figure 6 and Figure S5). These results suggest that exogenous melatonin reduced the halotolerance gap between SG and RG under salt stress mediated by photosynthesis regulation. High pigment content and favorable chloroplast ultrastructure, especially in salt-sensitive tomato, contributed to the maintained photosynthesis in tomato under salt stress with melatonin treatment.



This study proved that melatonin can improve salt resistance of tomato seedlings through photosynthesis regulation. Moreover, the positive effects of melatonin on tomato plants under salt stress were more pronounced in the sensitive genotype as compared with the resistant genotype. Therefore, we conclude that melatonin can reduce the halotolerance gap between sensitive and resistant tomato genotypes, mainly through regulating photosynthesis but not the antioxidant system.
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Figure 1. Comparison of the growth indexes including relative fresh weight (a), relative dry weight (b), relative root shoot ratio (c), relative plant height (d), and relative stem diameter (e) between salt-resistant and salt sensitive tomato seedlings under salt stress. All the indices were normalized to CK. RG: salt-resistant genotype; SG: salt-sensitive genotype; CK: 1/2 garden nutrient solution of Japan (GNSJ) + spraying distilled water; M: GNSJ + spraying 100 μM melatonin; S: GNSJ-NaCl (containing 200 mM NaCl) + spraying distilled water; SM: GNSJ-NaCl (containing 200 mM NaCl) + spraying 100 μM melatonin. The asterisk indicates significant difference detected by Student’s t-test (p < 0.05 marked with * and p < 0.01 marked with **). nd: no difference. Mean ± SE were given (n = 5, biological replications). 
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Figure 2. Relative H2O2 content (a) and relative electrolyte leakage (b) between salt-resistant and salt-sensitive tomato seedlings under salt stress. All the indices are normalized to CK. RG: salt-resistant genotype; SG: salt-sensitive genotype; CK: 1/2 Garden nutrient solution of Japan (GNSJ) + spraying distilled water; M: GNSJ + spraying 100 μM melatonin; S: GNSJ-NaCl (containing 200 mM NaCl) + spraying distilled water; SM: GNSJ-NaCl (containing 200 mM NaCl) + spraying 100 μM melatonin. The asterisk indicates the significant difference detected by Student’s t-test (p < 0.05 marked with *). nd: no difference. Mean ± SE were given (n = 3, biological replications). 
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Figure 3. Comparison of antioxidant systems including relative SOD activity (a), relative POD activity (b), relative CAT activity (c), relative APX activity (d), relative GR activity (e), relative GSH activity (f), relative AsA activity (g), and relative AsA/DHA (h) between salt-resistant and salt-sensitive tomato seedlings under salt stress. All the indices are normalized to CK. RG: salt-resistant genotype; SG: salt-sensitive genotype; CK: 1/2 Garden nutrient solution of Japan (GNSJ) + spraying distilled water; M: GNSJ + spraying 100 μM melatonin; S: GNSJ-NaCl (containing 200 mM NaCl) + spraying distilled water; SM: GNSJ-NaCl (containing 200 mM NaCl) + spraying 100 μM melatonin. The asterisk indicates significant difference detected by Student’s t-test (p < 0.05 marked with * and p < 0.01 marked with **). nd: no difference. Mean ± SE were given (n = 3, biological replications). 
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Figure 4. Comparison of gas exchange parameters, including relative stomatal conductance (a), relative intercellular CO2 concentration (b), relative net photosynthetic rate (c), and relative transpiration rate (d) between salt resistant and salt sensitive tomato seedlings under salt stress. All the indices normalized to CK. RG: salt-resistant genotype; SG: salt-sensitive genotype; CK: 1/2 Garden nutrient solution of Japan (GNSJ) + spraying distilled water; M: GNSJ + spraying 100 μM melatonin; S: GNSJ-NaCl (containing 200 mM NaCl) + spraying distilled water; SM: GNSJ-NaCl (containing 200 mM NaCl) + spraying 100 μM melatonin. The asterisk indicates significant difference detected by Student’s t-test (p < 0.05 marked with * and p < 0.01 marked with **). nd: no difference. Mean ± SE were given (n = 3, biological replications). 
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Figure 5. Comparison of pigment content and chlorophyll fluorescence, including relative chlorophyll a content (a), relative chlorophyll b content (b), relative carotenoid content (c), relative total chlorophyll content (d), relative chlorophyll a/chlorophyll b (e), and Fv/Fm (f) between salt-resistant and salt-sensitive tomato seedlings under salt stress. All the indices normalized to CK. RG: salt-resistant genotype; SG: salt-sensitive genotype; CK: 1/2 Garden nutrient solution of Japan (GNSJ) + spraying distilled water; M: GNSJ + spraying 100 μM melatonin; S: GNSJ-NaCl (containing 200 mM NaCl) + spraying distilled water; SM: GNSJ-NaCl (containing 200 mM NaCl) + spraying 100 μM melatonin. The asterisk indicates significant difference detected by Student’s t-test (p < 0.05 marked with * and p < 0.01 marked with **). nd: no difference. Mean ± SE were given (n = 3, biological replications). 
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Figure 6. Comparison of chloroplast ultrastructure between salt-resistant and salt-sensitive tomato seedlings under salt stress. Salt resistance genotype: Control (A1–A3), spraying melatonin under normal condition (B1–B3), salt stress (C1–C3), spraying melatonin under salt stress (D1–D3); salt-sensitive genotype: Control (E1–E3), spraying melatonin under normal conditions (F1–F3), salt stress (G1–G3), spraying melatonin under salt stress (H1–H3). P: plastoglobulus; S: starch grains; GL: grana thylakoid; SL: stroma thylakoids. 
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