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[bookmark: Abstract]Abstract
Nitrogen is necessary to synthesize compounds such as chlorophyll, amino acids, nucleic acids, proteins, lipids, and other nitrogen (N) metabolites. In this sense, saline stress produces a decrement in the quality and quantity of crop production around the world due to an osmotic and ionic imbalance that alters the N metabolism. The objective of this work is to verify if the genotypic variability and a better nitrogen metabolism regulation improve tolerance to saline stress in tomato plants. This study was conducted with (Grand Brix and Marmande RAF) two tomato commercial genotypes (Solanum lycopersicum L). N forms, N metabolism, N use efficiency (NUE) parameters and amino acid profile were analyzed. A greater GS/GOGAT cycle enzyme activity could promote a better N integration in the plant, besides it promotes the generation of osmoprotective amino acids such as proline and improves the salt stress tolerance. A more effective N metabolism regulation indicates more salt tolerance. Our results showed a better effective N metabolism regulation by Grand Brix.
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[bookmark: Introduction]Introduction
Saline stress produces a decrement in the quality and quan- tity of crop production around the world (Saito et al. 2008). In addition, the most important mineral nutrient for crops is nitrogen (N). Given that N is the mineral element with the highest requirement by plants, N deficiency is a limiting factor for plant growth (Sánchez-Rodríguez et al. 2011). In saline environment, ions such as sodium (Na+) or chloride (Cl−) hinder the uptake by the plants, also generate problems with the plant nutrient translocation or assimilation such as ammonium (NH4+), nitrate (NO3−) or potassium (K+) promoting the disruption of ion homeostasis (Ashraf et al. 2018).
N is necessary to synthesize compounds such as chlo- rophyll, amino acids (AAs), nucleic acids, proteins, lipids, and other N metabolites. After N compounds are taken up by the plant’s roots, NO − can be reduced (in roots or shoots) to NH4+, this reduction is carried out by nitrate reductase (NR) and nitrite reductase (NiR) enzymes (Lea and Azevedo 2007). It is well known that NO3− reduction is the main control point in NO3− assimilation because the NR complex regulation is considered the limiting step in N assimilation (Sánchez-Rodríguez et al. 2011). NR and NiR activities are repressed by NH4+ and are known that these enzymes could be regulated by some AAs or amides. Thus, Causin (1996) suggested that glutamine may act as a negative signal for NR. Regarding salinity, Debouba et al. (2007) observed in tomato leaves grown under salt stress a decrease in NR and NiR activities. They showed a reduction in the NO3− con- centration and a rise in NH4+ concentration.
NH4+ in plants could be originated by direct uptake, NO3− reduction, nitrogenous compound deamination, or from photorespiratory N cycle. NH4+ often turns to AAs; this process is called assimilation. The main pathway for NH4+ assimilation is the glutamine synthetase (GS)/gluta- mate synthase (GOGAT) cycle; there also exists a second- ary assimilation pathway glutamate dehydrogenase (GDH)
(Ghanem et al. 2011). In addition, photorespiration is an important process to maintain adequate N homeostasis which is closely related to N metabolism. Several enzymes are involved in photorespiration including glyoxylate oxidase (GO) and glyoxylate aminotransferase (GGAT) presented in peroxisomes (Shi-Wei et al. 2007). Some authors such as Surabhi et al. (2008) reported, in plants grown under salt stress, a rise in the N cycle enzyme activity and photorespi- ration improves the N integration in the plant and prevents NH4+ toxic effect.
In leaves, aspartate and glutamate are the main N assimi- lation products; in this sense, the plants present a great con- tent of these AAs, especially during the light period. Fur- thermore, many AAs could be precursors in other pathways for other N compound biosynthesis such as phytohormones, nucleotides, or secondary metabolites. In addition, serine concentration might be higher under increased photores- piration conditions (Lea and Azevedo 2007). On the other hand, pools of all AAs are more induced during stress. For instance, it is known that proline concentration increases significantly in response to stress in some plants and pro- line is considered a compatible osmolyte (Hildebrandt et al. 2015). Protein degradation could be a compensatory mecha- nism under abiotic stress conditions to improve osmolar- ity. Thus, genotype differences in the AA accumulation are considered as an indicator to determine the saline stress tolerance in crop plants. Under saline stress, an increase in AA concentrations may suggest that proteins are in a con- tinuous turnover state (Surabhi et al. 2008). The interfer- ence in the ion uptake and the osmotic imbalance caused by salt stress determine in part the N availability in the plant. This interference is predominantly relevant to estimate N use efficiency (NUE) and the N fertilization environmental impact. NUE is defined as the biomass production per unit of N available in the soil and is divided into two fundamental processes: (1) N utilization efficiency (NUtE), i.e., the abil- ity of plants to transfer this element to plant organs, and (2) N uptake efficiency (NUpE), i.e., the plants ability to take up N from the soil (Abenavoli et al. 2016).
On the other hand, an adequate N supplementation could
be an efficient method to improve the productivity in plant growth under saline stress. The relationship between salt stress and N nutrition had been studied mainly because the soil salinization is a really emerging problem around the world (Ashraf et al. 2018). The objective of this study was to investigate the toxic effect of NaCl in NO − reduction, NH + cell flats. The plants were placed in an experimental green- house on benches. After 30 days, the plants were transferred to controlled environmental conditions in a growth chamber: these conditions were day/night temperatures 28/19 °C; rela- tive humidity 60–80%; 16-/8-h photoperiod. In the growth chamber, the plants were grown in hydroponic cultiva- tion. During the whole experiment, the plants were treated with a growth solution made up of 3 mM Ca(NO3)2·4H2O, 4 mM KNO3, 6 mM KH2PO4, 2 mM MgSO4·7H2O, 2 µM MnCl2·4H2O, 1 mM NaH2PO4·2H2O, 0.25 µM CuSO4·5H2O, 1 µM ZnSO4·7H2O, 0.1 µM Na2MoO4·2H2O, 50 µM H3BO3 and 5 µM Fe-chelate (Sequestrene; 138 FeG100). This nutri- ent solution presented a pH between 5.5 and 6.0 and it was changed every 3 days. Plant material was more widely described in previous works (De la Torre-González et al. 2017, 2018).
[bookmark: Treatments_and_experimental_design]Treatments and experimental design

38 days after plant germination, the saline treatment started; this stress treatment was continued for 15 days. The control treatment received the standard nutrient solution, while the saline stress treatment received the nutrient solution and 100 mM NaCl.
[bookmark: Plant_sampling]Plant sampling

Plants of each treatment were sampled at 53 days after ger- mination and the plant samples were separated into leaves and roots. The plant samples were washed with distilled water, dried on filter paper and weighed, thereby obtaining fresh weight (FW). For the present work, the analysis was done in the leaves; for biochemical assays, half of the leaves were frozen at − 30 °C, from each treatment. The other half of the leaves were lyophilized for 48 h to obtain the dry weight (DW) and were stored; then these samples were used for nutrient concentration analysis.
[bookmark: Analysis_of_N_forms]
[bookmark: Materials_and_methods]Materials and methods
[bookmark: Plant_material]Plant material

Solanum lycopersicum L. seeds (Gran brix and Marmande RAF genotypes) were germinated and grown for 30 days in mined as described by Cataldo et al. (1975), Krom (1980) and Baethgen and Alley (1989), respectively.
[bookmark: Enzyme_extraction_and_assays]Enzyme extraction and assays

The NR activity was measured colorimetrically according to Hageman and Hucklesby (1971).
GOGAT activity was measured according to Groat and Vance (1981) and Singh and Srivastava (1986).
GO activity was determined as described by Feierabend and Beevers (1972). Its activity was measured for the gen- eration of glyoxylate phenylhydrazone at 324 nm.
The assay of enzymes GGAT and HR was performed according to Igarashi et al. (2006) and Hoder et al. (1983), respectively.
GS was determined at 540 nm after complexing with acidified ferric chloride described by Wallsgrove et al. (1979).
Aspartate aminotransferase (AAT) activity was determi- nate using the method published by Gonzalez et al. (1995).
[bookmark: Protein_determination]Protein determination

The sample protein concentrations were determined accord- ing to the method of Bradford (1976) using bovine serum albumin as the standard.
[bookmark: Soluble_AA_analysis]Soluble AA analysis

For the extraction and quantification of the soluble AAs, the method described by Bieleski and Turner (1966) was followed.
[bookmark: Determination_of_NUtE_and_NUpE]Determination of NUtE and NUpE

NUtE (nitrogen-utilization efficiency) was calculated as plant tissue DW divided by TNC (total nitrogen content) (Siddiqi and Glass 1981). The results were expressed as g DW plant mg−1 N. NUpE (nitrogen-uptake efficiency) was calculated following Elliot and Läuchli (1985). The results were expressed as mg N g−1 DW root.
[bookmark: Statistical_analysis]Statistical analysis

The results were evaluated statistically by a simple ANOVA analysis with a 95% confidence interval; all of these analyses were realized for triplicate. A two-tailed ANOVA was applied to ascertain how the effect of genotype and saline treatment influenced the results. The means were compared using the test of the minor differences of Fisher (LSD) at a 95% probability level to check the differences between the treatments means. Significance levels were expressed as *P < 0.05; **P < 0.01; ***P < 0.001; NS not significant. The statistical software used was Statgraphics Centurion.

[bookmark: Results]Results
[bookmark: N_form_analysis]N form analysis

Saline treatment caused a decrease in the N forms analyzed in both Grand Brix and Marmande RAF genotypes, with respect to their controls (Table 1). This decrease was sig- nificant for all parameters in both varieties, except for NH4+ which was not significant for Marmande RAF genotype. The reduction was greater in Marmande RAF for total N and total reduced N, whereas NO3− reduction was similar in both genotypes and NH4+ reduction was greater in Grand Brix (Table 1). Nevertheless, comparing between genotypes, Marmande RAF presented significantly higher values than Grand Brix genotype for these parameters (Table 1).
[bookmark: N_metabolism_and_photorespiration]N metabolism and photorespiration

Genotypes show very different results regarding N metab- olism. Grand Brix plants grown under saline treatment showed a significant increase in NR, GS, GOGAT and AAT enzyme activities (Table 2). However, Marmande RAF pre- sented different results, for these enzymes, under salt treat- ment compared to its control. NR and AAT enzymes did not

[bookmark: _bookmark0]Table 1 Effect of saline treatment on the concentration of NO3, NH4, N tot red and N tot in plants of Solanum lycopersicum cv. Grand Brix and cv. Marmande RAF
NO3 (mg g DW−1)	NH4 (µg g DW−1)	Total reduced N (mg g DW−1)	Total N (mg g DW−1)

	
	Grand Brix
	Marmande
	
	Grand Brix	Marmande
	
	Grand Brix
	Marmande
	Grand Brix
	Marmande

	Control
	18.35 ± 0.11a†
	21.35 ± 0.43a
	
	8.00 ± 0.30a	9.17 ± 0.29a
	
	46.02 ± 0.82a
	53.14 ± 2.07a
	72.38 ± 0.95a
	83.66 ± 2.46a

	Salinity
	3.53 ± 0.18b
	4.35 ± 0.14b
	
	5.83 ± 0.24b	8.44 ± 0.34a
	
	43.25 ± 0.60b
	43.25 ± 0.96b
	52.62 ± 0.70b
	56.04 ± 1.30b

	P value
	***§
	***
	
	***	NS
	
	*
	***
	***
	***

	Grand Brix
	10.94b‡
	
	
	6.92b
	
	44.64b
	
	62.50b
	

	Marmande
	12.85a
	
	
	8.81a
	
	48.20a
	
	69.85a
	

	P value
	***
	
	
	***
	
	**
	
	***
	

	LSD0.05
	0.51
	
	
	0.61
	
	2.54
	
	3.07
	


Values with different letters indicate significant difference
†Values are mean ± standard error (n = 9), the differences between means were compared with the minimum significant difference of Fisher test (LSD; P = 0.05)
‡Values are means (n = 18) and differences between means were compared using LSD test (P = 0.05)
§Levels of significance are represented by NS (non-significant) P > 0.05; *P < 0.05; **P < 0.01 and ***P < 0.001 relative to the control
[bookmark: _bookmark1]Table 2 Effect of saline treatment on the NR, GS, GOGAT and AAT activities in plants of Solanum lycopersicum cv. Grand Brix and cv. Mar- mande RAF
NR (µM NO2 mg prot−1 min−1)   GS (µM γ-GH prot−1 min−1)	GOGAT (∆Abs h−1
mg−1 prot)
AAT (∆Abs h−1 mg−1 prot)

	
	Grand Brix
	Marmande
	
	Grand Brix	Marmande
	
	Grand Brix
	Marmande
	Grand Brix
	Marmande

	Control
	0.14 ± 0.00b†
	0.13 ± 0.00a
	
	13.17 ± 0.26b	14.19 ± 0.79a
	
	0.11 ± 0.01b
	0.13 ± 0.01b
	0.08 ± 0.01b
	0.03 ± 0.00a

	Salinity
	0.16 ± 0.00a
	0.13 ± 0.00a
	
	23.07 ± 0.65a	12.53 ± 0.20b
	
	0.30 ± 0.02a
	0.24 ± 0.01a
	0.12 ± 0.01a
	0.04 ± 0.01a

	P-valor
	***§
	NS
	
	***	*
	
	***
	***
	**
	NS

	Grand Brix
	0.15a‡
	
	
	17.62a
	
	0.21a
	
	0.10a
	

	Marmande
	0.13b
	
	
	13.36b
	
	0.18b
	
	0.03b
	

	P-valor
	***
	
	
	***
	
	*
	
	***
	

	LSD0.05
	0.00
	
	
	1.10
	
	0.03
	
	0.01
	


Values with different letters indicate significant difference
†Values are mean ± standard error (n = 9), the differences between means were compared with the minimum significant difference of Fisher test (LSD; P = 0.05)
‡Values are means (n = 18) and differences between means were compared using LSD test (P = 0.05)
§Levels of significance are represented by NS (non-significant) P > 0.05; *P < 0.05; **P < 0.01 and ***P < 0.001 relative to the control show significant changes in their activities, while GS activity showed a significant decrease in its activity in saline treat- ment. On the other hand, GOGAT activity registered a sig- nificant increase in its activity (Table 2). In addition, when the genotypes were compared, Grand brix showed greater activity for all enzymes (Table 2).
Regarding photorespiration enzymes, GO activity pre- sented a significant reduction in both genotypes in the salt treatment compared to their controls. HR activity did not register significant differences in saline treatment in both genotypes. GGAT activity showed a significant increase in Grand Brix and a significant decrease in Marmande RAF when salinity was applied (Table 3). Comparing between genotypes, Marmande RAF presented significantly higher activities than Grand Brix genotype for all the enzymes men- tioned above (Table 3).
AAs profile

Histidine and aspartate concentrations showed a similar ten- dency. Thus, Grand Brix presented a significant decrease for these three AAs, while Marmande RAF did not show sig- nificant differences in any of these three AAs in saline treat- ment. When we compared the genotypes in Grand Brix, we observed a higher aspartate concentration, while Marmande RAF presented a higher histidine concentration (Table 4).
Serine registered in the treated plants a signifi- cant increase in Grand Brix; however, Marmande RAF
[bookmark: _bookmark2]Table 3 Effect of saline treatment on the GO, GGAT

GO (∆Abs min−1 mg−1 prot)	GGAT (∆Abs h−1 mg−1 prot)   HR
(∆Abs min−1 mg−1 prot)and HR activities in plants	 		 	     	
 (
Grand
 
Brix
 
and
 
cv.
 
Marmande
Control
 
Salinity
 
P
 
value
0.04
 
±
 
0.00
a†
0.03
 
±
 
0.00
b
***
§
0.06
 
±
 
0.00
a
0.05
 
±
 
0.00
b
***
0.18
 
±
 
0.02
b
0.53
 
±
 
0.02
a
***
0.52
 
±
 
0.04
a
0.34
 
±
 
0.02
b
**
0.02
 
±
 
0.00
a
0.02
 
±
 
0.00
a
 
NS
0.03
 
±
 
0.00
a
0.03
 
±
 
0.00
a
 
NS
Grand Brix
0.03
b‡
0.36
b
0.02
b
Marmande
0.05
a
0.43
a
0.03
a
P
 
value
***
*
**
LSD
0.05
0.00
0.06
0.00
)of Solanum lycopersicum cv. RAF

Grand Brix	Marmande	Grand Brix	Marmande	Grand Brix	Marmande


[bookmark: _bookmark3]Table 4 Amino acid concentration in plants of Solanum lycopersicum cv. Grand Brix and cv. Marmande RAF
Aspartate (μg g−1 DW)	Serine (μg g−1 DW)	Histidine (μg g−1 DW)	Total AAs

	
	Grand Brix
	Marmande
	
	Grand Brix	Marmande
	
	Grand Brix
	Marmande
	Grand Brix
	Marmande

	Control
	11.47 ± 1.26a†
	3.79 ± 0.33a
	
	2.01 ± 0.01b	3.78 ± 0.29a
	
	0.99 ± 0.01a
	1.10 ± 0.09a
	35.44 ± 0.55b
	26.18 ± 1.96b

	Salinity
	4.62 ± 0.03b
	3.19 ± 0.36a
	
	4.33 ± 0.12a	2.14 ± 0.23b
	
	0.73 ± 0.01b
	1.03 ± 0.12a
	42.69 ± 1.04a
	38.78 ± 2.43a

	P value
	***§
	NS
	
	***	*
	
	***
	NS
	**
	*

	Grand Brix
	8.05a‡
	
	
	3.17a
	
	0.86b
	
	39.07a
	

	Marmande
	3.49b
	
	
	2.96a
	
	1.06a
	
	32.48b
	

	P value
	***
	
	
	NS
	
	*
	
	**
	

	LSD0.05
	1.56
	
	
	0.45
	
	0.17
	
	3.84
	


Values with different letters indicate significant difference
†Values are mean ± standard error (n = 9), the differences between means were compared with the minimum significant difference of Fisher test (LSD; P = 0.05)
‡Values are means (n = 18) and differences between means were compared using LSD test (P = 0.05)
§Levels of significance are represented by NS (non-significant) P > 0.05; *P < 0.05; **P < 0.01 and ***P < 0.001 relative to the control presented a significant reduction in its concentration with respect to its control (Table 4). When we compared geno- types, no significant differences were found for serine (Table 4).

[bookmark: NUE_parameters]NUE parameters

NUtE registered a significant reduction in both geno- types, but this reduction was greater in Marmande RAF. On the other hand, NUpE showed a significant increase in both genotypes, being higher in Marmande RAF. When the genotypes were compared, Marmande RAF genotype presented a greater concentration of both parameters than Grand Brix genotype (Table 5).
[bookmark: Discussion]Discussion
[bookmark: Growth_parameters]Growth parameters

Previous works from our research group concluded that the Marmande RAF genotype was more affected by salt stress than Grand Brix genotype. This conclusion was based on the results of parameters such as biomass, relative growth rate, Na+ and K+ concentrations and Na+/K+ ratio (De la Torre- González et al. 2017, 2018).
[bookmark: NH4+_formation] (
4
)NH + formation
NH4+ formation under salt stress conditions is well charac- terized in plants (Xu et al. 2012; Shao et al. 2015; Ashraf et al. 2018). NR and NiR are the first enzymes involved in



[bookmark: _bookmark4]Table 5 Effect of saline
NUtE (g DW mg N−1)	NUpE (mg N g DW−1)

 (
of
 
NUtE
 
and NUpE
 
in
 
plants
Grand Brix
Marmande
Grand Brix
Marmande
of
 
Solanum
 
lycopersicum
 
cv.
Control
0.04
 
±
 
0.00
a†
0.07
 
±
 
0.00
a
104.42
 
±
 
1.30
b
82.22
 
±
 
2.48
b
RAF
Salinity
0.03
 
±
 
0.00
b
0.04
 
±
 
0.00
b
131.57
 
±
 
1.96
a
224.34
 
±
 
5.04
a
P
 
value
***
§
***
***
***
Grand Brix
0.04
b‡
118.00
b
Marmande
0.05
a
153.28
a
P
 
value
***
***
LSD
0.05
0.00
6.20
)treatment in the concentration	 		 	

Grand Brix and cv. Marmande





Values with different letters indicate significant difference
†Values are mean ± standard error (n = 9), the differences between means were compared with the mini- mum significant difference of Fisher test (LSD; P = 0.05)
‡Values are means (n = 18) and differences between means were compared using LSD test (P = 0.05)
§Levels of significance are represented by NS (non-significant) P > 0.05; *P < 0.05; **P < 0.01 and
***P < 0.001 relative to the control

 (
4
)the metabolic route of NO3− assimilation (Fig. 1), in higher plants (Causin 1996). Debouba et al. (2007) observed a decrease in the NR activity in tomato leaves grown under salt stress. Likewise, some authors reported that, in plants grown under saline stress, NaCl can alter the ionic balance, causing a reduction in NO3− concentration and a rise in NH + concentration (Xu et al. 2012; Shao et al. 2015; Ashraf et al. 2018). In our study, the saline treatment produced a NO3− decrease in both genotypes (− 81% Grand Brix and
– 80% Marmande RAF, Table 1). Some authors such as Debouba et al. (2006) reported a lower NO3− concentration in tomato seedlings grown under salinity. It could be due to an uptake competition between Cl− and NO3−. In our study, the NO3− decrease in both genotypes (Table 1) probably contributes to the biomass decrease presented by the geno- types grown under saline treatment (De la Torre-Gonzalez et al. 2018). Some authors showed a decrease in NO3− asso- ciated with a biomass reduction in plants grown under saline stress (Shao et al. 2015). On the other hand, in our study, NR activity presented a slight increase in Grand Brix genotype and did not present changes in the Marmande RAF genotype (Table 2). This NR activity does not agree with NO3− and NH4+ results. Thereby, NH4+ must come from a pathway different from the NR and NiR pathways (Fig. 1).
 (
4
)Some authors report an increase in NH + concentration by photorespiration in plants under stress (Shi-Wei et al. 2007; Sánchez-Rodríguez et al. 2011). However, in our study, the general process of photorespiration is not enhanced (Table 3). Nevertheless, GGAT enzyme showed an increase in its activity in the genotype Grand Brix. An increase in this enzyme could indirectly generate NH + (Fig. 1). In addition, authors such as Debouba et al. (2007) found an increase in NH4+ concentration by increased proteolysis when tomato plants were grown under saline treatment. The lower NH4+ concentration present in Grand Brix, which is not present in Marmande RAF (Table 1), might indicate that Grand Brix genotype maintains the activity of enzymes that incorporate N in the plant (Fig. 1); this could contribute to a better toler- ance to salt stress. Besides, a high NH4+ concentration can be toxic to the plant and reduce its growth (Surabhi et al. 2008).
[bookmark: NH4+_assimilation] (
4
) (
4
)NH + assimilation
The main pathway of NH4+ assimilation is the GS/GOGAT cycle (Fig. 1). Sánchez-Rodríguez et al. (2011) showed that the most resistant tomato genotype presented a greater activity of GS, GOGAT and AAT enzymes, improving its water tolerance stress. Therefore, greater activity of the GS/ GOGAT cycle would improve the tolerance to salt stress directly by N incorporation. Thus, Surabhi et al. (2008) in two mulberry genotypes subjected to salt stress concluded that a greater activity of these enzymes helps, on the one hand, to control NH4+ concentration in plants reducing its toxic effect, and on the other hand, improves salt stress tol- erance by counteracting the osmotic stress by osmoprotec- tor solute accumulation such as proline (proline result was shown in De la Torre-Gonzalez et al. 2018). In addition,
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[bookmark: _bookmark5]Fig. 1 Schematic representation of nitrogen metabolism and photorespiration in plant cell

GOGAT enzyme generates glutamate (proline synthesis precursor; glutamate result was shown in De la Torre-Gon- zalez et al. 2018). Therefore, there is a connection between N and proline metabolism; this could indirectly improve the tolerance to salt stress by the proline synthesis precursor generation. In this sense, this research group did a previous work where a proline increase concentration in Grand Brix improved the salt stress tolerance in this genotype (De la Torre-Gonzalez et al. 2018). Our results showed an activ- ity increase of these enzymes in Grand Brix (Table 2); this increase could improve saline stress tolerance and improve the N incorporation. Alternatively, GDH can incorporate NH4+ (Fig. 1); NH4+ turns into glutamate synthesizing pro- teins in response to high NH4+ levels under saline stress (Surabhi et al. 2008; Xu et al. 2012; De la Torre-Gonza- lez et al. 2018). In our study, this alternative pathway is enhanced in the Grand Brix genotype (Table 2) decreasing NH4+ concentration in this genotype (reducing its toxicity) and generating glutamate (De la Torre-Gonzalez et al. 2018), which could increase tolerance to salt stress.
On the other hand, the lower reduction presented by Grand Brix in total N concentration (Table 1) supports the theory that Grand Brix maintains better N incorporation in the plant than Marmande RAF. This is reflected in a greater N concentration in the plant and contributes to a lower bio- mass reduction. In this sense, some authors have reported that a better N uptake and integration improve tolerance to salt stress (Lea and Azevedo 2007; Ashraf et al. 2018).

[bookmark: AAs_profile]AAs profile

Histidine and aspartate often play a role in plants as N reserve or as N transporter to young leaves (Causin 1996; Hildebrandt et al. 2015; Galili et al. 2016). A decrease in these AAs’ concentration (Table 4) together with a greater GS/GOGAT cycle activity in the Grand Brix genotype (Table 2) could mean that the N is integrated more effi- ciently. Authors such as Zhonghua et al. (2011) reported a decrease in these AAs when N nutrition is adequate in plants grown under salt stress.
Likewise, glycine and serine can be interconverted eas- ily (Fig. 1). However, glycine can be completely degraded forming CO2 and NH4+ (Hildebrandt et al. 2015). Some authors such as Mishra et al. (2016) reported, in rice varie- ties with different tolerance degrees to saline stress, a gly- cine decrease while serine showed an increase in genotypes tolerant to salt stress. This is in agreement with our results and supports that Grand Brix presents a greater tolerance to salt stress. Glycine might be generating NH4+ through pho- torespiration and NH4+ can be integrated into the plant by the GS/GOGAT cycle or the GDH (data of glycine and GDH was shown in De la Torre-Gonzalez et al. 2018) (Fig. 1).
[bookmark: NUE]
NUE

According to the NUtE values obtained in our study (Table 5), Grand Brix genotype presented a more effec- tive N utilization. This is in agreement with the lower reduction in the total N concentration described above (Table 1). However, NUpE values indicate that Marmande RAF has a better N uptake (Table 5). These values together with the biomass data (De la Torre-Gonzalez et al. 2018) could indicate that although Marmande RAF has a better N uptake, this N might be integrated into the root and is not transported towards the leaves; this would explain the biomass decrease in Marmande RAF. On the contrary, although Grand Brix is less effective in the N uptake under salt stress, the N utilization was better in the leaves. This allowed increasing biomass production reducing the NH4+ accumulation and generating more osmoprotector com- pounds. Abenavoli et al. (2016) studied NUE in different tomato genotypes obtaining similar results to our study, i.e., the genotype that presented more NUtE also showed less NUpE. These authors conclude in their work that for the tomato genotypes, NUtE could be more important in relation to the N metabolism. Considering these results, a greater NUtE could increase tolerance to salt stress. How- ever, other authors, in tomato plants grown under water stress, obtained higher NUpE values in the most tolerant genotype (Sánchez-Rodríguez et al. 2011). Therefore, N uptake and N use could depend on genotype variability and stress type.


[bookmark: Conclusion]Conclusion
In this study, we can conclude that a better N metabo- lism regulation contributes to improve saline stress tol- erance. Grand Brix genotype presented a greater GS/ GOGAT cycle activity integrating more efficiently the N and generating AA osmoprotectors such as proline. This was reflected in the levels of total N and NUtE of Grand Brix, which were not as reduced as in Marmande RAF. In addition, photorespiration might contribute to glycine generation, and this could generate an NH4+ source that can be used by the GS/GOGAT cycle or GDH enzyme. Therefore, the results obtained in this study could be used to generate genotypes more resistant to salt stress.
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