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Abstract 

Tomatoes, due to high ecological plasticity, are grown in a wide variety of climates, but osmotic 
stress (hydric and saline), affect physiological processes and crop productivity. This study investigated 
the influence of foliar application of macro-, micronutrients and amino acids, on the behavior of three 
tomato biotypes under salt stress control. An evaluation of physiological parameters (chlorophyll and 
rate of photosynthesis) outlines that tomato biotypes had different response to various conditions of 
fertilization and salt stress. Chlorophyll content ranged between 38.64 SPAD units in hybrid H1 and 
44.17 SPAD units in hybrid H2. The rate of photosynthesis varied between 16.15 ppm CO2· m-1· h-1 in 
hybrid H3, and 22.50 ppm CO2· m-1· h-1 in hybrid H2. From the overall analysis of both physiological 
parameters (chlorophyll and rate of photosynthesis), the most stable to salt stress, by using different 
levels of fertilizers, was the hybrid H1, which had the most flat behavior in relation to both types of 
nutrients. H2 hybrid showed the largest variability, both in relation to salt stress and fertilizers applied. 
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1. Introduction 

It is known that under osmotic stress (water or salt) is affected the ability of plants to 
absorb water and minerals from soil, growth, photosynthesis or transpiration (HOSSAIN and 
NONAMI, 2012[1]). The negative effects of exposure to osmotic stress is alleviated by intake 
of nutrients with a major effect in developing biochemical and physiological processes of 
plants (ex. K), and in some bioactive substances (amino acids), which supplemented in the 
plants nutrition under such special conditions, influence their growth and metabolism 
(MARSCHNER, 2012[2]; WANG et al., 2013[3]). Sufficient potassium supply in plants, 
reduces osmotic potential, maintain cell turgor and increases plant resistance to osmotic stress 
(KANT and KAFKAFI, 2002 [4]; EGILLA et al., 2005 [5]; WANG et al., 2013 [3]). The 
relationship between salt stress and nitrogen role in plants was evidenced by SACALA et al. 
(2008) [6], who found significant reduction of nitrate and nitrate reductase activity in 
Cucumis sativus L. plants, when NaCl concentration in the saline control environment 
increased. Basic nutrition in plant is done through the root system, thus ensuring the plants 
with the largest amount of necessary nutrients; supplementary foliar nutrition can be made 
(MARSCHNER, 1995 [7]; MENGEL and KIRKBY, 2001 [8]; SALA, 2011 [9]). Under 
unfavourable environmental conditions, mainly abiotic stresses (drought, high salinity, 
pollution), associated with some restrictive soil features (RAWASHDEH and SALA, 2016 
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[10]), the plants take poorly nutrients through the root system; in this situation, supplementary 
foliar nutrition is a more efficient method for plant fertilization and crop quality (JIVAN and 
SALA, 2014 [11]; ZAFAR et al., 2014 [12]). Also it was found that under water stress 
(drought) there is a correlation between certain linear parameters of tomato leaves (L, W), and 
other physiological indices (fresh and dry mass), and stress level tolerance (CAMEN et al., 
2016 [13]). Tomatoes are one of the most cultivated plants in the world (KIMURA and 
SINHA, 2008 [14]), with a very high ecological plasticity, making it possible for grow in 
different pedo-climatic and technological conditions (ALSADON and WAHB-ALLAH, 2007 
[15]; DONG et al., 2008 [16]). However, abiotic stress agents can seriously affect plant 
productivity. Particular attention was given to study tomatoes tolerance and resistance to 
various abiotic stresses (BITA and GERATS, 2013 [[17]; REJEB et al., 2014 [18]; 
KISSOUDIS et al., 2015 [19]). To identify tolerant genotypes, were found correlations 
concerning the accumulation of osmoprotective substances such as proline, of which 
synthesis is competitive with that of chlorophyll (SMOLIK et al., 2011 [20]). Beside tolerant 
genotypes, providing nutrients in a more accessible way, associated with certain bioactive 
safeners substances, stimulants of metabolic processes and photosynthesis, was the subject of 
these investigations. 
 
2. Material and method 

The purpose of the study was to evaluate the behavior of tomatoes biotypes in different 
salt stress and fertilization conditions. The biological material was represented by three hybrids 
of tomatoes: H1 (Local landraces Peciu Nou – 99) characterized by indeterminate growth, 3-5 
floors of fructification, healthy fruits, healthy plants; H2 (Livezile - 498)  - indeterminate 
growth, 5-6 floors of fructification, healthy fruits, plants susceptible to viruses and H3 - 
indeterminate growth, 5 floors of fructification, healthy fruits, plants susceptible to rot. 

The experiments were organized under controlled conditions. Growing media was the 
solid substrate in the ratio 2: 1: 1 (potting soil, composted manure, peat).  

Two types of foliar fertilizer were applied: Foliar 1 - containing macronutrients, 
micronutrients and amino acids, and Foliar 2 - containing macro and micronutrients. 

In this situation, were created salty stress conditions by applying brine (NaCl) into the 
soil, in two concentrations (C1 = control, C2 = 75 mM NaCl, and C3 =150 mM NaCl). 

Studied parameters were represented by the chlorophyll content and rate of 
photosynthesis. These are representative physiological parameters to assess the influence of 
experimental conditions on biological material. Chlorophyll was determined with Chlorophyll 
Meter Conica Minolta SPAD-502, with an accuracy of ± 0.2 SPAD units. The rate of 
photosynthesis was determined through gas exchange with Qubit systems device. 
Statistical Analysis. The experimental data were calculated by analysis of variance (ANOVA), 
descriptive statistical analysis, correlation and regression analysis. In addition, Excel (Office 
2007) and statistical analysis package from PAST software (HAMMER et al., 2001 [21]) were used. 

 
3. Results and discussions 

After analyzing physiological parameters (chlorophyll and rate of photosynthesis), it was 
found out that tomato biotypes had different responses to nutrition and salt stress. Chlorophyll 
content ranged between 38.64 SPAD units in H1 hybrid and 44.17 SPAD units in H2 hybrid. 
The rate of photosynthesis ranged from 16.15 ppm CO2 · m-1· h-1 in hybrid H3, and 22.50 ppm 
CO2 · m-1 · h-1 in hybrid H2. Resulted data are presented in Table 1. Interpretation of results 
through two-way ANOVA, evaluated the statistically significant results and the variance given 
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by two factors, the biological material (the three hybrids of tomatoes) and salty conditions 
induced amid foliar fertilizer application (Table 2). Statistical parameters (F, Fcrit and p) 
highlight the variability of the experimental data, namely chlorophyll and rate of 
photosynthesis, because of interaction between physiological material and salt stress. The 
hybrid H1 showed a variation of chlorophyll between 43.82 SPAD units and 39.73 SPAD units, 
under salt stress (S2), amid foliar fertilizer with macro-microelements and amino acids; a lower 
chlorophyll concentration (42.70 - 38.64 SPAD units) under the same salt stress conditions but 
correlated with foliar free amino acids fertilizer, was registered. In both situations, the 
differences were statistically significant. Associated to the lower chlorophyll concentration, the 
rate of photosynthesis declined in relation to salinity (16.73 ppm CO2 · m-1· h-1 in a2H1S2 
variant and 22.00 ppm CO2 · m-1 · h-1 in a1H1S0 variant). 
 
Table 1. Results on the behavior of tomatoes biotypes under salt stress and different 
fertilization levels 
Hybrid Parameter a1 a2 

S0 S1 S2 S0 S1 S2 

H1 

Chl 
(SPAD 
units) 

M 43.82 40.15 39.73 42.70 39.87 38.64 
Dif - -3.67 ooo -4.09ooo - -2.83 ooo -4.06 ooo 
LSD LSD5% = 

0.189 
LSD1% = 
0.275 

LSD0.1%=0.412 LSD5% = 
0.203 

LSD1% = 
0.295 

LSD0.1%=0.442

PSN 
ppm 
CO2·m-

1·h-1 

M 22.00 20.00 17.00 21.75 19.23 16.75 
Dif - -2.00 -5.00 o - -2.50 ooo -5.00 ooo 
LSD LSD5% = 

3.926 
LSD1% = 
5.711 

LSD0.1%=8.566 LSD5%=0.460 LSD1%=0.669 LSD0.1%=1.003

H2 

Chl 
(SPAD 
units) 

M 44.17 41.25 39.79 43.92 40.05 38.77 
Dif - -2.92 ooo -4.38 ooo - -3.87 ooo -5.15 ooo 
LSD LSD5% = 

0.197 
LSD1% = 
0.287 

LSD0.1%=0.431 LSD5% = 
0.074 

LSD1% = 
0.107 

LSD0.1%=0.161

PSN 
ppm 
CO2·m-

1·h-1 

M 22.50 20.70 17.70 22.25 21.54 17.24 
Dif - -1.80 o -4.80 ooo - -0.71 oo -5.01 ooo 
LSD LSD5% = 

1.351 
LSD1% = 
1.966 

LSD0.1%=2.948 LSD5%=0.415 LSD1%=0.603 LSD0.1%=0.905

H3 

Chl 
(SPAD 
units) 

M 43.97 40.85 39.78 43.83 39.24 38.68 
Dif - -3.12 ooo -4.19 ooo - -4.59 ooo -5.15 ooo 
LSD LSD5% = 

0.145 
LSD1% = 
0.210 

LSD0.1%=0.315 LSD5% = 
0.055 

LSD1% = 
0.080 

LSD0.1%=0.120

PSN 
ppm 
CO2·m-

1·h-1 

M 21.80 20.54 16.85 20.50 19.85 16.15 
Dif - -1.26 -4.95 ooo - -0.65 -4.35 ooo 
LSD LSD5% = 

1.886 
LSD1% = 
2.744 

LSD0.1%=4.115 LSD5% = 
0.980 

LSD1% = 
1.426 

LSD0.1%=2.138

M – mean; Dif – Differences; LSD – Limits the significance of differences; Chl – Chlorophyll; PSN – photosynthesis. 
 
 
Table 2. Two-way ANOVA with replication 
Source of Variation SS df MS F P-value F crit 
Sample 394.4039 2 197.2019 291.8596 1.12E-29 3.168246 
Columns 12358.78 17 726.9868 1075.943 5.09E-62 1.81554 
Interaction 44.23944 34 1.30116 1.925721 0.015304 1.645316 
Within 36.4864 54 0.675674    
Total 12833.91 107         
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Variation in chlorophyll concentration ranged within the 3.67-4.09 SPAD units after 
application of complex and amino acids foliar fertilization. Without amino acid complex 
foliar fertilizer, chlorophyll range from 2.83 to 4.06 SPAD units. The variation of 
photosynthesis rate was carried out in the range of 2-5 ppm CO2 · m-1 · h-1, in both types of 
fertilization (with or without amino acids). In the H2 hybrid, the chlorophyll concentration 
declined with 2.92 - 4.38 SPAD units, because of salt stress increase after application of 
complex and amino acid fertilizers, while amid complex fertilization without amino acids, 
dropped chlorophyll content with 3.87 - 5.15 SPAD units, with differences statistically 
significant.  Correlated with chlorophyll content decline was recorded the photosynthesis rate 
drop with 1.80-4.80 ppm CO2 · m-1 · h-1 after application of complex and amino acids 
fertilizers; the rate of photosynthesis decline with 0.71 - 5.01 ppm CO2 · m-1 · h- 1 amid 
complex fertilizers without amino acid. After analyzing both physiological indices - the 
content of chlorophyll and rate of photosynthesis - the highest production potential was 
recorded in hybrid H2, followed by H3 hybrid and hybrid H1. Statistically significant 
difference, show the smallest variation of chlorophyll concentration because of salinity, in 
hybrid H1 (-4.09ooo to -4.06ooo), and the highest in hybrid H2.  The higher decline of 
photosynthesis rate was registered in H1, when the fertilization with complex and amino acids 
was made, and in H2 hybrid for the fertilization without amino acid complex. From the 
overall analysis of the physiological indices - chlorophyll concentration and rate of 
photosynthesis - resulted that, the most stable under salt stress was the hybrid H1. This hybrid 
also showed the most stable behavior in relation with both types of fertilization. H2 hybrid 
showed the largest variation, both in relation to salt stress conditions and with both types of 
fertilization. Between the chlorophyll concentration and rate of photosynthesis were identified 
interdependencies, described by 2nd degree polynomials, statistically significant. The closest 
interrelationship was identified in the hybrid H1 (R2 = 0.870, p <0.01) equation (1) compared 
to the hybrid H2 (R2 = 0.765, p <0.01) equation (2) the hybrid H3 (R2 = 0.661, p < 0.01) 
equation (3). Graphical distributions ofexperimental data are shown in Figures 1-3. 

 
      (1) 

 

      (2) 
 

      (3) 
 
where: y - the rate of photosynthesis in hybrids 
             x - chlorophyll content 

 

 
Figure 1. Graphical distribution of 

the photosynthesis rate  compared to 
the chlorophyll content in hybrid H1 

Figure 2. Graphical distribution of the 
photosynthesis rate  compared to the 

chlorophyll content in hybrid H2 

Figure 3. Graphical distribution of 
the photosynthesis rate  compared to 
the chlorophyll content in hybrid H3
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The negative influence of osmotic stress, was sustained by a study conducted by 
CAMPOS et al. (2006) [22] on tomato for industrial use, after applying different levels of 
salinity in irrigation water (1, 2, 3, 4, and 5 dS m-1), when he observed both quantitative and 
qualitative changes. FRANCO and GARCIA (2010) [23] also found that salt stress affect 
tomatoes flowering and fruit set ability, but at the same time demonstrates a moderate tolerance 
to water stress by applying nitrogen and amino acids based fertilizers. SHAABAN et al. (2004) 
[24] found foliar fertilization as very effective process of growing tomatoes under salt affected 
soils. They found that tomato plants grown on salty soil had half productivity compared with 
those that are applied foliar fertilizers (NPK), on the same types of soil. The favorable impact of 
foliar nitrogen supplement, on salt stress tolerance, has been highlighted in other species of 
plants, such as lemon found on different rootstocks (GIMENO et al., 2009 [25]). The favorable 
effect of foliar application of amino acids was registered on both tomato (JANNESARI et al., 
2016 [26]) and other species grown under salt stress (SADAK et al., 2015 [27]). Like in other 
studies, this research showed the increased salinity tolerance of tomato plants treated with foliar 
fertilizers with macro-, micronutrients and amino acids, which recommends this method in 
growing tomatoes in water or salt stress conditions.  
 
4. Conclusions 

Tomato biotypes studied had different specific tolerance to salt stress levels created 
under controlled conditions. Amid this tolerance genetic treatment, foliar fertilizers with 
macro and micronutrients with or without amino acids have demonstrated the capacity of 
these biotypes to exploit respective treatments, and to adapt favorable their level of tolerance. 
Appropriate to the experimental conditions, as interaction between stress conditions and foliar 
fertilizer, physiological parameters - chlorophyll content and rate of photosynthesis - have 
evolved high correlated with newly created conditions. 
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