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Abstract: Tomato is considered the most important vegetable crop worldwide. Improving the nutri-

tional value of fruits must be based on sustainable production in terms of varieties and fertilization 

management. This study aimed to improve the nutritional value (total soluble solids, acidity, lyco-

pene, β-carotene, polyphenols, macro and microelements) of two tomato varieties (‘Cristal’ and 

‘Siriana’) under three fertilization types (NPK chemical fertilizer, chicken manure and biological fer-

tilizer with microorganisms) for the greenhouse. Primary metabolism compounds do not vary signifi-

cantly according to the type of fertilizer used. The results for the antioxidant compounds showed a better 

effect of biological fertilization compared to chemical fertilizer and control unfertilized. The tomato 

fruits from the local cultivar (‘Siriana’) are richer in nutritional compounds such as rutin, regardless 

of the type of fertilization, which denotes a good ability to adapt to crop conditions. Tomato culti-

vars reacted positively to microbiological fertilization compare to chemical, thus producing nutri-

tious fruits under sustainable management. Tomato fruits were richer in the quality of microelement 

contents.  
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erals; 

 

1. Introduction 

Vegetable consumption provides vitamins, minerals, dietary fibers and bioactive 

compounds to the human body. In addition, vegetables are low in calories and have been 

strongly associated with the prevention of various chronic diseases. Adequate consump-

tion of vegetables also prevents micronutrient deficiencies in the human body, especially 

in less developed countries [1–3]. Moreover, a low intake of fruit and vegetable is among 

the top 10 risk factors for global mortality [4]. Thus, for a healthy life, the World Health 

Organization has recommended the daily consumption of at least 400 g of fruit and vege-

tables [5]. So, in the last decade, due to the increasing number of nutritional diseases, 

there is a growing interest to enhance the antioxidant compound input in diets to pre-

vent premature, unhealthy aging. Food diets based on fruits and vegetables rich in poly-

phenols are closely related to the reduction of neurodegenerative and cardiovascular dis-

eases [6], related to age and cancer progression [7–9]. The consumption of vegetables 

rich in flavonoids is linked to beneficial health outcomes [10,11].  
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Strong evidence suggests that flavonoids may be able to reduce oxidative stress and 

damage-associated problems related to these diseases. Consequently, farmers and con-

sumers are increasingly interested in obtaining fresh vegetables and fruit with a high 

flavonoid content [12]. Phenolic compounds such as: rutoside, p-coumaric acid, and quer-

citrin are known for their favorable impact on the human body, and the high nutritional 

health of the population [6,13]. 

Tomato is among the most consumed vegetable worldwide, being produced in 2020, 

approximately 186.82 million metric tons [14]. Tomato fruits are rich in all macro- and 

micronutrients, and balanced elemental composition is essential to get a high organoleptic 

and biochemical quality, influenced by both primary and secondary metabolites. The lat-

ter compounds are remarkably present in Solanaceae species, i.e., phenolic compounds 

(phenolic acids and flavonoids), carotenoids (lycopene, carotene), vitamins (ascorbic acid 

and vitamin A) and glycoalkaloids [15,16]. Some of the mentioned substances, especially 

lycopene, have high antioxidant activity, which is important for the prevention of cardio-

vascular and oncological diseases [17,18]. According to Rosa-Martínez et al. [17] 200 g of 

fresh tomato provides 30 to 36% of the Recommended Dietary Allowance (RDA) for vita-

min C, 10% of the Adequate Intake (AI) for K and 5–10% of the RDA for P and Mg. A 

portion of 100 g of tomato provides the daily-required intake of vitamin C and tocopherol, 

and provides 5–10% of provitamin A intake.  

Given to the high content in lycopene and other bioactive substances, it is recom-

mended that tomatoes be included in the daily diet of consumers [7,18,19]. 

Therefore, improving their nutrient content could lead to significant health benefits. 

This can be achieved, either by using valuable genotypes, adapted to local conditions, or 

by optimizing the plant nutrition regime [20].  

The main role in enhancing the nutritional status of plants is played by fertilizers. 

Chemical fertilization has proven to be a method that causes numerous harmful effects on 

the environment and human health. For instance, chemical fertilizers are one of the main 

contributors to the greenhouse effect or soil salinization. Organic fertilization represents 

an alternative that has the potential to reduce the negative effects of chemical fertilization 

[21]. Organic fertilizers can be of plant, animal or microorganism origin. Among organic 

fertilizers are composts (e.g. vermicompost, water hyacinth compost, village or town com-

post), farmyard manure (e.g. cattle and poultry manures), green manures (leguminous 

and non-leguminous plants) or biofertilizers (algal, fungal and bacterial). The advantages 

of using organic fertilizers refer to better physical and physiological structure of the soil, 

enhanced biological activity, slow release of nutrients, improvement of organic matter, 

and reduced loss of nutrients. In addition to the benefits related to the environment, or-

ganic fertilization has also a positive impact on the quality of vegetable products and har-

vest quantity [22]. For instance, in tomatoes, it had been shown that organic or biological 

farming had a favorable impact on the improvement of polyphenolic compounds and the 

antioxidant capacity of fresh fruits or processed vegetables [23].  

Research carried out on processing tomato highlighted that, compared to the raw 

fruits, the diced product showed an increase in some important quality parameters, such 

as total and soluble solids, reduced sugars and antioxidants, except for lycopene which 

was not affected by the industrial treatment [24]. In addition to polyphenol compounds, 

tomato fruits have a considerable content of vitamins (Vit. A, C, K, vitamin B complex) 

and minerals (Fe, Mg, Zn, K, Ca, P, Mn, Cu), whose level depends on variety, cultivation 

system, fertilizer type and harvest time [10,25]. 

Research conducted by Rosa-Martínez et al. [17] and Martí et al. [26] has shown that 

choosing the proper cultivar and fertilizer technology provides the possibility to produce 

tomato fruits with improved bioactive compounds in an open field under different cli-

matic conditions. As Assefa and Tadesse [27] explained, the nutrients were released more 

slowly to the plants by organic fertilizer than chemical fertilizers and, thus, allowed the 

plants to process the fertilizer in a more natural way and avoid the excessive fertilization 

that could be harmful to them. 
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The use of chemical fertilizers in intensive agricultural practices can have negative 

environmental and health impacts, leading to increased interest in organic and biological 

fertilizers. Furthermore, the Circular Economy Action Plan adopted by European Union 

promote the recycling of nutrients from manure and other organic sources to replace chemical fer-

tilizers [28]. Starting to 2023 the Common Agricultural Policy (CAP) aims “to put agricul-

ture closer in line with the targets of the Farm to Fork strategy with regard to reduced nutrient 

pollution” [29]. In Romania, under the Common Agricultural Policy, six eco-schemes have 

been envisaged for the period 2023-2027, one of them being the conversion to organic 

farming [30]. So, in this study, we investigated the effects of different fertilization regimes 

on the tomato fruits quality and nutrient content of two cultivars of tomato ('Cristal' and 

'Siriana') that are known for their adaptability to the environmental conditions of Roma-

nia, resistance to pests, high productivity and fruit quality.  

While previous studies have explored the effects of different fertilization regimes on 

plant growth and fruit quality, the novelty of our work lies in the use of specific fertilizers 

and the evaluation of a wider range of parameters, including micro and macronutrient 

content, total polyphenol content, lycopene, β-carotene, antioxidant activity and produc-

tion. Specifically, we tested the effects of chemical fertilizers (NPK 20-20-20), organic fer-

tilizers (chicken manure) and biological fertilizers on the fruit quality and quantity. 

2. Materials and Methods 

2.1. Experimental site and growing conditions 

The research was carried out with two tomato varieties (‘Cristal’ and ‘Siriana’) in 

the greenhouse at the experimental farm of Iasi University of Life Sciences, Romania (N= 

47°11'76" E= 27°33'71"), during 2019 and 2020, from mid of April to end of October. 

Varieties selection was done based on their adaptability to the environmental conditions 

of Romania, their resistance to pests and the productivity and quality of their fruits. ‘Siri-

ana’ is a cultivar obtained at Vegetable Research and Development Station Buzau and is 

one of the most cultivated in Romania. This cultivar produces its first fruits after ~100 

days, with a medium weight of the fruit of 140g and a production of 5–5.5 kg of fruits per 

plant [10]. ‘Cristal’ is an international and early tomato cultivar, with undetermined 

growth and intended for cultivation in greenhouses [31].  

Fifty-five days old seedlings grown in multicell trays in compliance with the or-

ganic regulation [5,24], were transplanted in a greenhouse during mid-April at a density 

of 2.5 plants·m‒1. The soil from greenhouse is characterized as a chernozem loam-clay, with 

pH 7.20; electrical conductivity (EC) 478 µS·cm-2, CaCO3 0.41%, organic matter (OM) 28.56 

mg·kg-1, C/N 5.91, N 2.8 g·kg-1, P 32 mg·kg-1, was used for the experiment [10,32]; the 

temperature, relative humidity and light intensity recorded in the research years are re-

ported in Figure 1. 

  
(A) 
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Figure 1. Climatic conditions during the experiment (2019-2020): (A) – Average monthly tempera-

ture; (B) Average monthly humidity; (C) – Maximum monthly sunlight 

2.2. Experimental design, plants and treatments 

The experimental protocol was based on the factorial combination between two cul-

tivars and three fertilization types plus an untreated control, using a split-plot design with 

three replicates, with 18 plants per plot, with a surface of 7.2 square meters for each plot. 

Varieties were represented by two cultivars of tomato, ‘Siriana’ and ‘Cristal’. The second 

factor was represented by three fertilization types: (I) chemical fertilization, (II) organic 

fertilization, and (III) biological fertilization, compared with the unfertilized version. 

The NPK chemical fertilization (Ch) was performed with 200 kg·ha-1 of Nutrifine® 

NPK 20-20-20, applied before transplant, and two supplies of 300 kg·ha-1 of Nutrifine ® 

NPK 9-18-27+2 MgO. Organic fertilization (O) represented by chicken manure was applied 

by 2000 kg·ha-1 of commercial Orgevit® in two phases: 1250 kg·ha-1 before transplant and 

the remainder 30 days after planting. Orgevit® is a granular fertilizer with 65% OM, pH 7, 

4% N, 3% P2O5, 2.5% K2O, 1% MgO, 0.02% Fe, 0.01% Mn, 0.01 % B, 0.01% Zn, 0.001% Cu, 

0.001% Mo. 

The same amount of active substance from the two fertilizers (chemical and organic 

used in the first year) was used, taking into account that the plants use approximately 70% 

of the organic fertilizer in the first year. 

The biological fertilization (B) consisted of the application of Micoseed® at 30 

kg·ha‒ 1 split in two equal doses supplied before transplant and 30 days after planting, 

integrated with 5 L·ha-1 Nutryaction®, according with the manufacturer's recommenda-

tions. The biological product is based on microorganisms that predominantly contain ar-

buscular mycorrhizal fungi spores of Claroideoglomus etunicatum, Funneliformis 

(C) 

(B) 
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mosseae, Glomus aggregatum, Rhizophagus intraradices. In addition, the product is com-

plexed with fungi and bacteria species belonging to the genera Trichoderma, Streptomy-

ces, Bacillus, Pseudomonas. 

During the crop cycles the following practices were performed: drip irrigation; 

stringing; trimming with branches and old leaves removal [32]. The control of diseases 

and pests was carried out with products allowed by the organic regulation.  

 

2.3. Total Soluble Solids, Acidity and Ash analyses 

The total soluble solids (TSS) of tomato juice were measured with a digital refractom-

eter (RX5000α, Atago, Tokyo, Japan). The acidity, in terms of the content of citric 

acid, was quantified by titration using a titrator (808 Titrando, Metrohm, Wesbury, NY, 

USA) using 6.0 g of tomato juice, which was diluted with 60 mL of ultra-clean DI water 

[33]. 

The ash content and the calorific value were determined according to AOAC, 2005 

[34]. 

2.4. Analytical quantifications of the phenolic compounds 

Twenty-fruit random samples, individually weighing 2500-3000 g, were collected in 

each plot at commercial maturity (BBCH 703-705) for laboratory analyses. The samples 

used for the analyses of antioxidants (polyphenol contents, lycopene and β–carotene) 

were prepared as follows: fruits were cut into 1 cm fragments and dried on a Sanyo stove, 

type MOV-112F, at a temperature of 70 °C until constant weight. The samples were then 

ground into small fragments of 0.1–1 mm. 

The content of eighteen phenolic compounds in 16 samples of tomato fruits was de-

termined. 

For the analysis of the phenolic compounds, an aqueous extraction was performed at 

38 °C, under shaking for 1 h. After filtration, the extracts were kept in a freezer at -24°C 

prior to HPLC and spectrophotometric analyses. The total phenolic compounds were de-

termined by the Folin-Ciocâlteu method based on the compounds’ property to reduce so-

dium phosphate-wolframite in an alkaline medium, to the blue oxide of wolfram [35]. 

According to Liu et al. [36], with some modifications, the experimental conditions are: in 

2 mL of extract, 10 mL of Folin-Ciocâlteu reagent (1:10) and 8 mL Na2CO3 solution of 75% 

were added. The mixture was allowed to stay at room temperature for 120 min and af-

terward, the absorbance was measured using a spectrophotometer Jasco V530, at 750 

nm and compared to a gallic acid (GA) calibration curve. The results were expressed as 

mg gallic acid equivalent (GAE) per ml (µg·100 mL-1). The individual phenolic com-

pounds were determined using RP-HPLC with a UV detector coupled with MS. 18 

standard solutions were used to carry out the analyses: caffeic acid, chlorogenic acid, p-

coumaric acid, ferulic acid, gentisic acid, sinapic acid, caftaric acid, kaempferol, apigenin, 

rutin, quercetin, quercetin3-β-D-glucoside, hyperoside, myricetin, isoquercitrin, 

fisetinpatuletin, luteolin. 

HPLC analysis was performed with an Agilent 1100 Series HPLC system equipped 

with degasser, binary pump, autosampler; reversed-phase column Zorbax SB-C18 (100 

mm x 3.0 mm, 3.5 μm), the operating temperature 48 °C; mobile phase: methanol: 0.1 % 

acetic acid, flow rate 1 mL / min, injection volume 5 µL; the gradient of elution was 5% 

to 42% methanol for 35 min; then isocratic elution with 42% methanol for 3 min. 

UV detection was performed at 330 nm during the first 17.5 minutes and then at 370 

nm for up to 35 minutes, using a DAD detector.  

For the MS detection, we used a mass spectrometer Agilent 1100 MSD ion trap 

interface Turbo ion spray (ESI), negative ionization mode, nitrogen gas with flow rate 12 

L/min, the temperature of ionization source 360°C, nebulizer: nitrogen at 70 psi, capil-

lary voltage 3000. The analysis was multiple reaction-type monitoring (MRM) and single 

ion monitoring (SIM). Full identification of compounds was performed both by UV and 

MS detection. 
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The quantitative determination was performed by UV, through an external standard 

method, using a calibration curve with good linearity in the range of 0.5-50 μg·mL-1 

[37,38]. The calibration curve showed good linearity within the mentioned range and 

the regression coefficient was R2 = 0.9943, which shows that there is a positive correla-

tion between the polyphenolic content of tomato fruits and the applied fertilization system. 

2.5. Lycopene and β-Carotene content 

The lycopene content was determined according to the spectrophotometric method 

described by Davis et al. [39], while for determination of β-carotene in tomatoes was used 

the method described by Cadoni et al. [40]. Spectrophotometric readings were per-

formed at 452 nm for β–carotene and 472 nm for lycopene. The extracts were prepared 

using fresh biomass. 

2.6. Antioxidant Activity 

The neutralizing effect of the DPPH free radical was calculated at three different 

concentrations of ethanol extracts: 0.05 mL of 10, 5, and 2.5 mg·mL−1 extracts were mixed 

with 2.95 mL solution DPPH. After a 5-min reaction time, the absorption was measured 

at 420 nm using methanol as a blank. Approximately 10 g of tomatoes was extracted in 100 

mL of 80% aqueous solution of ethanol at room temperature for 1 h. The extracts were 

filtered, and the filters were left to evaporate in a dry environment. The percentage of 

free-radical scavenging activity was determined using the following formula: 100 × (Ai–

Af)/Ai, where Ai = the absorption before the addition of the tested extract; Af = the ab-

sorption value after 5 min reaction time. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid) was used as a positive control. At a concentration of 2.5 mM Trolox was 

able to fully neutralize the level of DPPH radical used. The Trolox equivalent antioxidant 

capacity (TEAC) of the extracts was calculated by comparing their percentage of free-rad-

ical scavenging activity of DPPH with the Trolox standard curve [41]. 

2.7. Mineral Content 

The mineral concentration (macro- and microelements) of the tomato fruits was de-

termined by using the atomic absorption spectrometry method. The fruits were first oven-

dried at 105 °C for 48 h, and then samples of 0.5 and 1 g were digested [42]. The minerals 

were extracted with nitric acid (HNO3) and hydrochloric acid (HCl) 1:1 following the pro-

cedure described by Fernández-Ruiz et al. [42]. The solutions obtained were analyzed by 

the atomic absorption spectrometer Contra 300 (Analytik Jena, Göettingen, Germany). 

 

2.8. Biometric and Yield Determinations 

For each plot and harvest, a number of 20- ripe fruits were determined for the mean 

fruit weight. The yield (kg·ha−1) was calculated by using the following formula [10]:  

Yield (kg·ha−1) = (plants/ha × fruits/plant × average fruit weight)/1000  

2.9. Statistical Analysis of the Data  

The results are expressed as means ± SD of the two experimental years. The data 

were statistically processed by one-way ANOVA. The significant differences between 

treatments were established by using Duncan’s test with a degree of confidence of 95% 

(p ≤ 0.05), using SPSS software version 21 (IBM Microsoft, New York, USA). 

3. Results 

3.1. Water content, Dry matter, Total Soluble Solid, Acidity and Ash 

The effect of the tomato cultivar and the fertilization regime on the water, dry matter, 

TSS, acidity, and ash content is shown in Table 1. Data presented for both technological 

factors did not induce significant differences with reference to the mentioned parameters 

(Table 1). However, in the case of TSS, the ‘Siriana‘ cultivar determined higher values of 
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the cu parameter with 8.8%. Also, fertilization with Micoseed determined higher values 

of TSS with 18.03% than the control. 

Table 1. Influence of tomato cultivar and fertilization type on water, dry matter, total soluble solids, 

acidity and ash content 

Treatment 
Water content 

(%) 

Dry matter  

(%) 

TSS  

(oBrix) 

Acidity 

(g citric acid·100g−1 f.w.) 

Ash 

(g·100 g−1 d.w.) 

Cultivar 

Cristal 94.03 ± 3.14 5.97 ± 3.14 5.78 ± 1.07  0.50 ± 0.11 4.57 ± 0.84 

Siriana 93.59 ± 3.03 6.41 ± 3.03 6.29 ± 1.08  0.55 ± 0.11 5.01 ± 0.84 

Signification ns ns ns ns ns 

Fertilization type 

Nutrifine 94.01 ± 3.51 5.99 ± 3.51 5.99 ± 1.04 0.50 ± 0.09 4.51 ± 0.85 

Orgevit 93.53 ± 3.33 6.47 ± 3.33 6.18 ± 1.08 0.56 ± 0.1 5.12 ± 0.89 

Micoseed 93.69 ± 3.10 6.32 ± 3.10 6.48 ± 1.16 0.6 ± 0.10 4.92 ± 0.86 

Control 94.02 ± 2.98 5.98 ± 2.98 5.49 ± 1.09 0.43 ± 0.09 4.60 ± 0.89 

Signification ns ns ns ns ns 

Within each column: n.s.—no statistically significant difference; *—significant differences; values associated with the same lowercase 

letters are not statistically different at p < 0.05 according to Duncan’s test. 

The effect of the interactions between tomato cultivars and fertilization type on the 

water content, dry matter, TSS, acidity and ash are shown in Table 2. No significant dif-

ferences were recorded for the water content, dry matter, TSS and ash regardless of the 

cultivar and type of fertilization. Only for acidity, significant differences were recorded 

between the fruits of the unfertilized ‘Cristal’ tomato cultivar (0.4 g citric acid·100g−1 f.w.), 

for which was registered the lowest value, and the fruits of ‘Siriana’ biologically fertilized 

(0.61 g citric acid·100g−1 f.w.), which had the highest value of the citric acid.  

 

 

Table 2. Water, dry matter, total soluble solid, acidity and ash content in tomato fruits 

Treatment 
Water  

content (%) 

Dry matter 

(%) 
TSS (oBrix) 

Acidity 

(g citric acid·100g−1 f.w.) 

Ash 

(g·100 g−1 d.w.) 

Cristal x Nutrifine 94.30±2.53 5.70±1.10 5.88±1.13 0.48±0.09ab 4.22±0.20 

Cristal x Orgevit  93.61±1.87 6.39±1.24 6.02±1.16 0.53±0.10ab 5.04±0.98 

Cristal x Micoseed 93.83±2.09 6.17±1.19 6.21±1.20 0.59±0.11ab 4.77±0.92 

Cristal x Control 94.39±1.89 5.61±1.08 5.01±0.97 0.40±0.08b 4.23±0.82 

Siriana x Nutrifine 93.72±1.94 6.28±1.21 6.11±1.18 0.52±0.10ab 4.80±0.93 

Siriana x Orgevit 93.45±2.39 6.55±1.27 6.34±1.22 0.58±0.11ab 5.20±1.00 

Siriana x Micoseed 93.54±1.90 6.46±1.25 6.75±1.31 0.61±0.12a 5.06±0.98 

Siriana x Control 93.65±1.92 6.35±1.22 5.97±1.15 0.47±0.09ab 4.97±0.96 

Signification Ns ns Ns * Ns 
Within each column: ns—no statistically significant difference; * - significant differences; values associated with the same lower-

case letters are not statistically different at p ≤ 0.05 according to Duncan’s test. 

3.2. Antioxidant Contents 

The effects of the tomato cultivar and the fertilization regime on total phenolic, lyco-

pene, β- carotene content and antioxidant activity are shown in Table 3. Data for variety 

factor highlights significant differences in phenolic content and antioxidant activity. How-

ever, autohtone cultivar, represented by ‘Siriana‘ obtained higher results for mentioned 
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parameters, which indicates that it can be promoted with good results regarding the ac-

tivity of antioxidant compounds. 

The fertilization factor induces significant values for the lycopene and β-carotene 

compounds. Thus, fertilization with Micoseed obtained higher values by 36% in the case 

of lycopene and 96% in the case of β-carotene compared to Nutrifine, which means that 

the fertilization is not appropriate or the dose of fertilizer can be improved. 

Table 3. Influence of tomato cultivar and fertilization type on total phenols, lycopene, β- carotene 

and antioxidant activity 

Treatment 
Total phenolic  

(μg·100 mL-1) 

Lycopene  

(mg·100 g−1 d.w.) 

β- Carotene  

(mg 100 g−1 d.w.) 

Antioxidant Activity  

(mmol Trol·100 g−1 d.w.) 

Cultivar 

Cristal 194.79 ± 42.66  9.01 ± 1.87  3.04 ± 0.93  85.88 ± 17.45  

Siriana 274.52 ± 57.86  10.15 ± 2.2  3.43 ± 1.10  109.56 ± 21.22  

Signification * ns ns * 

Fertilization type 

Nutrifine 195.12 ± 58.07  8.45 ± 1.51 b 2.28 ± 0.41 c 83.53 ± 21.48  

Orgevit 251.82 ± 71.05  9.67 ± 1.71 ab 3.39 ± 0.6 b 104.26 ± 23.06  

Micoseed 270.12 ± 67.61  11.51 ± 2.2 a 4.48 ± 0.86 a 107.56 ± 24.95  

Control 221.58 ± 45.43  8.7 ± 1.71 b 2.79 ± 0.54 bc 95.54 ± 17.41  

Signification ns * * ns 

Within each column: n.s.—no statistically significant difference; *—significant differences; values associated with the 

same lowercase letters are not statistically different at p < 0.05 according to Duncan’s test. 

The total content of polyphenols, lycopene, β-carotene and antioxidant activity is 

influenced by interactions between cultivars and fertilization type. The content of total 

polyphenols, showed a wide range according to the cultivar and fertilization type. In to-

mato, it varied from 152.47 μg·100 mL-1 in ‘Cristal’ cv. under chemical fertilization to 

314.23 μg·100 mL-1 in the ‘Siriana’ cv. microbiological fertilized. The highest value in ‘Siri-

ana’ was recorded also under organic fertilization (Table 4). The lycopene content in to-

mato increased from 7.96 mg·100 g−1 f.w. from control to 12.36 mg·100 g−1 f.w. in ‘Siriana’ 

cv., biologically fertilized. 

In tomato, the antioxidant activity varied between 69.18 mmol Trolox·100 g−1 d.w. in 

the ‘Cristal’ chemically fertilized to 122.57 mmol Trolox·100 g−1 d.w. in ‘Siriana’ biological 

fertilized. 

Table 4. Total polyphenol content, lycopene, β-carotene and antioxidant activity in tomato fruits 

Treatment Total phenolic  

(μg·100 mL-1) 

Lycopene  

(mg·100 g−1 f.w.) 

β- Carotene  

(mg 100 g−1 f.w.) 

Antioxidant Activity  

(mmol Trolox·100 g−1 d.w.) 

Cristal x Nutrifine 152.47±29.45c 8.11±1.56b 2.19±0.42d 69.18±13.36b 

Cristal x Orgevit  201.17±38.86bc 9.32±1.80ab 3.26±0.63bcd 91.27±17.63ab 

Cristal x Micoseed 226.00±43.65abc 10.65±2.06ab 4.15±0.80ab 92.54±17.87ab 

Cristal x Control 199.52±38.53bc 7.96±1.54b 2.55±0.49cd 90.53±17.48ab 

Siriana x Nutrifine 237.76±45.92abc 8.79±1.70ab 2.37±0.46cd 97.88±18.90ab 

Siriana x Orgevit 302.47±58.42a 10.02±1.93ab 3.51±0.68bc 117.24±22.64a 

Siriana x Micoseed 314.23±60.69a 12.36±2.39a 4.82±0.93a 122.57±23.67a 

Siriana x Control 243.64±47.05ab 9.44±1.82ab 3.02±0.58bcd 100.54±19.41ab 

Signification * * * * 
Within each column: * - significant differences; values associated with the same lower-case letters are not statistically different at p 

≤ 0.05 according to Duncan’s test. 
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For tomato fruits grown under chemical, organic and biological fertilization 18 poly-

phenolic compounds (caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, gen-

tisic acid, sinapic acid, caftaric acid, kaempferol, apigenin, rutin, quercetin, quercetin3-

β-D-glucoside, isoquercitrin, fisetin, hyperoside, myricetin, patuletin and luteolin) 

were quantitative and qualitative analyzed. The analyses performed showed that only 5 

polyphenolic compounds: chlorogenic acid, p-coumaric acid, ferulic acid, rutin and quer-

cetin were detected in tomato fruits. 

The effect of the tomato cultivar and the fertilization type on total polyphenol con-

tents is shown in Table 5. Data present for cultivar did not induce significant differences 

for p-coumaric acid, rutin, ferulic acid, and quercitrin with the chlorogenic acid exception, 

where the values in the case of the Siriana variety were 211% higher than ‘Cristal‘. High 

values among polyphenols were achieved in the case of rutin, which is an anticancer com-

pound.  

The data in the table show that fertilization is a determining factor in the assimilation 

of polyphenolic compounds with an antioxidant role. High values, in the case of all com-

pounds, were obtained under fertilization with microorganisms both compared to control 

and compared to conventional chemical fertilization. 

Table 5. Influence of tomato cultivar and fertilization type on polyphenol compounds 

Treatment 
Chlorogenic acid  

(μg·100 mL-1) 

P-coumaric acid 

(μg·100 mL-1) 

Rutin  

(μg·100 mL-1) 

Ferulic acid 

(μg·100 mL-1) 

Quercitin (μg·100 

mL-1) 

Cultivar 

Cristal 17.53 ± 6.93  1.18 ± 1.38  82.60 ± 35.19  4.25 ± 5.04  0.68 ± 0.73  

Siriana 37.12 ± 13.41  1.94 ± 1.73  63.68 ± 24.29  5.58 ± 5.22  0.87 ± 0.97  

Signification * ns ns ns ns 

Fertilization type 

Nutrifine 28.25 ± 10.27 a 0.00 ± 0.00 c 70.00 ± 13.97 b 0.00 ± 0.00 c 0.00 ± 0.00 c 

Orgevit 32.95 ± 14.93 a 1.95 ± 0.51 b 78.85 ± 14.12 b 5.7 ± 0.99 b 1.30 ± 0.25 b 

Micoseed 34.95 ± 15.37 a 3.72 ± 0.94 a 107.1 ± 30.53 a 12.3 ± 2.35 a 1.80 ± 0.45 a 

Control 13.15 ± 6.87 b 0.56 ± 0.62 c 36.60 ± 9.42 c 1.65 ± 1.85 c 0.00 ± 0.00 c 

Signification * * * * * 
Within each column: n.s.—no statistically significant difference; *—significant differences; values associated with the same lowercase 

letters are not statistically different at p < 0.05 according to Duncan’s test. 

Chlorogenic acid was identified in tomato fruits, the highest values were recorded 

in ‘Siriana’ tomato, especially in the biologically and organically fertilized and similar 

is for p-coumaric acid which was quantified under the influence of the same types of fer-

tilization, and in the same cultivar (Table 6). The rutin content is present in tomato fruits, 

where the highest values were analyzed in ‘Siriana’ cv., fertilized with Micoseed 129.00 

μg·100 mL-1, respectively. The ferulic acid was detected in both varieties the highest val-

ues being determinate in microbiological fertilized. 

Quercitin showed a widely changeable content and it was found in traces in half 

of the tomato treatments. 

Table 6. Polyphenol compounds detected in tomato fruits 

Treatment 
Chlorogenic acid  

(μg·100 mL−1) 

p-coumaric acid 

(μg·100 mL−1) 

Rutin  

(μg·100 mL−1) 

Ferulic acid 

(μg·100 mL−1) 

Quercitin  

(μg·100 mL−1) 

Cristal x Nutrifine 20.10±2.24c Tr 76.30±8.51b tr Tr 

Cristal x Orgevit  20.50±2.29c 1.60±0.18cd 82.20±9.16b 5.60±0.62b 1.20±0.13b 

Cristal x Micoseed 22.20±2.47c 3.10±0.35b 85.20±9.50b 11.40±1.27a 1.50±0.17b 

Cristal x Control 7.30±0.81d Tr 42.90±4.78cd tr Tr 

Siriana x Nutrifine 36.40±4.06b Tr 63.70±7.10bc tr Tr 

Siriana x Orgevit 45.40±5.06ab 2.29±0.26c 75.50±8.42b 5.80±0.65b 1.40±0.16b 
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Siriana x Micoseed 47.70±5.32a 4.34±0.48a 129.00±14.38a 13.20±1.47a 2.10±0.23a 

Siriana x Control 19.00±2.12c 1.11±0.12d 30.30±3.38d 3.30±0.37c Tr 

Signification * * * * * 
Within each column: ns—no statistically significant difference; * - significant differences; values associated with the same lower-

case letters are not statistically different at p ≤ 0.05 according to Duncan’s test; tr – trace below detection limit 0.5 μg·mL−1. 

3.3. Mineral Content 

The influence of the tomato cultivar and the fertilization type on macroelements con-

tents is shown in Table 7. Data present for the cultivar did not induce significant differ-

ences for K, Ca, P, and Mg. The dynamics of the content of macroelements show that 

K>Mg>P>Ca.  

The data in the table show that fertilization is a determining factor in macroelement 

accumulation. The chemical fertilization determines obtaining the highest values for the 

analyzed macroelements by 25-88% compared to the unfertilized control. 

Table 7. Influence of tomato cultivar and fertilization type on macroelement contents 

Treatment 
K 

(mg·100 g−1 f.w.) 

Ca  

(mg·100 g−1 f.w.) 

P  

(mg·100 g−1 f.w.) 

Mg  

(mg·100 g−1 f.w.) 

Cultivar 

Cristal 198.67 ± 38.30  9.32 ± 2.90  10.25 ± 2.94  11.10 ± 2.30  

Siriana 203.84 ± 44.37  10.93 ± 2.48  11.55 ± 2.82  11.87 ± 2.60  

Signification ns ns ns ns 

Fertilization type 

Nutrifine 233.24 ± 41.52 a 12.20 ± 2.38 a 13.30 ± 2.55 a 12.95 ± 2.34 a 

Orgevit 206.08 ± 35.84 ab 11.00 ± 1.90 a 12.02 ± 2.08 ab 12.45 ± 2.27 a 

Micoseed 197.20 ± 34.07 ab 10.28 ± 1.86 a 10.56 ± 1.84 b 11.35 ± 1.96 ab 

Control 168.49 ± 29.27 b 7.02 ± 2.17 b 7.07 ± 1.88 c 9.18 ± 1.62 b 

Signification * * * * 

Within each column: n.s.—no statistically significant difference; *—significant differences; values associated with the same lowercase 

letters are not statistically different at p < 0.05 according to Duncan’s test. 

 

As shown in Table 8, the use of Nutrifine, Orgevit or Micoseed led to an increase in 

K, Ca, P and Mg content in tomato fruits. The highest content of macrominerals was found 

in both tomato cultivars under the effect of Nutrifine, followed by Orgevit fertilization.  

Table 8. Total content of macroelements in tomato fruits  

Treatment 
K 

(mg·100 g−1 f.w.) 

Ca  

(mg·100 g−1 f.w.) 

P  

(mg·100 g−1 f.w.) 

Mg  

(mg·100 g−1 f.w.) 

Cristal x Nutrifine 224.20 ± 43.30 11.20 ± 2.16 ab 12.30 ± 2.37 ab 12.32 ± 2.38 ab 

Cristal x Orgevit 202.36 ± 39.08 10.90 ± 2.10 ab 11.84 ± 2.29 ab 11.80 ± 2.28 ab 

Cristal x Micoseed 196.78 ± 38.00 9.80 ± 1.90 ab 10.34 ± 2.00 abc 11.37 ± 2.20 ab 

Cristal x Control 171.32 ± 33.09 5.40 ± 1.04 c 6.50 ± 1.26 c 8.90 ± 1.72 b 

Siriana x Nutrifine 242.28 ± 46.79 13.20 ± 2.55 a 14.30 ± 2.76 a 13.58 ± 2.62 a 

Siriana x Orgevit 209.80 ± 40.52 11.10 ± 2.14 ab 12.20 ± 2.35 ab 13.10 ± 2.53 ab 

Siriana x Micoseed 197.62 ± 38.17 10.76 ± 2.08 ab 10.78 ± 2.08 ab 11.32 ± 2.19 ab 

Siriana x Control 165.66 ± 31.99 8.65 ± 1.67 bc 8.90 ± 1.72 bc 9.46 ± 1.83 ab 

Signification ns * * * 
Within each column: ns—no statistically significant difference; * - significant differences; values associated with the same lower-

case letters are not statistically different at p ≤ 0.05 according to Duncan’s test. 

Statistically, the Duncan test showed that chemical fertilizer induced positive signif-

icant effects on Ca and P contents in tomato fruits compared to the control. 
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The influence of the tomato cultivar and the fertilization type on microelements con-

tents is shown in Table 9. Data present for the cultivar did not induce significant differ-

ences for Cu, Fe, Mn, and Zn. The dynamics of the content of macroelements show that 

Fe>Zn>Mn>Cu.  

The data in the table show that fertilization is a determining factor in microelement 

accumulation. The organic fertilization determines obtaining the highest values for the 

analyzed microelements (Cu, Mn, Zn) by 25-88% compared to the unfertilized control 

with Fe where the higher content was obtained under Nutrifine fertilization. 

Table 9. Influence of tomato cultivar and fertilization type on microelement contents 

Treatment 
Cu  

(mg kg−1 f.w.) 

Fe 

(mg·kg−1 f.w.) 

Mn 

(mg kg−1 f.w.) 

Zn 

(mg kg−1 f.w.) 

Cultivar 

Cristal 0.45 ± 0.10  4.53 ± 1.46  0.47 ± 0.16  4.57 ± 1.82  

Siriana 0.54 ± 0.14  5.17 ± 1.54  0.56 ± 0.20  4.72 ± 1.98  

Signification ns ns ns ns 

Fertilization type 

Nutrifine 0.52 ± 0.11 ab 6.36 ± 1.21 a 0.61 ± 0.13 a 5.29 ± 0.93 b 

Orgevit 0.61 ± 0.13 a 5.32 ± 0.92 ab 0.69 ± 0.13 a 6.51 ± 1.16 a 

Micoseed 0.47 ± 0.08 b 4.65 ± 0.94 b 0.48 ± 0.10 b 4.77 ± 0.83 b 

Control 0.40 ± 0.07 b 3.07 ± 0.64 c 0.29 ± 0.05 c 2.02 ± 0.35 c 

Signification * * * * 

Within each column: n.s.—no statistically significant difference; *—significant differences; values associated with the 

same lowercase letters are not statistically different at p < 0.05 according to Duncan’s test. 

Similarly, to the macroelements, the results concerning microelement content revealed 

that the contents of Cu, Fe, Mn, and Zn in the tomatoes were also affected by the interac-

tion between cultivar and fertilization type (Figure 2).  

 

Figure 2. Total content of microelements in tomato fruits. Values associated with the same lower-

case letters are not statistically different at p ≤ 0.05 according to Duncan’s test 

The use of chemical fertilizer resulted in the highest Fe content in tomato fruits, while 

the highest content of Cu, Mn and Zn was found when organic fertilizer was applied. 

Analysis of the microelements content in the studied cultivars showed that the highest 

quantities of microelements were determined in the fruits of the ‘Siriana’ cv. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 April 2023                   doi:10.20944/preprints202304.0223.v1

https://doi.org/10.20944/preprints202304.0223.v1


 

 

Insignificant differences were observed in ‘Cristal’ cultivar fruits for Cu content, re-

gardless of applied fertilizer, and for Fe and Mn contents when organic fertilizer was used. 

The Micoseed use in the fertilization of tomatoes did not cause significant changes in the 

Cu and Fe contents in the fruits of ‘Siriana’. 

3.4. Biometrical and Yield Parameters 

The effect of the individual factors on the production characteristics is presented in 

Table 10. Data presented for both technological factors did not induce significant differ-

ences concerning the mentioned parameters (Table 10).  

The data presented for the cultivar highlight the superiority in terms of harvest for 

the ‘Cristal’ variety, for the number of fruits per plant, the average weight of the fruits, 

and the total production. The influence of microbiological fertilization showed that there 

are differences between the types of fertilization in the case of the three monitored param-

eters, but the differences were not significant. 

 
Table 10. Influence of tomato cultivar and fertilization type on yield characteristics  

Treatment 
No of fruits  

per plant 

Mean weight  

per fruit (g) 
Yield (t·ha-1) 

Cultivar    

Cristal 24.1±3.05 186±21 129.65±16.33 

Siriana 23.9±3.02 162±20 102.29±12.89 

Signification    

Fertilization type ns ns ns 

Nutrifine 24.5±3.07 168±21 115.07±14.49 

Orgevit 23.6±2.96 178±22 116.04±14.62 

Micoseed 25.1±3.16 183±23 129.74±16.34 

Control 23.0±2.90 164±20 103.01±12.97 

Signification ns ns ns 

Within each column: n.s.—no statistically significant difference for p < 0.05 according to Duncan’s test. 

 

 

The effect of interaction between varieties and nutrition on the production character-

istics is presented in Table 11. Data presented for both factors did not induce significant 

differences for the number of fruits per plant and the average fruit weight. The yield de-

termined by cultivar and fertilization regime increased from 89.33 t·ha-1 on ‘Siriana’ un-

treated till to 143.42 t·ha-1 in version ‘Cristal’ treated with Micoseed with significant dif-

ferences for p≤0.05. 

 
Table 10. Influence of interaction of tomato cultivar and fertilization type on yield parameters  

Treatment 
No of fruits  

per plant 

Mean weight  

per fruit (g) 
Yield (t·ha-1) 

Cristal x Nutrifine 24.6±3.11 181±23 128.75±16.22ab 

Cristal x Orgevit  23.7±2.99 191±24 129.72±16.34 ab 

Cristal x Micoseed 25.2±3.17 195±25 143.42±18.07 a 

Cristal x Control 23.1±2.90 175±22 116.69±14.70 ab 

Siriana x Nutrifine 24.4±3.07 156±20 101.40±12.78 ab 

Siriana x Orgevit 23.5±2.96 166±21 102.36±12.89 ab 

Siriana x Micoseed 25.1±3.17 171±22 116.06±14.62 ab 

Siriana x Control 22.9±2.90 154±19 89.33±11.25 b 

Signification ns ns  
Within each column: ns—no statistically significant difference; * - significant differences; values associated with the same lower-

case letters are not statistically different at p ≤ 0.05 according to Duncan’s test. 
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4. Discussion 

This research aimed to evaluate the interactions between two cultivars and three fer-

tilization types on the qualitative compounds of tomato fruits, considering the increased 

interest of consumers to eat healthy food rich in bioactive compounds in the last two dec-

ades [43]. Secondly, current farming systems demand more restrictions regarding the use 

of synthetic chemical origin inputs. 

Indeed, secondary metabolites have an essential role in human nutrition, as they 

are used in the physiological processes of growth and in the maintenance of health. 

These compounds are taken from the food and the deficiency of certain elements leads to 

disease appearance. Tomato fruits are excellent sources of mineral, and antioxidant com-

ponents for humans. The composition and content of polyphenols, vitamins and minerals 

in vegetables vary according to the species, variety, phenological stage, and crop manage-

ment. In this study, the tomato local cultivar examined showed a higher fruit nutrient 

content under the fertilization regime, compared to the control. 

4.1. Water content, Dry matter, Total Soluble Solid, Acidity and Ash of Tomato Fruits 

As expected, the fruit dry matter content varied within similar limits reported in 

previous studies. In addition, the fruit water content was inversely related to the dry matter, be-

ing a normal result, taking into account that both parameters constitute the fresh biomass. Regard-

ing the TSS content, apart from reflecting the dry matter of fruits, it is known that together with the 

acidity, phenols and minerals determine the fruits organoleptic and nutritional quality [44]. In our 

study, the content of the TSS was not significantly influenced by the fertilization type, the values 

registered being in the range of those previously reported [45–47]. Along with the TSS, acidity 

contributes to the flavor and aroma of the tomatoes, and at the same time represents an indicator 

of the ripeness of the fruits. The lower the citric acid content, the more advanced the level of the 

fruit ripening process [46,48]. The results of our study showed that for ‘Siriana’ tomato cultivar 

treated with biological fertilizer, the amount of citric acid was the highest, indicating an accumula-

tion of this organic acid. The higher content of citric acid in the fruits belonging to the biologically 

fertilized plants might be due to the presence of microorganisms that either enhanced the uptake 

of nitrate or modulated nitrate metabolism and the synthesis of organic acids. Usually, the amount 

of organic acids in fruits is related to nitrate metabolism. More specifically, during the assimilation 

of nitrate, the synthesis of carbohydrates decreases and more organic acids are produced [49,50]. 

Probably in our study, the microorganisms present in the fertilizers enhanced the citric acid pro-

duction and its accumulation in the fruits of tomato. Our results are in agreement with those re-

ported by Inculet et al. [10], in a study done on tomato inoculated with arbuscular mycorrhizal 

fungi and bacteria on tomato. 

4.2. Antioxidant Contents 

The content of total polyphenolic compounds, lycopene and β-carotene are improved 

by using varieties, and fertilizers. The new fertilization products obtained on the basis 

of microorganisms and especially those from the genus: Glomus sp., Rhizophagus sp. and 

Trichoderma sp., are superior to chemical and organic fertilization. In tomatoes, regardless 

of cultivar, ‘Cristal‘ obtained higher values by up to 48% compared to chemical fertiliza-

tion, ‘Siriana’ by up to 32% compared to the same fertilization.  

Ayuso-Yuste et al. [51] showed that traditional tomato varieties tested were richer in 

lycopene and β-carotene than commercial ones in the last ripening stages [85]. 

Increased contents of polyphenols under microbiological fertilization, were detected 

in other species like quinoa [52]. 

‘Siriana’ variety had a 39% increase compared to ‘Cristal‘ under the biological fertili-

zation, which suggests both the better adaptation of this local hybrid to the growing con-

ditions and a more effective response to the fertilization input. Similar results were ob-

tained by Mihalache et al. [25] and Spagna et al. [53]. 
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Antioxidant activity levels determined in tomatoes are similar to those reported in 

the literature. The antioxidant activity values in tomatoes found by Spagna et al. [53] were 

between 72.84 and 83.05 mmol Trolox·100 g−1 d.w.  

Consistent with our results, in previous research carried out on tomatoes, a beneficial 

effect of Bacillus licheniformis application was recorded on fruit flavonoids and polyphe-

nols content as well as on antioxidant activity [54]. 

The quantity and quality of polyphenols from tomato is a positive aspect of a bal-

anced diet due to the nutrients. Many current studies associate the consumption of tomato 

with a positive effect on health. Raiola et al. [55] analyzing polyphenols from tomato, 

highlighted that fruits lose their nutritive qualities through processing, but the values 

analyzed for rutin and quercitrin in tomato were lower than our study. The polyphenolic 

compounds determined in tomato are superior to those obtained by Rosa-Martinez et al. 

[17] for chlorogenic acid, rutin, and ferulic acid in both species. Through processing, part 

of the compounds are destroyed or as the fruits reach over-ripeness, part of these com-

pounds degrade [24,56]. 

4.3. Mineral Content 

In the ‘Cristal’ variety of tomato, the content of K, Ca, P, Mg, Cu, Fe, Mn, and Zn 

reached a maximum of 224, 11, 12, 12, 0.5, 3, 0.6, 6 mg/100g f.w., and in ‘Siriana’ 242, 13, 14, 

13, 0.6, 3, 0.7, 6 mg·100g f.w. The results registered in our study are in agreement with 

those obtained by Cvijanović et al. [57] who showed that the nutrients content (Ca, K, Mg, 

P) in tomato were higher in the integrated growing system (1410, 22300, 1640, and 4300 

mg·kg d.w., respectively) compared with those in the organic system (1210, 21700, 

1630, and 3930 mg/kg d.w., respectively). The differences between the two systems are 

due to the fact that in the integrated system the use of K and Ca salt based fertilizers are 

allowed [57]. In our study, the genotype did not significantly influence the content of 

micro and macro-nutrient. Ciudad-Mulero et al. [58] reported that in tomatoes the min-

eral content has varied significantly between the different forms of Yellow tomato, 

Round Tomato, Long Tomato, Oxheart Tomato (Na 0.58-3 mg·kg-1, Ca 4.4-6.8 mg·kg-1, 

K 1.58-2.15 mg·kg-1, 4.5-5.6 mg·kg-1, Fe 0.19-0.49 mg·kg-1, Cu 0.085-0.14 mg·kg-1, Mn 0.023-

0.047 mg·kg-1, and Zn 0.08-0.345 mg 100 g-1 f.w.).  

In many studies it has been shown that the content of secondary metabolites (e.g. 

polyphenol compounds) in plants is highly dependent on the availability of N to plants. 

It has been proven that the plant growing in nitrogen-poor condition leads to the increase 

of secondary metabolites content in plant parts compared to the level found in plants 

growing in a nitrogen-rich soil [59,60]. According to Ibrahim et al. [59] the low nitrogen 

availability in the soil limits more the plant growth than the photosynthesis, and thus the 

plants allocate the extra carbon to the production of carbon-based secondary metabolites 

and not for protein required in plant growth. It is known that the main actions of micro-

organisms used as biofertilizers are the phosphate and potassium solubilization and ni-

trogen fixation from soil [61]. Through the use of organic and chemical fertilizers, phos-

phorus-, potassium- and nitrogen-based compounds are introduced into the soil, some-

times in quantities exceeding the plant needs. Therefore, when using biofertilizers the 

plants are grown in nitrogen-poor condition and the content of secondary metabolites, 

including in plant fruits, increases. Therefore, these considerations might explain why the 

content of polyphenol compounds detected in tomato fruits grown under biological ferti-

lization are higher compared to the contents determined in the fruits of plants grown un-

der chemical or organic fertilization.  

The higher Fe content in tomatoes chemically fertilized may be due to the fact that 

the chemical fertilizer used contains microelements, but also chelating agents (EDTA) that 

increase the bioavailability of iron to plants [62]. The microorganisms from biofertilizers 

enhance the Fe uptake and transport it to the plants by secretion of siderophores, whose 

secretion rate may be affected by environmental conditions such as pH, temperature, nu-

trient sources, aerobic/anaerobic etc. [63]. 
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The results of the present research related to local and recently introduced varieties, 

highlight that the local varieties can be promoted in sustainable crops, due to their eco-

logical plasticity and adaptation to environmental conditions. The presence of some pol-

yphenol compounds, even in small concentrations or traces in the fruits of tomato (ferulic 

acid, isoquercitrin, gentisic acid) is the premise of a needed continuation of this inves-

tigation, combining the different types of fertilization examined, i.e., chemical, organic 

and biological, and monitoring the content of macro- and microelements, nitrates and 

heavy metals to prevent that their contents exceed the allowed thresholds. 

In our experiment, the increase of nutritional compounds in tomato fruits, influ-

enced by cultivar and fertilization type, represents a positive impact on consumers’ de-

mand for healthy vegetable products. 

 

4.4. Biometrical and Yield Parameters 

 

Usually, yield characteristics are determined by the genetic value and the uniformity 

of the F1 hybrids. ‘Cristal’ is a tomato hybrid, recently introduced into the crop primarily 

for its productive qualities and for the fact that it adapts well to the conditions in protected 

areas, compared to the ‘Siriana’ hybrid which excels from a qualitative point of view. Sim-

ilar results for ‘Siriana’ were also obtained by Inculet et al., 2019 which demonstrates that 

from a quantitative point of view, the hybrid has well-defined biological limits, but with 

high ecological plasticity, which can recognize it for organic crops [10]. 

In general, the nutrition of tomato plants has a determining role in increasing pro-

duction, it being known that each vegetable species has a specific consumption of nutri-

tional elements. Although the differences between the types of treatments are not signifi-

cant from a statistical point of view, the production was increased in the biologically fer-

tilized version by up to 25.95% compared to the untreated control. 

In general, the number of fruits per plant is a genetic constant, which indicates that 

the influence of the interaction is less, being strictly biologically determined. The average 

fruit weight was positively influenced by the cultivar x nutrition interaction, from 154 g 

per fruit in the case of the untreated ‘Siriana’ cultivar to 195 g per fruit in the case of the 

biologically fertilized ‘Cristal’ cultivar, the difference being 26.6%. Both cultivars obtained 

higher yields in the biologically fertilized variants, up to 22.9% in the case of the ‘Cristal’ 

hybrid and up to 29.9% in the case of the local ‘Siriana’ hybrid compared to the control. 

The production results obtained in the present study regarding the use of biological ferti-

lization are in the same way with the results obtained by Bona et al., 2017 [50]. 

In the case of both varieties, no significant production differences were obtained be-

tween chemical and organic fertilization, regardless of the combination, which indicates 

that both cultivations can be used both in conventional and organic systems. 

 

5. Conclusions 

Varieties and nutrition measures have a strong influence on the quality and nutri-

tional value of tomatoes. We found that the local tomato hybrid ‘Siriana’ had a higher 

rutin content. Moreover, biological fertilization was found to have a positive effect on the 

accumulation of polyphenols, lycopene, and β-carotene in tomato fruits, which suggests 

that it can be a viable alternative to chemical fertilization in terms of producing premium 

quality products. Additionally, organic fertilization increased the nutritional value of to-

mato, which provides an opportunity for local producers to use organic fertilizers on a 

large scale. Chemical fertilization was found to increase the total amount of mineral ele-

ments in tomato fruits due to its higher solubility, but it also raises concerns about the 

accumulation of essential heavy metals beyond the allowed thresholds, such as Cu, Zn, 

Fe, and Mn. Therefore, the content of minerals should be carefully monitored to ensure 

that they do not exceed the safety limits. Finally, our study highlights the need for further 
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research on the efficiency of different doses of organic and biological fertilizers to deter-

mine their impact on improving the nutritional value of tomato fruits. This will help to 

optimize the use of these fertilization types and ensure that local producers can produce 

high-quality and safe products that meet the growing demand for healthier food options. 

From the point of view of production, the proposed factors under this study provide 

information about the nutrition and biological varieties which can be further used as in-

puts for sustainable production, especially for organic farming.  

Author Contributions: Conceptualization, O.-R.R., and V.S.; methodology, G.-C.T., G.C., and A.S., 

software, A.C. and M.B.; validation, O.-R.R., G.C. and V.S.; formal analysis, I.M., D.M.-A., G.M., and 

M.R.,; investigation, G.-C.T., A.C., and M.B.; resources, V.S., and G.C.; data curation, G.-C. T., M.B., 

G.M.,; writing—original draft preparation, O.-R.R., I.M., D.M.-A., G.M., V.S., and G.M.; writing—

review and editing, M.R., G.C., and V.S.,; visualization, O.-R.R., G.C., A.S., and V.S.; bibliographic, 

A.C., O.-R.R.,; supervision, V.S., A.S., and G.C.; project administration, O.-R.R. and V.S. All authors 

have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors wish to thank “Ion Ionescu de la Brad” Iasi University of Life Sci-

ences for the financial support of the experiments. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1.  Kibr, G. The Health Benefits of Vegetables; Preventive Implications for Chronic Non-Communicable Diseases; IntechOpen, 2022; ISBN 

978-1-83969-949-8. 

2.  Ülger, T.G.; Songur, A.N.; Çırak, O.; Çakıroğlu, F.P. Role of Vegetables in Human Nutrition and Disease Prevention. In Vegeta-

bles - Importance of Quality Vegetables to Human Health; Asaduzzaman, Md., Asao, T., Eds.; InTech, 2018 ISBN 978-1-78923-506-7. 

3.  Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Müller, M.J.; Oberritter, H.; Schulze, 

M.; et al. Critical Review: vegetables and fruit in the prevention of chronic diseases. Eur J Nutr 2012, 51, 637–663, 

doi:10.1007/s00394-012-0380-y. 

4.  Caprile, A.; Rossi, R. 2021 International Year of Fruits and Vegetables; EPRS - European Parliamentary Research Service, 2021; p. 

2;. 

5.  World Health Organization Healthy Diet Available online: https://www.who.int/news-room/fact-sheets/detail/healthy-diet (ac-

cessed on 15 October 2022). 

6.  Perveen, R.; Suleria, H.A.R.; Anjum, F.M.; Butt, M.S.; Pasha, I.; Ahmad, S. Tomato (Solanum lycopersicum) carotenoids and lyco-

penes chemistry; metabolism, absorption, nutrition, and allied health claims—a comprehensive review. Crit. Rev. Food. Sci. Nutr. 

2015, 55, 919–929, doi:10.1080/10408398.2012.657809. 

7.  Chaudhary, P.; Sharma, A.; Singh, B.; Nagpal, A.K. Bioactivities of phytochemicals present in tomato. J. Food Sci. Technol. 2018, 

55, 2833–2849, doi:10.1007/s13197-018-3221-z. 

8.  Martí, R.; Roselló, S.; Cebolla-Cornejo, J. Tomato as a source of carotenoids and polyphenols targeted to cancer prevention. 

Cancers 2016, 8, 58, doi:10.3390/cancers8060058. 

9.  Sharma, A.; Kaur, M.; Katnoria, J.K.; Nagpal, A.K. Polyphenols in food: cancer prevention and apoptosis induction. Curr. Med. 

Chem. 2018, 25, 4740–4757, doi:10.2174/0929867324666171006144208. 

10.  Inculet, C.-S.; Mihalache, G.; Sellitto, V.M.; Hlihor, R.-M.; Stoleru, V. The effects of a microorganisms-based commercial product 

on the morphological, biochemical and yield of tomato plants under two different water regimes. Microorganisms 2019, 7, 706, 

doi:10.3390/microorganisms7120706. 

11.  Shukla, S.K.; Gupta, S.; Ojha, S.K.; Sharma, S.B. Cardiovascular friendly natural products: a promising approach in the manage-

ment of CVD. Nat. Prod. Res. 2010, 24, 873–898, doi:10.1080/14786410903417378. 

12.  Tan, S.; Ke, Z.; Chai, D.; Miao, Y.; Luo, K.; Li, W. Lycopene, polyphenols and antioxidant activities of three characteristic tomato 

cultivars subjected to two drying methods. Food Chem. 2021, 338, 128062, doi:10.1016/j.foodchem.2020.128062. 

13.  Dimitriu, D.C.; Stoleru, V.; Corciova, A.; Vlase, L.; Stan, T.; Jitareanu, A.; Munteanu, N.; Rotaru, L.; Patras, A. P-coumaric acid 

content in sweet pepper under farming methods. Environ. Eng. Manag. J. 2016, 15, 1841–1848, doi:10.30638/eemj.2016.196. 

14.  Shahbandeh, M. World Vegetable Production by Type 2020 Available online: https://www.statista.com/statistics/264065/global-

production-of-vegetables-by-type/ (accessed on 15 December 2022). 

15.  Choksi, P.M.; Joshi, V.Y. A review on lycopene—extraction, purification, stability and applications. Int. J. Food Prop. 2007, 10, 

289–298, doi:10.1080/10942910601052699. 

16.  Chang, C.-H.; Lin, H.-Y.; Chang, C.-Y.; Liu, Y.-C. Comparisons on the antioxidant properties of fresh, freeze-dried and hot-air-

dried tomatoes. J. Food Eng. 2006, 77, 478–485, doi:10.1016/j.jfoodeng.2005.06.061. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 April 2023                   doi:10.20944/preprints202304.0223.v1

https://doi.org/10.20944/preprints202304.0223.v1


 

 

17.  Rosa-Martínez, E.; García-Martínez, M.D.; Adalid-Martínez, A.M.; Pereira-Dias, L.; Casanova, C.; Soler, E.; Figàs, M.R.; Raigón, 

M.D.; Plazas, M.; Soler, S.; et al. Fruit composition profile of pepper, tomato and eggplant varieties grown under uniform con-

ditions. Int. Food Res. J. 2021, 147, 110531, doi:10.1016/j.foodres.2021.110531. 

18.  Hertog, M.G.; Hollman, P.C. Potential health effects of the dietary flavonol quercetin. Eur. J. Clin. Nutr. 1996, 50, 63–71. 

19.  Roșca, M.; Mihalache, G.; Stoleru, V. Tomato responses to salinity stress: from morphological traits to genetic changes. Frontiers 

in Plant Science 2023, 14. 

20.  Stoleru, V.; Inculet, S.-C.; Mihalache, G.; Cojocaru, A.; Teliban, G.-C.; Caruso, G. Yield and nutritional response of greenhouse 

grown tomato cultivars to sustainable fertilization and irrigation management. Plants 2020, 9, 1053, doi:10.3390/plants9081053. 

21.  Ye, L.; Zhao, X.; Bao, E.; Li, J.; Zou, Z.; Cao, K. Bio-organic fertilizer with reduced rates of chemical fertilization improves soil 

fertility and enhances tomato yield and quality. Sci Rep 2020, 10, 177, doi:10.1038/s41598-019-56954-2. 

22.  Singh, T.B.; Ali, A.; Prasad, M.; Yadav, A.; Shrivastav, P.; Goyal, D.; Dantu, P.K. Role of Organic Fertilizers in Improving Soil 

Fertility. In Contaminants in Agriculture: Sources, Impacts and Management; Naeem, M., Ansari, A.A., Gill, S.S., Eds.; Springer 

International Publishing: Cham, 2020; pp. 61–77 ISBN 978-3-030-41552-5. 

23.  Spencer, J.P.E.; Kuhnle, G.G.C.; Hajirezaei, M.; Mock, H.-P.; Sonnewald, U.; Rice-Evans, C. The genotypic variation of the anti-

oxidant potential of different tomato varieties. Free Radic. Res. 2005, 39, 1005–1016, doi:10.1080/10715760400022293. 

24.  De Sio, F.; Rapacciuolo, M.; De Giorgi, A.; Sandei, L.; Giuliano, B.; Tallarita, A.; Golubkina, N.; Sekara, A.; Stoleru, V.; Cuciniello, 

A.; et al. Industrial processing affects product yield and quality of diced tomato. Agriculture 2021, 11, 230, doi:10.3390/agricul-

ture11030230. 

25.  Mihalache, G.; Peres, C.I.; Bodale, I.; Achitei, V.; Gheorghitoaie, M.V.; Teliban, G.C.; Cojocaru, A.; Butnariu, M.; Muraru, V.; 

Stoleru, V. Tomato crop performances under chemical nutrients monitored by electric signal. Agronomy 2020, 10, 1915, 

doi:10.3390/agronomy10121915. 

26.  Martí, R.; Leiva-Brondo, M.; Lahoz, I.; Campillo, C.; Cebolla-Cornejo, J.; Roselló, S. Polyphenol and L-ascorbic acid content in 

tomato as influenced by high lycopene genotypes and organic farming at different environments. Food Chem. 2018, 239, 148–

156, doi:10.1016/j.foodchem.2017.06.102. 

27.  Assefa, S.; Tadesse, S. The principal role of organic fertilizer on soil properties and agricultural productivity -a review. ARTOAJ 

2019, 22, 1–5, doi:10.19080/ARTOAJ.2019.22.556192. 

28.  European Commission Report from the Commission to the Council and the European Parliament on the Implementation of Council 

Directive 91/676/EEC Concerning the Protection of Waters against Pollution Caused by Nitrates from Agricultural Sources Based on 

Member State Reports for the Period 2016–2019; 2021; 

29.  European Commission Sustainable Use of Nutrients Available online: https://agriculture.ec.europa.eu/sustainability/environ-

mental-sustainability/low-input-farming/nutrients_en (accessed on 15 March 2023). 

30.  Runge, T.; Latacz-Lohmann, U.; Schaller, L.; Todorova, K.; Daugbjerg, C.; Termansen, M.; Liira, J.; Le Gloux, F.; Dupraz, P.; 

Leppanen, J.; et al. Implementation of eco-schemes in fifteen european union member states. EuroChoices 2022, 21, 19–27, 

doi:10.1111/1746-692X.12352. 

31.  Szabo, K.; Diaconeasa, Z.; Cătoi, A.-F.; Vodnar, D.C. Screening of ten tomato varieties processing waste for bioactive compo-

nents and their related antioxidant and antimicrobial activities. Antioxidants 2019, 8, 292, doi:10.3390/antiox8080292. 

32.  Stoleru, V.; Munteanu, N.; Sellitto, M.V. New Approach of Organic Vegetable Systems; Aracnee: Rome: Italy, 2014; 

33.  Xu, S.; Li, J.; Baldwin, E.A.; Plotto, A.; Rosskopf, E.; Hong, J.C.; Bai, J. Electronic tongue discrimination of four tomato cultivars 

harvested at six maturities and exposed to blanching and refrigeration treatments. Postharvest Biol. Technol. 2018, 136, 42–49, 

doi:10.1016/j.postharvbio.2017.10.004. 

34.  Official Methods of Analysis of AOAC International; Horwitz, W., Latimer, G.W., Eds.; 18. ed., Current Through Rev. 1, 2006.; 

AOAC International: Gaithersburg, Md, 2005; ISBN ISBN: 0-935584-77-3. 

35.  Ilahy, R.; Hdider, C.; Lenucci, M.S.; Tlili, I.; Dalessandro, G. Phytochemical composition and antioxidant activity of high-lyco-

pene tomato (Solanum lycopersicum L.) cultivars grown in southern Italy. Sci. Hortic. 2011, 127, 255–261, doi:10.1016/j.sci-

enta.2010.10.001. 

36.  Liu, F.; Wang, Y.; Li, R.; Bi, X.; Liao, X. Effects of high hydrostatic pressure and high temperature short time on antioxidant 

activity, antioxidant compounds and color of mango nectars. Innov. Food Sci. Emerg. Technol. 2014, 21, 35–43, 

doi:10.1016/j.ifset.2013.09.015. 

37.  Cristea, E.; Sturza, R.; Patraș, A. The influence of temperature and time on the stability of the antioxidant activity and colour 

parameters of grape marc ethanolic extract. Ann. Univ. Dunarea Jos Galati Fascicle VI: Food Technol. 2015, 39. 

38.  Vlase, L.; Mocan, A.; Hanganu, D.; Benedec, D.; Gheldiu, A. Comparative Study of polyphenolic content, antioxidant and anti-

microbial activity of four galium species (Rubiaceae). Dig. J. Nanomater. 2014, 9, 1085–1094. 

39.  Davis, A.R.; Fish, W.W.; Perkins-Veazie, P. A rapid spectrophotometric method for analyzing lycopene content in tomato and 

tomato products. Postharvest Biol. Technol. 2003, 28, 425–430, doi:10.1016/S0925-5214(02)00203-X. 

40.  Cadoni, E.; Rita De Giorgi, M.; Medda, E.; Poma, G. Supercritical CO2 extraction of lycopene and β-carotene from ripe tomatoes. 

Dyes Pigm. 1999, 44, 27–32, doi:10.1016/S0143-7208(99)00065-0. 

41.  Musa, K.H.; Abdullah, A.; Kuswandi, B.; Hidayat, M.A. A Novel high throughput method based on the DPPH dry reagent 

array for determination of antioxidant activity. Food Chem. 2013, 141, 4102–4106, doi:10.1016/j.foodchem.2013.06.112. 

42.  Fernández-Ruiz, V.; Olives, A.I.; Cámara, M.; Sánchez-Mata, M. de C.; Torija, M.E. Mineral and Trace elements content in 30 

accessions of tomato fruits (Solanum lycopersicum L.,) and wild relatives (Solanum pimpinellifolium L., Solanum cheesmaniae L. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 April 2023                   doi:10.20944/preprints202304.0223.v1

https://doi.org/10.20944/preprints202304.0223.v1


 

 

Riley, and Solanum habrochaites S. Knapp & D.M. Spooner). Biol. Trace Elem. Res. 2011, 141, 329–339, doi:10.1007/s12011-010-8738-

6. 

43.  Guilherme, R.; Reboredo, F.; Guerra, M.; Ressurreição, S.; Alvarenga, N. Elemental composition and some nutritional parame-

ters of sweet pepper from organic and conventional agriculture. Plants 2020, 9, 863, doi:10.3390/plants9070863. 

44.  Beckles, D.M. Factors affecting the postharvest soluble solids and sugar content of tomato (Solanum lycopersicum L.) fruit. Post-

harvest Biology and Technology 2012, 63, 129–140, doi:10.1016/j.postharvbio.2011.05.016. 

45.  Yildirim, E. Foliar and soil fertilization of humic acid affect productivity and quality of tomato. Acta Agriculturae Scandinavica, 

Section B — Soil & Plant Science 2007, 57, 182–186, doi:10.1080/09064710600813107. 

46.  Gheorghitoaie, M.-V.; Bodale, I.; Achitei, V.; Teliban, G.-C.; Cojocaru, A.; Caruso, G.; Mihalache, G.; Stoleru, V. Potential of 

continuous electric current on biometrical, physiological and quality characteristics of organic tomato. Applied Sciences 2022, 12, 

doi:10.3390/app12094211. 

47.  Pieper, J.R.; Barrett, D.M. Effects of organic and conventional production systems on quality and nutritional parameters of 

processing tomatoes. Journal of the Science of Food and Agriculture 2009, 89, 177–194, doi:10.1002/jsfa.3437. 

48.  Sammi, S.; Masud, T. Effect of different packaging systems on the quality of tomato (Lycopersicon esculentum Var. Rio Grande) 

Fruits during Storage. International Journal of Food Science & Technology 2009, 44, 918–926, doi:10.1111/j.1365-2621.2007.01649.x. 

49.  Bona, E.; Todeschini, V.; Cantamessa, S.; Cesaro, P.; Copetta, A.; Lingua, G.; Gamalero, E.; Berta, G.; Massa, N. Combined bac-

terial and mycorrhizal inocula improve tomato quality at reduced fertilization. Scientia Horticulturae 2018, 234, 160–165, 

doi:10.1016/j.scienta.2018.02.026. 

50.  Bona, E.; Cantamessa, S.; Massa, N.; Manassero, P.; Marsano, F.; Copetta, A.; Lingua, G.; D’Agostino, G.; Gamalero, E.; Berta , 

G. Arbuscular mycorrhizal fungi and plant growth-promoting Pseudomonads improve yield, quality and nutritional value of 

tomato: a field study. Mycorrhiza 2017, 27, 1–11, doi:10.1007/s00572-016-0727-y. 

51.  Ayuso-Yuste, M.C.; González-Cebrino, F.; Lozano-Ruiz, M.; Fernández-León, A.M.; Bernalte-García, M.J. Influence of ripening 

stage on quality parameters of five traditional tomato varieties grown under organic conditions. Horticulturae 2022, 8, 313, 

doi:10.3390/horticulturae8040313. 

52.  Stoleru, V.; Vitanescu, M.; Teliban, G.-C.; Cojocaru, A.; Vlase, L.; Gheldiu, A.-M.; Mangalagiu, I.; Amăriucăi-Mantu, D.; Bur-

ducea, M.; Zheljazkov, V.; et al. Phytosterol and polyphenol contents and quinoa leave yields variation in relationships to vari-

ety, density and harvesting date. Agronomy 2022, 12, 2397, doi:10.3390/agronomy12102397. 

53.  Spagna, G.; Barbagallo, R.N.; Chisari, M.; Branca, F. Characterization of a tomato polyphenol oxidase and its role in browning 

and lycopene content. J. Agric. Food Chem. 2005, 53, 2032–2038, doi:10.1021/jf040336i. 

54.  Ochoa-Velasco, C.E.; Valadez-Blanco, R.; Salas-Coronado, R.; Sustaita-Rivera, F.; Hernández-Carlos, B.; García-Ortega, S.; San-

tos-Sánchez, N.F. Effect of nitrogen fertilization and bacillus licheniformis biofertilizer addition on the antioxidants compounds 

and antioxidant activity of greenhouse cultivated tomato fruits (Solanum lycopersicum L. var. Sheva). Scientia Horticulturae 2016, 

201, 338–345, doi:10.1016/j.scienta.2016.02.015. 

55.  Raiola, A.; Del Giudice, R.; Monti, D.; Tenore, G.; Barone, A.; Rigano, M. Bioactive compound content and cytotoxic effect on 

human cancer cells of fresh and processed yellow tomatoes. Molecules 2015, 21, 33, doi:10.3390/molecules21010033. 

56.  Tomas, M.; Beekwilder, J.; Hall, R.D.; Sagdic, O.; Boyacioglu, D.; Capanoglu, E. Industrial processing versus home processing 

of tomato sauce: effects on phenolics, flavonoids and in vitro bioaccessibility of antioxidants. Food Chem. 2017, 220, 51–58, 

doi:10.1016/j.foodchem.2016.09.201. 

57.  Cvijanović, V.; Sarić, B.; Dramićanin, A.; Kodranov, I.; Manojlović, D.; Momirović, N.; Momirović, N.; Milojković-Opsenica, D. 

Content and distribution of macroelements, microelements, and rare-earth elements in different tomato varieties as a promising 

tool for monitoring the distinction between the integral and organic systems of production in Zeleni Hit—Official Enza and 

Vitalis Trial and Breeding Station. Agriculture 2021, 11, 1009, doi:10.3390/agriculture11101009. 

58.  Ciudad-Mulero, M.; Pinela, J.; Carvalho, A.M.; Barros, L.; Fernández-Ruiz, V.; Ferreira, I.C.F.R.; Sánchez-Mata, M. de C.; Mo-

rales, P. Bioaccessibility of macrominerals and trace elements from tomato (Solanum lycopersicum L.) farmers’ varieties. Foods 

2022, 11, 1968, doi:10.3390/foods11131968. 

59.  Ibrahim, M.H.; Jaafar, H.Z.E.; Rahmat, A.; Rahman, Z.A. Effects of nitrogen fertilization on synthesis of primary and secondary 

metabolites in three varieties of kacip fatimah (Labisia pumila Blume). Int J Mol Sci 2011, 12, 5238–5254, doi:10.3390/ijms12085238. 

60.  Khalifezadeh Koureh, O.; Bakhshi, D.; Pourghayoumi, M.; Majidian, M. Comparison of yield, fruit quality, antioxidant activity, 

and some phenolic compounds of white seedless grape obtained from organic, conventional, and integrated fertilization. Inter-

national Journal of Fruit Science 2019, 19, 1–12, doi:10.1080/15538362.2018.1466757. 

61.  Abdelaal, K.; AlKahtani, M.; Attia, K.; Hafez, Y.; Király, L.; Künstler, A. The Role of plant growth-promoting bacteria in allevi-

ating the adverse effects of drought on plants. Biology (Basel) 2021, 10, 520, doi:10.3390/biology10060520. 

62.  Liphadzi, M.S.; Kirkham, M.B. Availability and plant uptake of heavy metals in EDTA-assisted phytoremediation of soil and 

composted biosolids. South African Journal of Botany 2006, 72, 391–397, doi:10.1016/j.sajb.2005.10.010. 

63.  Singh, P.; Chauhan, P.K.; Upadhyay, S.K.; Singh, R.K.; Dwivedi, P.; Wang, J.; Jain, D.; Jiang, M. Mechanistic insights and poten-

tial use of siderophores producing microbes in rhizosphere for mitigation of stress in plants grown in degraded land. Frontiers 

in Microbiology 2022, 13. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 April 2023                   doi:10.20944/preprints202304.0223.v1

https://doi.org/10.20944/preprints202304.0223.v1

