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Abstract: Magnesium is considered an essential nutrient for humans, where about 60 % of Mg plays 

an important role in skeletal development. However, its deficiency can trigger several health pa-

thologies (namely, asthma, Alzheimer’s disease, hypertension, type-2 diabetes). In plants, Mg is es-

pecially important, being involved in protein synthesis and correlated with chlorophyll pigments. 

Its deficiency can compromise photosynthesis and can also lead to shorter roots and necrotic zones 

in leaves. Mineral deficiency (namely, Mg) in plants can lead to a global problem considering the 

increase of human population and the needs to produce more food and that nutritionally meet hu-

man needs, being necessary adopt new technology and approaches. In this context, this study aimed 

to understand the mineral interactions with Mg biofortification in Lycopersicum esculentum (H1534 

variety). Biofortification was promoted during the life cycle of the culture throughout six leaf appli-

cations with four concentrations (4%, 8%, 12%, and 16%) of MgSO4, equivalent to 702, 1404, 2106 

and, 2808 g ha−1. At harvest, 4% MgSO4 treatment showed the highest content of Mg and P, and the 

lowest content of Fe and Zn. Additionally, the highest treatment showed the lowest content of Mg 

and on the other hand, the highest content of Fe. In conclusion, despite the synergistic and antago-

nistic relationships between minerals in the different concentrations of Mg applied, there were no 

significant changes in total soluble solids content in the fruits. 

Keywords: biofortification; H1534 variety; Lycopersicum esculentum L.; mineral interaction; natural 

enrichment with magnesium. 

 

1. Introduction 

Magnesium is considered an essential nutrient for humans and the fourth most abun-

dant in the body [1] and thus an adequate supply of Mg is important to maintain health 
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[2]. About 60% of Mg is in humans bones and plays an important role in skeletal develop-

ment [3]. Nevertheless, Mg deficiency can trigger several health pathologies namely, 

asthma, Alzheimer’s disease, hypertension, cardiovascular disease, osteoporosis, and 

type-2 diabetes mellitus [1,4]. In plants, Mg also plays important roles, namely in struc-

tural and regulatory functions [5]. In fact, Mg has diverse functions and is especially im-

portant, being involved in protein synthesis, correlated with chlorophyll pigments [3], is 

a key element in photosynthesis and is deeply involved in the phloem loading of sucrose 

[5]. Its deficiency can compromise plant growth, photosynthesis, crop productivity, can 

also lead to shorter roots, and to necrotic zones in leaves [3,5]. Additionally, Mg deficiency 

in fields can be due to is ionic antagonism with competing cations (H+, Al3+, Ca2+, K+ and 

Na+) that strongly inhibit Mg2+ root uptake [5]. Magnesium is considered a phloem mobile 

element and is rapidly translocated within the plant to the growing parts, that’s why the 

first symptoms start to appear on older leaves [6]. Mineral deficiency in plants begins to 

be a global problem considering the increase of human population and the urge to meet 

the future worldwide food and nutrient needs [7]. Additionally, with the growth and de-

velopment of food industry and agriculture, the ability to produce safe and nutritious 

food in the future is largely dependent on new technologies and approaches [7]. As such, 

considering that nutrients are mainly obtained through plants in human diet [8], agro-

nomic biofortification can be a viable strategy to be implemented with the aim of increas-

ing different mineral content in the edible part of plants, in particular through foliar ferti-

lization/applications [9]. In this context, being tomato (Lycopersicum esculentum) one of the 

most popular and consumed horticultural crop globally and the need to improve mineral 

content in edible crops, this study aimed to understand the mineral interactions (syner-

gistic and antagonistic relationships) in tomatoes of an industrial variety (H1534) biofor-

tified with Mg. 

2. Materials and Methods 

2.1. Biofortification Intinearary 

The experimental tomato-growing field, located in Beja (Alentejo region)—South of 

Portugal (GPS coordinates: 38°01′40′’ N; 7°52′20″W) -, was used to growth H1534 variety 

(Lycopersicum esculentum L.). During the agricultural period, from 8 May 2019 (planting 

date) to 10 September 2019 (harvest date), air temperatures reached an average daily of 

20.4 and 13.8 °C (with maximum and minimum values varying between 38.9 and 5.7 °C, 

respectively. Biofortification was promoted during the life cycle of the culture throughout 

six leaf applications with four concentrations (4%, 8%, 12%, and 16%) of MgSO4, equiva-

lent to 702, 1404, 2106 and, 2808 g ha−1. The first foliar application was carried out on 12 

July 2019 and the remaining five foliar applications were performed within 7 to 11 days 

interval. Four replicates per concentration were planted and control plants were not 

sprayed at any time with MgSO4. 

2.2. Mineral Content in Tomatoes 

Mineral content was carried out after tomatoes (with similar size) being washed, 

dried at 60 °C until constant weight and grounded in an agate mortar. After that, the ho-

mogenate was divided into four samples (n = 4) and an acid digestion procedure was per-

formed with a mixture of HNO3- HClO4 (4:1) according to [10,11]. After filtration, mineral 

content of Mg, Ca, Fe, Zn, P, K and Cu was measured by atomic absorption spectropho-

tometry, using a model Perkin Elmer AAnalyst 200, and the absorbency was determined 

with a coupled AA WinLab software. 

2.3. Total Soluble Solids 

Total soluble solids content was measured in tomatoes juice, according to [12]. 
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2.4. Statistical Analysis 

Data were statistically analyzed using a One-Way ANOVA to assess differences 

among treatments in H1534 variety, followed by a Tukey’s for mean comparison. A 95% 

confidence level was adopted for all tests. 

3. Results 

Mineral content of tomatoes at harvest was assessed in H1534 variety (Table 1). Mag-

nesium, Ca, Zn and Cu did not vary significantly, unlike Fe, P and K which varied signif-

icantly. The treatment 4% MgSO4 showed the highest content in Mg and P, and the lowest 

content of Fe and Zn. Control showed a higher content of Ca, Zn, K and Cu compared to 

the biofortified treatments. Calcium, P, K and Cu showed a lower content in 12% MgSO4 

treatment and 8% MgSO4 treatment always presented intermediate values considering the 

mineral elements analyzed. Additionally, the highest treatment (16% MgSO4) showed the 

lowest content of Mg and on the other hand, the highest content of Fe. Relatively to con-

trol, biofortified tomatoes with 4% and 8% MgSO4 treatments showed an increase in Mg 

content of 3.5 and 2.6 fold, respectively. In addition, biofortified tomatoes with the 12% 

MgSO4 treatment showed an increase of Mg content of 2.1%. 

Table 1. Mean values ± S.E. (n = 4) of Mg, Ca, Fe and Zn in tomatoes of Lycopersicum esculentum 

(H1534 variety), at harvest. Letters a,b, and c indicate significant differences, between treatments 

(statistical analysis using the single factor ANOVA test, p ≤ 0.05). Foliar spray was carried out with 

four concentrations (4%, 8%, 12%, and 16% of MgSO4). Control was not sprayed at any time. 

Treatments 
Mg Ca Fe Zn P K Cu 

mg/100 g 

Control 53.97a ± 1.08 31.48a ± 0.16 6.36b ± 0.13 1.86a ± 0.47 283abc ± 9 4616a ± 44 1.68a ± 0.24 

4% MgSO4 190a ± 91 30.93a ± 6.39 5.13b ± 0.30 0.73a ± 0.16  315a ± 10 3509b ± 89  1.13a ± 0.02 

8% MgSO4 143a ± 35 31.20a ± 0.29 6.12b ± 0.86 1.75a ± 0.41 270bc ± 12 3735b ± 67 1.54a ± 0.23 

12% MgSO4 55.11a ± 7.43 18.78a ± 0.91 6.41b ± 1.05 1.05a ± 0.41 254c ± 1 3410b ± 116 1.08a ± 0.21 

16% MgSO4 49.48a ± 2.50 19.16a ± 2.36 10.25a ± 0.91 1.37a ± 0.20 297ab ± 8 3558b ± 155 1.42a ± 0.04 

Total soluble solids did not vary significantly (Figure 1), yet control showed the low-

est content and 8% MgSO4 treatment showed the highest content compared to the remain-

ing treatments. 

 

Figure 1. Mean values ± S.E. (n = 4) of total soluble solids (oBrix) in tomatoes of Lycopersicum escu-

lentum (H1534 variety), at harvest. Letter a indicate no significant differences between treatments 
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(statistical analysis using the single factor ANOVA test, p ≤ 0.05). Foliar spray was carried out with 

four concentrations (4%, 8%, 12%, and 16% of MgSO4). Control was not sprayed at any time. 

4. Discussion 

Mineral interactions have been proven to be important, mainly regarding indicating 

deficiencies and toxicity in plants [13]. As such, mineral content of Mg, Ca, Fe, Zn, P, K, 

and Cu was assessed in tomatoes at harvest (Table 1). These mineral elements analyzed 

are considered essential elements for plant growth and development, being supplied by 

soil or fertilizers [14]. Tomatoes biofortified with MgSO4 showed higher content of Mg 

(except in 6% MgSO4 treatment) regarding control, indicating that biofortification oc-

curred and had a better index with the lower concentration applied (4% of MgSO4). Pre-

ciously, in another study carried out with the same variety showed also with 4% of MgSO4 

treatment the highest Mg content [15]. Nevertheless, the higher content of Mg in 4% 

MgSO4 treatment showed a lower Fe content, presenting a tendency of antagonism in the 

biofortified tomatoes considering that as the Mg content increased, Fe content decreased. 

In fact, this antagonistic relationship between Fe and Mg was already verified in growth 

and metabolism of another horticultural crop [16]. This type of interaction between ions 

whose have similar chemical properties (in this case—similar size and charge) can lead to 

competition in the site of absorption, transport and even function within plant tissues [17]. 

Additionally, 16% MgSO4 treatment showed less content of Mg probably because plants 

submitted to that concentration started to show signs of toxicity in leaves after six foliar 

applications. Nevertheless, 4% MgSO4 treatment that showed the higher Mg content, also 

showed the highest P content regarding the remain treatments. A previously study carried 

out by [18] showed evidence of a synergistic mechanism of Mg and P, however in our 

study there isn’t a clear tendency of that mechanism. Yet, regarding Mg, Ca, and K, there 

is no tendency of antagonistic interactions, previously reported by [19] and by [20] (re-

garding the antagonistic effect of K on Mg content). However, considering a study carried 

out by [21], states that the relationship between Mg and K in plant tissues can be antago-

nistic or synergistic depending, namely, on plant species. Also reported that antagonistic 

relationship of K on Mg is much stronger than Mg on K in both root absorption and in 

transport within plants, and probably because of that, there is no tendency of antagonistic 

effect of Mg on K in our study. In addition, K and Cu showed at the same treatments the 

highest (in control) and lowest content (12% MgSO4 treatment), also showing lower con-

tents in biofortified treatments. This effect was previously reported by [20], higher K con-

tent have resulted in the increased of Cu. Additionally, K and Zn also have a synergetic 

effect [20], however our data did not show a clear tendency of that relationship between 

both mineral elements. 

Regarding total soluble solids is considered one of the most relevant parameters in 

tomatoes [22], being flavors influenced by this content [23]. As such, our data showed 

values higher values in the biofortified treatment and lower values considering the catalog 

of the variety [24]. Yet, differences in total soluble solids can be due to environmental 

factors [25]. 

5. Conclusions 

At harvest tomato (Lycopersicum esculentum) of H1534 variety submitted to a biofor-

tification itinerary with Mg trough foliar spraying, showed a higher content in 4% of 

MgSO4 treatment. Additionally, was possible to identify an antagonistic effect with Mg 

and Fe and a tendency of a synergetic relationship with K and Cu. In conclusion, despite 

the synergistic, antagonistic and no clear tendency of relationships between the minerals 

analyzed, there were no significant changes in the total soluble solids content in tomatoes, 

showing in fact, a no significant increase in biofortified tomatoes with MgSO4. 

Supplementary Materials: Not applicable. 
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