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Abstract

:

Shallots (Allium cepa L. Aggregatum group) are cultivated on small areas, mostly to harvest mature bulbs with dry scales. Due to their exceptional taste and nutritional value, and a short growing season, they can also be grown for early bunch harvest. New shallot cultivation strategies are being sought to meet consumers’ growing expectations regarding the quality of vegetables, and their increasing awareness of global food safety. Therefore, the aim of this study was to evaluate the effect of selected biostimulants on the biometric parameters, yield and nutritional value of shallot bulbs and leaves. The experimental factors were as follows: two biostimulant types—Effective Microorganisms (EM) and Goëmar Goteo (GG), two shallot cultivars—Bonilla F1 and Matador F1, grown for bunch harvest, and year of the study. Shallot leaves had a higher content of L-ascorbic acid, reducing sugars and nitrates than bulbs. Young bulbs had a higher content of DM and total sugars than leaves. The leaves and bulbs of shallot plants treated with EM accumulated the highest amounts of minerals. Macronutrient ratios were closer to optimal in shallot leaves than bulbs. The nitrate content of bulbs was inversely proportional to the nitrate content of leaves. Therefore, an increase in the nitrate content of leaves by around 330% led to an approximately 40% decrease in the nitrate content of bulbs. The correlations between the parameters of the chemical composition of shallots and shallot leaves show that the increase in the dry matter content of the bulbs (by approx. 60%) was accompanied by an increase in the L-ascorbic acid content in the leaves (by approx. 240%). The use of biostimulants in the cultivation of A. cepa L. Aggregatum group contributed to the reduction of L-ascorbic acid content in bulbs and had no positive effect on the leaves. Moreover, no positive effect of biostimulants on the reduction of nitrate content in shallot leaves and bulbs was observed, which is undesirable from the consumer’s point of view. After the use of biopreparations, the yield of shallots was lower than that of the control—by approx. 14% (EM) and approx. 4% (GG). Therefore, the measurable benefits of biostimulants in the cultivation of shallots grown for early bunch harvest do not balance the costs of their purchase and use.
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1. Introduction


Bulb vegetables are extensively cultivated for culinary uses, including as spices, and pharmaceutical applications. The genus Allium comprises more than 750 species, both perennial and biannual. One of them is the shallot (Allium cepa L. Aggregatum group) whose bulbs are smaller than those of common onion (Allium cepa L.). Shallots are formed in clusters of several or more than ten offsets [1,2]. In comparison with common onions, which are the second (after tomatoes) most widely cultivated vegetables worldwide, the economic importance of shallots is low [3]. They are usually grown in home gardens in Europe, America and Asia. Mature bulbs with dry scales or (less frequently) young plants with small bulbs and leaves are harvested. The latter harvesting strategy should be popularized due to the exceptional taste of young shallots, easy propagation and a short growing season. Young shallots can be harvested when the leaves are still green and the bulbs have not fully developed, i.e., 30 to 40 days after planting (DAP) [4,5,6,7]. Allium vegetables are rich in antioxidants, mainly quercetin, glycosides and flavonoids [8].



Consumers’ expectations regarding the quality of vegetables, and their awareness of global food safety have been increasing steadily. Improved quality of vegetables should be accompanied by maximizing yields per unit area while minimizing adverse environmental impacts. Therefore, environmentally friendly and economically viable products should be applied in vegetable cultivation [9,10,11]. In the era of global climate change, modern crop production must involve the use of not only fungicides, herbicides and insecticides but also products known as plant growth regulators and biostimulants. Research has shown that biostimulants exert a beneficial influence on crop yields, and improve plant resistance to diseases and pests. They also affect metabolic and enzymatic processes in plants, thus increasing their yields and quality [12,13]. According to Du Jardin [14], a plant biostimulant is any substance or microorganism applied to plants, seeds or in the rhizosphere with the aim to stimulate natural processes in plants, enhance nutrition efficiency and/or abiotic stress tolerance, regardless of its nutrient content, or a mixture of such substances and/or microorganisms. Biostimulants contain biologically active substances such as protein hydrolyzates, amino acids, marine algal extracts, fulvic acids, humic acids, nitrogen (N) compounds, beneficial microorganisms (bacteria and fungi), chitosan and, less frequently, microbial extracts, biochar and concentrated enzymes [14,15,16].



The macroalgae differ from other organic-based products in their high abundance of specific carbohydrates, namely alginate, fucoidan, and laminarin, which are abundant in brown algae, carrageen in red algae, and ulvan derived from green algae [17]. The positive effects of applying seaweed extract components to crops are largely related to stress relief since they are known to have antioxidant effects, which can reduce cell damage from reactive oxygen species that occur during times of abiotic or biotic stress. In addition to the carbohydrates, seaweed extracts contain plant hormones, brassinosteroids, polyamines, and betaines [18]. It is the complex combination of these compounds that induce beneficial plant responses such as improved plant growth, tolerance to abiotic and biotic stresses, and enhanced crop quality through greater nutrient uptake.



Effective Microorganism (EM) technology uses naturally occurring microorganisms that are able to cleanse and enliven nature. Microorganisms contribute significantly to the improvement of soil structure. The mucous substances they produce adhere to the caries and mineral particles, creating a lumpy structure [19]. Microorganisms also produce bioactive material useful to plants, such as hormones and growth promoters, which trigger cell division. Effective microorganisms (EM) are increasingly applied often to stimulate nutrient cycling and plant growth. They are not nutrients, and they can only help plants to take in nutrients and stimulate their resistance to stress factors [20]. EMs also affect soil physical and chemical properties and its biological activity. There are other positive results of their application such as improvement of soil structure and fertility, elimination of putrefactive processes, acceleration of organic compound mineralization and improvement of the availability of such nutrients as N and P [21].



Biostimulants have attracted growing interest because they stimulate physiological and biochemical processes in plants, modify the proportions of photosynthetic pigments in leaves (carotenoids and chlorophyll), increase the antioxidant potential, increase root mass, improve nutrient utilization efficiency and contribute to reducing fertilizer use [22]. The research hypothesis postulates that the tested biostimulants can have a positive influence on the morphology and yield of shallots grown for bunch harvest, and contribute to an increase in the content of selected organic and mineral compounds in bulbs and leaves.



Therefore, the aim of this study was to determine the effect of two types of biostimulants on the biometric parameters, yield and nutritional value of the leaves and bulbs of shallots grown for early bunch harvest.




2. Materials and Methods


2.1. Plant Materials and Growing Conditions


The study was conducted in 2015–2016 in the Experimental Garden of the Faculty of Agriculture and Forestry, University of Warmia and Mazury in Olsztyn (53°45′ N, 20°29′ E; 125 m a.s.l.). A three-factorial experiment had a randomized block design with three replications. The experimental factors were as follows:



(I) two biostimulant types:




	-

	
Effective Microorganisms (EM Ogród; Greenland Technologia EM Ltd., Trzcianki, Poland): the tested EM biostimulant is certified and recognized as safe for the environment (EM Ogród certificate no. PZH/HT-2713/2012). The biostimulant based on EM contains approximately 80 species of beneficial microorganisms representing five different groups: photosynthetic bacteria (Rhodopseudomonas palustris, Rhodobacter sphaeroides), lactic acid bacteria (Lactobacillus plantarum, Lactobacillus casei, Streptococcus lactis), yeasts (Saccharomyces cerevisiae, Candida utilis), actinobacteria (Streptomyces albus, Streptomyces griseus) and molds (Aspergillus oryzae, Penicillium spp., Mucor hiemalis). This biopreparation is produced by natural fermentation and is not chemically synthesized; it is GMO-free. The exact composition of this microbiological product is unknown as it is protected by copyright.




	-

	
Goëmar Goteo (GG; Arysta LifeScience Poland Ltd., Warsaw, Poland): biostimulant contains biologically active filtrate from the seaweed Ascophyllum nodosum (source of auxins, cytokinins, vitamins, macro- and microelement supporting various metabolic process and eliciting root-growth-promoting activity) with the addition of phosphorus (13% P2O5), and potassium (5% K2O).









(II) two shallot cultivars grown for bunch harvest (Figure 1):




	-

	
Bonilla F1 (Bejo Zaden Poland, Konotopa, Poland): a variety with a mild taste, very fertile, medium late, with yellow, well-adhering scales and a high dry matter content. It matures 85–90 days after sowing. Useful for very long storage.




	-

	
Matador F1 (Bejo Zaden Poland): medium early variety, very fertile, with a pungent flavor. Large, spherical bulbs, 4–5 cm in diameter. Strong, red-brown scales. High dry matter content. Resistant to knocking out in inflorescence shoots. The vegetation period from sowing is 115 days. Very good suitability for long storage.









(III) year of the study.



The effects of the above factors on the growth, yield and nutritional value of shallots were determined. The biostimulants were applied in accordance with the manufacturers’ recommendations as 1% solution of EM and 0.1% solution of GG for plant watering. In the control treatment, where biostimulants were not applied, plants were only watered. Shallot plants were grown in loamy sand classified as Haplic Cambisol (Eutric) according to WRB [23].



Before the experiment had been established, chemical analyses of soil were performed by standard methods. N-NO3 content was determined by the colorimetric method with the use of phenol disulfonic acid (UV–1201V spectrophotometer, Shimadzu Corporation, Kyoto, Japan). The content of phosphorus (P) was determined by the colorimetric method (UV–1201V spectrophotometer, Shimadzu Corporation, Kyoto, Japan), calcium (Ca) and potassium (K)—by atomic emission spectrometry (AES) (Flame Photometers, BWB Technologies Ltd., Newbury, UK), and magnesium (Mg)—by atomic absorption spectrophotometry (AAS) (AAS1N, Carl Zeiss, Jena, Germany). Salinity was measured by the conductometric method (N5773 Conductivity Meter, Tel-Eko Projekt Ltd., Wrocław, Poland), chloride (Cl) content and pH in H2O were determined by the potentiometric method. Due to minor differences in the obtained values, the results were presented as means for two years of the study (Table 1).



Chemical analyses of soil were performed in the certified Chemical and Agricultural Research Laboratory in Olsztyn (Accreditation Certificate no. AB 277 issued by the Polish Center for Accreditation in Warsaw). Soil was abundant in P, K, Ca and Mg, and supplemental fertilization with those elements was not needed throughout the experiment. Due to the low nitrate N content of soil, N was applied at a single rate of 60 kg·ha−1 in the form of ammonium nitrate before small bulbs were planted in the field. The N requirements of shallots were determined based on the N requirements of common onions because both species belong to the same botanical family and have similar nutrient requirements. The fertilizer was applied uniformly over the soil surface, and then thoroughly mixed with soil. Carrot was the preceding crop. Before the experiment, soil was prepared with a rotary cultivator (two passes at a depth of 30 cm and speed of approx. 0.1–0.3 m·s−1). Shallots were propagated from sets (small bulbs with a diameter of ≥2.0 cm) that were grown from seeds that had been planted in the previous year. In both 2015 and 2016, small bulbs were planted in the field on 29 April. The plot area was 3 m2, and 100 small bulbs were manually planted in each plot at 30 cm× 10 cm spacing at a depth of 3 cm. The shallots plants were watered with water (control) or biostimulant solutions (0.1% GG or 1% EM) using a watering can. The preparations were applied twice during the growing season (14 and 28 DAP) at a dose of 1 dm3 per m−2.



During the experiment, the recommended cultivation practices for shallots were applied, plants were watered keeping the soil moisture at the level of 70%. Weeds were removed manually. Since symptoms of pathogenic infections or pest infestations were not observed, and the growing season was short, chemical plant protection agents were not applied.



The growth and development of shallot plants were evaluated based on observations and measurements performed in the field and after harvest. Leaf greenness was determined before harvest on leaves involved in photosynthesis (SPAD 502 Chlorophyll Meter, Minolta, Osaka, Japan). The measurements were performed on three fully developed leaves of five plants selected randomly in each treatment, and the results were averaged.



Shallot plants were harvested in the second week of June, at maturity, when green leaves were fully developed and bulbs were juicy. After harvest, marketable yield and cluster mass were determined to the nearest 1 g using the Radwag PST 750 R2 laboratory precision balance (Radwag, Radom, Poland). Leaf length (accuracy of ±1 mm) was measured with a ruler, and the number of leaves was determined. The proportion of leaves in the marketable yield was determined based on their mass.




2.2. Meteorological Conditions


Weather conditions during the growing season of shallots were described based on the data provided by the Hydrological and Meteorological Station in Olsztyn. In the 2015 growing season, in April and May, lower air temperatures were recorded in relation to the multi-year averages (by 0.6 and 1.0 °C, respectively) (Table 2). During the shallot cultivation period in 2016, the air temperatures were higher than in many years, especially in May (0.9 °C) and June (1.6 °C). In the years of research, during the growing season of shallots, rainwater deficiencies were noted in relation to the average long-term rainfall totals (Table 2). A very unfavorable distribution of precipitation occurred in April–June 2016 (72.6 mm).




2.3. Laboratory Analyses of Plant Materials


During harvest, representative samples of shallot plants (10 plants each) were collected for laboratory analyses from each plot, and average samples were prepared in accordance with Polish Standard PN-A-75050:1972 [24]. The chemical composition of leaves (l) and bulbs (b) was analyzed in the laboratory of the Department of Horticulture, University of Warmia and Mazury in Olsztyn, to determine the content of: dry matter (cb)—by drying to constant weight at a temperature of 105 °C in the Pol-Eko Aparatura SLW 535 SD laboratory dryer (Pol-Eko, Wodzisław Śląski, Poland) [25], total and reducing sugars—by the Luff-Schoorl method [26], L-ascorbic acid—by the method proposed by Tillmans and modified by Pijanowski [27] and nitrates—by the colorimetric method with the TECHCOMP UV2310II spectrometer (Techcomp, Ltd., Shanghai, China), using salicylic acid [28].



The ascorbate-nitrate index (i) was calculated based on the content of L-ascorbic acid (cL) and nitrates (cN) in the edible parts of shallots, according to the formula [29]:


  i =    c L     c N     











The concentrations of macronutrients were determined in dry and wet mineralized plant materials, in three replications. Plants were dried for 24 h at a temperature of 65 °C in the Binder ED400 dryer (Binder GmbH, Tuttlingen, Germany), and then they were ground in the Grindomix GM300 knife mill (Retsch GmbH, Haan, Germany). In order to determine their macronutrient content, the samples were wet mineralized in H2SO4 with the addition of H2O2 as the oxidizing agent using the SpeedDigester K-439 unit (Büchi Labortechnik AG, Flawil, Switzerland).



Shallot bulbs and leaves were analyzed to determine the content of total N—by the Kjeldahl method, P—by the colorimetric method (UV-1201V spectrophotometer, Shimadzu Corporation, Kyoto, Japan), K and Ca—by AES (Flame Photometers, BWB Technologies Ltd., Newbury, UK), and Mg—by AAS (AAS1N, Carl Zeiss, Jena, Germany). Due to minor differences in the obtained values, the results were presented as means for two years of the study. The following weight ratios were also calculated for macronutrients:—Ca:P, Ca:Mg, K:Mg, K:(Ca + Mg) and K:Ca.




2.4. Statistical Analysis


The results of measurements of the morphological parameters, yield and chemical composition of shallot plants were analyzed statistically using Statistica Pl ver. 13.3 software [30]. The results were regarded as statistically significant at α = 0.05. The compliance of the distribution of the determined features with the normal distribution was verified with the Shapiro–Wilk test. The variations in the analyzed parameters were determined by two-way and three-way analysis of variance (ANOVA), and homogeneous groups were identified by Tukey’s test. The strength of relationships between selected traits of shallot plants was evaluated by calculating Pearson’s correlation coefficients, and the functions describing those relationships were derived by regression analysis. The functions available in the Statistica package were tested, and the simplest function with a sufficiently high coefficient of determination (minimum 0.4) was selected.





3. Results and Discussion


3.1. Morphological Parameters and Marketable Yield of Shallot Plants


The characteristic traits of the analyzed shallot cultivars and modern cultivation technologies can significantly affect crop yield and quality and, as a consequence, production profitability. The values of selected morphological parameters and the marketable yield of two shallot cultivars grown for two consecutive years with the use of biostimulants are presented in Table 3 and Figure 2. The average values of the above parameters were significantly affected by cultivar and year, but not by the experimental treatments. Significant differences in the marketable yield, the proportion of leaves in the yield and leaf length were noted between the analyzed cultivars. The average marketable yield ranged from 37.5 t · ha−1 (Matador F1) to 42.9 t · ha−1 (Bonilla F1), the proportion of leaves in the yield ranged from 53.3% (Matador F1) to 62.3% (Bonilla F1), and leaf length ranged from 30 cm (Matador F1) to 39 cm (Bonilla F1).



In both years of the study, environmental factors during the growing season affected the proportion of leaves in the yield and leaf greenness (SPAD). The proportion of leaves in the marketable yield reached 51.5% in 2015 and 64.1% in 2016 on average. The leaf greenness index (SPAD) ranged from 73 in 2015 to 96 in 2016. The studied cultivars responded differently to the application of biostimulants in terms of cluster mass and the number of leaves (treatment × cultivar interaction). The application of biostimulants in each year of the study affected leaf greenness (SPAD) (treatment × year interaction). The interaction effects of all three factors were observed for the marketable yield and the proportion of leaves in the yield. The application of 1% EM led to a minor decrease in the marketable yield, cluster mass, the number of leaves and the leaf greenness index (SPAD), and a minor increase in the proportion of leaves in the yield and leaf length, relative to the respective values in the control treatment. The application of 0.1% GG exerted similar effects, compared with the control treatment, except for a small increase in the number of leaves. The values of all analyzed parameters were higher in cv. Bonilla F1. Weather conditions had a more beneficial influence on the marketable yield, cluster mass, the proportion of leaves in the yield and leaf greenness (SPAD) in 2016 than in 2015. These findings indicate that the tested biostimulants had a minor effect on the yield and biometric parameters of shallots grown for early bunch harvest. The results of other studies are ambiguous and inconclusive. A positive influence of biostimulants on crop yields was observed by Gajc-Wolska et al. [31] in endive (Cichorium endivia L.), by Marcinek and Hetman [32] in sparaxis (Sparaxis tricolor (Schneev.) Ker Gawl.), and by Grajkowski and Ochmian [33] in raspberry (Rubus idaeus L.). Among others, Hussein and Joo [34] and Shaheen et al. [35] found that the use of EM increased crop productivity. Marschner [36] reported that the stimulating effect of microorganisms on plant growth could be caused by the fact that they produce secondary metabolites, growth hormones, phytochelatin, organic acids and B vitamins. Xu Hui-Lian et al. [37] observed that EM stimulated photosynthetic processes and increased the weight of plants. In a study by Michalski [38], the effect of titanium on the nutritional status of strawberries (Fragaria × ananassa Duchesne) varied across years. In turn, Mikulewicz et al. [39] noted differences in the yields of common onion (Allium cepa L.) depending on the type of amino acid biostimulants. Majkowska-Gadomska et al. [40] demonstrated that exogenously applied biostimulants did not improve the yields of three herb species of the family Lamiaceae, summer savory (Satureja hortensis L.), marjoram (Origanum majorana L.) and lemon balm (Melissa officinalis L.). Thevanathan et al. [41] and Bai et al. [42] found that marine algal extracts significantly increased (by 35%) the height of legume plants. A positive effect of seaweed extracts on the biometric parameters of plants was noted by Abbas et al. [43], Szczepanek et al. [44] and Hidangmayum and Sharmain [45] in common onions, by Sulakhudin et al. [46] in shallots, and by Kapczyńska et al. [47] in Pennisetum ‘Vertigo’. In the work of Rosłon et al. [48], peppermint (Mentha × piperita) and basil (Ocimum basilicum L.) plants treated with marine algal extract (GG) were taller than control plants. However, basil (Ocimum basilicum L.) plants treated with EM were shorter than control plants [49]. The leaf greenness index (SPAD) is a measure of the relative chlorophyll content of leaves. Szczepanek et al. [44] noted higher SPAD values in common onions treated with the Kelpak biostimulant. In the experiment performed by Majkowska-Gadomska et al. [50], the leaf greenness index (SPAD) in Capsicum annuum L. was similar in plants sprayed with biostimulants and in control plants. Similar observations were made by Chen et al. [51] who investigated the effects of seaweed extracts on sugarcane (Saccharum officinarum L.). In contrast, the application of EM led to a decrease in the leaf greenness index (SPAD) in basil [49] and lettuce [52].




3.2. Chemical Composition of Shallot Plants


The proximate chemical composition of bulbs of the analyzed shallot cultivars is presented in Table 4 and Figure 3.



The application of biostimulants decreased the content of L-ascorbic acid, dry matter and total sugars in bulbs, and the ascorbate-nitrate index, relative to the respective values in the control treatment; however, only the difference in dry matter content between groups EM and C was statistically significant. The application of 1% EM decreased, and the application of 0.1% GG increased the nitrate content of bulbs, compared with the control treatment. Shallot bulbs of cv. Bonilla F1, compared with cv. Matador F1, had a higher content of L-ascorbic acid (12.7 vs. 11.4 mg 100 g−1 FM), dry matter (16.1 vs. 15.9%) and reducing sugars (1.6 vs. 1.0 g 100 g−1 FM) and a higher ascorbate-nitrate index (0.45 vs. 0.36), and a lower content of total sugars (7.6 vs. 7.9 g 100 g−1 FM) and nitrates (270 vs. 317 N-NO3 kg−1 FM), but only the differences in reducing sugar content and the ascorbate-nitrate index were significant. Weather conditions during the growing season significantly affected the chemical composition of bulbs: the content of L-ascorbic acid, dry matter, total sugars and nitrates and the ascorbate-nitrate index were lower, whereas reducing sugar content was higher in 2016 than in 2015. An interaction between three experimental factors (treatment, cultivar and year) was noted for all analyzed parameters of the chemical composition of bulbs. The differences in the total sugar content of bulbs resulted mainly from the effects of environmental factors during the growing season (treatment × year interaction and cultivar × year interaction). The tested biostimulants exerted different effects on the nitrate content of bulbs due to the differences between the studied cultivars (treatment × cultivar interaction). The cultivar × year interaction had a significant effect on the ascorbate-nitrate index.



The proximate chemical composition of leaves of the analyzed shallot cultivars is presented in Table 5 and Figure 4. The application of 1% EM increased the content of L-ascorbic acid, dry matter and nitrates, and decreased the content of total sugars and reducing sugars in leaves, and the ascorbate-nitrate index, relative to the respective values in the control treatment, although the noted differences were not statistically significant. The application of 0.1% GG increased the dry matter content of leaves and the ascorbate-nitrate index, and decreased the values of the remaining parameters, compared with the control treatment, and the differences in dry matter content, nitrate content and the ascorbate-nitrate index were significant. Shallot leaves of cv. Bonilla F1, compared with cv. Matador F1, had a lower content of L-ascorbic acid (31.7 vs. 33.2 mg 100 g−1 FM) and dry matter (10.0 vs. 10.3%) and a lower ascorbate-nitrate index (0.54 vs. 0.97), and a higher content of total sugars (3.6 vs. 3.1 g 100 g−1 FM), reducing sugars (2.5 vs. 2.0 g 100 g−1 FM) and nitrates (594 vs. 440 N-NO3 kg−1 FM), but only the differences in nitrate content and the ascorbate-nitrate index were significant. The chemical composition of leaves differed significantly between the years of the study, and L-ascorbic acid content and the ascorbate-nitrate index were lower, whereas the values of the remaining parameters were higher in 2016 than in 2015. The effects exerted by the tested biostimulants differed between the analyzed shallot cultivars with respect to the nitrate content of leaves and the ascorbate-nitrate index, and between the years of study with respect to the content of L-ascorbic acid, total sugars and reducing sugars in leaves, and the ascorbate-nitrate index. The content of L-ascorbic acid, dry matter and reducing sugars in leaves of the studied shallot cultivars was affected by weather conditions during the growing season. There was no interaction between three experimental factors (treatment, cultivar and year) only for the nitrate content of leaves.



Similarly to the present experiment, previous studies also revealed that biostimulants affected the dry matter content of plants. The application of GG increased the dry matter content of endivia (Cichorium endivia L.) leaves [31], and EM increased the dry matter content of meadow vegetation [53]. In a study by Mikulewicz et al. [39], the dry matter content of common onions varied in response to the applied amino acid biostimulants. Biopreparations can exert different effects on the L-ascorbic acid content of plants, depending on species and edible parts. In the study by Godlewska et al. [54], in most cases, plant biostimulants increased the content of L-ascorbic acid in leaves and roots of radish (Raphanus sativus var. sativus), similar to the studies by Rouphael et al. [10] in spinach leaves. A decrease in L-ascorbic acid content was noted in garlic (Allium sativum L.) after the application of Calleaf Aminovital and Maximus Amino Protect [55], and in raspberries after the application of Atonik, Tytanit and Biochikol [33]. In previous experiments, different types of biostimulants decreased the content of total sugars and reducing sugars in the edible parts of many crop species [39,50,51]. In the current study, an analysis of the chemical composition of shallot plants revealed that leaves, compared with bulbs, had an approximately two-fold higher content of L-ascorbic acid, reducing sugars and nitrates, and an approximately two-fold lower content of dry matter and total sugars.



According to Commission Regulation (EU) No. 1258/2011 of 2 December 2011 [56] regarding the maximum levels for nitrates in foodstuffs, the maximum permissible levels of nitrates in fresh lettuce have been set at 3000–4000 N-NO3 kg−1 FM. Such standards have not been established for Allium species. In the present study, the nitrate content of shallot leaves and young bulbs was relatively low. Nitrate concentrations in plants vary depending on species, climate and soil conditions, and fertilization, which was identical in all treatments in this experiment [57]. Adequate nutrition promotes plant growth and development, and supports organic matter cycling and reduction of harmful residues. In experiments conducted by Majkowska-Gadomska et al. [40,55], biostimulants contributed to decreasing the nitrate content of the edible parts in all analyzed herb species—summer savory, marjoram and lemon balm, as well as garlic. In contrast, Rouphael et al. [10] reported that spinach (Spinacia oleracea L.) leaves treated with seaweed-based extracts (Ascophyllum nodosum) accumulated 35% more nitrates than the leaves of control plants. Similarly to shallot leaves and bulbs, the nitrate content of raspberries was affected by the type of the applied biostimulants [33]. The ascorbate-nitrate index (IAN) is one of the key measures of the nutritional value and safety of vegetables. Vegetables characterized by a higher content of L-ascorbic acid than nitrates are safer and deliver more health benefits to humans [58]. Based on the values of the ascorbate-nitrate index, Lachman et al. [29] categorized vegetables into three groups: <0.5 risk-posing species, 0.5–1.0 neutral species, >1.0 safe/beneficial species. In the current study, the values of the ascorbate-nitrate index ranged from 0.34 to 0.51 in shallot bulbs, and from 0.52 to 1.16 in leaves. These values were considerably higher than those reported by Muráriková and Neugebauerová [59] in basil plants, which were much below 0.5 in nearly all treatments. In the experiments performed by Wadas et al. [60], and Wadas and Raczuk [61], the tubers of different potato (Solanum tuberosum L.) cultivars were characterized by very high values of the ascorbate-nitrate index, i.e., a high level of food safety.




3.3. Macronutrient Content of Shallot Plants


The content of N, P, K, Ca and Mg in shallot bulbs is presented in Table 6. The tested biostimulants increased the concentrations of Ca and Mg in bulbs, and the differences in Mg content were significant relative to the control treatment. The application of EM increased the levels of N, P and K in bulbs, whereas the application GG decreased their content, compared with the control treatment. The concentrations of N, P, K and Mg in bulbs of two shallot cultivars were similar, and a significant difference was noted only in Ca content, which was higher in plants of cv. Bonilla F1 than in plants of cv. Matador F1. An interaction between treatment and cultivar was observed for the content of N, K and Ca in shallot bulbs.



The content of the analyzed macronutrients in shallot leaves is presented in Table 7. The tested biostimulants increased their P content (significant difference between the EM treatment and the control treatment) and decreased Ca content (significant difference between EM and GG treatments vs. the control treatment). The application of EM decreased N content and increased the content of P (significant difference) and K in shallot leaves relative to the control treatment. The application of GG decreased the concentrations of N, K and Mg in leaves, compared with control plants that received only water, but the noted differences were not significant. Leaves of cv. Matador F1 had a higher content of N, P, Ca and Mg, and lower K content than leaves of cv. Bonilla F1, but significant differences were observed only for the levels of P and Ca. An interaction between treatment and cultivar was found for the content of N, Ca and Mg in shallot leaves.



Macronutrients perform important functions in the human body, including the regulation and maintenance of the acid-base balance. The recommended daily macronutrient intake exceeds 100 mg. The mineral status of plants affects the nutritional value of foods and contributes to the healthy growth and development of crops [62]. During the growing season, plants are exposed to adverse environmental conditions and abiotic stresses, including salinity, and mineral deficiencies [63]. Kleiber et al. [52,64] noted a minor, statistically non-significant rising trend in the macronutrient content of lettuce and tomato leaves treated with EM. A biostimulant based on EM induced an increase in the content of N, P, K, Ca and Mg in meadow vegetation [53]. In a study by Frąszczak et al. [49], EM exerted a significant, stimulatory effect on N, P and K uptake by the aerial parts of basil plants, but it negatively affected Ca and Mg uptake. An increase in macronutrient accumulation in response to seaweed extracts was observed by Gajc-Wolska et al. [31] in endivia leaves, and by Chen et al. [51] in the aerial parts of sugarcane plants.



Shallot leaves, compared with bulbs, were characterized by higher levels of all analyzed macronutrients: N (by approx. 100%), P (by approx. 20%), K (by approx. 160%), Ca (by approx. 60%) and Mg (by approx. 180%). In the experiment performed by Majkowska-Gadomska and Arcichowska-Pisarska [65], the leaves of Welsh onion (Allium fistulosum L.) also contained considerably higher amounts of macronutrients than scapes.



The nutritional value of edible plant parts is determined not only by the content of minerals, but also by their ratios. The optimal ratios between macronutrients in foods of plant origin should be as follows: Ca:P—2:1, Ca:Mg—3:1, K (Ca + Mg)—1.6–2.2:1, K:Mg—2–6:1, and K:Ca—2–4:1 [66,67]. The above ratios may vary widely depending on various factors, including plant species, plant part, maturity, harvest date and fertilization. Wider than optimal Ca:Mg and Ca:P ratios may be indicative of dietary Mg and P deficiencies. According to Rosanoff et al. [68], the dietary Ca:Mg ratio should not exceed 2.8:1 because diets with Ca:Mg > 2.8 may increase the risk of cardiovascular disease and diabetes.



Macronutrient ratios in shallot bulbs and leaves are presented in Table 8 and Table 9. The application of biostimulants led to a significant decrease in the Ca:P ratio in leaves, whereas no significant differences were found in the values of the remaining macronutrient ratios between experimental and control treatments (except for the K:Mg ratio in bulbs, which was significantly lower in the GG treatment than in the control treatment). The tested biostimulants exerted different effects on K:Ca, Ca:P and K:(Ca + Mg) ratios in shallot bulbs. The application of EM, compared with GG, increased the values of K:Ca, K:Mg and K:(Ca + Mg) ratios, and decreased the values of Ca:P and Ca:Mg ratios in both bulbs and leaves. The analyzed cultivars were characterized by different values of K:Ca, Ca:P, Ca:Mg and K:(Ca + Mg) ratios in bulbs, and K:Ca and K:(Ca + Mg) ratios in leaves. The tested biostimulants exerted varied effects on macronutrient ratios in plants of the analyzed shallot cultivars (treatment × cultivar interaction), including Ca:P and Ca:Mg ratios in bulbs and leaves, and Ca:P, Ca:Mg and K:Mg ratios in leaves.



The Ca:Mg ratio in shallot plants was too wide in all treatments, ranging from 15.21 to 16.85 in bulbs, and from 8.49 to 9.34 in leaves. Varied and very wide Ca:Mg ratios were also observed by Pitura and Michałojć [69] in lettuce, kale and celery, and by Francke et al. [70] in mizuna (Brassica rapa L. var. japonica). In the current study, the Ca:P ratio in shallot leaves and bulbs ranged from 4.76 to 6.11 and from 3.95 to 4.78, respectively, and these values were too wide in all cases. The K:Mg ratio was also wider than optimal. From a nutritional perspective, it was more desirable in shallot leaves. The K:Ca ratio ranged from 1.35 to 1.55 in bulbs (too narrow), and from 2.31 to 2.62 in leaves (normal). The K:(Ca + Mg) ratio was too narrow in bulbs, and normal in leaves (2.09–2.34). Similar results were reported by Majkowska-Gadomska and Arcichowska-Pisarska [65] who found that macronutrient ratios were closer to optimal in leaves than scapes of different Welsh onion cultivars.




3.4. Correlations between the Analyzed Parameters


The results of a correlation analysis of the morphological parameters of shallot plants across treatments are presented in Table 10.



Significant correlations were noted in 15 cases out of 60 comparisons, and the highest coefficient of correlation (0.90) was found between the number of leaves and cluster mass in control plants. In all groups, the correlation coefficient exceeded the critical value (0.58) only for the relationship between leaf greenness (SPAD) and the proportion of leaves in the yield. The coefficient of correlation between these two parameters was highest (0.66). An increase in leaf greenness (SPAD) from around 62 to around 110 was accompanied by an increase in the proportion of leaves in the yield from around 48% to around 70% on average (Figure 5a). The above confirms that plants grown in fertile soil under favorable weather conditions produce higher yields, in this case a higher number of leaves relative to cluster mass. The minimum value of the determination coefficient in the regression model was also obtained for the relationship between the number of leaves and cluster mass (Figure 5b). This is logical, because the higher the aerial biomass, the higher the total plant mass. The regression equation derived in this study can be used to predict the cluster mass of shallot plants based on the number of leaves before harvest. For instance, shallot plants with 12 and 41 leaves had a cluster mass of around 38 g and 80 g, respectively.



The results of a correlation analysis of the chemical composition of shallot bulbs and leaves across treatments are presented in Table 11. Significant correlations (critical value of 0.58) were noted in 46 cases out of 66 comparisons in the control group, in 28 cases in the EM group, and in 33 cases in the GG group. This indicates that the standard relationships between the chemical properties of shallot bulbs and leaves were somewhat disrupted by the application of biostimulants, in particular 1% EM. The highest coefficients of correlation were found between the L-ascorbic acid content of bulbs and the ascorbate-nitrate index for bulbs (0.99) in groups C and EM, and between the total sugar content and reducing sugar content of leaves (0.98) in group GG. In all groups, the nature of significant relationships between chemical composition parameters was similar in 15 cases; the ascorbate-nitrate index for leaves was most frequently correlated (25 cases), and the nitrate content of leaves was least frequently correlated (7 cases) with the remaining chemical composition parameters of shallot bulbs and leaves.



When all groups were analyzed, significant correlations (critical value of 0.33) were noted in 51 cases out of 66 comparisons, and the highest coefficient of correlation (0.95) was found between the L-ascorbic acid content of bulbs and the ascorbate-nitrate index for bulbs. The minimum value of the determination coefficient was obtained in 13 regression equations.



The correlations between the chemical composition parameters of shallot bulbs are presented in Figure 6. An increase in their dry matter content from around 12% to around 19% was accompanied by an increase in their L-ascorbic acid content—by around 300% (from approx. 4.8 mg 100 g−1 FM to approx. 19.2 mg 100 g−1 FM—Figure 6a), total sugar content—by around 230% (from approx. 3.3 g 100 g−1 FM to approx. 10.9 g 100 g−1 FM—Figure 6b), and nitrate content—by around 66% (from approx. 212 mg NO3− kg−1 FM to approx. 352 mg NO3− kg−1 FM—Figure 6c).



The higher the L-ascorbic acid content of shallot bulbs, the higher their total sugar content and ascorbate-nitrate index. Therefore, an increase in L-ascorbic acid content by around 390% led to an increase in total sugar content—by around 194% (from approx. 4.7 g 100 g−1 FM to approx. 13.8 g 100 g−1 FM—Figure 6d), and the ascorbate-nitrate index—by around 305% (from approx. 0.22 to approx. 0.89—Figure 6e).



The correlations between the chemical composition parameters of shallot leaves are presented in Figure 7. The ascorbate-nitrate index was correlated with the L-ascorbic acid content, nitrate content and reducing sugar content of leaves—a higher value of this index was correlated with higher L-ascorbic acid content, and with lower nitrate content and reducing sugar content. When the ascorbate-nitrate index increased from around 0.3 to 1.9, L-ascorbic acid content increased by around 380% (from approx. 12.3 mg 100 g−1 FM to approx. 59.3 mg 100 g−1 FM—Figure 7a), whereas nitrate content decreased by around 76% (from approx. 760 mg NO3− kg−1 FM to approx. 185 mg NO3− kg−1 FM—Figure 7b) and reducing sugar content decreased by around 83% (from approx. 4.0 g 100 g−1 FM to approx. 0.7 g 100 g−1 FM—Figure 7c). The highest value of the determination coefficient was noted for the relationship between the total sugar content and reducing sugar content of leaves (0.84—Figure 7d). An increase in total sugar content (by around 260%, from approx. 1.7 g 100 g−1 FM to approx. 6.1 g 100 g−1 FM) was accompanied by a proportional increase in reducing sugar content (by around 225%, from approx. 1.2 g 100 g−1 FM to approx. 3.9 g 100 g−1 FM).



The correlations between the chemical composition parameters of shallot bulbs and leaves are presented in Figure 8. An increase in the dry matter content of bulbs (by approx. 60%) was accompanied by an increase in the L-ascorbic acid content of leaves (by approx. 240%) (Figure 8a). When the L-ascorbic acid content of leaves increased from around 12.3 mg 100 g−1 FM to around 59.3 mg 100 g−1 FM (by approx. 380%), the total sugar content of bulbs increased proportionally from around 3.8 g 100 g−1 FM to around 13.1 g 100 g−1 FM (by approx. 245%) (Figure 8b). The nitrate content of bulbs was inversely proportional to the nitrate content of leaves (Figure 8c). Therefore, an increase in the nitrate content of leaves by around 330% led to an approximately 40% decrease in the nitrate content of bulbs. In turn, an increase in the nitrate content of bulbs from around 205 mg NO3− kg−1 FM to around 444 mg NO3− kg−1 FM (by approx. 117%) caused an increase in the ascorbate-nitrate index for leaves from around 0.3 to around 2.3 (by approx. 670%) (Figure 8d).





4. Conclusions


Shallot leaves had a higher content of L-ascorbic acid, reducing sugars and nitrates than bulbs. Young bulbs had a higher content of DM and total sugars than leaves. The leaves and bulbs of shallot plants treated with EM accumulated the highest amounts of minerals. Macronutrient ratios were closer to optimal in shallot leaves than bulbs. The nitrate content of bulbs was inversely proportional to the nitrate content of leaves. Therefore, an increase in the nitrate content of leaves by around 330% led to an approximately 40% decrease in the nitrate content of bulbs. The use of biostimulants in the cultivation of A. cepa L. Aggregatum group contributed to the reduction of L-ascorbic acid content in bulbs and had no positive effect on the leaves. Moreover, no positive effect of biostimulants on the reduction of nitrate content in shallot leaves and bulbs was observed, which is undesirable from a consumer’s perspective. After the use of biopreparations, the yield of shallots was lower than that of the control—by approx. 14% (EM) and approx. 4% (GG). Therefore, the measurable benefits of biostimulants in the cultivation of shallots grown for early bunch harvest do not balance the costs of their purchase and use.
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Figure 1. Shallots cvs. Bonilla F1 and Matador F1 grown for bunch harvest. 






Figure 1. Shallots cvs. Bonilla F1 and Matador F1 grown for bunch harvest.
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Figure 2. Marketable yield of shallots. Means followed by different letters are significantly different for each parameter. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo. 
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Figure 3. Chemical composition of shallot bulbs. Means followed by different letters are significantly different for each parameter. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo. 
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Figure 4. Chemical composition of shallot leaves. Means followed by different letters are significantly different for each parameter. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo. 
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Figure 5. Correlations between the morphological parameters of shallot plants: (a) leaf greenness and proportion of leaves in the yield, (b) number of leaves and cluster mass. 
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Figure 6. Correlations between the chemical composition parameters of shallot bulbs: (a) dry matter content and L-ascorbic acid content, (b) dry matter content and total sugar content, (c) dry matter content and nitrate content, (d) L-ascorbic acid content and total sugar content, (e) L-ascorbic acid content and ascorbate-nitrate index. 
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Figure 7. Correlations between the chemical composition parameters of shallot leaves: (a) L-ascorbic acid content and ascorbate-nitrate index, (b) nitrate content and ascorbate-nitrate index, (c) reducing sugar content and ascorbate-nitrate index, (d) total sugar content and reducing sugar content. 






Figure 7. Correlations between the chemical composition parameters of shallot leaves: (a) L-ascorbic acid content and ascorbate-nitrate index, (b) nitrate content and ascorbate-nitrate index, (c) reducing sugar content and ascorbate-nitrate index, (d) total sugar content and reducing sugar content.
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Figure 8. Correlations between the chemical composition parameters of shallot bulbs and leaves: (a) dry matter content of bulbs and L-ascorbic acid content of leaves, (b) L-ascorbic acid content of leaves and total sugar content of bulbs, (c) nitrate content of leaves and nitrate content of bulbs, (d) nitrate content of bulbs and ascorbate-nitrate index for leaves. 






Figure 8. Correlations between the chemical composition parameters of shallot bulbs and leaves: (a) dry matter content of bulbs and L-ascorbic acid content of leaves, (b) L-ascorbic acid content of leaves and total sugar content of bulbs, (c) nitrate content of leaves and nitrate content of bulbs, (d) nitrate content of bulbs and ascorbate-nitrate index for leaves.
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Table 1. Chemical properties of soil.
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pH H2O

	
Salt Concentration

[g NaCl dm−3]

	
N-NO3

	
P

	
K

	
Ca

	
Mg

	
Cl




	
[mg dm−3]






	
7.81

	
0.75

	
35

	
92

	
105

	
2075

	
129

	
5
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Table 2. Mean air temperature and sum of rainfall during the shallot growing period in 2015–2016.
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Month

	
Temperature [°C]

	
Rainfall [mm]




	
In Days of Month

	
Mean Monthly

	
Deviation from Mean 1981–2010

	
In Days of Month

	
Sum Monthly

	
Deviation from Mean 1981–2010




	
1–10

	
11–20

	
21–End

	
1–10

	
11–20

	
21–End






	
2015




	
April

	
3.5

	
6.4

	
10.1

	
6.7

	
–0.6

	
19.5

	
9.1

	
9.6

	
38.2

	
3.0




	
May

	
10.8

	
12.6

	
12.0

	
11.8

	
–1.0

	
7.0

	
16.7

	
6.0

	
29.7

	
–28.2




	
June

	
15.9

	
15.5

	
15.0

	
15.5

	
0.0

	
0.2

	
8.8

	
20.5

	
29.5

	
–47.4




	
2016




	
April

	
8.1

	
8.6

	
5.5

	
7.4

	
0.1

	
3.8

	
16.4

	
8.6

	
28.8

	
–6.4




	
May

	
12.6

	
10.7

	
17.4

	
13.7

	
0.9

	
1.3

	
32.1

	
23.5

	
56.9

	
–1.0




	
June

	
15.6

	
15.5

	
20.3

	
17.1

	
1.6

	
22.9

	
15.1

	
31.3

	
69.3

	
–7.6
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Table 3. Morphological parameters and marketable yield of shallots.
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Factor

	
Source of Variation

	
Y

[t ha−1]

	
m

[g]

	
sl

[%]

	
n

[pcs plant−1]

	
l

[cm]

	
S

[-]






	
Treatment (I)

	
C

	
42.7 ± 7.6 a

	
65.0 ± 16.1 a

	
56.5 ± 12.4 a

	
24 ± 6 a

	
31 ± 5 a

	
88 ± 9 a




	
EM

	
36.8 ± 3.6 a

	
53.3 ± 10.8 a

	
58.7 ± 6.4 a

	
20 ± 4 a

	
37 ± 5 a

	
81 ± 15 a




	
GG

	
41.1 ± 8.7 a

	
54.7 ± 11.4 a

	
58.2 ± 9.4 a

	
26 ± 6 a

	
35 ± 8 a

	
84 ± 17 a




	
p-value

	
0.121

	
0.068

	
0.839

	
0.059

	
0.099

	
0.468




	
Cultivar (II)

	
Bonilla F1

	
42.9 ± 8.0 b

	
57.8 ± 12.6 a

	
62.3 ± 7.7 b

	
24 ± 6 a

	
39 ± 5 b

	
85 ± 13 a




	
Matador F1

	
37.5 ± 5.3 a

	
57.5 ± 15.1 a

	
53.3 ± 9.1 a

	
23 ± 5 a

	
30 ± 4 a

	
83 ± 15 a




	
p-value

	
0.025

	
0.952

	
0.003

	
0.498

	
<0.001

	
0.706




	
Year (III)

	
2015

	
38.6 ± 7.7 a

	
55.8 ± 15.8 a

	
51.5 ± 8.0 a

	
23 ± 7 a

	
34 ± 7 a

	
73 ± 8 a




	
2016

	
41.8 ± 6.6 a

	
59.5 ± 11.3 a

	
64.1 ± 6.0 b

	
23 ± 5 a

	
34 ± 7 a

	
96 ± 7 b




	
p-value

	
0.203

	
0.422

	
<0.001

	
0.955

	
0.919

	
<0.001




	
I × II

	
p-value

	
0.785

	
0.003

	
0.178

	
<0.001

	
0.114

	
0.964




	
I × III

	
p-value

	
0.190

	
0.512

	
0.220

	
0.960

	
0.995

	
0.006




	
II × III

	
p-value

	
0.057

	
0.715

	
0.900

	
0.869

	
0.922

	
0.278




	
I × II × III

	
p-value

	
<0.001

	
0.896

	
0.003

	
0.664

	
0.995

	
0.349








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3. Y—marketable yield, m—cluster mass, sl—proportion of leaves in the yield, n—number of leaves, l—leaf length, S—leaf greenness (SPAD). C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 4. Chemical composition of shallot bulbs.
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Factor

	
Source of Variation

	
cLb

[mg 100 g−1 FM]

	
cdb

[%]

	
csb

[g 100 g−1 FM]

	
crb

[g 100 g−1 FM]

	
cNb

[mg NO3− kg−1 FM]

	
ib

[-]






	
Treatment (I)

	
C

	
15.0 ± 8.1 a

	
17.1 ± 1.5 b

	
8.1 ± 2.0 a

	
1.4 ± 0.5 a

	
292 ± 27 a

	
0.51 ± 0.25 a




	
EM

	
10.5 ± 5.8 a

	
14.8 ± 1.9 a

	
7.6 ± 3.9 a

	
1.3 ± 0.5 a

	
267 ± 37 a

	
0.38 ± 0.18 a




	
GG

	
10.6 ± 4.4 a

	
16.0 ± 1.9 ab

	
7.6 ± 3.1 a

	
1.3 ± 0.4 a

	
322 ± 90 a

	
0.34 ± 0.14 a




	
p-value

	
0.144

	
0.010

	
0.895

	
0.858

	
0.085

	
0.107




	
Cultivar (II)

	
Bonilla F1

	
12.7 ± 8.3 a

	
16.1 ± 1.8 a

	
7.6 ± 2.4 a

	
1.6 ± 0.3 b

	
270 ± 32 a

	
0.45 ± 0.26 a




	
Matador F1

	
11.4 ± 4.0 a

	
15.9 ± 2.1 a

	
7.9 ± 3.6 a

	
1.0 ± 0.4 a

	
317 ± 74 b

	
0.36 ± 0.11 a




	
p-value

	
0.562

	
0.805

	
0.765

	
<0.001

	
0.021

	
0.172




	
Year (III)

	
2015

	
16.6 ± 6.2 b

	
17.4 ± 1.1 b

	
10.5 ± 1.1 b

	
1.0 ± 0.4 a

	
319 ± 54 b

	
0.53 ± 0.22 b




	
2016

	
7.4 ± 1.6 a

	
14.6 ± 1.5 a

	
5.0 ± 1.2 a

	
1.6 ± 0.4 b

	
268 ± 58 a

	
0.28 ± 0.05 a




	
p-value

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.011

	
<0.001




	
I × II

	
p-value

	
0.284

	
0.209

	
0.988

	
0.252

	
<0.001

	
0.280




	
I × III

	
p-value

	
0.327

	
0.866

	
<0.001

	
0.318

	
0.962

	
0.388




	
II × III

	
p-value

	
0.086

	
0.366

	
0.003

	
0.734

	
0.517

	
0.029




	
I × II × III

	
p-value

	
0.002

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.010








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3; FM—fresh matter. cLb—L-ascorbic acid content, cdb—dry matter content, csb—total sugar content, crb—reducing sugar content, cNb—nitrate content, ib—ascorbate-nitrate index. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 5. Chemical composition of shallot leaves.






Table 5. Chemical composition of shallot leaves.





	
Factor

	
Source of Variation

	
cLl

[mg 100 g−1 FM]

	
cdl

[%]

	
csl

[g 100 g−1 FM]

	
crl

[g 100 g−1 FM]

	
cNl

[mg NO3− kg−1 FM]

	
il

[-]






	
Treatment (I)

	
C

	
32.3 ± 5.7 a

	
9.6 ± 0.8 a

	
3.7 ± 1.6 a

	
2.4 ± 0.9 a

	
572 ± 121 b

	
0.58 ± 0.14 a




	
EM

	
33.0 ± 11.9 a

	
10.3 ± 0.8 ab

	
3.5 ± 0.4 a

	
2.2 ± 0.3 a

	
643 ± 49 b

	
0.52 ± 0.22 a




	
GG

	
31.9 ± 18.3 a

	
10.5 ± 0.9 b

	
3.0 ± 0.8 a

	
2.1 ± 0.8 a

	
336 ± 112 a

	
1.16 ± 0.97 b




	
p-value

	
0.979

	
0.028

	
0.276

	
0.480

	
<0.001

	
0.020




	
Cultivar (II)

	
Bonilla F1

	
31.7 ± 9.6 a

	
10.0 ± 0.7 a

	
3.6 ± 1.0 a

	
2.5 ± 0.6 a

	
594 ± 120 b

	
0.54 ± 0.18 a




	
Matador F1

	
33.2 ± 15.4 a

	
10.3 ± 1.0 a

	
3.1 ± 1.1 a

	
2.0 ± 0.8 a

	
440 ± 169 a

	
0.97 ± 0.83 b




	
p-value

	
0.722

	
0.345

	
0.205

	
0.061

	
0.003

	
0.038




	
Year (III)

	
2015

	
41.9 ± 8.9 b

	
9.8 ± 0.8 a

	
2.6 ± 0.6 a

	
1.8 ± 0.6 a

	
498 ± 159 a

	
1.05 ± 0.78 b




	
2016

	
22.9 ± 7.6 a

	
10.5 ± 0.7 b

	
4.1 ± 0.9 b

	
2.7 ± 0.5 b

	
535 ± 172 a

	
0.46 ± 0.18 a




	
p-value

	
<0.001

	
0.008

	
<0.001

	
<0.001

	
0.513

	
0.004




	
I × II

	
p-value

	
0.144

	
0.284

	
0.979

	
0.959

	
<0.001

	
0.009




	
I × III

	
p-value

	
<0.001

	
0.098

	
<0.001

	
0.003

	
0.531

	
0.021




	
II × III

	
p-value

	
0.014

	
0.001

	
0.179

	
0.049

	
0.572

	
0.056




	
I × II × III

	
p-value

	
<0.001

	
<0.001

	
0.003

	
<0.001

	
0.110

	
<0.001








Means followed by different letters are significantly different for each parameter (the level of significance, the p-value, is shown in the table); number of observations per treatment—3; FM—fresh matter. cLl—L-ascorbic acid content, cdl—dry matter content, csc—total sugar content, crl—reducing sugar content, cNl—nitrate content, il—ascorbate-nitrate index. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 6. Macronutrient content of shallot bulbs.
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Factor

	
Source of Variation

	
N

[g kg−1 DM]

	
P

[g kg−1 DM]

	
K

[g kg−1 DM]

	
Ca

[g kg−1 DM]

	
Mg

[g kg−1 DM]






	
Treatment (I)

	
C

	
0.87 ± 0.03 b

	
0.21 ± 0.01 a

	
1.30 ± 0.02 a

	
0.89 ± 0.08 a

	
0.05 ± 0.01 a




	
EM

	
0.88 ± 0.07 b

	
0.24 ± 0.01 b

	
1.45 ± 0.02 b

	
0.94 ± 0.02 a

	
0.06 ± 0.01 b




	
GG

	
0.74 ± 0.04 a

	
0.20 ± 0.02 a

	
1.28 ± 0.10 a

	
0.96 ± 0.11 a

	
0.06 ± 0.01 b




	
p-value

	
<0.001

	
<0.001

	
<0.001

	
0.396

	
0.007




	
Cultivar (II)

	
Bonilla F1

	
0.85 ± 0.08 a

	
0.22 ± 0.02 a

	
1.37 ± 0.05 a

	
0.99 ± 0.05 b

	
0.06 ± 0.01 a




	
Matador F1

	
0.81 ± 0.08 a

	
0.21 ± 0.02 a

	
1.32 ± 0.13 a

	
0.86 ± 0.05 a

	
0.06 ± 0.01 a




	
p-value

	
0.239

	
0.491

	
0.246

	
<0.001

	
0.999




	
I × II

	
p-value

	
<0.001

	
0.178

	
0.007

	
<0.001

	
0.493








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3; DM—dry matter. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 7. Macronutrient content of shallot leaves.
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Factor

	
Source of Variation

	
N

[g kg−1 DM]

	
P

[g kg−1 DM]

	
K

[g kg−1 DM]

	
Ca

[g kg−1 DM]

	
Mg

[g kg−1 DM]






	
Treatment (I)

	
C

	
2.02 ± 0.10 a

	
0.26 ± 0.02 a

	
3.58 ± 0.07 ab

	
1.55 ± 0.07 b

	
0.17 ± 0.01 a




	
EM

	
1.61 ± 0.53 a

	
0.30 ± 0.03 b

	
3.66 ± 0.07 b

	
1.40 ± 0.07 a

	
0.17 ± 0.01 a




	
GG

	
1.80 ± 0.03 a

	
0.29 ± 0.02 ab

	
3.25 ± 0.43 a

	
1.40 ± 0.16 a

	
0.16 ± 0.02 a




	
p-value

	
0.105

	
0.029

	
0.033

	
0.040

	
0.286




	
Cultivar (II)

	
Bonilla F1

	
1.73 ± 0.47 a

	
0.26 ± 0.02 a

	
3.52 ± 0.16 a

	
1.36 ± 0.11 a

	
0.16 ± 0.02 a




	
Matador F1

	
1.89 ± 0.08 a

	
0.30 ± 0.02 b

	
3.47 ± 0.40 a

	
1.54 ± 0.07 b

	
0.17 ± 0.01 a




	
p-value

	
0.336

	
0.002

	
0.745

	
<0.001

	
0.170




	
I × II

	
p-value

	
0.018

	
0.431

	
0.818

	
<0.001

	
<0.001








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3; DM—dry matter. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 8. Macronutrient ratios in shallot bulbs.
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Factor

	
Source of Variation

	
K:Ca

[-]

	
K:Mg

[-]

	
Ca:P

[-]

	
Ca:Mg

[-]

	
K:(Ca + Mg)

[-]






	
Treatment (I)

	
C

	
1.47 ± 0.11 ab

	
24.55 ± 2.22 b

	
4.26 ± 0.49 ab

	
16.85 ± 2.22 a

	
1.38 ± 0.10 ab




	
EM

	
1.55 ± 0.05 b

	
23.56 ± 1.46 ab

	
3.95 ± 0.12 a

	
15.21 ± 0.86 a

	
1.45 ± 0.05 b




	
GG

	
1.35 ± 0.12 a

	
20.90 ± 2.67 a

	
4.78 ± 0.34 b

	
15.56 ± 2.23 a

	
1.27 ± 0.11 a




	
p-value

	
0.013

	
0.029

	
0.004

	
0.312

	
0.009




	
Cultivar (II)

	
Bonilla F1

	
1.39 ± 0.10 a

	
23.43 ± 1.92 a

	
4.55 ± 0.48 b

	
16.97 ± 1.88 b

	
1.31 ± 0.09 a




	
Matador F1

	
1.52 ± 0.12 b

	
22.58 ± 3.18 a

	
4.11 ± 0.39 a

	
14.77 ± 1.23 a

	
1.42 ± 0.12 b




	
p-value

	
0.019

	
0.502

	
0.045

	
0.010

	
0.029




	
I × II

	
p-value

	
0.406

	
0.131

	
0.016

	
0.040

	
0.384








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.













[image: Table] 





Table 9. Macronutrient ratios in shallot leaves.
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Factor

	
Source of Variation

	
K:Ca

[-]

	
K:Mg

[-]

	
Ca:P

[-]

	
Ca:Mg

[-]

	
K:(Ca + Mg)

[-]






	
Treatment (I)

	
C

	
2.31 ± 0.13 a

	
21.54 ± 1.16 a

	
6.11 ± 0.28 b

	
9.34 ± 0.66 a

	
2.09 ± 0.11 a




	
EM

	
2.62 ± 0.11 a

	
22.18 ± 1.01 a

	
4.76 ± 0.25 a

	
8.49 ± 0.72 a

	
2.34 ± 0.08 a




	
GG

	
2.36 ± 0.41 a

	
21.33 ± 4.05 a

	
4.83 ± 0.21 a

	
9.04 ± 0.45 a

	
2.12 ± 0.37 a




	
p-value

	
0.114

	
0.831

	
<0.001

	
0.090

	
0.146




	
Cultivar (II)

	
Bonilla F1

	
2.60 ± 0.13 b

	
22.46 ± 1.67 a

	
5.27 ± 0.76 a

	
8.66 ± 0.74 a

	
2.33 ± 0.11 b




	
Matador F1

	
2.26 ± 0.29 a

	
20.91 ± 2.81 a

	
5.20 ± 0.63 a

	
9.25 ± 0.50 a

	
2.04 ± 0.26 a




	
p-value

	
0.005

	
0.174

	
0.817

	
0.064

	
0.007




	
I × II

	
p-value

	
0.121

	
0.006

	
0.013

	
0.021

	
0.079








Means followed by different letters are significantly different for each parameter (level of significance, p-value, is shown in the Table); number of observations per treatment—3. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo.
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Table 10. Coefficients of Pearson’s correlation between the morphological parameters of shallot plants.
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Treatment

	
Parameter

	
Y

	
m

	
sl

	
n

	
l






	
C

	
m

	
ns

	
1

	

	

	




	
sl

	
0.67

	
ns

	
1

	

	




	
n

	
ns

	
0.90

	
ns

	
1

	




	
l

	
ns

	
ns

	
ns

	
ns

	
1




	
S

	
0.63

	
ns

	
0.83

	
ns

	
ns




	
EM

	
m

	
ns

	
1

	

	

	




	
sl

	
ns

	
ns

	
1

	

	




	
n

	
0.58

	
0.66

	
ns

	
1

	




	
l

	
ns

	
ns

	
ns

	
ns

	
1




	
S

	
ns

	
ns

	
0.84

	
ns

	
ns




	
GG

	
m

	
ns

	
1

	

	

	




	
sl

	
ns

	
ns

	
1

	

	




	
n

	
ns

	
ns

	
ns

	
1

	




	
l

	
ns

	
ns

	
0.82

	
0.63

	
1




	
S

	
ns

	
ns

	
0.72

	
ns

	
ns




	
Total

	
m

	
ns

	
1

	

	

	




	
sl

	
0.40

	
ns

	
1

	

	




	
n

	
ns

	
0.63

	
ns

	
1

	




	
l

	
ns

	
ns

	
0.52

	
ns

	
1




	
S

	
0.34

	
ns

	
0.66

	
ns

	
ns








Y—marketable yield, m—cluster mass, sl—proportion of leaves in the yield, n—number of leaves, l—leaf length, S—leaf greenness (SPAD). C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo. ns—non-significant correlation at α = 0.05.
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Table 11. Coefficients of Pearson’s correlation between the chemical composition parameters of shallot plants.
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Treatm.

	
Parameter

	
cLb

	
cLl

	
cdb

	
cdl

	
csb

	
csl

	
crb

	
crl
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cLb—L-ascorbic acid content of bulbs, cLl—L-ascorbic acid content of leaves, cdb—dry matter content of bulbs, cdl—dry matter content of leaves, csb—total sugar content of bulbs, csl—total sugar content of leaves, crb—reducing sugar content of bulbs, crl—reducing sugar content of leaves, cNb—nitrate content of bulbs, cNl—nitrate content of leaves, ib—ascorbate-nitrate index for bulbs, il—ascorbate-nitrate index for leaves. C—control treatment, EM—1% solution of Effective Microorganisms, GG—0.1% solution of Goëmar Goteo. ns—non-significant correlation at α = 0.05.
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