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Abstract. This paper analyses the effect of titanium foliar application on the Fe, Zn, Mn and Ti content in 

early crop potato tubers. The titanium source was the plant growth stimulant Tytanit® (8.5 g Ti per litre). 

Tytanit® was applied once at the leaf development stage (BBCH 14-16) or at the tuber formation stage 

(BBCH 41-43) and twice at the leaf development and tuber formation stages, at the dose of 0.2 L ha-1 or 

0.4 L ha-1 in each treatment. Potatoes were harvested 75 days after planting (the end of June). Following 

Tytanit® application, the content of Fe was higher by 6.150 mg kg-1 and Mn by 0.409 mg kg-1 of dry matter. 

Titanium foliar application did not affect the content of Zn, whereas the content of Ti was higher by 0.364 

mg kg-1 of dry matter. The dose and date of Tytanit® application slightly affected the content of Fe. The 

content of Mn was greatest with a single Tytanit® application at the tuber formation stage at the dose of 

0.2 L ha-1, whereas the Ti content was greatest with a double Tytanit® application, at the leaf development 

and tuber formation stages, at the dose of 0.2 L ha-1. 
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Introduction 

Although micronutrients are used in relatively small amounts, they play an important 

role in plant metabolism and in the human body assisting in the prevention of many 

diseases and the maintenance of good health. On the other hand, an excessive amount of 

some micronutrients can be toxic to a human (Welch, 2002; Martinez-Ballesta et al., 

2010; Soetan et al., 2010; Al-Fartusie and Mohssan, 2017; Nieder et al., 2018). The 

Recommended Dietary Allowance (RDA) of Fe for men and postmenopausal women is 

8 mg and for premenopausal women 18 mg per day. The RDA of Zn is 11 mg per day for 

men and 8 mg for women, and the RDA of Mn for men and woman is 2.3 mg and 1.8 mg 

per day, respectively (Institute of Medicine US, 2001). Micronutrient deficiency in 

humans occurs in all regions of the world (Martinez-Ballesta et al., 2010; Nieder et al., 

2018). Plant based food provide most of the micronutrients required for a healthy human 

diet. Soil is the main source of micronutrients for plants. The micronutrient availability 

to plants depends on their chemical form, soil properties, particularly pH and organic 

matter content, and environmental conditions. Abiotic stresses such as drought or extreme 

temperatures affect the mineral element content in the field growing crops (Tack, 2014). 

Micronutrient deficiencies in plants not only limit crop productivity but also affect crop 

quality as a human food. In sustainable agriculture, the most environmentally-friendly 

way to increase the amount of essential human micronutrient in plant based food is 

breeding of genotypes that have a naturally higher micronutrient content and proper 

agronomic practices (Frossard et al., 2000; Khoshgoftarmanesh et al., 2010; Haynes et 

al., 2012). 
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In modern plant production focusing on high quality of plant based food, biostimulants 

have been gaining increasing importance (Calvo et al., 2014; Bulgari et al., 2015). 

Titanium is categorized as a plant growth stimulant. Water-soluble chelate forms of 

titanium, such as ascorbate, citrate or malate applied via roots or leaves in low 

concentrations have a beneficial effect on various plant physiological processes and 

increase the crop yield, and can improve the crop quality. The beneficial effect of titanium 

is a result, among others, of its interaction with other elements, primarily with Fe (Du et 

al., 2010; Bacilieri et al., 2017; Lyu et al., 2017). Titanium foliar application resulted in 

an increase in Fe, Cu and Zn contents in bean (Ram et al., 1983), Fe in red pepper and in 

barley grain (Carvajal and Alcaraz, 1995; Tlustoš et al., 2005) and Zn in wheat grain 

(Tlustoš et al., 2005). To date, few studies have been focused on the effect of titanium on 

micronutrient contents in root and tuber plants. Titanium foliar application resulted in an 

increase in Zn content and a decrease in Fe and Mn contents in potato tuber (Tlustoš et 

al., 2005; Mystkowska, 2018). 

Potato (Solanum tuberosum L.) is a one of the most important crops ensuring food 

security in the world and a valuable source of nutritional compounds in the human diet. 

Potatoes do not contain a large amount of micronutrients, with the exception of Fe, 

however, due to the amount consumed per capitata, they can make up a significant source 

of micronutrients in the human diet (Burgos et al., 2007; Haynes et al., 2012; Tack, 2014). 

Consumption of 100 g potatoes can provide 12-15% of the Recommended Dietary 

Allowence (RDA) of iron, 6-8% of manganese and 2-3% of zinc (Leszczyński, 2012; 

Wierzbicka, 2012). Micronutrient contents in potato tubers are affected by a cultivar, 

environmental conditions and agronomical practices (Rivero et al., 2003; Martinez-

Ballesta et al., 2010; Wierzbicka, 2012; Lombardo et al., 2014; Tack, 2014; Wierzbowska 

et al., 2018). In the our study it was hypothesised that the stimulation of potato plant 

growth by titanium foliar application would contribute to an increase in essential human 

micronutrient content in tubers. It was assumed that the potato response to titanium 

depend on the dose and date of titanium application and that the results of titanium 

application depends on the potato cultivar and environment in which the potato grow. The 

aim of the study was to determine the effect of the dose and date of titanium foliar 

application on essential human micronutrient contents in early crop potato tubers. 

Materials and Methods 

Plant material and experimental design 

The study material included tubers of two very early potato cultivars ‘Lord’ and 

‘Miłek’ (Polish cultivars which are registered on the Common Catalogue of Varieties of 

Agricultural Plant Species CCV) obtained from a field experiment carried out in central 

eastern Poland (52°03'N; 22°33'E) during three growing seasons (2009, 2010 and 2012) 

with a varied the weather conditions (Table 1). Over the three-year period of the study, 

the mean air temperatures in the beginning period of potato growth were above the long-

term average. In 2009 total precipitation in potato growing season was above and in 2010 

and 2012 similar to long-term average, however, unevently distributed during potato 

growth period (Wadas and Kalinowski, 2018). The field experiment was carried out on 

Luvisol with an acidic-to-slightly-acid reaction, with a low content of available Zn, a 

medium content of Mn as well as a high content of Fe (Table 2). 

The titanium (Ti) source was the mineral plant growth stimulant Tytanit® (8.5 g Ti per 

litre, 0.8% m/m, in the form of Ti-ascorbate) produced by INTERMAG Ltd., Poland. The 
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effect of dose (0.2 L ha-1 and 0.4 L ha-1) and date of Tytanit® application (a single foliar 

application at the leaf development stage – BBCH 14-16 or at the tuber formation stage 

– BBCH 41-43, and a double foliar application at the leaf development and tuber 

formation stages – BBCH 14-16 and BBCH 41-43) on the essential human micronutrient 

and titanium contents in early crop potato tubers was investigated. The field experiment 

was established in a split-block-split-plot design with a control object without Tytanit® 

in three replications. Potato cultivation was carried out according to common agronomical 

practice. In successive years, 6-week pre-sprouted seed potatoes were planted on 15th, 

13th and 12th April. Potatoes were harvested 75 days after planting (the end of June). For 

laboratory studies 50 different-sized tubers of each treatment were taken. 

 
Table 1. Selected soil chemical properties in the experimental site 

Years 
Corg 

(g kg-1) 
pHKCl 

Available forms (mg kg-1 of soil) 

P K Mg Zn Mn Fe 

2009 8.7 6.6 128 104 38 7.2 95.3 730 

2010 14.2 6.1 88 120 45 9.3 79.2 550 

2012 7.9 4.7 122 208 22 4.1 65.2 645 

 

 
Table 2. Mean air temperature and precipitation total in the potato growing season 

Years 
Temperature (°C) Rainfalls (mm) 

April May June April May June 

2009 10.3 12.9 15.7 8.1 68.9 145.2 

2010 8.9 14.0 17.4 10.7 93.2 62.6 

2012 8.9 14.6 16.3 29.9 53.4 76.2 

Many-year mean 

(1981-2005) 
8.1 11.9 16.7 45.5 49.7 63.0 

 

 

Chemical analysis 

The contents of Fe, Zn, Mn and Ti were determining by atomic emission spectroscopy 

with the inductively-coupled plasma method (ICP-AES) following previous 

mineralization of potato tuber samples. One gram of the oven-dried potato sample was 

oxidized dry at 450-550°C in a muffle furnace, and the ash was dissolved in a 10% HCl. 

The total contents of Fe, Zn, Mn and Ti were determined on an atomic emission 

spectrometer with inductively-coupled plasma Optima 3200 RL produced by Perkin-

Elmer. All assays were performed in duplicate and the mean results were expressed in 

milligrams per kilogram of potato tuber dry matter (DM). 

Statistical analysis 

The results of the study were analysed statistically by means of analysis of variance 

(ANOVA) for the split-block-split-plot design. The analysis of the results was conducted 

using orthogonal contrast to compare the control object without Tytanit® with the 

remaining objects. The significance of differences was verified using Tukey’s test at 

p≤0.05. 
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Results 

Tytanit® application caused an increase in the content of Fe, Mn and Ti in potato tuber 

but did not affect the content of Zn (Table 3). Over the three-year period of the study, the 

Fe content in tubers was higher, on average, by 6.150 mg kg-1 of DM, Mn by 0.409 mg 

kg-1 of DM and Ti by 0.364 mg kg-1 of DM compared to the cultivation without the growth 

stimulant. Tytanium foliar application had a greatest effect on the Mn content in tubers 

in 2012 with the lowest content of available Mn in soil (data not presented). In that year, 

with the Tytanit® application, the Mn content in tubers was higher by 0.939 mg kg-1 of 

DM, on average, compared to the control object without the growth stimulant. 

 
Table 3. Effect of Tytanit® on micronutrient contents in potato tubers (mg kg-1 of DM); mean 

for years and cultivars 

Treatment Fe Zn Mn Ti 

Without Tytanit® 73.33b 24.72a 6.774b 1.803b 

With Tytanit® 79.48a 24.64a 7.183a 2.167a 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

The Tytanit® dose did not affect the content of Fe in tubers of either tested potato 

cultivars (Table 4). The study demonstrated a significant interaction effect of the potato 

cultivar and the dose of Tytanit® on the Mn content in tubers. The dose of Tytanit® 

application had a significant effect on the Mn content only in the ‘Lord’ cultivar tubers 

(Table 4). 

 
Table 4. Effect of Tytanit® dose on Fe, Mn and Ti contents in potato tubers in relation to 

cultivar (mg kg-1 of DM); mean for years and date of Tytanit® application 

Tytanit® dose 
Fe Mn Ti 

Lord Miłek Lord Miłek Lord Miłek 

0.2 L ha-1 81.74a 77.97a 7.293a 7.291a 2.293a 2.239a 

0.4 L ha-1 80.38a 77.82a 6.808b 7.339a 2.096b 2.041a 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

Following the application of 0.2 L ha-1 of Tytanit®, the Mn content in tubers of ‘Lord’ 

was higher, on average, by 0.485 mg kg-1 of DM compared to the dose of 0.4 L ha-1. The 

Tytanit® dose had the greatest effect on the Mn content in tubers of ‘Lord’ in 2012 with 

the lowest content of available manganese in soil (data not presented). In that year, 

following the application of 0.2 L ha-1 of Tytanit®, the manganese content in tubers of 

this cultivar was higher, on average, by 1.338 mg kg-1 of DM compared to the dose of 0.4 

L ha-1. The dose of Tytanit® application had a significant effect on the Ti content in tubers 

of both tested potato cultivars (Table 4). After the application of 0.2 L ha-1 of Tytanit®, 

the Ti content in tubers was higher, on average, by 0.198 mg kg-1 of DM compared to the 

dose of 0.4 L ha-1. The difference was greatest in the warm and moderately wet growing 

season of 2012 (Table 5). In that year, after the application of 0.2 L ha-1 of Tytanit®, the 

Ti content in tubers was higher, on average, by 0.455 mg kg-1 of DM. 
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Table 5. Effect of Tytanit® dose on Mn and Ti content in potato tubers in relation to year  

(mg kg-1 of DM); mean for cultivars and date of Tytanit® application 

Tytanit® dose 
Mn Ti 

2009 2010 2012 2009 2010 2012 

0.2 L ha-1 7.562a 6.901a 7.413a 1.557a 3.004a 2.237a 

0.4 L ha-1 7.194a 7.139a 6.887a 1.413a 3.011a 1.782b 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

The date of Tytanit® application had a slight effect on the content of Fe and Mn in 

tubers of both tested potato cultivars (Table 6). The date of Tytanit® application had a 

significant effect on the Mn content only in 2012 with the lowest content of available Mn 

in soil (Table 7). 

 
Table 6. Effect of date of Tytanit® application on Fe, Mn and Ti contents in potato tubers in 

relation to cultivar (mg kg-1 of DM); mean for years and Tytanit® dose 

Date of Tytanit® application 
Fe Mn Ti 

Lord Miłek Lord Miłek Lord Miłek 

Leaf development stage 81.72a 76.70a 6.972a 7.040a 2.010b 1.829c 

Tuber formation stage 80.08a 78.40a 6.864a 7.360a 2.088b 2.165b 

Leaf development and 

tuber formation stages 
81.38a 78.60a 7.315a 7.545a 2.485a 2.425a 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 
Table 7. Effect of date of Tytanit® application on Mn and Ti content in potato tubers in relation 

to year (mg kg-1 of DM); mean for cultivars and Tytanit® dose 

Date of Tytanit® application 
Mn Ti 

2009 2010 2012 2009 2010 2012 

Leaf development stage 7.418ab 6.963a 6.673b 1.303b 2.702b 1.755b 

Tuber formation stage 6.932b 6.808a 7.596a 1.503ab 2.679b 2.195a 

Leaf development and 

tuber formation stages 
7.784a 7.289a 7.218ab 1.649a 3.642a 2.080a 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

In that year, with the single Tytanit® application in the leaf development stage the Mn 

content in tubers was lower, on average, by 0.959 mg kg-1 of DM as compared with the 

single application in the tuber formation stage. With double Tytanit® application, in the 

leaf development stage and with a repeated treatment in the tuber formation stage, the Mn 

content in tuber was similar to the single treatment in the tuber formation stage. The Ti 

content in tuber was greatest with double Tytanit® application (Table 6). With double 

Tytanit® application, the Ti content in tuber was higher, on average, by 0.535 mg kg-1 of 

DM compared to the single treatment in the leaf development stage and by 0.325 mg kg-

1 of DM compared to the treatment in the tuber formation stage. The differences were 

greatest in 2010 with heavy rainfall in May and the periodically water shortage in June, 

0.940 mg kg-1 and 0.963 mg kg-1 of DM, respectively (Table 7). The performed study 

demonstrated a significant interaction effect of the dose and date of Tytanit® application 
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on the Mn and Ti contents in tubers (Table 8). The content of Mn was greatest with a 

single Tytanit® application in the tuber formation stage at the dose of 0.2 L ha-1, whereas 

the content of Ti was greatest with the double Tytanit® application, in the leaf 

development stage and with repeated treatment in the tuber formation stage at a dose of 

0.2 L ha-1 in each treatment. 

 
Table 8. Effect of dose and date of Tytanit® application on Mn and Ti content in potato tubers 

(mg kg-1 of DM); mean for years and cultivars 

Date of Tytanit® application 

Mn Ti 

Tytanit® dose Tytanit® dose 

0.2 L ha-1 0.4 L ha-1 0.2 L ha-1 0.4 L ha-1 

Leaf development stage 6.777b 7.235ab 1.901c 1.938b 

Tuber formation stage 7.567a 6.657b 2.200b 2.060ab 

Leaf development and 

tuber formation stages 
7.531a 7.329a 2.700a 2.210a 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

The content of examined micronutrients in the potato tuber depended to a great extent 

on the cultivar and environment conditions during the potato growing season (Table 9). 

Regardless of the treatment, ‘Lord’ tubers contained more Fe, on average, by 3.20 mg kg-

1 of DM and Zn by 2.50 mg kg-1 of DM and less Mn by 0.30 mg kg-1 of DM than tubers 

of ‘Miłek’. The content of Ti in tubers of both cultivars was similar. The most Zn and Mn 

were accumulated by potato tubers in the cool and very moist growing season of 2009, 

whereas the most Fe and Ti were accumulated in tubers in 2010, with havy rainfall in 

May and the periodically water shortage in June. 

 
Table 9. Micronutrient contents in potato tubers in relation to cultivar and year (mg kg-1 of 

DM); mean for objects with and without Tytanit® 

Cultivar and year Fe Zn Mn Ti 

Lord 80.20a 25.90a 6.974b 2.152a 

Miłek 77.20b 23.40b 7.274a 2.078a 

2009 83.12b 30.06a 7.354a 1.420c 

2010 94.90a 22.04b 7.003b 2.958a 

2012 57.78c 21.87c 7.016b 1.967b 

Means within columns followed by the same letters do not differ significantly at p≤0.05 

 

 

Results presented in this study demonstrate that a typical meal with 200 g of boiled 

potatoes (at least three medium-sized tubers) from the cultivation without Tytanit® 

provided up to 32% of the Recommended Dietary Allowance (RDA) of Fe for men and 

postmenopausal women and up to 14% of the RDA for premenopausal women, and up to 

10% of the RDA of Mn for men and 13% for woman. Potatoes derived from the 

cultivation with Tytanit® provided up to 35% of the RDA of Fe for men and 

postmenopausal women and up to 16% of the RDA for premenopausal women, and up to 

11% of the RDA of Mn for men and 14% for woman. Potatoes from the cultivation with 

or without Tytanit® provided up to 8% of RDA of Zn for men and 11% for woman. 
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Discussion 

The beneficial effect of titanium on plant metabolism include, among others, an 

increase in the uptake of other elements (Du et al., 2010; Lyu et al., 2017; Bacilieri et al., 

2017). A foliar application of Ti during potato growth increases the activity of peroxidase, 

however, during tuberization the activity of superoxide dismutase and peroxidase. 

Tytanit® did not affect the content of dry matter and nitrogen, phosphorus, potassium, 

calcium, magnesium or sulphur in potato tubers. Following Tytanit® application, there 

was only an increase in sodium content (Wadas and Kalinowski, 2018). The application 

of Ti favored Fe uptake (Bacilieri et al., 2017), which was confirmed in the present study. 

A single or a double Tytanit® (Ti-ascorbate) application during potato grown on Luvisol 

with an acidic-to-slightly-acid reaction at the dose of 0.2 L ha-1 or 0.4 L ha-1 in each 

treatment caused an increase in the contents of Fe, Mn and Ti in early crop tubers of very 

early ‘Lord’ and ‘Miłek’ cultivars. Titanium foliar application did not affect the content 

of Zn. A study carried out in the Czech Republic showed that titanium foliar applied three 

times in the form of Ti-citrate during potato grown on Chernozem with an alcaline 

reaction (at the beginning of June with a plant height of 30 cm and repeated treatment in 

two-week intervals) in the dose of 10 g Ti ha-1 in each treatment resulted in a slight 

decrease in Fe and an increase in the Zn in mature tubers of ‘Cordoba’ cultivar (Tlustoš 

et al., 2005). A study carried out in Poland showed that three times Tytanit® application 

during potato grown on the soil with a slightly-acid or alcaline reaction (beginning of 

plant flowering, full flowering and after plant flowering) in the dose of 0.2 L ha-1 in each 

treatment resulted in a decrease of Mn and Fe content in mature tubers of three medium-

early (‘Honorata’, ‘Jelly’, ‘Tajfun’) potato cultivars (Mystkowska, 2018), which was not 

confirmed in the present study. Titanium application up to a dose of 25.5 g Ti ha-1 is not 

toxic for the potato crop (Bacilieri et al., 2017). A negative correlation was revealed 

between soil pH and iron and manganese concentration in potato tubers (Rogóż, 2009; 

Tack, 2014), which was confirmed in the present study. Fe and Ti have sinergistic and 

antagonistic relationships (Lyu et al., 2017). In the presented studies titanium was applied 

in the chelate forms as Ti-citrate or Ti-ascorbate. Leaf ability to uptake chelated nutrients 

is related to various properties of a chelate, such as the molecular weight of the complex, 

dissociation constant and stability of the complex at various pH (Wójcik, 2004). The 

effect of titanium depends on the plant age and the tissue concentration of other minerals 

(Lyu et al., 2014; Bacilieri et al., 2017). Potato plants uptake mineral elements primarily 

from the soil solution through their roots. Direct uptake of minerals into the developing 

tubers across the periderm is also possible, however in a mature tuber it will be limited 

due to the suberized nature of the periderm (Subramanian et al., 2011). The dose and date 

of Tytanit® application slightly affected the content of Fe in tubers of both tested potato 

cultivars and the content of Mn in the ‘Miłek’ tuber. The Mn content in the ‘Lord’ tuber 

was greater with Tytanit® application at the dose of 0.2 L ha-1. The results showed a 

differential response of the examined very early potato cultivars to titanium foliar 

application. The response of crop plants to a foliar supply of nutrients differed between 

crop species as well as cultivars within the same species (Kannan, 2010), which was 

confirmed in the present study. The age of the leaf is important for nutrients foliar 

absorption. The young leaves absorbed more nutrients than the older ones (Wójcik, 2004). 

This study demonstrated a significant effect of the interaction of the dose and date of 

Tytanit® application on the Mn and Ti contents in potato tubers. Regardless of the potato 

cultivar, the content of Mn was greatest with the single Tytanit® application in the tuber 

formation stage at the dose of 0.2 L ha-1, whereas the Ti content was greatest with a double 
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Tytanit® application during potato grown at the leaf development stage and at the tuber 

formation stage at a dose of 0.2 L ha-1 in each treatment. Leaf-absorbed Ti is distributed 

approximately equally between the leaves and roots (Kelemen et al., 1993; Lyu et al., 

2017). The study carried out by other authors, showed a trace amounts of Ti in potato 

tuber after foliar application of titanium-containing fertilizers (Ti-ascorbate). The content 

of Ti in sugar beet roots was considerably higher. The content of Ti in the green parts of 

a plant (leaves, stems) was greater than in the roots or tuber (Świerczewska and Sztuder, 

2004). A positive correlation was found between the Fe and Mn content in potato tubers 

(Wierzbicka, 2012), which was confirmed in the present study. Tytanit® caused an 

increase in the content of both Fe and Mn in early crop potato tubers. An opposite 

correlation between the Fe and Mn are in human body; Fe deficiency can increase in Mn 

availability (Jędrzejczak, 2004). Following Tytanit® application, the Fe/Mn ratio in the 

early crop potato tubers (11.1/1) was similar to that for potatoes with the cultivation 

without the growth stimulant (10.8/1), and was on the same level or broader than those 

reported for mature tubers of early and medium-early potato cultivars (Lombardo et al., 

2014; Wierzbowska et al., 2015; Mystkowska, 2018). 

The content of Fe, Zn or Mn in potato tubers depended to a great extent on the cultivar 

and environmental conditions, which was confirmed by other authors (Rivero et al., 2003; 

Burgos et al., 2007; Haynes et al., 2012; Lombardo et al., 2014; Rivadeneira et al., 2016; 

Sharma et al., 2017; Wierzbowska et al., 2018). In the present study, ‘Lord’ tubers 

contained more Fe and Zn and less Mn than ‘Miłek’ tubers grown under the same 

conditions, although the content of Ti in tubers of both tested cultivars did not differ 

significantly. Genotype variation in nutrient uptake from soil is associated with the size 

of the root system and root morphology (Trehan and Singh, 2013). Nutrient uptake by 

plants depends on their levels in the soil and phytoavailability. The most significant 

environmental factors affecting the nutrient uptake by plant are soil moisture and pH. The 

availability of micronutrients present in a soil solution as cations (e.g. Fe2+, Zn2+ and 

Mn2+) increases with increasing soil acidity. The potential of roots to uptake mineral 

elements generally declines in water-stressed plants (Martinez-Ballesta et al., 2010; 

Trehan and Singh, 2013; Rivadeneira et al., 2016), which was confirmed in the present 

study. Under drought conditions, the greater presence of oxygen in the soil induces a 

decrease in the Fe2+/Fe3+ ratio, leading to a decrease in Fe available for plants (Silva et 

al., 2011). Under a limited plant supply with Fe, the application of an appropriate 

concentration of Ti may induce the expression of genes related to iron acquisition, 

enhancing iron uptake (Lyu et al., 2017), which was confirmed in the present study. The 

most Ti was contained in potato tubers in the year with the highest air temperature and a 

heavy rainfall in the leaf development and tuber formation stages. Generally, it is believed 

that high light intensity and high air temperatures during rapid leaf expansion favours the 

absorption of mineral nutrients by the leaves. High air humidity also stimulates the 

absorption of leaf-applied nutrients (Wójcik, 2004), which was confirmed in the present 

study. 

Titanium foliar application may be one approach to increasing the amount of essential 

human micronutrients in potato tubers. It has been estimated that human body take in 

about 0.8 mg Ti per day (Kabata-Pendias and Pendias, 1999). The amount of Ti provided 

with the examined potatoes does not exceed 10% of the estimated daily intake. 
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Conclusions 

This study showed that it is be possible to increase Fe and Mn content in early crop 

potato tubers by foliar application of an appropriate dose of titanium, particularly under 

abiotic stress conditions. Following Tytanit® application, the content of Fe was higher, 

on average, by 6.150 mg kg-1 of DM and Mn by 0.409 mg kg-1 of DM compared to the 

cultivation without the growth stimulant. Titanium foliar application did not affect the 

content of Zn, whereas the content of Ti in tuber was higher, on average, by 0.364 mg kg-

1 of DM. The dose and date of Tytanit® application slightly affected the content of Fe in 

potato tuber. The content of Mn was greatest with a single Tytanit® application at the 

tuber formation stage at the dose of 0.2 L ha-1, whereas the Ti content in tuber was greatest 

with a double Tytanit® application during potato growth, at the leaf development stage 

and with a repeated treatment in the tuber formation stage at the dose of 0.2 L ha-1 in each 

treatment. This study showed a differential response of very early potato cultivars to 

titanium foliar application. So, determination of the possibility of increasing 

micronutrient contents in potato tubers with foliar application of titanium needs the more 

researches. Determining of optimal dose and date of titanium application for various 

potato cultivars is very important in the optimisation of potato production. 
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