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Abstract       The aim of this paper was to determine the fertilizers influence 
upon mineral substances and macroelement content of different triticosecale 
varieties grown in West Romania. Four triticosecale varieties were subjected 
to a factorial experience: factor A – triticosecale varieties: Mungis, Gorun, 
Trismart and Tulus; factor B - base fertilization with the following experimental 
variants: V1- N0 P0K 0, V2-N45 P45K 45, V3-N60 P60K 60, V4-N120P60K60.  

The research was carried out in the territory of the Didactic Station Timisoara 
of USAMVB Timisoara and followed the influence of fertilizers on the minerals 
and macronutrients (calcium, potassium, magnesium). Determination of 
mineral substances was made by calcination at 600°C and macroelements 
conten was performed with the help of spectrometer AAS (Varian 220 FAA 
equipment) in the Laboratory of Soil Science and Plant Nutrition, Faculty of 
Agriculture, USAMVB Timisoara.  
The supply with mineral fertilizers change the samples potassium contents 
analysed in the case of application V2 (N45P45K45) fertilization variant 
compared with V1 (N0 P0K0). Significant differences regarding potassium 
content are recorded for variant V3 (N60P60K60) compared to variant V4 
(N120 P60K60); The highest content of magnesium is recorded in MUNGIS 
variety.  
No significant differences were registered between magnesium content in the 
experimental variants with different doses of NPK fertilizers.   
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Triticosecale is new agricultural specie created by 

hybridization between wheat (Triticum) and rye 

(Secale) (an amphidiploid between wheat and rye). The 

name triticosecale (Triticale hexaploid Lart.) is the 

result of the two the scientific names of species that sits 

on its origin. To the formation of this new grain specie 

was intended to meet, in one organism, rye rusticity 

and wheat productivity and quality. This species is 

created for capitalize marginal areas of the wheat crop. 

Triticosecale is a cereal used a lot recently, because 

of its high production of both grain and biomass and its 

many uses. 

Triticosecale importance is given by obtained 

production value, and some biological features such as 

lower requirements to environmental conditions, which 

recommended this plant for the less favorable areas of 

other cereals. 

Triticosecale grains are mainly used in animal feed, 

the feed value is at least equal to the amount of wheat 

feed. The higher the protein and lysine content makes it 

more advantageous than other cereals, particularly in 

the feeding of birds and pigs. The triticale feed is used 

as green fodder or silage, autumn forms being very 

productive. 

Triticosecale grains are used in human food, they 

having protein with high nutritional value and being 

more rich in potassium, phosphorus, sodium, 

magnesium, and zinc than wheat grains. The grains are 

grind easily and baking tests have proven satisfactory. 

They can also be used in the manufacture of malt for 

beer production [1]. 

Intake of minerals by consuming triticosecale is 

important. Minerals are food components 

absolutely necessary for life contributing to 

normal activity and body development. Play 

important functional roles, of the metabolic 

nature, activating numerous enzyme systems, 

participate in physical-chemical reactions, 

controlling pH, electrochemical potential 

gradients. To cover the requirements imposed by 

the intensity of physiological processes in the 

body it is important to pay attention not only to 
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the quantity and ratio of minerals in the diet, and 

the type of compounds under which these minerals 

enter the body. 

The mineral substances contained in the cereal grains 

consist of phosphorus, potassium, sodium, sulfur, 

chlorine, iron, magnesium, silicon and forming 

combustion ash. Ash resulted by calcination of the 

wheat grain is composed for the most part of potassium 

acid phosphate and magnesium and less calcium 

phosphate.  

A large proportion of phosphoric acid in the form of 

phosphates occurs in the ash exists as of phytin 

(calcium and magnesium salt of the acid-hexafosforic 

inozit) [16]. 

The purpose of this paper is to determine the content of 

mineral substances and macronutrients (calcium, 

potassium, magnesium) in different triticosecale 

varieties grown in the west side of the country, 

differentiated by agronomic conditions (application of 

different doses of NPK fertilizers). 

 

Materials and Methods 
 

The location of the experimental field: 

The research was carried out in the territory of the 

Didactic Station Timisoara of USAMVB Timisoara 

and followed the influence of fertilizers on the minerals 

and macronutrients (calcium, potassium, magnesium) 

content for 4 triticosecale varieties of 2011 production. 

Experience was set out in the latin square type with 

four experimental variants in four replications. Were 

used NPK complex fertilizers, type 16:16:16. 

Factor A: variety: a1 - Trismart, a2 - Gorun, a3 - 

Tulus, a4 – Mungis. 

Factor B: mineral fertilization with following doses: 

b1-N0P0K0, b2-N45P45K45, b3-N60P60K60, b4-

N120P60K60.  

 

Characterization of biological material used: 

The biological material used was represented by four 

triticosecale varieties: Tulus Mungis, Tismart, Gorun. 

Mungis variety is a high-class semi-early variety that 

has as main characteristics: 55-60 grains per spic, high 

yield potential and excellent ecological plasticity [15]. 

Advantages of this variety cultivation is given by the 

exceptional production potential, resistance to falling 

and adaptability to any area. 

Tulus variety is a good early variety is healthy and has 

a great climate adaptation across Central and Eastern 

Europe. It has good resistance to falling ensuring 

increased production. Tulus adapts very well on light 

soils and unfavorable climates. It has high tolerance to 

winter and drought. 

Trismart triticosecale is a rustic variety, with great 

adaptability to the conditions of culture, good behavior 

to falling and to diseases that meet the expectations of 

farmers. The potential of the output is more than 10 t / 

ha. 

The most important advantages are: good tolerance to 

falling and powdery mildew, excellent yield potential, 

high in protein content, rustic variety with high 

adaptability to all conditions of culture. This variety is 

recommended by experts for all areas suitable for 

triticosecale crop, sowing rate being 180 kg / ha, under 

optimal conditions of sowing [14]. 

Gorun is a medium intensive variety with good 

behavior towards pests and diseases and high yield 

potential of over 7 t/ha [13]. 

 

Determination of minerals and macroelements 

 

Sample preparation 

The sample subjected to analysis should be ground in 

such a way to achieve a uniform and homogeneous 

mass. In a porcelain crucible weigh a suitable amount 

of the sample, in the cas of analyzed triticosecale 

samples was taken in work 3g. 

 

Determination of mineral substances by calcination 

The sample is pre burned to flame then the porcelain 

crucible is placed in a thermo regulated oven. Its 

temperature is gradually raised to 600 ± 1000°C, where 

is maintain a suitable time to complete the calcination 

(8-10 hours). Ash resulted must have uniform colour 

(white or grey) and contain carbon black points. 

Ash content is determined gravimetrically by reference 

to the amount taken in work. The values represent the 

average of three determinations. 

 

Determination of macroelements by atomic 

absorption spectroscopy (AAS) 

For determination of macro elements, over the ash 

obtained we added 5 ml HCl 6 mol / L. It is evaporate 

the acid on the sand bath. Dissolve the residue in an 

exact volume (10 ml to 30 ml) of nitric acid 0.1 mol /L.  

Dilute sample concentrations in the wanted report 

depending on the working macro elements standard 

and read the values obtained by the spectrometer AAS 

(Varian 220 FAA equipment). The values represent the 

average of three determinations. The analyses were 

performed in the Laboratory of Soil Science and Plant 

Nutrition, Faculty of Agriculture, USAMVB 

Timisoara. 

 

Results and Discussions 
 

The results of mineral substances and macronutrients 

content (calcium, potassium and magnesium) of 

triticosecale samples, depending on the experimental 

variant are presented in Tables 1-3 and Figure 1-2.
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Table 1 

Mineral substances (%) to studied triticosecale varieties, in 2011 

 

Variant 

  

Mineral substances (%) 

Gorun Mungis Trismart Tulus 

V1- N0 P0K 0 1.32 ±0.178 1.28 ±0.345 1.21±0.707 1.15± 0.120 

V2-N45 P45K 45 1.55± 0.450 1.61±0.898 1.34±0.128 1.24 ± 1.289 

V3-N60 P60K 60 1.67±0.256 1.81±0.239 1.42±0.509 1.38± 0.707 

V4-N120 P60K 60 2.23±1.612 1.67±0.707 1.55±1.119 1.49± 0.190 

Results are given as mean of 4 determinations ± standard deviation (SD) 

 

To studied triticosecale varieties the highest mineral 

content was recorded at Gorun variety with values 

range between 1.32 % (v1-N0P0K0) and 2.23% (V4-

N120P60K60). The low mineral content was 

determined to Tulus variety, the range was between 

1.14 %(v1) and 1.49 %(v4). For all varieties studied 

the values of mineral substances increases once with 

doses of fertilizers increasing (Table 1). 

Previous studies have shown a mineral content in the 

wheat of 2.2%, and in rye  1.9% and by hybridization 

of wheat and rye, the product resulting is triticosecale 

and register a mineral substances content of 2% [5]. 

Mineral content reflects the nutritional value of 

triticosecale by the intake of macro and micronutrients 

that they provide. 

Potassium is a very important mineral for the proper 

functioning of the heart, kidneys, nervous system and 

muscular system [12]. 

Potassium ions absorbed by plants are becoming 

involved: in regulating water supply of plants,, in the 

activation of more than 60 enzyme systems that 

increase plant resistance to stress conditions and 

diseases attack, in carbohydrates photosynthesis. in 

protein biosynthesis and physiological processes 

ensuring the growth and development of plants. 

In triticosecale potassium content, reported to literature 

studies, varies depending on the agro-climatic 

conditions, agronomic and crop management. Studies 

made by Laszity, 1987, reported a potassium level of 

3% in the initial phase of vegetation and a reduction to 

0.5% in full maturation phase. Other studies indicate a 

potassium content of 0.3% to triticosecale at harvest 

[11]. 

The experimental results presented in Table 2 and 

Figure 1 shows a potassium content between 0.2 - 

0.4% depending on the investigated variety and the 

experimental variant. The MUNGIS variety is 

characterized by a high content of potassium (0.4331 to 

0.4677%), followed by GORUN variety (0.2267 to 

0.4374%), TULUS variety (0.2519 to 0.3102%) and 

TRISMART variety (from 0.2563 to 0.3102%). 

The supply with mineral fertilizers modifies the 

potassium content of samples in case of application of 

V2 (N45 P45K 45) fertilization variant compared with 

V1 (N0P0K0). Significant differences regarding 

potassium content was registered for variant V3 

(N60P60K60) compared with the variant V4 (N12 

P60K60). 

The fertilizers  effect application on the 

macroelements content, and also on production has 

been reported in other specialized articles [2;4;6; 8;9].  

Calcium and magnesium are essential minerals for 

the organism, we need calcium and magnesium for 

healthy teeth and strong bones rhythmic function of the 

heart, blood circulation, efficient functioning of nerves 

and muscles. More than 99% can be found in bone but 

plays an important role in muscle contraction, heart 

function, and coagulation. 

Calcium helps the nervous system function, reduce 

the insomnia status, helps iron absorption, reduce 

inflammation and susceptibility to allergies [10]. 

Calcium content in triticosecale grains, reported to 

literature studies varies depending on the variety and 

the growing season and is between 0.03 to 0.45% [7]. 

In the experimental variants obtained it is noted that 

the GORUN variety register higher values regarding 

calcium content compared to other varieties, the values 

obtained are in the range  of 0.1053 to 0.165%. 

TRISMART, TULUS and MUNGIS varieties registers 

values between 0.098 to 0.1307%. No significant 

differences were between the calcium content 

depending on the dose of fertilizer applied (Table 1, 

Figure 2). 

Magnesium in triticosecale grains ranges from 0.06 

to 0.13% [7]. Kowieska 2011 [3] reported 0.1% 

magnesium content in triticosecale. The experimental 

values obtained show magnesium content between 

0.0527% and 0.1452%, depending on variety and 

experimental variant. The highest content of 

magnesium is in the case of the MUNGIS variety 

(0.1061 to 0.1452%). No significant differences in the 

content of magnesium in experimental variants treated 

with different treatment by applying NPK fertilizers. 

For the degree of association analysis of the minerals 

with macro elements intake (calcium, potassium and 

magnesium) in the four varieties of triticosecale grown 

at USAMVB Timisoara Didactic Station in the 

experimental year 2011, was used to calculate 

correlation coefficients (r) presented in table 3. 

As we can see the correlation coefficients obtained 

show the existence of close links between and 

significant minerals content and magnesium intake in 

the Gorun variety (r = 0.974), but also in to the variety 
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Trismart reported to calcium (r = 0.968) and potassium 

content (0.978). In the case of Mungis and Tulus 

variety, except the correlation between the level of 

minerals and magnesium to the Tulus variety (r = 

0.885), Pearson correlation coefficients (r) is less than 

0.8, which expresses the average correlation between 

those two analyzed parameters. 

 

Table 2 

Macroelements content (K, Ca, Mg) content to studied triticosecale varieties, in 2011 

 

Sample K (%) Ca (%) Mg (%) 

GORUN 

V1 

0.2263 0.1045 0.0529 

0.2270 0.1061 0.0527 

0.2270 0.1054 0.0526 

Mean SD 0,22670,041 0,10530,008 0.05270.052 

GORUN 

V2 

0.4121 0.1066 0.0678 

0,4100 0.1064 0.0670 

0.4120 0.1066 0.0681 

Mean SD 0.41130.001 0.10650.001 0.06760.005 

GORUN 

V3 

0.4215 0.1278 0.1155 

0.4200 0.1281 0.1545 

0.4310 0.1283 0.1154 

Mean SD 0.42410.059 0.12810,002 0.12840,022 

GORUN 

V4 

0.4372 0.1324 0.1385 

0.4400 0.1310 0.1402 

0.4350 0.1289 0.1410 

Mean SD 0.43740.025 0.13070.001 0.13990.225 

MUNGIS 

V1 

0.4323 0.1042 0.1078 

0.4350 0.1045 0.1054 

0.4320 0.1046 0.1051 

Mean SD 0.43310,001 0.10440.002 0.10610.002 

MUNGIS 

V2 

0,4378 0.1077 0,1082 

0,4377 0.1078 0,1072 

0,4772 0.1079 0,1067 

Mean SD 0.45090.022 0.10780,001 0.10730.028 

MUNGIS 

V3 

0.4524 0.1118 0.1469 

0.4519 0.1138 0.1451 

0.4525 0.1123 0.1436 

Mean SD 0.45220.002 0.11260001 0.14520.001 

MUNGIS 

V4 

0.4678 0.1017 0.1222 

0.4675 0.1039 0.1213 

0.4680 0.1044 0.1243 

Mean SD 0.46770.051 0.10330.001 0.12260.001 

TRISMART 

V1 

0.2554 0.1210 0.0544 

0.2566 0.1230 0.0543 

0.2571 0.1224 0.0544 

Mean SD 0.25630.073 0.12210.001 0.05430.007 

TRISMART 

V2 

0.2766 0.1222 0.0777 

0.2822 0.1224 0.0870 

0.2800 0.1225 0.0865 

Mean SD 0.27960.002 0.12240.001 0.08370.005 

TRISMART 

V3 

0.3005 0.1224 0.0763 

0.3010 0.1240 0.0770 

0.3012 0.1235 0.0775 

Mean SD 0.30090.003 0.12330.005 0.07690.013 

TRISMART 

V4 

0.3111 0.1233 0.0820 

0.3110 0.1240 0.0813 

0.3110 0.1244 0.0822 
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Mean SD 0.31100,005 0.12390,002 0.08180.004 

TULUS 

V1 

0.2513 0.098 0.0628 

0.2522 0.099 0.0627 

0.2522 0.099 0.0626 

Mean SD 0.25190.002 0.09860.057 0.06270.001 

TULUS 

V2 

0.2522 0.1192 0.0766 

0.2531 0.1198 0.0787 

0.2534 0.1197 0.0788 

Mean SD 0.25290.004 0.11960.003 0.07800.001 

TULUS 

V3 

0.3892 0.1125 0.0864 

0.3900 0.1130 0.0865 

0.3890 0.1122 0.0867 

Mean SD 0.38940.025 0.11260.004 0.08650.001 

TULUS 

V4 

0.3088 0.1102 0.1686 

0.3098 0.1100 0.1687 

0.3120 0.1098 0.1682 

Mean SD 0.31020.001 0.11000.002 0.16850.002 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Potasium content (%) in triticosecale samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Calcium content (%) in triticosecale samples 
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Table 3 

Correlations between mineral substances and macroelements content in different varieties of triticosecales  

Correlations Pearson Coeficient  (r) 

2011 

Y=A+BX Gorun Mungis Trismart Tulus 

Mineral substances = f (calcium content) 0,821 0,624 0,968 0,338 

Mineral substances = f (potasium content) 0,716 0,750 0,978 0,652 

Mineral substances = f (magnesium content) 0,974 0,799 0,759 0,885 

 
Conclusions 

 
 The highest mineral content is recorded in Gorun 

variety, while Tulus variety is characterized by a low 

intake of macronutrients; 

 The supply with mineral fertilizers change the 

samples potassium contents analysed in the case of 

application V2 (N45P45K45) fertilization variant 

compared with V1 (N0 P0K0). Significant differences 

regarding potassium content are recorded for variant 

V3 (N60P60K60) compared to variant V4 (N120 

P60K60); 

 The highest content of magnesium is recorded in 

MUNGIS variety.  

No significant differences were registered between 

magnesium content in the experimental variants with 

different doses of NPK fertilizers.  

Pearson correlation coefficients reveals that in the 

Trismart variety is registered a significant positive 

correlation between the minerals content and calcium 

(r = 0.968) and potassium (0.978) intake and in the 

Gorun variety between minerals content and 

magnesium (r = 0.974)intake.  while in the case of 

Tulus and Mungis varieties, most correlations 

determined registere mean values. 
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