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ABSTRACT 

The topic is particularly important because toxins cause mycotoxins in plants and animals and remain in 

food products obtained from infected organisms and they are mutagenic, teratogenic and estrogenic effects in 

animal and human bodies. Also, may be a serious threat to human health. 

This study presents the mineral nutrition status of winter wheat in connection with the risks of wheat 

contamination by Fusarium toxins in the soil conditions at INCDA Fundulea. 

The plants selected for testing were ten wheat cultivars, identified as susceptible to infection with Fusarium 

graminearum. The soil from the experiment was Cambic Chernozem.  

Two types of parcels were included in the experiment: one with healthy plants and another with artificially 

infected plants. 

In order to quantify the mineral nutrition status of plant with macro and micronutrients, the plant analyses 

were being carried out in the ear emergence-flowering phase. The obtained results it was interpreted in 

connection with the optimum limits of mineral contents in dry matter, mentioned in the specialty literature. The 

N and K ratios between healthy plant and artificially infected plants it was processed based on analytical data.  

 

Keywords: artificially infection, Fusarium graminearum, wheat. 

 
INTRODUCTION 

 

he cultivation of wheat is linked to the 

history of mankind and the efforts made 

to secure food. Nowadays, wheat is the main 

ingredient of a variety of highly valued 

processed foods, consumers being aware of 

its high nutritional value: content in fibre, 

minerals, macro and micronutrients, vitamins 

(Igrejas and Branlard, 2020). 

Romania is one of the main wheat growers 

in the European Union, a fact proven by the 

ranking on the 4
th

 place, in 2021. On the first 

places were France - 5,277,050 ha, Germany - 

2,939,000 ha and Poland - 2,390,520 ha.      

In terms of production, Romania ranked also 

on the 4
th

 place and the first place being 

occupied by France - 36,607,120 tons, 

followed by Germany - 21,459,200 tons and 

Poland - 11,893,550 tons (Eurostat, 2022). 

 

 
Source: NIS, own design 

Figure 1. Areas cultivated with the main field crops, 

2021 

 

T 
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In Romania, the areas cultivated with 

wheat placed this crop on the 2
nd

 place, in 

2021, after those cultivated with corn, as we 

can see in Figure 1. 

Analyzing the production obtained at the 

main field crops in Romania, in 2021, wheat 

was the second crop, as a share, after corn 

(NIS) (Figure 2). 

 

 
Source: NIS, own design 
Figure 2. Production obtained at the main field crops, 

2021 

 

In the period 2015-2021, both the areas 

cultivated with wheat and the total 

production of wheat experienced fluctuations, 

due to meteorological phenomena or The 

COVID-19 pandemic (Figure 3). 
 

 

 
Source: NIS, own design 

Figure 3. Cultivated areas and wheat productions 

obtained, in the period 2015-2021 

 

However, overall increases were seen, with 

3.25% for area and 31.04% for total production. 

Currently, total wheat production obtained 

in Romania ensures domestic consumption 

and offers the possibility to export significant 

quantities (Medelete et al., 2018). 

Annual cereal yield increases of 1.6-2% 

are needed in the coming years to meet global 

demand for food, feed, fibres and fuel due to 

population growth, loss of arable land, 

depletion of freshwater resources and climate 

change (Cristina et al., 2018). 

Besides climate changes, diseases and 

pests are important factors that control 

production, so in order to maintain its 

hierarchy or occupy a better step in the top 

producers, Romania must control these 

factors very well. For this purpose, research 

must support the knowledge of all aspects 

that characterize them (Petcu et al., 2020). 

Mycotoxins are secondary metabolites of 

microscopic fungi, which commonly 

contaminate cereal grains and cereal 

products. Animal feed is a source of 

mycotoxins. This topic is particularly 

important because toxins cause 

mycotoxicosis of animals and remain in food 

products obtained from infected organisms. 

Mycotoxins exert various effects on the 

animal and human organisms, among others 

they are mutagenic, teratogenic and 

estrogenic (Mielniczuk and Bednarz, 2020). 

They also have a significant impact on the 

economy because, in accordance with the 

provisions of the legal acts, the presence of 

mycotoxins at a certain level results in the 

exclusion of agricultural crops, feed and food 

products from commercial trade.  

Among the pathogens that affect the  

wheat crop stands out Fusarium graminearum, 

the pathogen that causes one the most 

devastating diseases of wheat (ear fusariosis) 

and reduces production by: inducing sterility 

of the inflorescences, poor seed filling and 

reducing grain size (Argyris et al., 2003; 

Taheri, 2018).  

In addition to the significant loss of 

production from mycotoxin deoxynivalenol 

(DON), infected ears are unsuitable for food 

or feed (Humphreys et al., 2001; Liu and 

Anderson, 2003; Miedaner et al., 2003, 

Kazan and Gardiner, 2017). 

Studies have shown that the intensity of 

the disease increases when flowering periods 

coincide with periods of wet and warm 

weather (Bai and Shaner, 1994; Fernandez et 

al., 2001; Gilbert et al., 2003).  
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Fusarium graminearum is transmitted 

through the soil and through the seed, and 

therefore preventive measures are particularly 

effective, such as the use of healthy seeds, 

treated before sowing, balanced fertilization, 

compliance with the rotation (Agrointeligența, 

2018). 

Increased of Fusarium attacks in recent 

years is considered to be due to the transition 

to culture systems that involve minimal soil 

processing and an inadequate rotation of 

crops, which includes many host crops 

(Capouchová et al., 2012). 

Cultivation of varieties resistant to the 

attack of Fusarium graminearum it was 

being considered the main effective practice 

in controlling this disease. Several studies 

have reported differences between varieties 

in terms of infection severity and resistance 

(Ribichich et al., 2000; Miedaner et al., 2003; 

Bernardo et al., 2007).  

However, a high degree of resistance to 

European wheat varieties cultivated for 

commercial purposes has not yet been 

obtained (Zrcková et al., 2019). 

The paper aims to identify the nutritional 

status of ten wheat cultivars subjected to 

experiments due to their sensitivity to 

Fusarium graminearum, in the soil conditions 

from INCDA Fundulea. A parallel comparison 

between the results obtained in healthy plants 

and in those artificially infected with Fusarium 

graminearum it was made. 

 

MATERIAL AND METHODS 

 

In the experimental plot from INCDA 

Fundulea (the experiences were done in the 

isolation camp) the ten wheat cultivars 

susceptible to Fusarium graminearum attack 

were tested on parcels fertilised with the 

following rates (kg of active ingredients/ha): 

N-130, P2O5-80. 

From these, it was collected and analyzed 

soil samples from ploughed layer and plant 

samples in the ear emergence-flowering stages. 

The analyzes made at the soil samples 

were: soil reaction (pH), humus total (Ht), 

total nitrogen (Nt), available phosphorus 

(PAL) and available potassium (KAL). 

In plants, following analyzes were carried 

out: the content of macronutrients (N, P, K, 

Mg) and the content of micronutrients (Cu, 

Zn, Fe, Mn) in dry matter of aerial parts. All 

analyzes were made according to RISSA 

methodology (1980, 1981) and the obtained 

results were compared with the optimum limits 

from specialty literature (Bergmann, 1992). 

To emphasize Romania's place in wheat 

cultivation and the importance of this culture 

in our country, we used the following 

statistical websites: Eurostat and NIS. 

 

RESULTS AND DISCUSSION 

 

For the experiment described in this article 

were chosen ten wheat cultivars, Glosa, 

Gruia, Delabrad, Faur, Dropia, Arieşan, 

Dumbrava, Trivale, Briana and Ciprian, 

considered susceptible to Fusarium 

graminearum infection. Wheat varieties  

have different resistance to fusariosis from    

a genetic point of view. 

The selected cultivars are found in the 

traditional wheat-growing areas of Romania 

(South of the country, Oltenia, Southern hilly 

area, Western country, Western hilly area, 

Transylvania, Central and Southern Moldova, 

Northern Moldova). Glosa is the most 

widespread, as it adapts to the conditions of 

all regions (Roman et al., 2011). 

The soils on which the two experimental 

lots were placed, with healthy plants and with 

plants artificially infected with Fusarium 

graminearum, are of the Luvic Chernozem 

type. The characterization of the soil from 

INCDA Fundulea it is present into the Table 1.  

 
Table 1. Main agrochemicals properties of soil from 

INCDA Fundulea experimental plots 

 

Agrochemical 

index 

pH 

(H2O) 

Nt Humus PAL KAL 

% ppm 

Value 5.7 0.101 3.4 28 174 

Source: own determination 

 

From the obtained results, the soil shows a 

weakly acid reaction, the registered pH value 

being of 5.7. The pH value of the soil is 

typical for this type of soil but was also done 
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fertilisation with high doses of N. The 

agrofund of fertilisation was N-130 kg/ha; 

P205-80 kg/ha.  

The humus supply status is medium and 

the nitrogen supply status is low. The mobile 

phosphorus content and the mobile potassium 

content are medium. 

Concerning the analyses regarding the 

mineral composition of the plants, the 

following results were registered: 

- the N and P contents, in dry matter of the 

plants, were generally in the optimal range 

for this stage (Figures 4, 5); 

- the cultivar Glosa from the category of 

healthy plants and also Glosa from the category 

of artificially infected plants have N contents 

(% dry matter) with higher values (Figure 4); 

 

 
Source: own determination 

Figure 4. The nitrogen content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

- the phosphorus content (P, % dry matter) 

recorded higher values for the cultivar Briana 

(artificially infected plants) and Dropia and 

Arieşan (healthy plants) (Figure 5); 

 

Source: own determination 
 Figure 5. The phosphorus content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

- the lower potassium level in plant may 

explained due to the lower pH values and the 

moderate level of supply status of soil with 

this element (Figure 6); 

 

Source: own determination 
Figure 6. The potassium content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

- analyzing the figure above we can 

conclude that the cultivars: Delabrad and 

Dropia (healthy plants) and Faur, Dropia and 

Dumbrava (artificially infected plants) showed 

the highest values for K (% dry matter); 

- the magnesium content presented values 

within the limits considered optimal (Figure 7); 

 

Source: own determination 

Figure 7. The magnesium content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

- the highest magnesium content (% dry 

matter) was recorded at: Dumbrava cultivar 

(artificially infected plants), such as Gruia, 

Faur, Arieşan, Trivale, Briana and Ciprian 

cultivars (healthy plants) have presented the 

same high values. 

The micronutrients contents in the aerial 

part of the wheat plants were within the 

limits of the optimal ranges (Figures 8-11): 
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- regarding the copper content (ppm dry 

matter) (Figure 8), it was found in larger 

quantities in Gruia cultivar (healthy plants) 

and Faur and Dropia cultivars (artificially 

infected plants); 

- the zinc content (ppm dry matter) had the 

highest values in Dropia cultivar (healthy 

plants), respectively, in Gruia cultivar 

(artificially infected plant) (Figure 9); 

 

Source: own determination 
Figure 8. The copper content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

Source: own determination 

Figure 9. The zinc content in the aerial parts  

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

- the cultivars Dropia and Arieşan, 

(healthy plants) and, respectively, Glosa and 

Trivale cultivars (artificially infected plants) 

showed the highest content of iron (ppm dry 

matter) (Figure 10); 

- the manganese content (% dry matter) 

showed high values in Glosa, Dumbrava 

cultivars (artificially infected plants) and 

Glosa, Trivale and Ciprian cultivars (healthy 

plants) (Figure 11). 
 

Source: own determination 
Figure 10. The iron content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

 
Source: own determination 

Figure 11. The manganese content in the aerial parts 

of winter wheat plants, ear emergence-flowering stage, 

INCDA Fundulea 

 

From Figure 12, we can observe that N ratio 

has higher values than K ratio, due to lower 

N and higher K contents in dry matter. The 

values are generally >1, in the case of N ratio, 

and <1 in general, in the case of K ratio. 

 

Source: own calculation 
Figure 12. Data concerning the rations 

between N contents and K contents obtained 

from healthy plants and artificially infected plants 

with Fusarium graminearum, INCDA Fundulea 
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The ratios were made between the values 

recorded by the N and K content in healthy 

plants and in those artificially infected with 

Fusarium graminearum. 

 

CONCLUSIONS 

 

The study carried out on the mineral 

composition of the winter wheat, in the 

conditions of the Luvic Chernozems from 

INCDA Fundulea, showed differences in the 

mineral composition between the healthy 

plants and those artificially infected with 

Fusarium graminearum. 

In general, we found that plants affected 

by Fusarium graminearum have lower N and 

higher K contents in dry matter.  

The rations of N contents showed 

supraunitary values for most of the    

analysed cultivars. In the case of K, these 

rations were generally subunitary. High  

doses of N increase the occurrence of 

Fusarium graminearum attack. 

Regarding the contents of micronutrients, 

the artificially infected plants generally had 

higher Cu and Fe, and lower Zn and Mn 

contents, compared to the healthy plants. 
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