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In the course of evolution plant organisms have developed several mechanisms preventing or repairing cell damage

incurred as a result of exposure to various factors. In response to increasing threats plants have developed antioxidative

defense mechanisms: enzymatic and non-enzymatic. The enzymatic mechanism is based on antioxidative enzymes,

while the non-enzymatic system is based on low-molecular antioxidants: ascorbic acid, α-tocopherol, glutathione,

carotenoids, phenolic compounds. A significant abiotic stressor inseparably connected with the potential development of

fungal diseases Ear Fusarium is caused by strains of F.graminearum and F.culmorum, which can produce mycotoxins -

deoxynivalenol (DON) and nivalenol (NIV). The aim of the study was to conduct pilot studies on the basis of which neural

models were created that would examine the impact of the variety and weather conditions on the concentration of ferulic

acid and link its content with the concentration of deoxynivalenol and nivalenol. The plant material was 23 winter wheat

genotypes with different Fusarium resistance. Field experiment was conducted in 2011-2013 in Poland in three

experimental combinations: with full chemical protection, without chemical protection, but infested with natural disease

(control), and in the absence of fungicidal protection, with artificial inoculation by genus Fusarium fungi. As a result of the

pilot studies, three neural models FERUANN, DONANN and NIVANN were produced. Each model was based on 14

independent features, 12 independent features of which were in the form of quantitative data, and the other 2 were

presented as qualitative data. The structure of created models was based on an artificial neural network (ANN) of the

multilayer perceptron (MLP) with two hidden layers. The sensitivity analysis of the neural network showed the two most

important features determining the concentration of ferulic acid, deoxynivalenol and nivalenol in winter wheat seeds.

These are the experiment variant (VAR) and winter wheat variety (VOW).
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1. Introduction

The infestation of crops by pathogenic fungi is one of the most important biogenic stressors. In Central and Eastern

Europe,. Fusarium fungi, mainly F. culmorum and F. graminearum, produce deoxynivalenol (DON) and zearalenone,

which are highly toxic to humans and animals .

In addition to genetic studies on wheat resistance to Fusarium, research is also conducted on the biochemical aspects of

plant response of resistance mechanisms to a massive pathogen attack. It was found that antioxidative processes based

on the significantly increased biosynthesis of low-molecular antioxidants of the plant have a significant impact on

pathogenesis and constitute the first line of defense against pathogens. Based on the concentration of selected phenolic

acids, including ferulic acid, it is possible to assess the degree of disease risk at an early stage of pathogenesis .

Taking into account all the current information on the mechanism of wheat resistance to Fusarium , as well as the

results of chemical analyzes from 3 years of field experiments on wheat, it was decided to use modern methods of data

analysis to determine the relationship between the concentration of ferulic acid (Fig. 1B), the concentration of

deoxynivalenol (DON) and nivalenol (NIV) (Fig. 1A) depending on weather conditions and the infestation degree by fungal

diseases.

2. Related work

Recently, an increasing interest in microbiological forecasting is observed, which has been mainly used for examination of

bacterial pathogens in the context of food. Modern computer technologies are used in other interdisciplinary research

areas. Many new methods such as artificial neural network (ANN), fuzzy logic and genetic algorithms that are part of

artificial intelligence methods are used for multidimensional data analysis  .
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In general plant yield is affected by many factors such as meteorological conditions, fertilization level, soil cultivation

method etc., the use of modern data analysis techniques brings ever more accurate results. In addition, due to the unique

properties of data processing, ANN can simultaneously analyze empirical data in quantitative and qualitative form. The

purpose of the work is to conduct pilot studies on the basis of which neural models shall be produced that examine the

impact of the variety and weather conditions on the concentration of ferulic acid and link its content with the concentration

of deoxynivalenol and nivalenol.

Figrure 1. UPLC – DAD chromatogram of trichothecenes group B (A) and phenolic acids (B) extracted from wheat cerel

grain.

As a result of the carried out analyses, three individual neural models FERUANN, DONANN and NIVANN have been

developed. Each of the models was based on 14 independent variables, 12 of which were presented as quantitative data

and the remaining 2 were presented as qualitative data. The structure of the produced models was based on multilayer

perceptron (MLP) type ANN with two hidden layers. FERUANN model has 9 neurons in the first hidden layer while 6

neurons in the second one (Fig. 2). Therefore, the DONANN model has 13 and 7 neurons and the NIVANN model has 13

and 4 neurons. The best fit of networks for each model was selected from 10,000 networks on the basis of the best quality

indicators. In the FERUANN model the correlation coefficient amounted to 0.9887 and in the DONANN model to 0.9919.

The last NIVANN model has a slightly lower correlation coefficient of 0.8106, but is still at an acceptable level. In the next

stage the sensitivity of generated neural models FERUANN, DONANN and NIVANN has been analyzed. As a result,

independent variables were identified which have the greatest influence on the concentration of ferulic acid,

deoxynivalenol and nivalenol. In the FERUANN model, the highest error quotient was obtained for the VAR, which was

7.0823. Another feature in this model was the VOW, which amounted to a much lower level of only 3.1471. Another

independent variable in this model reached values slightly above 1, which indicates their small contribution to the ferulic

acid content, but they should be kept in the model. There is a slight difference in the DONANNA model. Similarly as

before, independent VAR and WOV variables reached the highest values - 1.3778 and 1.1069, respectively, while the

remaining 5 independent features (T1-3, P6, T7, WH, DI) obtained the error quotient less than 1. As a consequence,

these features can be removed from the model as their influence on the final result of the analysis is marginal. In the

NIVANN model two most important independent quality variables were determined - VOW and VAR, whose quotient of

error was 1.6315 and 1.4793 respectively. Other independent variables, similarly as in the FERUANNA model, reached

the error quotient above 1.



Figure 2. General diagram of FERUANN neural model divided into hidden and input layers and one output.

The harmful effect of mycotoxins imposes actions aimed at their minimization in raw material and products intended for

humans and animals. The most effective preventive actions is limiting their formation in the field, by cultivation of resistant

genotypes. In the constructed FERUANN, DONANN and NIVANN neural models, variety was a factor that significantly

affected the content of ferulic acid, deoxynivalenol and nivalenol in winter wheat seeds. This confirms the significant role

of growing new varieties. Resistance breeding is carried out in many countries, and despite the difficulties, numerous

resistant varieties are available, characterized by slower and subsequent development of symptoms of Fusarium
compared to sensitive varieties. As part of the pilot study discussed in this work, inoculation and fungicide spraying were

treated as stressors. Both of these factors activate nonenzymatic resistance mechanisms, including phenolic acid

biosynthesis. As a result, it was observed in our independent research in the FERUANN neural model that the applied

experimental variant determined the ferulic acid content to the greatest extent. The variety feature also had a significant

impact on the presence of ferulic acid.

The results of the conducted research using artificial neural networks indicate the possibility of practical application of

neural modeling methods to analyze the concentration of ferulic acid, deoxynivalenol and nivalenol in winter wheat grain.

References

1. Gulhau Bal; Scab of Wheat: Prospects For Control. Plant Disease 1994, 78, 760, 10.1094/pd-78-0760.

2. J.P.F. D’Mello; C.M. Placinta; A.M.C. Macdonald; Fusarium mycotoxins: a review of global implications for animal healt
h, welfare and productivity. Animal Feed Science and Technology 1999, 80, 183-205, 10.1016/s0377-8401(99)00059-0.

3. W.-X. Peng; J.L.M. Marchal; A.F.B. Van Der Poel; Strategies to prevent and reduce mycotoxins for compound feed man
ufacturing. Animal Feed Science and Technology 2018, 237, 129-153, 10.1016/j.anifeedsci.2018.01.017.

4. Guadalupe Martínez; Mariana Regente; Santiago Jacobi; Marianela Del Rio; Marcela Pinedo; Laura De La Canal; Mari
anela De Rio; Chlorogenic acid is a fungicide active against phytopathogenic fungi. Pesticide Biochemistry and Physiol
ogy 2017, 140, 30-35, 10.1016/j.pestbp.2017.05.012.

5. E. Siranidou; Z. Kang; H. Buchenauer; Studies on Symptom Development, Phenolic Compounds and Morphological D
efence Responses in Wheat Cultivars Differing in Resistance to Fusarium Head Blight. Journal of Phytopathology 200
2, 150, 200-208, 10.1046/j.1439-0434.2002.00738.x.



6. Moslem Abdipour; Seyyed Hamid Reza Ramazani; Mehdi Younessi-Hmazekhanlu; Mohsen Niazian; Modeling Oil Cont
ent of Sesame ( Sesamum indicum L.) Using Artificial Neural Network and Multiple Linear Regression Approaches. Jou
rnal of the American Oil Chemists' Society 2018, 95, 283-297, 10.1002/aocs.12027.

7. Alper Taner; Yeşim Benal Öztekin; Ali Tekgüler; Hüseyin Sauk; Hüseyin Duran; Classification of Varieties of Grain Speci
es by Artificial Neural Networks. Agronomy 2018, 8, 123, 10.3390/agronomy8070123.

8. Orly Enrique Apolo-Apolo; M. Pérez-Ruiz; Jorge Martínez-Guanter; Gregorio Egea; A Mixed Data-Based Deep Neural
Network to Estimate Leaf Area Index in Wheat Breeding Trials. Agronomy 2020, 10, 175, 10.3390/agronomy10020175.

9. Mohsen Niazian; Seyed Ahmad Sadat Noori; Moslem Abdipour; Modeling the seed yield of Ajowan ( Trachyspermum a
mmi L.) using artificial neural network and multiple linear regression models. Industrial Crops and Products 2018, 117,
224-234, 10.1016/j.indcrop.2018.03.013.

10. Gniewko Niedbała; Application of Artificial Neural Networks for Multi-Criteria Yield Prediction of Winter Rapeseed. Sust
ainability 2019, 11, 533, 10.3390/su11020533.

11. Gniewko Niedbała; Krzysztof Nowakowski; Janina Rudowicz-Nawrocka; Magdalena Piekutowska; Jerzy Weres; Robert
J. Tomczak; Tomasz Tyksiński; Adolfo Alvarez; Multicriteria Prediction and Simulation of Winter Wheat Yield Using Exte
nded Qualitative and Quantitative Data Based on Artificial Neural Networks. Applied Sciences 2019, 9, 2773, 10.3390/a
pp9142773.

Retrieved from https://encyclopedia.pub/entry/history/show/7968


