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APPLICATION OF ARTIFICIAL NEURAL NETWORKS TO ANALYZ E THE EMERGENCE 

OF SOYBEAN SEEDS AFTER APPLYING HERBAL TREATMENTS  
 

Summary 
 

The aim of the following work is to indicate factors which significantly affect the emergence of selected soybean varieties 
after application of natural herbal extracts based on - Levisticum officinale L., Ribes nigrum L., Matricaria chamomilla L., 
as wet seed treatments using two methods of treatment. The research material included seeds treated for 24 hours in mac-
erats, decoctions and infusions made from the above herb species as well as untreated seeds, seeded together with prepara-
tions in point application. Untreated seeds were used as the control group. The experiment was being conducted for 16 days 
in a greenhouse facility belonging to the COBORU Experimental Station for Variety Testing in Karzniczka. The assessed 
parameter referred to the percentage of soybean seedlings emergence ability determined based on the number of emerged 
plants. Indication of the importance of factors in shaping soybean emergence and considering their rank was possible due 
to the sensitivity analysis of the generated neural network with the MLP architecture 4:4-13-5-1:1 with two hidden layers. 
All analyzed factors of the experiment significantly shaped the ability of soybean emergence, with the following order: culti-
var, application method, herb species from which the extract was made, form of preparation. 
Key words: soybean, natural seed treatments, neural networks, sensitivity analysis, MLP 
 
 

ZASTOSOWANIE SZTUCZNYCH SIECI NEURONOWYCH DO ANALIZ Y WSCHODÓW 
NASION SOI PO ZASTOSOWANIU ZAPRAW ZIOŁOWYCH  

 

Streszczenie 
 

Celem pracy było wskazanie czynników istotnie wpływających na wschody wybranych odmian soi po zastosowaniu natural-
nych ekstraktów wodnych na bazie ziół - Levisticum officinale L., Ribes nigrum L., Matricaria chamomilla L., jako zapraw 
nasiennych na mokro z wykorzystaniem dwóch sposobów zaprawiania. Materiał badawczy stanowiły nasiona zaprawiane 
przez dobę w maceratach, wywarach i naparach sporządzonych z powyższych gatunków ziół oraz nasiona niezaprawiane, 
wysiewane łącznie z aplikacją punktową preparatów. Za obiekt kontrolny przyjęto nasiona niezaprawiane. Eksperyment 
prowadzono przez 16 dni w obiekcie szklarniowych należącym do Stacji Doświadczalnej Oceny Odmian COBORU w Karz-
niczce. Parametrem poddanym ocenie była procentowa zdolność wschodów siewek soi określana na podstawie liczby wze-
szłych roślin. Wskazanie istotności czynników w kształtowaniu zdolności wschodów soi oraz uwzględnienie ich rangi było 
możliwe dzięki analizie wrażliwości wytworzonej sieci neuronowej o architekturze MLP 4:4-13-5-1:1 z dwoma ukrytymi 
warstwami. Wszystkie analizowane czynniki doświadczenia znacząco kształtowały zdolność wschodów soi, a ich waga miała 
następującą kolejność: odmiana, sposób aplikacji preparatu, gatunek zioła, z którego sporządzono ekstrakt, forma prepara-
tu. 
Słowa kluczowe: soja, naturalne zaprawy nasienne, sieci neuronowe, analiza wrażliwości, MLP 
 
 
1. Introduction  
 
 In recent years, an increasing number of consumers are 
turning to organic food [8, 30]. In order to meet the needs 
of the market, food manufacturers look for ways of effec-
tive crop cultivation in the organic system in terms of quan-
tity and quality of crops. Each plantation, regardless of the 
production system, should be protected and nurtured from 
the very beginning. An important criterion determining the 
success of cultivation, especially organic, is the quality of 
seeds. One of the basic methods of seed refinement is 
treatment which can be a way to obtain high quality seeds. 
The advantage of such process consists in effective protec-
tion of seeds against soil pathogens after their emergence. 

In addition, seed treatment improves the vigor of seedlings, 
which translates into achieving the optimal planting density 
in the field [25]. Due to the complete ban on synthetic 
chemical seed treatments in organic crops, different natural 
preparations are used to refine the seeds. This may include 
plant substances: essential oils [5, 28] powdered herbs [19] 
or plant extracts [10]. The efficiency and effectiveness of 
natural decoctions is much poorer than chemicals. What's 
more, the germination capacity of seeds treated with natural 
substances may be different, because each variant can react 
differently to the same treatments [20]. Other factors, i.e. 
the concentration of substances contained in the prepara-
tions, time of soaking seeds, storage conditions of seed are 
also important in the course of emergence[1]. 
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 In recent years, there has been an increase in the use of 
artificial neural networks in agriculture, where often better 
results of analyzes are obtained comparing to classical sta-
tistical methods [7, 12-13, 16-18, 27]. 
 The aim of the following work is to analyze the factors 
responsible for the course of soybean emergence after ap-
plying aqueous herbal extracts as "wet" seed treatments by 
means of different application method. Utilization of the 
sensitivity analysis on the created neural network allowed 
for the weight classification of factors affecting the germi-
nation of selected soybean varieties. 
 

2.  Materials and methods 
 

 The experiment was conducted in July in a greenhouse 
facility belonging to the COBORU Experimental Station 
for Variety Testing in Karzniczka located in the Pomera-
nian Voivodeship (φ = 54o29', λ = 17o14', H = 80 m above 
sea level). During 16 days of the experiment, the tempera-
ture and humidity conditions were controlled. The previ-
ously untreated seeds of three soybean varieties were used 
for the test: Abelina, Augusta and Merlin. The seeds were 
treated with water extracts prepared from the following 
herbs: Levisticum officinale L. roots, Ribes nigrum L. 
leaves, Matricaria chamomilla L. anthodium. Three forms 
of water extract were prepared for each herb species - mac-
erate, infusion and decoction, according to the recipe given 
by Sas-Piotrowska and Piotrowski [22], Sas-Piotrowska et 
al. [20]. The soil used in the experiment was collected in 
June from the arable layer (0-20 cm) of organic oat field. 
The forecrop was organic narrow-leafed lupine. Soil sam-
ples were sieved through 4 and 2 mm mesh. In order to re-
store the lumpy structure, the soil was moistened with a 
small amount of water. Then it was mixed with the garden 
peat (pH 6,5) in a ratio of 1:2 (peat: soil). The experiment 
was performed in a completely random system, in 86 plas-
tic multi-pots with 110 cuvettes for seeding at 5.5 cm depth. 
A single experimental combination consisted of 50 seeds 
sown at a depth of 3 cm, and each combination was pre-
pared in triplicate. For each multi-pot stand, twelve hours 
before sowing, 400 ml of distilled water was added. In the 
experiment, the aqueous extracts were applied in two ways, 
i.e. the seeds were soaked for 24 hours in prepared extracts, 
dried in room conditions and then seeded into multi-pots. In 
the second variant, 24-hour soaking of seeds in distilled wa-
ter, drying in room conditions and sowing with simultane-
ous application of aqueous extract (3 ml per 1 hole) was 
applied.  
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 1. The emerging soybean seedlings during the experi-
ment  
Rys. 1. Wschodzące siewki soi w trakcie prowadzenia eks-
perymentu 

 The control group consisted of untreated seeds soaked 
for 24 h in distilled water. For 15 days (day 1- first day of 
seedling), seedlings were counted at eight-hour intervals 
(Fig. 1). 
 
2.1. Method of building neural models 
 
 The selection of independent variables for the construc-
tion of the neural model was made in such a way to allow 
the neural network function on the basis of input variables 
of linguistic character [14, 23]. On the other hand, the out-
put of the network presents a dependent variable - the per-
centage ability of emergence. All data are presented in Ta-
ble 1. 
 When choosing a network topology and learning 
method, its ability to approximate and generalize was taken 
into account, basing on measures of their quality. The ap-
plication of the Statistica v13.1 software allowed to test a 
network with two architectures - MLP and RBF. For the 
presented neural model, the number of tested networks was 
10000 using the Automatic Network Designer. The selec-
tion of the network was based on the best parameters which 
determined the quality of the network. 
 The empirical data set was randomly divided into a 
learning, validation and test set. The number of sets was as 
follows: learning - 121 cases, validation - 25 cases, testing - 
25 cases. The division of the set was made randomly in the 
proportion of 70 - 15 - 15%. 
 
Table 1. Data structure in neural model 
Tab. 1. Struktura danych w modelu neuronowym 
 

Symbol Variable name Data range 
Input/ 

Input of 
ANN 

Z_in 
Herb spe-
cies/control 

Control  
Levisticum officinale 
L.  
Ribes nigrum L. 
Matricaria chamo-
milla L. 

Input 

W_in 
In-soil spot ap-
plication 

Yes 
No 

Input 

O_in Variety  
Abelina 
Augusta 
Merlin 

Input 

P_in 
Type of prepa-
ration 

None 
macerate 
infusion 
decoction 

Input 

K_out 
Ability of 
emergence 

44-100 % Output 

Source: own work / Źródło: opracowanie własne 
 
 
2.2 Sensitivity analysis of the neural network 
 
 In order to check which of the tested independent fea-
tures have the greatest influence on the soybean emergence 
ability, a sensitivity analysis of the created neural network 
is carried out. Once the input variable is removed (inde-
pendent feature) from the model, its impact on the cumula-
tive error of the neural network can be observed, thanks to 
which the significance (influencing the result - soybean 
emergence abilities) of individual independent features is 
determined. There are two indicators that deal with it: 



 

Gniewko NIEDBAŁA, Magdalena PIEKUTOWSKA, Janina RUDOWICZ-NAWROCKA, Mariusz ADAMSKI, „Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4) 
Tomasz WOJCIECHOWSKI, Marcin HERKOWIAK, Agnieszka SZPARAGA, 
Aneta CZECHOWSKA-KOSACKA 

147

- error quotient - is the error ratio, to the error obtained 
using all independent features, the larger it is, the greater 
the significance of a given feature. If it takes a value below 
1, you can remove a given feature from the model to im-
prove its quality, but it is not mandatory, 
- rank - shows in the numerical manner the features ac-
cording to decreasing error, the rank with the value of 1 is 
the most important for the network. 
 
3.  Results and discussion  
 
 The generated neural model based on the MLP network 
has 4 neurons at the network input, 13 neurons in the first 
hidden layer, 5 neurons in the second hidden layer and one 
neuron at the network output (Fig. 2). The applied method 
of learning the network was single-stage. The network was 
trained using the Broyden-Fletcher-Goldfarb-Shanno gradi-
ent method (BFGS) which achieved the optimal result in 
the 23rd epoch (Fig. 3). 
 The Broyden-Fletcher-Goldfarb-Shanno algorithm be-
longs to the class of quasi-Newtonian methods, also known 
as variable metrics methods. It is characterized by high sta-
bility and low sensitivity to directional minimization errors 
and does not use the Hesse matrix [2]. 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 2. General structure of the MLP artificial neural net-
work 
Rys. 2. Struktura sztucznej sieci neuronowej o topologii 
MLP 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 3. Neural network learning chart 
Rys. 3. Wykres uczenia sieci neuronowej 

 The obtained parameters of the created neural model 
should be considered as satisfactory. The training, valida-
tion and test errors were around 0,01, and the correlation 
coefficient was 0,617. Basic information on the quality of 
the created neural model is included in Table 2.  
 
Table 2. The quality and structure of the neural model 
Tab. 2. Struktura i wskaźniki jakościowe modelu neuronowego 
 

Neural Network structure MLP 4:4-13-5-1:1 
Learning Error 0,01390 
Validation Error 0,01181 
Test Error 0,01695 
Mean 77,47368 
Standard Deviation 12,98236 
Average Error 0,07746 
Deviation Error 10,23441 
Mean Absolute Error 8,05278 
Quotient Deviations 0,78833 
Correlation 0,61740 

Source: own work / Źródło: opracowanie własne 
 
 Sensitivity analysis of the neural network showed a sig-
nificant impact (the error quotient greater than 1) of all the 
analyzed features on the percentage ability of soybean 
emergence. The most influential was the (O_in) variety, 
which reached the quotient of 4,31. Another factor with the 
quotient of 3,45 referred to the water extract application 
method (W_in). The third concerned the type of herb used 
(Z_in). The last, fourth position, with the ratio of 2,28 con-
sidered the type of preparation (P_in). The results are sum-
marized in Table 3. 
 
Table 3. Sensitivity analysis of neural network 
Tab. 3. Analiza wrażliwości sieci neuronowej 
 

Variable Quotient Rank 
Z_in 2,810339 3 
W_in 3,459628 2 
O_in 4,314393 1 
P_in 2,283215 4 

Source: own work / Źródło: opracowanie własne 
 
 Over the last years, a tendency of using modern infor-
mation technologies more widely is observed in order to 
better understand relationship between many processes oc-
curring in nature, including germination of seeds. Mladenov 
and Denanov [15] used neural modeling for detailed image 
segmentation of seed emergence, using texture and color 
models. The image of germinating seeds was divided into 
background, roots, seeds and seedlings. Using a modified 
neural network with radial basal function network (RBFN) 
as a tool supporting image processing to assess germination 
of seeds was found as having high efficiency. Neural net-
works are also used to identify varieties of cultivated spe-
cies based on color, morphological traits [29] or in addition 
the texture of seeds [24]. In the automatic assessment of 
tomato emergence rate, artificial neural networks were used 
to correctly identify emerging seeds. After correct identifi-
cation of the object in the ready image, the task of percep-
tron network (MLP), an artificial neural network model, 
was to accurately classify the emerging seeds. The results 
showed very high accuracy of predictions (95,44%) of the 
applied neural network [26]. 
 In the independent research, artificial neural networks 
were used to analyze factors responsible for germination and 
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emergence of selected soybean varieties after application of 
aqueous herbal extracts as "wet" seed treatments using two 
treatment techniques. Additionally, the performed sensitivity 
analysis of the created neural network allowed weighting the 
experiment factors. The soy variety i.e. genotype was the 
highest-rank factor. It is known that genetic differences be-
tween varieties of a given species determine the rate of aging 
and degradation of seeds [3] to [9]. Other genetic traits, such 
as the size of the seeds, the color of the seed coat, their 
chemical composition, shape the expression of the seed 
vigor. Inheritance of genes responsible for the vigor of soy-
beans has also been partially recognized [4]. Genetic com-
pounds regulating the ability of emergence and rising of soy-
beans were not the subject of extensive research due to the 
greater interest in the influence of environmental factors [3]. 
The second important factor included the method of applica-
tion of seed treatments, divided into 24-hour seed soaking in 
water extracts (point seeding to soil - NO), and 24-hour soak-
ing in distilled water (point seeding to soil - YES) and treat-
ment application together with seeding to soil. In research by 
Czerwińska et al. [6] the emergence ability of yellow lupine 
and pea was improved for untreated seeds, when infusion 
preparations were given during sowing. According to other 
authors, long-term soaking of seeds before sowing in "wet" 
treatments is effective because it decontaminates the seed 
properly [11]. Another important factor, the herb species, 
takes into consideration the active substances that affect the 
emergence ability of seeds and emergence of soybean seed-
lings. Improving germination of seeds is often closely corre-
lated with improving the healthiness of seed [21]. The au-
thors above presented a significant relationship between 
emergence ability of barley and the method of preparing wa-
ter extracts. From all extracts made from 40 plant species, 
30% of infusions and 27.5% of macerates showed a benefi-
cial effect on the discussed parameter. In an independent re-
search, the significance of the form of preparation in shaping 
the soybean's emergence ability was also confirmed, but on 
the basis of the conducted sensitivity analysis of the network, 
this factor obtained the lowest rank possible. 
 
4.  Conclusions 
 
1. The created artificial neural network with 4:4-13-5-1:1 
MLP architecture allows for gravimetric analysis of factors 
affecting the ability of emergence. 
 
2. The sensitivity analysis of the neural network showed a 
significant impact of all analyzed features on the percentage 
of soybean emergence (K_out). 
 
3. The variety (O_in) was the most influential on the soy-
bean emergence, while the type of the preparation (P_in) 
was the least. 
 
4. Further research should be carried out to increase the 
accuracy of the calculation while expanding the scope of 
the material examined. 
 
5. Further research should be carried out on the chemical 
composition analysis of the water extracts used, as well as 
verification of the obtained results of the greenhouse test in 
field conditions. 
 

5. References 
 
[1] Ashraf M., Fooland M.R.: Pre-Sowing Seed Treatment – A 

Shotgun Approach to Improve Germination, Plant Growth, 
and Crop Yield Under Saline and Non-Saline Conditions. 
Advances in Agronomy, 2005, 88, 223-271. 

[2] Baron B., Pasierbek A.: Porównanie wydajności algorytmów 
gradientu sprzężonego i quasi-newtonowskiego BFGS w za-
gadnieniu optymalizacji rozpływu mocy w systemie elektro-
energetycznym. Elektryka, 2009, 3. 

[3] Chirchil G.J.: Seed quality of soybean (Glycine max [l.] 
merrill) genotypes under varying storage and priming meth-
ods, mother plant nutrient profiles and agro-ecologies in 
Kenya. PhD thesis, 2015, http://ir-
library.ku.ac.ke/bitstream/handle /123456789/14342/Seed% 
20quality%20of%20soybean% 
20glycine%20max....pdf?sequence=3&isAllowed=n. 

[4] Cho Y., Scott R.A.: Combining ability of seed vigor and seed 
yield in soybean. Euphytica, 2000, Vol. 112(2), 145-150. 

[5] Christian, Erik J.: Plant extracted essential oils as a contact 
fungicide seed treatment for organic corn. Retrospective The-
ses and Dissertations, 2007, http://lib.dr.iastate.edu/ 
cgi/viewcontent.cgi?article=15548&context=rtd. 

[6] Czerwińska E., Szparaga A., Piskier T., Deszcz E.: Assess-
ment of the potential for the improvement in germination ca-
pacity of leguminous plants by means of plant extracts. Jour-
nal of Research and Applications in Agricultural Engineering, 
2016, Vol. 61(3), 62-66. 

[7] Grahovac J., Jokić A., Dodić J., Vućurović D., Dodić S.: 
Modelling and prediction of bioethanol production from in-
termediates and byproduct of sugar beet processing using 
neural networks. Renew. Energy, 2016, 85, 953-958. 

[8] Grzybowska- Brzezińska M.: The ecological awareness of the 
consumers on the market behavior. Studies & Proceedings of 
Polish Association for Knowledge Management, 2009, 51, 
242-253. 

[9] Hinson K., Hartwig E.E.: Soybean Production in the tropics. 
F.A.O Rome Italy, 1997. 

[10] Horoszkiewicz-Janka, J. Jajor, E.: The effect of seed dressing 
on healthiness of barley, wheat and rape in early development 
stages. Journal of Research and Applications in Agricultural 
Engineering, 2006, Vol. 51(2), 47-53. 

[11] Ibiam O.F.A., Umechuruba C.I., Arinze A.E.: Evaluation of 
the Efficacy of Seed Dressing fungicides (Bavistin, Benlate, 
Fernasan-D, Apron Plus 50 DS, and DithaneM45) In the Con-
trol of Seed-Borne Fungi of Rice (Oryzae sativa L) Variety 
Faro 15 In Vitro. Sciencia Africana, 2006, Vol. 5 (1), 1-10. 

[12] Khairunniza-Bejo S., Mustaffha S., Ishak W., Ismail W.: Ap-
plication of Artificial Neural Network in Predicting Crop 
Yield: A Review. Journal of Food Science and Engineering, 
2014, 4, 1-9. 

[13] Klem K., Váňová M., Hajšlová J., Lancová K., Sehnalová 
M.: A neural network model for prediction of deoxynivalenol 
content in wheat grain based on weather data and preceding 
crop. Plant, Soil Environ. 2007, 53, 421-429. 

[14] Mazur D.: Wykorzystanie danych określonych lingwistycznie  
w systemach pozyskiwania wiedzy. Pr. Nauk. Akad. Ekon.  
w Katowicach. Syst. Wspomagania Organ. SWO 2002, 317-328. 

[15] Mladenov M., Dejanov M.: Application of neural networks 
for seed germination assessment. Conference paper in: 9th 
WSEAS International Conference on Neural Network 
(NN’08), 2008. 

[16] Neruda M., Neruda R.: To contemplate quantitative and 
qualitative water features by neural networks method. Plant 
Soil Environ, 2002, 2002, 322-326. 

[17] Niedbała G., Przybył J., Sęk T.: Prognosis of the content of sugar 
in the roots of sugar-beet with utilization of the regression and 
neural techniques. Agric. Engineering, 2007, 2, 225-234. 

[18] Niedbała G., Mioduszewska N., Mueller W., Boniecki P., 
Wojcieszak D., Koszela K.: Use of computer image analysis 
methods to evaluate the quality topping sugar beets with us-



 

Gniewko NIEDBAŁA, Magdalena PIEKUTOWSKA, Janina RUDOWICZ-NAWROCKA, Mariusz ADAMSKI, „Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4) 
Tomasz WOJCIECHOWSKI, Marcin HERKOWIAK, Agnieszka SZPARAGA, 
Aneta CZECHOWSKA-KOSACKA 

149

ing artificial neural networks. In: Falco, C.M., Jiang, X. 
(Eds.), Proc. SPIE 10033, Eighth International Conference on 
Digital Image Processing (ICDIP 2016), Chengdu, 2016, 
100332M. 

[19] Rochalska M., Orzeszko- Rywka A., Tracz M.: Estimation 
efficiency of powdered herbs of crop seeds treatment. Journal 
of Research and Applications in Agricultural Engineering, 
2010, Vol. 55(4), 67-72. 

[20] Sas-Piotrowska B., Piotrowski W., Kaczmarek- Cichosz R.: 
Longevity and healthiness of oat (Avena sativa L.) seeds 
treated with plant extracts. Journal of Plant Protection Re-
search, 2005, Vol.45 (3), 181-193. 

[21] Sas-Piotrowska B., Piotrowski W.: Vitality and healthiness of 
barley (Hordeum vulgare L.) seeds treated with plant extracts. 
Journal of plant protection research, 2010, Vol. 50 (1), 117-124. 

[22] Sas-Piotowska B., Piotrowski W.: Vitality and Healthiness of 
Cereal Grains Treated with Plant Decoctions. Rocznik 
Ochrona Środowiska, 2011, 13, 571-596. 

[23] Sennrich R., Haddow B.: Linguistic Input Features Improve 
Neural Machine Translation. In: Proceedings of the First 
Conference on Machine Translation, Vol.1: Research Papers, 
Pages 83–91, Berlin, Germany, August 11-12, 2016., Asso-
ciation for Computational Linguistics, 2016, 83-91. 

[24] Shantaiya, S., Ansari, U.: Identification Of Food Grains And 
Its Quality Using Pattern Classification. International Journal 
of Computer and Communication Technology (IJCCT), 2010, 
Vol. 2(2), 3-5. 

[25] Sharma K.K., Singh U.S., Sharma P., Kumar A., Sharma L.: 
Seed treatments for sustainable agriculture-A review. Journal 
of Applied and Natural Science, 2015, Vol. 7(1), 521-539. 

[26] Škrubej U., Rozman Č. Stajnko D.: The accuracy of the ger-
mination rate of seeds based on image processing and artifi-
cial neural networks. Agricultura, 2015, Vol. 12 (1-2), 19-24. 

[27] Wojciechowski T., Niedbala G., Czechlowski M., Nawrocka 
J.R., Piechnik L., Niemann J.: Rapeseed seeds quality classi-
fication with usage of VIS-NIR fiber optic probe and artificial 
neural networks. In: Proceedings - 2016 International Confer-
ence on Optoelectronics and Image Processing, ICOIP, 2016. 

[28] Verkleij F.N.: Seaweed Extracts in Agriculture and Horticul-
ture: a Review. Biological Agriculture & Horticulture, 1991, 
Vol. 8(4), 309-324. 

[29] Zhao-yan, L., Fang, C., Yi-bin Y., Xiu-qin R.: Identification 
of rice seed varieties using neural network. Journal of Zhe-
jang University Science, 2005, Vol. 6(11), 1095-1100. 

[30] Zmarlicki K.: Students Preferences for Fruit from Organic 
Production. Rocz. Nauk. SERiA, 2010, 12(4): 407-410. 

 
 
Acknowledgments 
The authors of the following work would like thank MSc. Eng. Ewa Deszcz for her technical support and the possibility of 
using the developed seed treatment technology in the experiment. 


