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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 facavhich significantly affect the emergence of setbsoybean varieties
after application of natural herbal extracts baseu - Levisticum officinalé., Ribes nigruni., Matricaria chamomillal.,
as wet seed treatments using two methods of tr@atike research material included seeds treate@4ohours in mac-
erats, decoctions and infusions made from the abevie species as well as untreated seeds, seedeth&y with prepara-
tions in point application. Untreated seeds wereduas the control group. The experiment was beimglgcted for 16 days
in a greenhouse facility belonging to the COBORpdfimental Station for Variety Testing in Karzni@zRhe assessed
parameter referred to the percentage of soybeadlisgs emergence ability determined based on thebaun of emerged
plants. Indication of the importance of factorssimaping soybean emergence and considering thek veas possible due
to the sensitivity analysis of the generated neanstivork with the MLP architecture 4:4-13-5-1:1 kvitvo hidden layers.
All analyzed factors of the experiment significasthaped the ability of soybean emergence, wittfialf@ving order: culti-
var, application method, herb species from whiahektract was made, form of preparation.

Key words soybean, natural seed treatments, neural netwadssitivity analysis, MLP

ZASTOSOWANIE SZTUCZNYCH SIECI NEURONOWYCH DO ANALIZ 'Y WSCHODOW
NASION SOI PO ZASTOSOWANIU ZAPRAW ZIOLOWYCH

Streszczenie

Celem pracy byto wskazanie czynnikow istotnie wagtyeych na wschody wybranych odmian soi po zastosowaatural-
nych ekstraktow wodnych na bazie zi6t - Levisticofficinale L., Ribes nigruni., Matricaria chamomillaL., jako zapraw
nasiennych na mokro z wykorzystaniem dwdch sposabprawiania. Materiat badawczy stanowity nasiorgrawiane
przez dob w maceratach, wywarach i naparach spatzonych z powgzych gatunkéw ziét oraz nasiona niezaprawiane,
wysiewane dcznie z aplikagj punktowy preparatéw. Za obiekt kontrolny prgztg nasiona niezaprawiane. Eksperyment
prowadzono przez 16 dni w obiekcie szklarniowydkzaaym do Stacji Déwiadczalnej Oceny Odmian COBORU w Karz-
niczce. Parametrem poddanym ocenie byta procentmleing¢ wschodow siewek soi oklena na podstawie liczby wze-
szlych rdlin. Wskazanie istotnai czynnikdw w ksztattowaniu zdoliecowschoddw soi oraz uwzglnienie ich rangi byto
mciliwe dziki analizie wraliwosci wytworzonej sieci neuronowej o architekturze MAR-13-5-1:1 z dwoma ukrytymi
warstwami. Wszystkie analizowane czynnikindadczenia znagzo ksztattowaty zdoldé wschododw soi, a ich waga miata
nastpujgcq kolejngi¢: odmiana, sposob aplikacji preparatu, gatunekaia ktérego sporzizono ekstrakt, forma prepara-
tu.

Stowa kluczowesoja, naturalne zaprawy nasienne, sieci neuron@maliza wréliwosci, MLP

1. Introduction In addition, seed treatment improves the vigoreg#fdiings,
which translates into achieving the optimal plagtitensity
In recent years, an increasing number of consuarers in the field [25]. Due to the complete ban on swytith
turning to organic food [8, 30]. In order to meké heeds chemical seed treatments in organic crops, diftematural
of the market, food manufacturers look for waysetiec-  preparations are used to refine the seeds. Thisimchyde
tive crop cultivation in the organic system in terof quan-  plant substances: essential oils [5, 28] powderrtd[19]
tity and quality of crops. Each plantation, regasdl of the or plant extracts [10]. The efficiency and effeetiess of
production system, should be protected and nurtin@d  natural decoctions is much poorer than chemicalsatd/
the very beginning. An important criterion determgthe  more, the germination capacity of seeds treatel matural
success of cultivation, especially organic, is guality of  substances may be different, because each vaaanteact
seeds. One of the basic methods of seed refineigent differently to the same treatments [20]. Other dest i.e.
treatment which can be a way to obtain high quaédgds. the concentration of substances contained in tle@gra-
The advantage of such process consists in effeptioc- tions, time of soaking seeds, storage conditionseefl are
tion of seeds against soil pathogens after theiergence. also important in the course of emergence[1].
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In recent years, there has been an increase insthef
artificial neural networks in agriculture, wherdgeof better
results of analyzes are obtained comparing to ickssta-
tistical methods [7, 12-13, 16-18, 27].

The aim of the following work is to analyze thetfars
responsible for the course of soybean emergenee ajft-
plying agueous herbal extracts as "wet" seed treatisnby
means of different application method. Utilizatioh the
sensitivity analysis on the created neural netwallwed
for the weight classification of factors affectitige germi-
nation of selected soybean varieties.

2. Materials and methods

The control group consisted of untreated seedsesba
for 24 hin distilled water. For 15 days (day Isfiday of
seedling), seedlings were counted at eight-hoervats

(Fig. 1).
2.1. Method of building neural models

The selection of independent variables for thestro-
tion of the neural model was made in such a waglltow
the neural network function on the basis of inpatiables
of linguistic character [14, 23]. On the other hatié out-
put of the network presents a dependent variathe per-
centage ability of emergence. All data are presemeTa-

The experiment was conducted in July in a greeséou ble 1.

facility belonging to the COBORU Experimental Stati
for Variety Testing in Karzniczka located in thenkera-
nian Voivodeship¢ = 54029'A = 17014', H = 80 m above
sea level). During 16 days of the experiment, #rapera-
ture and humidity conditions were controlled. They
ously untreated seeds of three soybean varieties wsed
for the test: Abelina, Augusta and Merlin. The seeare
treated with water extracts prepared from the Voihg
herbs: Levisticum officinaleL. roots, Ribes nigrumL.
leaves,Matricaria chamomillaL. anthodium. Three forms
of water extract were prepared for each herb spearac-
erate, infusion and decoction, according to thégeegiven
by Sas-Piotrowska and Piotrowski [22], Sas-Piotiawvet
al. [20]. The soil used in the experiment was @iéd in
June from the arable layer (0-20 cm) of organic foedl.
The forecrop was organic narrow-leafed lupine. Saiin-
ples were sieved through 4 and 2 mm mesh. In dodes-
store the lumpy structure, the soil was moistendtth &
small amount of water. Then it was mixed with tleedgn
peat (pH 6,5) in a ratio of 1:2 (peat: soil). Theeriment
was performed in a completely random system, ipl@§-
tic multi-pots with 110 cuvettes for seeding at &b depth.
A single experimental combination consisted of B@eds
sown at a depth of 3 cm, and each combination wes
pared in triplicate. For each multi-pot stand, tweehours
before sowing, 400 ml of distilled water was addedthe
experiment, the aqueous extracts were applied oneys,
i.e. the seeds were soaked for 24 hours in prepatedcts,
dried in room conditions and then seeded into Apdts. In
the second variant, 24-hour soaking of seeds tilléidswa-
ter, drying in room conditions and sowing with sltane-
ous application of aqueous extract (3 ml per 1)hualas
applied.

p

Fig. 1. The emerging soybean seedlings during xperée
ment

When choosing a network topology and learning

method, its ability to approximate and generalizes waken
into account, basing on measures of their qualite ap-

plication of the Statistica v13.1 software allowtedtest a
network with two architectures - MLP and RBF. Fbet
presented neural model, the number of tested nktweas

10000 using the Automatic Network Designer. Thesel
tion of the network was based on the best parametieich

determined the quality of the network.

The empirical data set was randomly divided into a

learning, validation and test set. The number tf 8&s as
follows: learning - 121 cases, validation - 25 sasesting -
25 cases. The division of the set was made randonilye
proportion of 70 - 15 - 15%.

Table 1. Data structure in neural model
Tab. 1. Struktura danych w modelu neuronowym

Input/
Symbol | Variable name Data range Input of
ANN
Control
Levisticum officinale
7 in Herb spe- L. Input
— cies/control Ribes nigruni.
Matricaria chamo-
milla L.
W in In.-soill spot ap- | Yes Input
— plication No
Abelina
O_in Variety Augusta Input
Merlin
None
P in Type of prepa- macerate Input
ration infusion
decoction
K out | Ability of 44-100 % Output
- emergence

Source: own work Zrodio: opracowanie wiasne

2.2 Sensitivity analysis of the neural network

In order to check which of the tested independeat
tures have the greatest influence on the soybeangemce
ability, a sensitivity analysis of the created rauretwork
is carried out. Once the input variable is removede-
pendent feature) from the model, its impact ondieula-
tive error of the neural network can be observhdnks to
which the significance (influencing the result -ylean

Rys. 1. Wschodee siewki soi w trakcie prowadzenia eks-€mergence abilities) of individual independent dees is

perymentu
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determined. There are two indicators that deal ith
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error quotient - is the error ratio, to the erodntained
using all independent features, the larger ithg, greater
the significance of a given feature. If it takegadue below
1, you can remove a given feature from the modeirnto
prove its quality, but it is not mandatory,

rank - shows in the numerical manner the featas
cording to decreasing error, the rank with the gadfi 1 is
the most important for the network.

3. Results and discussion

The generated neural model based on the MLP nktwo
has 4 neurons at the network input, 13 neurongerfitst
hidden layer, 5 neurons in the second hidden lagdrone
neuron at the network output (Fig. 2). The applieethod
of learning the network was single-stage. The netweas
trained using the Broyden-Fletcher-Goldfarb-Shagrauli-
ent method (BFGS) which achieved the optimal result
the 23rd epoch (Fig. 3).

The Broyden-Fletcher-Goldfarb-Shanno algorithm be
longs to the class of quasi-Newtonian methods, lafeavn
as variable metrics methods. It is characterizetiigl sta-
bility and low sensitivity to directional minimizah errors
and does not use the Hesse matrix [2].

Output

Hidden layers
Source: own work Zrédto: opracowanie wiasne

Input

Fig. 2. General structure of the MLP artificial ngunet-
work
Rys. 2. Struktura sztucznej sieci neuronowej o ltaio
MLP
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Fig. 3. Neural network learning chart
Rys. 3. Wykres uczenia sieci neuronowej
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The obtained parameters of the created neural Imode

should be considered as satisfactory. The trainiatida-
tion and test errors were around 0,01, and theelziion
coefficient was 0,617. Basic information on the lgyaof
the created neural model is included in Table 2.

Table 2. The quality and structure of the neuratieho
Tab. 2. Struktura i wskaiki jakasciowe modelu neuronowego

147

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 Zrodto: opracowanie wiasne

Sensitivity analysis of the neural network showaesig-
nificant impact (the error quotient greater tharofLall the
analyzed features on the percentage ability of esagb
emergence. The most influential was the (O_in) etgyi
which reached the quotient of 4,31. Another fagtiih the
quotient of 3,45 referred to the water extract aaygion
method (W_in). The third concerned the type of hesbd
(Z_in). The last, fourth position, with the ratib 228 con-
sidered the type of preparation (P_in). The resaéssum-
marized in Table 3.

Table 3. Sensitivity analysis of neural network
Tab. 3. Analiza wréliwosci sieci neuronowe;j

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 Zrodio: opracowanie wiasne

Over the last years, a tendency of using modefor-in
mation technologies more widely is observed in pride
better understand relationship between many presess-
curring in nature, including germination of seddtadenov
and Denanov [15] used neural modeling for detaitegge
segmentation of seed emergence, using texture alod c
models. The image of germinating seeds was divided
background, roots, seeds and seedlings. Using dfietbd
neural network with radial basal function netwoRBFN)
as a tool supporting image processing to assessggion
of seeds was found as having high efficiency. Nenes
works are also used to identify varieties of caited spe-
cies based on color, morphological traits [29]roaddition
the texture of seeds [24]. In the automatic assessof
tomato emergence rate, artificial neural networksenused
to correctly identify emerging seeds. After corrigtntifi-
cation of the object in the ready image, the tasgescep-
tron network (MLP), an artificial neural network o,
was to accurately classify the emerging seeds. rébelts
showed very high accuracy of predictions (95,44%bhe
applied neural network [26].

In the independent research, artificial neurawoeks
were used to analyze factors responsible for gextinim and
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emergence of selected soybean varieties aftercagpiph of
aqueous herbal extracts as "wet" seed treatmeimg tvgo
treatment techniques. Additionally, the performedsitivity
analysis of the created neural network allowed ttéig the
experiment factors. The soy variety i.e. genotypss the
highest-rank factor. It is known that genetic difeces be-
tween varieties of a given species determine tteeafaaging
and degradation of seeds [3] to [9]. Other gertadits, such
as the size of the seeds, the color of the seet] thwr
chemical composition, shape the expression of #®d s
vigor. Inheritance of genes responsible for thewigf soy-
beans has also been partially recognized [4]. Geaem-
pounds regulating the ability of emergence andgisif soy-
beans were not the subject of extensive researehtalthe
greater interest in the influence of environmefdators [3].
The second important factor included the methodpplica-
tion of seed treatments, divided into 24-hour ssEaking in
water extracts (point seeding to soil - NO), aneéh@dr soak-
ing in distilled water (point seeding to soil - YE&d treat-
ment application together with seeding to soiltdsearch by
Czerwirska et al. [6] the emergence ability of yellow hgi
and pea was improved for untreated seeds, whesiamfu
preparations were given during sowing. Accordingotioer
authors, long-term soaking of seeds before sowinyet"
treatments is effective because it decontamindtesseed
properly [11]. Another important factor, the herpesies,
takes into consideration the active substancesafifedtt the
emergence ability of seeds and emergence of soydesh
lings. Improving germination of seeds is often elgorre-
lated with improving the healthiness of seed [Zlje au-
thors above presented a significant relationshipvéen
emergence ability of barley and the method of piegava-
ter extracts. From all extracts made from 40 pkpdcies,
30% of infusions and 27.5% of macerates showednafbe
cial effect on the discussed parameter. In an iexiggnt re-
search, the significance of the form of preparaiioshaping
the soybean's emergence ability was also confirtnedpn
the basis of the conducted sensitivity analysiteetwork,
this factor obtained the lowest rank possible.

4. Conclusions

1. The created artificial neural network with 4.3-83-1:1
MLP architecture allows for gravimetric analysisfators
affecting the ability of emergence.

2. The sensitivity analysis of the neural netwdnkwed a
significant impact of all analyzed features on pleecentage
of soybean emergence (K_out).

3. The variety (O_in) was the most influential te soy-
bean emergence, while the type of the preparafonnj
was the least.

4. Further research should be carried out to iserehe
accuracy of the calculation while expanding thepscof
the material examined.

5. Further research should be carried out on tkendaal
composition analysis of the water extracts usedyelsas
verification of the obtained results of the gream®test in
field conditions.

Gniewko NIEDBALA, Magdalena PIEKUTOWSKA, Janina RUDOWICZ-NAWROCKA, Mariusz ADAMSKI,
Tomasz WOJCIECHOWSKI, Marcin HERKOWIAK, Agnieszka SZPARAGA,
Aneta CZECHOWSKA-KOSACKA

148

5. References
[1] Ashraf M., Fooland M.R.: Pre-Sowing Seed Treatn— A
Shotgun Approach to Improve Germination, Plant Ghow
and Crop Yield Under Saline and Non-Saline Conditions
Advances in Agronomy, 2005, 88, 223-271.

Baron B., Pasierbek A.: Porownanie wyddjcicalgorytméw

gradientu sprzzonego i quasi-newtonowskiego BFGS w za-

gadnieniu optymalizacji rozptywu mocy w systemiekdto-

energetycznym. Elektryka, 2009, 3.

Chirchil G.J.: Seed quality of soybearslycine max|l.]

merrill) genotypes under varying storage and prgmnineth-

ods, mother plant nutrient profiles and agro-ece®gn

Kenya. PhD thesis, 2015, http://ir-

library.ku.ac.ke/bitstream/handle  /123456789/143420%

20quality%200f%20soybean%
20glycine%20max....pdf?sequence=3&isAllowed=n.

Cho Y., Scott R.A.: Combining ability of seed vigand seed

yield in soybean. Euphytica, 2000, Vol. 112(2), 14®.

Christian, Erik J.: Plant extracted essentid @is a contact

fungicide seed treatment for organic corn. Retrasped he-

ses and Dissertations, 2007, http:/lib.dr.iastale.
cgi/viewcontent.cgi?article=15548&context=rtd.

Czerwinska E., Szparaga A., Piskier T., Deszcz E.: Assess-

ment of the potential for the improvement in geration ca-

pacity of leguminous plants by means of plant et&aJour-
nal of Research and Applications in Agricultural Eregring,

2016, Vol. 61(3), 62-66.

Grahovac J., Joki A., Dodi¢ J., Viturovic D., Dodi S.:

Modelling and prediction of bioethanol productiaorh in-

termediates and byproduct of sugar beet processsing

neural networks. Renew. Energy, 2016, 85, 953-958.

Grzybowska- Brzeziska M.: The ecological awareness of the

consumers on the market behavior. Studies & Pricgeaf

Polish Association for Knowledge Management, 2089,

242-253.

[9] Hinson K., Hartwig E.E.: Soybean Productionttire tropics.
F.A.O Rome ltaly, 1997.

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

[11] Ibiam O.F.A., Umechuruba C.I., Arinze A.E.: &wation of
the Efficacy of Seed Dressing fungicides (BavisBenlate,
Fernasan-D, Apron Plus 50 DS, and DithaneM45) énGbn-
trol of Seed-Borne Fungi of Rice (Oryzae sativa Lyisty
Faro 15 In Vitro. Sciencia Africana, 2006, Vol.H,(1-10.

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

[13] Klem K., V&iova M., HajsSlova J., Lancova K., Sehnalova
M.: A neural network model for prediction of deoxyalenol
content in wheat grain based on weather data amcegding
crop. Plant, Soil Environ. 2007, 53, 421-429.

[14] Mazur D.: Wykorzystanie danych okl@nych lingwistycznie
w systemach pozyskiwania wiedzy. Pr. Nauk. AkadorEk
w Katowicach. Syst. Wspomagania Organ. SWO 2002328.

[15] Mladenov M., Dejanov M.: Application of neuraktworks
for seed germination assessment. Conference pap@&thin
WSEAS International Conference on Neural Network
(NN’08), 2008.

[16] Neruda M., Neruda R.: To contemplate quantitatand
qualitative water features by neural networks metHelant
Soil Environ, 2002, 2002, 322-326.

[17] Niedbata G., Przybyt J.eB T.: Prognosis of the content of sugar
in the roots of sugar-beet with utilization of tregression and
neural techniques. Agric. Engineering, 2007, 2;225.

[18] Niedbata G., Mioduszewska N., Mueller W., Bakie P.,
Wojcieszak D., Koszela K.: Use of computer imagalysis
methods to evaluate the quality topping sugar beéts us-

(3]

(4]
(5]

(6]

(7]

(8]

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



ing artificial neural networks. In: Falco, C.M.,adg, X. [24] Shantaiya, S., Ansari, U.: Identification Odddl Grains And

(Eds.), Proc. SPIE 10033, Eighth International Carfee on Its Quality Using Pattern Classification. Internatib Journal
Digital Image Processing (ICDIP 2016), Chengdu, 2016, of Computer and Communication Technology (IJCCT), 2010
100332M. Vol. 2(2), 3-5.

[19] Rochalska M., Orzeszko- Rywka A., Tracz M.: Esttion  [25] Sharma K.K., Singh U.S., Sharma P., Kumar$harma L.:
efficiency of powdered herbs of crop seeds treatnlEurnal Seed treatments for sustainable agriculture-A revi®urnal
of Research and Applications in Agricultural Engirieg, of Applied and Natural Science, 2015, Vol. 7(1)1539.
2010, Vol. 55(4), 67-72. [26] Skrubej U., Rozmag. Stajnko D.: The accuracy of the ger-

[20] Sas-Piotrowska B., Piotrowski W., Kaczmarek- Hoisz R.: mination rate of seeds based on image processithgrifi-
Longevity and healthiness of oaf\ena sativalL.) seeds cial neural networks. Agricultura, 2015, Vol. 123}, 19-24.
treated with plant extracts. Journal of Plant Ritid@ Re- [27] Wojciechowski T., Niedbala G., Czechlowski NNawrocka
search, 2005, Vol.45 (3), 181-193. J.R., Piechnik L., Niemann J.: Rapeseed seeds quiditgi-

[21] Sas-Piotrowska B., Piotrowski W.: Vitality arigbalthiness of fication with usage of VIS-NIR fiber optic probe aadificial
barley Hordeum vulgarel..) seeds treated with plant extracts. neural networks. In: Proceedings - 2016 Internati@onfer-
Journal of plant protection research, 2010, Vok150117-124. ence on Optoelectronics and Image Processing, |CXDIES.

[22] Sas-Piotowska B., Piotrowski W.: Vitality andeédthiness of  [28] Verkleij F.N.: Seaweed Extracts in Agricultused Horticul-
Cereal Grains Treated with Plant Decoctions. Rocznik ture: a Review. Biological Agriculture & Horticulturé991,

OchronaSrodowiska, 2011, 13, 571-596. Vol. 8(4), 309-324.

[23] Sennrich R., Haddow B.: Linguistic Input Featutenprove  [29] Zhao-yan, L., Fang, C., Yi-bin Y., Xiu-gin Rdentification
Neural Machine Translation. In: Proceedings of fFiest of rice seed varieties using neural network. Jduofi&he-
Conference on Machine Translation, Vol.1: Researge?a jang University Science, 2005, Vol. 6(11), 1095-010
Pages 83-91, Berlin, Germany, August 11-12, 2016s0A [30] Zmarlicki K.: Students Preferences for Fruibrh Organic
ciation for Computational Linguistics, 2016, 83-91. Production. Rocz. Nauk. SERIA, 2010, 12(4): 407-410.

Acknowledgments

The authors of the following work would like thavilsc. Eng. Ewa Deszcz for her technical support thedpossibility of
using the developed seed treatment technologyeiexperiment.

Gniewko NIEDBALA, Magdalena PIEKUTOWSKA, Janina RUDOWICZ-NAWROCKA, Mariusz ADAMSKI, 149
Tomasz WOJCIECHOWSKI, Marcin HERKOWIAK, Agnieszka SZPARAGA,
Aneta CZECHOWSKA-KOSACKA

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



