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Abstract

Despite the use of robust statistical methods and fuzzy-neural networks, models that predict the distribution of organisms have seen rapid
development in the field of ecology. However, due to the challenges associated with sampling, these studies often lack sufficient samples. In this
research, we compared geostatistics and fuzzy-neural networks to estimate the distribution of the tomato fruit worm in a tomato farm in
Kermanshah city. For this purpose, the length and width coordinates of the sampling points at the field level were identified and used as inputs
for both methods. The output of each method was the count of this pest at those locations. In the geostatistics approach, we employed the normal
Kriging method, while in the fuzzy-artificial neural network approach, we used the sigmoid activation function. A comparison of the results from
geostatistics and the fuzzy-neural network demonstrated the superior performance of the fuzzy-neural network. The coefficient of determination
for the fuzzy-neural network and geostatistics was 0.9 and 0.6, respectively. In conclusion, the fuzzy-neural network method, by integrating

latitude and longitude factors, was able to predict the density of the tomato fruit worm with high accuracy.
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Table 1. Mean squared error extracted for each membership function

MSE for each function

Sampling date

Trapezoidal Gaussian Triangular Sigmoidal
2019/07/17 0.1306 0.1342 0.1003 0.00331
2019/07/22 0.1321 0.0921 0.0803 0.00189
2019/07/27 0.1234 0.231 0.0365 0.0031
2019/08/21 0.1410 0.1219 0.0994 0.00221
2019/08/27 0.1360 0.1875 0.0310 0.00412
2019/09/01 0.214 0.1032 0.0413 0.00201
2019/09/06 0.145 0.1130 0.0532 0.00311
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Table 2. Geostatistical characteristics of the infected plants to Helicoverpa armigera in the tomato farm

Coefficient of

Degree of spatial Range of spatial

Sampling date Model determination MSE dependence dependence Nugget
2019/07/17 Spherical 0.711 0.325 0.540 140.11 0.045
2019/07/22 Spherical 0.723 0.170 0.638 126.80 0.032
2019/07/27 Spherical 0.545 0.165 0.511 130.11 0.087
2019/08/21 Spherical 0.703 0.210 0.505 160.07 0.041
2019/08/27 Spherical 0.580 0.189 0.556 180.23 0.083
2019/09/01 Exponential 0.635 0.301 0.523 150.74 0.071
2019/09/06 Exponential 0.689 0.299 0.601 173.63 0.067
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Table 3. Linear regression relationship and coefficient of determination between av (actual value) and pv (predicted value by model)

Sampling date Network utilization phase

Linear regression

Coefficient of determination

Training Phase

2019/07/17 Test
2019/07/22 Igz;n%r;gszhase
2019/07/27 Iz;n%r;gszhase
2019/08/21 Ig;n%?]g:;hase
2019/08/27 Igz;n%r;g;hase
2019/09/01 Igi;n%?}gszhase
2019/09/06 Igltn;?]g:;hase

pv=0.8979 av +2.87 0.984
pv=0.8474 dv +4.18 0.97
pv=0.9988 av +0.2961 0.9988
pv=0.91 av +1.54 0.9701
pv=1.01 av +0.79 0.99
pv=1.0089 av +1.0024 0.97
pv=1.008 av +0.0023 0.9998
pv=0.9656 av +0.0206 0.9749
pv=1.02 av +1.37 0.9918
pv=1.02 av +0.037 0.9824
pv=1.0152 av +1. 150 0.992
pv=0.9673 av +0.017 0.9628
pv=1.0052 av +0.0031 0.988
pv=0.9919 av +0.0097 0.9738




1y VENY 45 ) oyl AY s o AL glacsley 5 U

il 25 10 35
ja 100
3
2
25
15
2
k 15
n
05
05
0 o
% 100 110 % 100 0
2019.07.17 2019.07.22
i 5 110 09
100 100 03
3
0.7
25
06
2 0.5
15 [
03
1
02
05 0.1
T 20 30 40 50 6 70 80 %0 100 110
2019.07.27 2019.08.21
10 0.9 10 09
100 08 100 08
07 07
06 06
05 05
04 04
03 03
02 02
01 01
% 100 110 % 100 110
2019.08.27 2019.09.01
110 25
100
2
15
n
05

©

50 60 70 80 90 100 110

2019.09.06
s — 556 aSs Jde kw5 Helicoverpa armigera 281, ais -V K3
Fig 1. Helicoverpa armigera distribution maps by ANFIS model

0



s 56 4K g bl e sla s, b (Helicoverpa armigera « & a8 o g £S5 2lbab SS1 5 amlis 01 \Sen 5 (gohess 1¢

Ol d= 5l YL ol Camer S bl Ol5 e aii
Ol oo b Ll e 555lES 5 5 e pale (el (g3l
L .(Banderi et al., 2011) &l <alv\§| | Js sl bla
3 S Jln S mw gla i, GlaCus s 4 ax
LT V300 Rt [ N S Y VR v PR GO EPLISTS
(Faman as LSS 5 SLOs s b bs
s 3 BE ) L0 du 5 5 1y ege SHE il e
ke DLl 5l clie (615 0 e 5 Sl gy 5
S Sl e So3 w4 LIl L
seade sl sl g (S renas )l8 (DU
laaypa Sl el daayza 2ol L Olg o 5 Ll e SRl 58]
Spdowe by ilen 2alS) lae i 5 (goladl
el Sloll (ST adsl slao 58 s il 05 S
Sy S o8 Ol Llg e andlls pl 550 Jlesl |
Gl Lis, ol Sl s 3,08 g edn] Sl

355 84 gl > ST ple (ST 6 S e

6)‘}<~‘\:'“
S ol gl sl 58 Al 5l iy dlie oyl
ol 0l JLG g:,aLo.}- LS)\) em\b Ja...u):

References

AMINI, M., AFYUNI, M., FATHIANPOUR, N.,
KHADEMI, H AND FLUHLER, H. 2005.
Continuous soil pollution mapping using fuzzy logic
and spatial interpolation. Geoderma, 124(11): 223-
233. https://doi.org/10.1016/j.geoderma.2004.05.009

AFROUS, A., HOSSEINI, S.M. AND GOUDARZI, SH.
(2007) Assesment of the Ordinary Kriging and
NeuroFuzzy appraoches in interpolation of the
groundwater level. Journal of Groundwater,13(2):
978-984.https://doi.org/10.22034/IWRR.2023.181576

Ol S ST, laadss
55 Hoarmgera Corex Sl i Ly, Suia )
Sl S s Bl S eSS 1, e U
Lol G5 g el Lyl <ol opl glag)Y
PR S Ut JURICY IR W N P pos
OS2 A2 o s 3 853 b (S far S
3 G208 Sedls G daly sbml sa Sl ()
Vb 28 b dhe ey s Nl s
dsb aile Sledbl naliS L obey o 53 5 led o i
L 53 1y 1 (S5 Ol e e nl s Gbdlar 50 s
Rl agededly 1 Y (JS DLl oty B 555
G lis S35 L il ANFIS  ae 4Kl candllas
1 &S opl (S|, ald 5 asdse |, H armgera =5
el () 5o s (V) KS slealy alud S
s S| Jeols Gladld romes A ac )5 LG
Copde Sadas e OLE 1y il slag b <l oyl
Elr » SuS e 3 & Glaosls (bl o
23 03Ol S e 5 3 gd e 4 S aldisl (lls 35
Ll 5 bl Camer (op s slagsts 5l eslinad b €l
i) 5 lebd sy So S elde ) aespe il

Q'i\ 2 5_}*‘@ LV RGN D VS‘JS L )J.;L;n )\)5

AGBOKA, K. M., TONNANG, H. E., ABDEL-RAHMAN,
E. M., ODINDI, J., MUTANGA, O., AND NIASSY,
S. 2024. Leveraging computational intelligence to
identify and map suitable sites for scaling up
augmentative biological control of cereals crop
pests. Biological Control, 105459.

doi.org/10.1016/j.biocontrol.2024.105459

BANDERI, A., GHARINEH, M.H., KARDONI, F,
BAHAMIN, S. 2011. The need for accurate

agricultural application in sustainable development.



1th National Conference on Strategies for Achieving
Sustainable Agriculture, May 2627, Ahvaz, Iran. P. 8.

DIONISIO, L.FS., LIMA, A.C.S., I1ZIDORIO, R.M,
SANTOS, AV. ORRILLO, H.M., LIMA, G.L.
2016. Monitoramento de insetos e distribuigdo
espacial de  Sitophilus  spp.  (Coleoptera:
Curculionidae) em unidade de beneficiamento e
armazenamento degrdos. Revista Agroambiente On-
line, doi.org/10.18227/1982-8470ragro.v10i3.3273

FITE, T., AND TEFERA, T. 2022. The cotton bollworm
(Helicoverpa armigera) and Azuki bean beetle
(Callosobruchus chinensis): major chickpea (Cicer
arietinum L.) production challenges on smallholder
farmers in Ethiopia. The Journal of Basic and
Applied Zoology, 83(11): 1-12.
doi.org/10.1186/s41936-022-00275-w

GARZIA, T. G., SISCARO, G., BIONDI, A. AND
ZAPPALA, L. 2011. Distribution and damage of
Tuta absoluta, an exotic invasive pest from South
America. In:  International  symposium  on
management of Tuta absoluta (Tomato borer)
Proceeding. Agadir, Morocco, November, 16-18.

GRESSIE, N. 1993. Statistics for spatial data. 430PP. John
Wiley and Sons, New York.
doi.org/10.1002/9781119115151

GUQ, J.,, FU, X., ZHAO, S,, SHEN, X., WYCKHUYS, K. A.
G. AND WU, K. 2020. Long-term shifts in
abundance of (migratory) crop-feeding and beneficial
insect species in northeastern Asia. Journal of Pest
Science, 25(11): 35-37. doi.org/10.1007/s10340-019-
01191-9

HABASHI, H., M. HOSSEINI, J. MOHAMMADI and R.
RAHMANI, 2007. Geostatistic applied in forest soil
studing process. Journal of Agricultural Science and
natural Resources, 14(1): 1-10. [In Persian with
English summary].

HASSANI-PAK, A. A. 2007. Geostatistics. 314pp.
University of Tehran Press. Tehran, Iran. (In Persian).

IRMAK, A. J. W. JONES, W. D. BATCHELOR, S.
IRMAK, K. J. BOOTE and J. PAZ, 2006. Artificial
neural network model as a data analysis tool in

precision farming. Transactions of the American

VEOF a0 ) oyled AY Wl 1 alE laslew 5 ST

Society of Agricultural and Biological Engineers, 49:
2027-2037. doi.org/10.13031/2013.22264

JANG, J.S.R. 1993. ANFIS: adaptive-network-based fuzzy
inference system. IEEE T Syst Man Cy, 23(3):665—
85. doi.org/10.1109/21.256541

JOKAR, M. 2023. Spatial Distribution of Cotton Bollworm
in Southeastern Shores of the Caspian Sea, Golestan
Province, Iran. Current Applied Science and
Technology, 23(1): 1-8. [In Persian with English
summary]. doi.org/10.55003/cast.2022.01.23.014.

KATHRINE, A. R. 2001. Geostatistic using SAS software.
Own analyticinc. 360 PP. Oxford University Press.
Londen. doi.org/10.1007/978-3-642-03647-7_8

LIEBHOLD, A. M., X. ZHANG, M. E. HOHN, J. S,
ELKINTON, M. TICEHURST, C. L. BENZON and
R. W. CAMPBELL, 1991. Geostatistical analysis of
Gypsy moth (Lepidoptera: Lymantridae) egg mass
population. Environmental Entomology, 20: 1407-
1417. doi.org/10.1093/ee/20.5.1407

MAKARIAN, H., M. H. RASHED, M. BANNAYAN and M.
NASSIRI, 2007. Soil seed bank and seedling
populations of Hordeum murinum and Cardaria
draba in saffron fields. Agriculture Ecosystems and
Environment, 120(13): 307- 312.
doi.org/10.1016/j.agee.2006.10.020

MERTENS, M. &HUWE B. 2002. Fun-Balance: a fuzzy
balance approach for the calculation of nitrate
leaching with incorporation of data imprecision.
Geoderma,109(12):269 287. doi.org/10.1016/S0016-
7061(02)00179-9

MOUSAVI, S.F. AMIRI, M.J. 2012. Modelling nitrate
concentration of groundwater using adaptive neural
based fuzzy inference system. Journal of Soil and
water Research 7(11): 73-83. [In Persian with English
summary]. doi.org/10.17221/46/2010-SWR.

MOHAMMADI, R., SHABANI NEJAD, A. AND ALICHI,
M. 2018. Application of combined geostatistics with
optimized artificial neuralnetwork by genetic
algorithm to estimate the distribution of Coccinella
septempunctata in the alfalfa farm of Bajgah. Journal
of Entomological Society of Iran, 38 (1):1-14. [In



Persian with English summary]
doi.org/10.22117/JES1.2018.116187.1154.

MILONAS, P., GOGOU, C., PAPADOPOULOU, A,

FOUNTAS, S, LIAKOS, V., AND
PAPADOPOULOS, N. T. 2016. Spatio-temporal
distribution of Helicoverpa armigera
(Hubner)(Lepidoptera: Noctuidae) and Pectinophora
gossypiella (Saunders)(Lepidoptera: Gelechiidae) in a
cotton production area. Neotropical
entomology, 45(10): 240-251.
doi.org/10.1007/s13744-015-0358-6.

SINGLA, A., AND SINGH, R. 2020. Estimation of

avoidable yield losses in chickpea caused by
Helicoverpa armigera (Hubner) (Lepidoptera:
Noctuidae). Phytoparasitica, 12(9):14-25.
doi.org/10.1007/s12600-020-00833-4.

SOUSA, N., FILHO, M.F.,, SILVA, P.A., TORRES, J.B.

2020. Determination of an Economic Injury Level for
Old World Bollworm (Lepidoptera: Noctuidae) in

s (536 4 5 bl e sl by, b Helicoverpa armigera « K jax 58 osm o8 (2lab (S1 5 aemlis 101, \Kan 5 (gohozes R

Hydrology, 342(1): 143 156.
doi.org/10.1016/j.jhydrol.2007.05.020.

TAY, A, LAFONT, F., BALMAT, JF. 2021.
Forecasting pest risk level in roses greenhouse:
Adaptive neuro-fuzzy inference system vs artificial
neural networks. Information  Processing in
Agriculture, 8(3): 386-397.
doi.org/10.1016/j.inpa.2020.10.005.

VIVAN, L. M., TORRES, J.B., AND FERNANDES.
L.S. 2016. Activity of selected formulated biorational
and synthetic insecticides against larvae of
Helicoverpa armigera (Lepidoptera: Noctuidae).
Journal of Economic Entomolgy,101(25): 118-126.
doi.org/10.1093/jee/tow244.

YUXIN, M., D. J. MULLA and C. R. PIERRE, 2006.
Identifying important factors influencing corn yield
and grain quality variability using artificial neural
networks. Precision Agriculture, 7(2): 117-135.
doi.org/10.1007/s11119-006-9004-

Processing Tomato in Brazil. Journal of Economic
Entomology, 113(4): 1881-1887.

doi.org/10.1093/jee/toaa082.

SEETHALAM, M., BAPATLA, K. G., KUMAR, M., NISA,
S., CHANDRA, P., MATHYAM, P., AND
SENGOTTAIYAN, V. 2021. Characterization of
Helicoverpa armigera spatial distribution in
pigeonpea crop using geostatistical methods. Pest
Management Science, 77(11): 4942-4950.
doi.org/10.1002/ps.6536.

SHABANI NEJAD, A. AND TAFAGHODINIYA, B. 2017.
Evaluation of Geostatistical Methods and Artificial
Neural Network for Estimating the Spatial
Distribution of  Tetranychus urticae  (Acari:
Tetranychidae) in Cucumber field Ramhormoz.
Journal of Applied Entomology and Phytopathology
85(11): 22-30. [In Persian with English summary].
doi.org/10.22092/jaep.2017.107121.1110.

SHRESTHA, R.R, BARDOSSY, A., RODE, M. 2007. A
hybrid deterministic fuzzy rule based model for

catchment scale nitrate dynamics. Journal of



