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Figure 1- Geographical situation of surveyed area and sampled pointsof dry chickpea farmsin Kurdistan province
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Table 1- Number of dry chickpea fields surveyed in each township in Kurdistan province (Minbashi Moeini et al., 2008)

Number of fields surveyed area under dryland chickpea cultivation (ha)
2 <500
3 501-1000
4 1001-5000
6 5001-10000
8 10001-15000
12 15001-30000
16 30001-60000
The number isattained by adding 10000 ha to the area and onefield isadded to 16 >60000
40
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Figure 2- Sampling method in the surveyed fields. (a) 1-5 ha, (b) 6-15 ha, and (c) >15 ha. The numbersrepresent the place in which each
0.25 m? quadr at was taken
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Table 2- Characteristic of climate typein 5 townships of Kurdistan province

Rainfall (mm) Avrage of temperature (C°)
min 31.84 3.84
max 59.6 24.77

*- min: minimum and max: maximum
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Table 3- Characteristic of physicochemistry of soilsin 5 townships of Kurdistan province

N P K pH Sand Silt o.M SP
N . Clay (%)
()  (ppm)  (p.p.m) (H20,1:2) (%) () (%) (%)
min 0.02 35 117.8 7.26 134 20.6 22 0.28 25.97
max 014 17.85 429.5 7.96 354 62.6 52.6 2.34 50.48

*- min: minimum and max: maximum
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Table 4- Different ANNs used to prediction of weed present for divers configurations at hidden layer

Number of neuronin

Number of neuronin

No. first hidden layer (NH1) second hidden layer (NH2) Topology
1 1 0 9-1-2
2 2 0 9-2-2
3 3 0 9-3-2
4 4 0 9-4-2
5 5 0 9-5-2
6 6 0 9-6-2
7 7 0 9-7-2
8 8 0 9-8-2
9 9 0 9-9-2
10 10 0 9-10-2
11 2 1 9-2-1-2
12 2 2 9-2-2-2
13 2 3 9-2-3-2
14 2 4 9-2-4-2
15 2 5 9-2-5-2
16 2 6 9-2-6-2
17 2 7 9-2-7-2
18 2 8 9-2-8-2
19 2 9 9-2-9-2
20 2 10 9-2-10-2
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Figure 3- The structure of neural network
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Table 5- Scientific name, Freguency (F), Uniformity (U), Mean Field Density (MFD) and Abundance Index (Al) of Weed species of dryland
chickpea fieldsin Kurdistan province during a) three leaves and b) podding stages r espectively based on abundance

MFD
Scientific name Weed family U 0%) (Plant m?) Al
a b a b a b a b
Galium aparinelL. Rubiaceae 83 - 05 - 16 - 99 -
ConvolvulusarvensisL. Convolvulaceae 77 88.86 0.5 0.52 4 6.57 81 95.95
Scandix pecten venerisL. Apiaceae 65 - 0.3 - 5 - 71 -
Tragopogon graminifolius DC. Astraceae 66 72.19 0.3 0.35 4 4.48 70 77.02
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Table 6- Scientific name, Freguency (F), Abundance Index (Al), Coefficients of determination, Independent variablesand L ogit equations of
dominant weed speciesof dry farms of chickpea of Kurdistan provincein threeleaves stage based on abundance, respectively

Scientific name ConvolvulusarvensisL.

Scandix pecten venerisL.

Tragopogon graminifolius DC.

Abundance Index 81.06
Independent variable Sand
Wald 4.022
Exp (B) 77.595
Nagelkerke R2 0.197
L og likelihood 31.882
Cox & Snell R2 0.132
AUC 0.797

Logit equation Z=-1.577+4.352Xsang

70.55 69.59
EC Altitude
4.397 4.443
0.023 71.281
0.203 0.215
35.361 0.155
0.144 0.155
0.743 0.723

7=2.866-3.772Xec Z=-1.177+4.267Xaltitude
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Figure 4- Prediction map of presence of weedsin dryland chickpea fieldsin Kurdistan province during three leaves stage (a) Convolvulus
arvensisL ., b) Scandix pecten venerisL . and c) Tragopogon graminifolius DC.)
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Figure 5- ROC curvesfor validation of susceptibility map of weedsin dryland chickpea fieldsin Kurdistan province during three leaves
stage (a) ConvolvulusarvensisL ., b) Scandix pecten venerisL. and c) Tragopogon graminifolius DC.).
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Table 7- Revenue of the best network in predicting of weed presencein threeleaves stage of chickpeain Kurdistan province

Weed Num_ber o_f neuronin Number of neuron in Mean squared R?
thefirst hidden layer the second hidden layer error (MSE)

Galium aparinelL. 2 5 0.137 0.57

ConvolvulusarvensisL. 10 0 0.032 0.76

Scandix pecten venerisL. 1 0 0.109 0.99

Tragopogon graminifolius DC. 2 2 0.196 041

cQ—Y—\'—Y szjjﬁ); ‘La&:: Lff"’ )‘ C,‘.«u‘ ol J.G)Ln;.ﬁ
Y 3 (05 b e Y5 A LGl Sl
i o 50 5 e Olgy N 5o 0550 5 sl Olgy

Obad )8 bl 013 2950 gy SIS s 4o

L;Ladi.l\j sl s s slaaslis ;ﬁ.«s« @Lﬁ

55 Oln S Ol s 35 (g VS al> e > il

J'.:..o A J_}J} B LY )jl:.:l.».fé Sl 0l OJJJI/\ J_}J.p-



SNE 5 AYY /A0 ML W S Ol
W@Mﬂjchwjlmw.('\ I8 wsl .
soaslacile Gl w3 b O d e s 5 Sas
VAEY 5 VAL L s LS e Kl s ol s S

AV S8) wsb

Wy cle @ plme S jadile S )R
Sl 23l L S ol s ) k) 5 O3 5
Soacile A8 bl g sbaile Kl s w9l
PS03 oxam 5 o P e b gl S
Olse 4 Obws S Okl 3 3prge glandll 5 sl
Dbl 3 3555 oy B b= 0 3 5 acile o 5850
gl pleins O3 (o 5 O35 (ils Js a5 s bl
<y S LS (Shimi & Termeh, 1994) oils ¢ 50 5
Ll o DA o Sl day (AUS ey e, Sl ol
Oz JAS sk s e ses Jdl ) ae e 5l men s e
5 b S ol (Rashed Mohassel et al., 2009) s>
g 03 rmed s B4 b WS ol 2l
Jolo 4 5505 S5 15 a5 cpl L S dlakir 5 acile
o 25 cplpls 5 Sl ol G acdle pl sl SLisl Lol
5050 03 pls 4 e S e S Ll 5 IS
Murphy & Lemerle, ) 53 o 3555 53 OF oS5 3l
A dal g el (Salu o T xS s cpl 51 5 (2006
2 OES1msl QLS min Gl e Slalllae
gl 53 dpame sLle Lis L oS (ol 05 slaplls
5 (Zaninetal., 1997) Ll axdls A4St i ol on S
Osmen LSS jaglacile Jl3 0 (SKs gpm

b G s Ok Oiee sl

2VE 5 WY s 4 MSE 3 R lade (aslT cpl sl
Slp s e A=YV Y (i s s S Lol
gii‘j sl sl i sacdde jel oo e

A3 S Jols /0T 5 /8 5 5w MSE SRl

oy Al e el T 4 5 L
350 adlaie 3 003 3550 Gy OISl e 3 5 aslacils
gacdle sl o bl ege S atll aallbs
3 Lol 51 Pl 1 candllan 55 allats 3 ol o Sy
SL oSke 5 Ly g 3l gls ) S g adle s
(Kadmon & Danin, 1999) - Jls 5 0seslS il e
S el 5 LS Sl 5 S ass s 1 Sk
Thomas & Donaghy, ) SUss 5 by il s
DS S et 53 s lele |y Sl 5 (1991
L3S B me 5 placile

Gble andnl s e sdalin ¥ Jodr 53 S shiles
S Sl odd 5158 ASL o VA B VYN o s 35
Loy g 5 b 2l 5 O Lls L Gble
Ly Glp oW S ol G sl
(Fried et al., 2008) ol oolis il s Sy 5 pacils
53 Ly b o SoL L able s Sacide
S s s J5 S e A3y ol slasis
g el Sl aalsl 4 36

Egman (ovas (LS (e Cove (b))

STy o9y b w23 5955 &)l sladile jgin

ROC oo o3 5 Ses awasln Jovs ) mhe s
23 355 (S a5 aallles 3)se s (Sl

Oigw 5 S gl o Som b 5 2 Saslads

O3S (Ll 025 3956 gy SIE s o )3 5l joudn (Gl 45 A (2 5300 3,50 —A Jgaa

Table 8-Revenue of the best network in predicting of weeds presence at pod set stage of dryland chickpea in Kurdistan province

Weed NH1 NH2 Mean squared error (MSE) R?
ConvolvulusarvensisL. 2 0.074 0.77
Tragopogon graminifolius DC. 2 0.356 0.40




’—I—‘ ﬁ
-
c 05
e : s
= i s
= E=]
v W
5 H
Wy LTS -
./.
. P
e 07 -
Lt ; ; ;
2.0 2.2 0s 0% 0E 1.2 om =g N =5 s H
TzSpeciicity 1 - Spacificity
1n 5 10 T — =
.0 05 o
i
" £ 0.5
FoLl ’—,_,7 £
Z — ’ 2
i 4 P i
S B
AL t o 0. /
P 0 o
.2+ i ’ ¥
= 0o T T T T
L T T T oo 0z 0 0 an 10
00 0z [ 05 0 1.0 i el
- Specifici
1 - Specificity P L

Ey 5 o (D) a2 2956 (5 g1 dws o o 10 LI 52 sLAUE joudn mas 45l S M0 Cono (ol 3,] joliie & STy Sodio -1 JSW

Figure 6- ROC curvesfor validation of ANN models of weedsin dryland chickpea fieldsin Kurdistan province during three leaves stage
(a) Galium aparineL ., (b) Convolvulus arvensisL., c) Scandix pecten venerisL. and d) Tragopogon graminifolius DC.)
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Figure 7- ROC curvesfor validation of ANN models of weedsin dryland chickpea fieldsin Kurdistan province during podding stage (a)
Tragopogon graminifolius DC. and (b) Convolvulus arvensisL.)
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Application of Artificial Neural Network (ANN) and L ogistic Regression
for Predicting Weeds Presencein Dryland Chickpea Fields of Kurdistan
Province
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Abstract

A survey was conducted to compare the potential of ANN and logistic regression in predicting weed
presence of 33 dryland chickpea fields in Kurdistan province. Climatic and edaphic factors as
independent variable and presence or absence of weeds with highest abundance as dependent
variables were entered in the logistic regression and ANN models. The developed ANN was a Multi
Layer Perceptron with nine neurons in the input layer, one and two hidden layer(s) of various numbers
of neurons and two neurons in the output layers. Catchweed (Galium aparine L.) and field bindweed
(Convolvulus arvensis L.) with the highest abundance indices were the dominant weeds in the
chickpea fields. The logistic regression did not fit a model for catchweed, however, the ANN could
develop the best suited models for predicting the catchweed and field bindweed presence in dryland
chickpea fields. Senditivity analysis revealed that atitude and rainfall are the most significant
parameters in modeling weed presence in dryland chickpea fields. For the optimal model, the values
of the model’s outputs correlated well with actual outputs and its application for this purpose is
recommended.

Key words: Abundance index, modeling, Multi Layer Percepteron.



