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Table 1- Characteristics of neural network models under study

Jo ol
VS
( sdele
s 29,9 SBJols 9
Model Inputs factors
number Output
(Neural factors
network
structure)
I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RH1, RH2, RH3, RH4, RH5, RH6, RH7,
RHS, RH9, RH10, RH11, RH12, Tmeanl, Tmean2, Tmean3, Tmean4, Tmean5, Tmean6, Tmean7,
1 Tmean8, Tmean9, Tmean10, Tmeanl1, Tmean12, Tminl, Tmin2, Tmin3, Tmin4, Tmin5, Tmin6,
Tmin7, Tmin8, Tmin9, Tmin10, Tminl11, Tmin12, Tmax1, Tmax2, Tmax2, Tmax3, Tmax4, Tmax5,
Tmax6, Tmax7, Tmax8, Tmax9, Tmax10, Tmax11, Tmax12, S1, S2, S3, S4, S5, S6, S7, S8, S9,
S10, S11, S12
) I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RHI, RH2, RH3, RH4, RH5, RH6, RH7,
RHS, RH9, RH10, RH11, RH12, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12 38des (V)
I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RHI, RH2, RH3, RH4, RH5, RH6, RH7, (1) yield
3 RHS, RH9, RH10, RH11, RH12, Tmeanl, Tmean2, Tmean3, Tmean4, Tmean5, Tmean6, Tmean7,
Tmean8, Tmean9, Tmean10, Tmeanl1, Tmeanl2, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12
I, RH1, RH2, RH3, RH4, RH5, RH6, RH7, RH8, RH9, RH10, RH11, RH12, Tminl, Tmin2, Tmin3,
4 Tmin4, Tmin5, Tmin6, Tmin7, Tmin8, Tmin9, Tminl10, Tminl1, Tminl2, S1, S2, S3, S4, S5, S6,
S7, S8, S9, S10, S11, S12
I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RHI, RH2, RH3, RH4, RH5, RH6, RH7,
5 RHS, RH9, RH10, RH11, RH12, Tmax1, Tmax2, Tmax2, Tmax3, Tmax4, Tmax5, Tmax6, Tmax7,
Tmax8, Tmax9, Tmax10, Tmax11, Tmax12, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12
I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, Tmeanl, Tmean2, Tmean3, Tmean4,
Tmean5, Tmean6, Tmean7, Tmean8, Tmean9, Tmean10, Tmeanl1, Tmean12, Tminl, Tmin2,
6 Tmin3, Tmin4, Tmin5, Tmin6, Tmin7, Tmin8, Tmin9, Tmin10, Tminl1, Tminl2, Tmax1, Tmax2,
Tmax2, Tmax3, Tmax4, Tmax5, Tmax6, Tmax7, Tmax8, Tmax9, Tmax10, Tmax11, Tmax12, S1,
S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12
I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RHI, RH2, RH3, RH4, RH5, RH6, RH7,
RHS, RH9, RH10, RH11, RH12, Tmeanl, Tmean2, Tmean3, Tmean4, Tmean5, Tmean6, Tmean7,
7 Tmean8, Tmean9, Tmean10, Tmeanl1, Tmean12, Tminl, Tmin2, Tmin3, Tmin4, Tmin5, Tmin6, =5 (v)
Tmin7, Tmin8, Tmin9, Tmin10, Tminl11, Tmin12, Tmax1, Tmax2, Tmax2, Tmax3, Tmax4, Tmax5, it i
Tmax6, Tmax7, Tmax8, Tmax9, Tmax10, Tmax11, Tmax12 ol Bpas
R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, RH1, RH2, RH3, RH4, RH5, RH6, RH7, (2) Water
RHS, RH9, RH10, RH11, RH12, Tmeanl, Tmean2, Tmean3, Tmean4, Tmean5, Tmean6, Tmean7, use
] Tmean8, Tmean9, Tmean10, Tmeanl1, Tmean12, Tminl, Tmin2, Tmin3, Tmin4, Tmin5, Tmin6, efficiency
Tmin7, Tmin8, Tmin9, Tmin10, Tminl11, Tmin12, Tmax1, Tmax2, Tmax2, Tmax3, Tmax4, Tmax5,
Tmax6, Tmax7, Tmax8, Tmax9, Tmax10, Tmax11, Tmax12, S1, S2, S3, S4, S5, S6, S7, S8, S9,
S10, S11, S12
9 I, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11,
S12
10 I, R1, R2, R3, R4, R5, R6, R7, R§, R9, R10, R11, R12
11 1
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Table 2- The mean of monthly climate parameters under study in Torbat-e-Heydarieh region (2009-10)

ol ol SEP OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG
1> 0Sibe . 21.0 13.8 83 4.2 4.7 4.9 11.3 16.0 20.4 25.1 26.7 24.8
Mean temperature (C)
Loy Jslas
Minimum temperature 13.3 5.7 2.0 -0.1 -1.0 -0.2 4.8 9.6 13.5 17.7 19.8 18.5
()
Lo> Sl
Maximum temperature 287 219 146 8.6 104 10.1 17.8 224 27.3 32.5 33.6 31.1
()
= w’b) 05k 31 32 55 81 70 70 58 51 45 23 20 21
Humidity (%)
. f;{j)b‘ 0.0 1.0 174 298 305 366 342 405 46.0 2.4 0.0 0.0
Precipitation (mm)
sl clel
313.0 297.6 2104 1429 191.8 150.1 194.0 2492 2935 3613  388.7 368.6

Sun radiation

Cawl o 0l L Y dolee > (guSseSw @b 5L, IS

:(Hosaini et al., 2007)
1
F(x) = ppr— (v)
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wlie gl (g LS (oo Jos LS 43905 B S5
52909 JUSmw 4 Ly 5 Gl o 4 S35 sasdg)g
Silwdley sl ggdge cpl @ 4295 b 09y algd Sy
:(Hosaini et al., 2007) ui odlauol ¥ dlsleo 31 Waosl
(¥)

H,—X

Xorm = 0.5 (x )+ 0.5

max ~ -min
Sl T X0 (639y9 osd Jloy Hlie Xnorm (] ,> o
- Loy JBlas 5 pSlas i yiay Xmin g Xmax daosly
Al
Shaline g duwbre polie oS duslis jolaieds culpiyd
S0 ol (R2) (e s sl (sl 5
Las Slaye 1550e jds) RMSEN o i i 5 0l
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ol 04
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:(Montazer et al., 2009) .
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WUE (kg/m'
3 _
)=

Y. (kg/ha)
Water use - gy (m’/ha)
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1 oo law

RMSE, = 100 (y, - yo)’ /n)"* / ¥, ()
1 n 2

MSE = ; f:l(}r'p - }Fr_:-j (0)

Saie Yo yainyg o Jole odd i yiw ey, o] p &S

04d (il pdlie (xSle Vp )i y90 oo (shousnlie
lasls (dloanlio yylie :Sike Fo olaisyge cclalols
2wl Slwles ) oolaiwl 3)5-0 03l dlisi 1 g Hlaid g0
& yyody RMSEN oS sl 83 Ll alsles 93 oyl b abayl
=8ly polie ply 1> ol S yiwy pdlie (s MBI s yd
2 Jie (ot @8 iy bl 1 9 25800 Ol
o= S &« Jloy sl 7V« 5l S RMSEN Hlide oS 590
g €lawgio? LSL Y. B Y oo ST &ogd» LaL Y- Y.
Tavassoli, ) 33,5 e 3,9] p €Cams» 1L 7Y+ 5 5YL 3]
5 & sl ] Sl sl y2eS MSE o 4y (2014
CE g PS5 ol (6 pSo3ll polde 4y Jao o (glwdund

.(Bagheri et al., 2012) cuol yYL Jao (gilodui

(smas 45 51, La o (ol w35 9 Ol Y SRS oy Y )3 (9,95 Slawi - g
Table 3- No. of neurons in hidden layer, No. of hidden layer, and Coefficient of determination of neural network structure

Jole gwas dSwi yUd L 8 ylowd
Factor No. neural network structure
1 2 3 4 5 6 7 8 9 10 11
ol &Y 2 oy das 9 12 14 20 17 18 26 26 8 271 26
No. of neurons in hidden layer
Slos gy &Y 3l
> ol ol 2 1 3 3 3 3 3 3 2 2 3
Yield No. of hidden layer
. S L 095 095 089 08 089 086 0.82 079 097 0.80 0.78
Coefficient of determination
ol &Y 2 oy dlas 1 13 16 20 18 20 24 28 7 22 29
No. of neurons in hidden layer
=l Erae S ol & b 2 1 5 4 5 3 5 5 1 s 6
WUE No. of hidden layer
S e 090 090 088 0.83 087 085 0.81 080 091 0.81 0.80

Coefficient of determination
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Table 4- The results of statistics indexes for neural network structures

gwas dSwi yUd b 0 ylowd

Jole
Factor No. of neural network structure
1 2 3 4 5 6 7 8 9 10 11

RMSE,
5,8es %) 2.98 4.56 12.25 20.09 16.13 15.44 19.88 30.00 2.78 18.44 28.72
. 0
Yield MSE 0.0040 0.0095 0.0134 0.0245 0.0188 0.0167 0.0201  0.0387 0.0040 0.0199 0.0411
= Rlz,l/f)E“ 5.81 9.34 14.91 18.67 15.44 18.52 15.11 27.73 5.41 16.73 25.08
WUE MSE 0.0069 0.0123 0.0179 0.0289 0.0234 0.0199 0.0300 0.0506 0.0073 0.0345 0.0544
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Table 5- Sensitivity analysis of parameters used in StatSoft method
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Table 6- Influence of adding climate parameters on yield and WUE of artificial neural network

ool giol,b MSE
5,50 i 1,5
climate parameters FErat s
Yield WUE
NG 0.0199 0.0345
Irrigation + Precipitation
5] & i
el el rgled 0.0225 0.0379
Irrigation + Sun radiation
e A 0.0411 0.0479
Irrigation + Relative humidity
lod ySilo + Lod iSlas + Lo> Jslis + (g, 0.0506 0.0582

Irrigation + Tmax + Tmin + Tmean

Dy Vs 558 Jods 55 odel Cawday

& 5 4o

s Sl al)LS sy dn g5y ol
b obis; Ol Brae ol 5 3,8las (sute ¢l (Sgias
4Bl ol cla ol )b g Jguame 5,Slas Lol I oslil
$3935 Jloednr )bl Ol & ol &8 o s ol
SBpae D)l g 3,Shos Wlgi oo Jao 900 (e Joo &
ool 3T plogl 38 g3l (oYU T B3 L 1,
o8 (S e cylnl el ) am & 2505 asute
Olries Gl By @S g 3y Slos (st 0 il
e Lo a8 oLl elelo o)l g0 oyl 5l a9 i
o caenl pad anpd o el oLS bwg 8L (655
L gzmen 3, )18 plie; Joame 3 398 Cliv Supia
09331 48 Ab pasule dgrge (owlidlen (sl yially ()
2 680 Jie lacdg g 4 Lod g (oams Cugho sl el
Uinlisl Jae (oilwand €3> ¢ 3,5 aSus 5ige] g, d9u0

e i |y i

o35 (Montazer et al., 2009) . )lLSen o ,latis
= S 536 lmjialyly 5o (SBL g solel < w008

g g0 gmxe piS O (6590102 (5jlwdnnd

3 ySles p ounlinhl ga (sl il sl Ga g3l 5l gay 2
asait

DS Sl o 90, Shos (sl 02 0 Jgoa b Gillae

(JBs s Cagho) sloially 39381 e Of Bpas
Slaye (Sl ptalS Sz 186 L (Sle 5 Sl
5 S0 sty 59,8 L3I Lal o, (MSE) o
LS 4l 395 o MSE e ils o o] el
Sy K9 e o3l plg5 el 93 45 loj (el
90y Slos (gilwand glp Jao YL sl lis o« cuwl
ol oLy 93 oyl Jleolazl > e O Bpas I
Jsiz) Je sloisdgys Sl 3T )3 & psbilon ol
G i 8] Slel 5 (Sl aoilal 45 oanlie 5 (F
Ol dyae @S 53, Shos iy sloadlhe (et

&bo

Akbarpour, A., Khorashadizadeh, O., Shahidi, A., and Ghochanian, E. 2013. Performance evaluation of
artificial neural network models in estimate production of yield saffron based on climate parameters.


http://www.sid.ir

IPAF o liali oY ojlods o il oyl yic ) 539l 9 caclyy dyai VYo

Journal of Saffron Research 1 (1): 27-35. (In Persian with English Summary).

Alvarez, A. 2009. Predicting average regional yield and production of wheat in the Argentine Pampas by an
artificial neural network approach. European Journal of Agronomy 30: 70-77.

Azadeh A., Ghaderi, S.F., and Sohrabkhani, S. 2006. Forecasting electrical consumption by integration of
Neural Network, time series and ANOVA. Applied Mathematical Computer 186: 1753-1761.

Bagheri, S., Gheysari, M., Ayoubi, S., and Lavaee, N. 2012. Silage maize yield prediction using artificial
neural networks. Journal of Plant Production 19 (4): 77-95. (In Persian with English Summary).

Behdani, M.A., Nassiri Mahallati, M., and Koocheki, A. 2008. Evaluation of irrigation management of
saffron at agroecosystem scale in dry regions of Iran. Asian Journal of Plant Sciences 7 (1): 22-25.

Daneshvar Kakhki, M., and Farahmand Gelyan, K. 2012. Review of interactions between e-commerce, brand
and packaging on value added of saffron: A structural equation modeling approach. African Journal of
Business Management 6 (26): 7924-7930.

Drummond, S.T., Sudduth, K.A., Joshi, A., Birell, S.J., and Kitchen. N.R. 2003. Statistical and neural
methods for site-specific yield prediction. Transaction of the ASAE 46 (1): 5-14.

Gupta M.M., Jin, J., and Homma, N. 2003. Static and Dynamic Neural Networks: From Fundamentals to
Advanced Theory. John Wiley & Sons, Inc., Hoboken, New Jersey.

Hosaini, M.T., Siosemarde, A., Fathi, P., and Siosemarde, M. 2007. Application of artificial neural network
(ANN) and multiple regressions for estimating assessing the performance of dry farming wheat yield in
Ghorveh region, Kurdistan province. Agriculture research: Water, Soil and Plant in Agriculture 7 (1): 41-
54. (In Persian with English Summary).

Jehade Keshavari Khorasan Razavi. 2012. Report on agronomic research for saffron. (On published). (In
Persian).

Kaul, M., Hill, R.L., and Walthall, C. 2005. Artificial neural networks for corn and soybean yield prediction.
Agricultural System 85: 1-18.

Koocheki, A. 2013. Research on production of saffron in Iran: Past trend and future prospects. Saffron
Agronomy & Technology, 1 (1): 3-21. (In Persian with English Summary).

Montazer, A.A., Azedegan, B., and Shahraki, M. 2009. Performance evaluation of artificial neural network
models in estimation of yield and water productivity of wheat on the basis of climate factor and
consumption water-nitrogen fertilizer. Iranian Journal of Water Research 3 (5): 17-29. (In Persian with
English Summary).

Norouzi, M. 2009. Prediction of rainfed wheat yield using artificial neural network in Ardal district of
Chaharmahal and Bakhtiari province. M.Sc. Thesis, Collage of Agriculture, Isfahan University of
Technology, Isfahan, Iran. 112 p. (In Persian with English Summary).

Rahimi, H., Ghavidel, G.R., and MohsenNia, J. 2007. The geography of Torbat-e-Heydarieh city. Mashhad
press. 216 p. (In Persian).

Sadeghi. B. 2013. Round table scientific debate on saffron. Faculty of Agriculture. Ferdowsi University of
Mashhad. (In Persian with English Summary).

Sadras, V.O., and Calvifio, P.A. 2001. Quantification of grain yield response to soil depth in soybean, maize,
sunflower, and wheat. Agronomy Journal 93: 577-583.

StatSoft Inc. 2004. Electronic Statistics Textbook (Tulsa, OK). Available at Web site
http://www.statsoft.com/ textbook/stathome.html (verified 5 march 2015).

Tavassoli, A. 2014. Quantifying yield gap of wheat in water and nitrogen limit conditions in Shirvan region:


http://www.sid.ir

'Y S Pun omas aSl s Juw 5l ooliwl b oyl yae 5 of d)m‘sgj)lfg.b)&b:‘siﬁd’%

model and field experiment. Ph.D thesis in the Agronomy, University of Zabol. (In Persian with English

Summary).
Torrecilla J.S., Otero, L., and Sanz, P.D. 2004. A neural network approach for thermal/pressure food

processing. Food Engineering 62: 89-95.
Vakil-Baghmisheh, M.T. 2002. Farsi character recognition using artificial neural networks. Ph.D Thesis,

Faculty of Electrical Engineering, University of Ljubljana.
Veelenturf L.P.J. 1995. Analysis applications of artificial neural networks. Simon and Schuster international

group, United States of America.


http://www.sid.ir

Abstracts, Vol. 3, No. 2, Summer 2015 4

Predicting Yield and Water Use Efficiency in Saffron Using Models of
Artificial Neural Network Based on Climate Factors and Water

Azim Shirdeli”’ and Abolfazl Tavassoli’

1. Assistant Professor, Department of Agriculture, Zanjan University, Iran.
2. Assistant Prof. Department of Agriculture, Payame Noor University, I. R. of Iran.
(*-Corresponding Author E-mail: Abolfazl202060@yahoo.com)

Received: 2 March, 2015 Accepted: 6 June, 2015

Abstract:

The predicted models for crops yield are developing rapidly by the creation of new statistical
techniques and neural networks. For this purpose, a research was carried out in the Torbat-e-Heydarieh
region for predicting yield and water use efficiency of saffron by using an artificial neural network
model. The model was calibrated and validated by using crop yield and climate parameters data during
2009-2010. The models were evaluated by using indices of correlation coefficient (R?), root mean
squares error normalized (RMSEn), and mean squares error (MSE). The results showed that the
suggested neural network (model No. 9) with having 2 hidden layers, 8 neurons, and R*= 0.97 (for
saffron yield); and 1 hidden layer, 7 neurons, and R*= 0.90 (for water use efficiency) had a high
accommodation with these two factors. Also, according to the indices RMSE, and MSE, model No. 9
simulated the yield and WUE of saffron with a high accuracy, such that RMSE, and MSE for yield in
this model obtained were 2.78% and 0.0041, respectively; and for WUE they were calculated to be
5.41% and 0.0073, respectively. Also, the results of sensitivity analysis indicated that irrigation is the
most important parameter for predicting yield and WUE, and after that is precipitation and solar
radiation. Generally, use of the suggested neural network in this research can improve saffron
cultivation in the Torbat-e-Heydarieh region.
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