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Article Info ABSTRACT
Article type: Background and Objectives
Full Length Research Paper  Saffron is one of the most important economic plants and holds significant export
value in the country. To determine the relationship between saffron yield and its
influence by climatic, soil, and management features, and due to the complexity of
Received: the relationships between these variables; the present study aims to investigate the
Revised: capability of the hybrid Genetic Algorithm-Artificial Neural Network (GA-ANN)
Accepted: model to identify an appropriate subset of features affecting the saffron yield and to
determine the importance of each of these features.
Materials and Methods

Article history:

Keywords: _ This research was conducted in 100 farms (3 to 5 years old) under saffron cultivation
Sensitivity analysis, from various provinces, including Khorasan (Razavi, North, and South), Isfahan,
ar;'ff'c'a' neural network, Chaharmahal and Bakhtiari, Gilan, Fars, and Alborz. From each farm, a composite
sartron

soil sample was collected from a depth of zero to thirty centimeters and transferred
to the laboratory. The physical and chemical properties of the soil were measured
based on standard methods. Climatic characteristics of each region were collected
from the nearest meteorological stations of the studied areas. Additionally, for each
farm, a questionnaire was prepared to gather management information and determine
the yield. To select an appropriate subset of features influencing saffron yield, the
hybrid GA-ANN model was used. The sensitivity of the yield to changes in the soil,
climate, and management features selected by the GA-ANN hybrid model was
determined using the Statsoft method.

Results

Selection of effective features on yield using Genetic Algorithm-Atrtificial Neural
Network (GA-ANN) Among all possible combinations, the combination with 22
features that had the least error and the least number of inputs was considered the
best combination. The features selected by the algorithm included: the average
minimum temperature of the growth cycle, the average absolute minimum
temperature of the growth cycle, the maximum relative humidity of the growth
cycle, the average relative humidity of the growth cycle, the average daily sunshine
hours of the growth cycle, the average temperature of the growth cycle, the
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temperature at the first irrigation, the average maximum relative humidity of the
growth cycle, soil calcium carbonate equivalent, soil cation exchange capacity, total
soil nitrogen, soil iron, zinc, and manganese, planting type, cultivation system, weed
control method, irrigation system, average number of irrigation rounds per year,
planting depth, average bulb weight, and planting density. The importance of the
selected variables in relation to the yield was determined using the Statsoft method.
All features identified as influential factors on yield in feature selection were also
among the important and effective features on yield in sensitivity analysis. The most
important climatic features affecting yield were, in order, the average maximum
relative humidity, average temperature, minimum temperature, absolute minimum
temperature during the growth cycle, and temperature at the first irrigation. Among
the soil features, in order, manganese, zinc, iron, cation exchange capacity, total
nitrogen, and soil calcium carbonate equivalent were the influential variables on
saffron yield. In terms of management, correct irrigation management, bulb weight
and density, proper planting depth, and proper weed management had a significant
impact on saffron yield.

Conclusion

The results showed that using the hybrid artificial neural network algorithm to select
and identify an appropriate subset of features affecting saffron yield among soil,
climate, and management variables in the study areas, while saving time and cost,
can yield more satisfactory results from pattern recognition and data processing
processes. These results can have significant applications in sustainable land
management and in determining the more suitable locations for saffron cultivation.
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Table 1. Parameters of the genetic algorithm (GA-ANN model).
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Table 3. Summary of descriptive statistics of investigated features in the study area.
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Figure 1. Error values for selecting feature numbers using hybrid GA-ANN model for the prediction of saffron yield.
Lo ,Ses ke b bLSS1 5o el Ol gla pite o Lo Ohies s Shes Ceules U
0L o ias owae WSl Sl ;,:llﬂ 51 eslaal L qu-u'\ Cale olwl gy sl eslizal L6595 sl me
Slp o Sl ol (g gl bl das S S ale ba i Caslus o s polie 5 G
S A S Sl o edd bl sl Shs saes e S Sl o S e ST sl el
plS a 4S5 8 Olge Ol pr onlply el s 0 S 25 2 e e it O il ) ai

.J;,bo\,s.op,ﬂwﬁL;)udw);uu;;uat,-t YOS (YY) sl Ol e LS 5 Slas R pwe



LS)L:J.} i

S oolaa!l LB mXe

OR9 (ei

S Jobes g &Ly ,S

S oslil 5 s,

Ay a3z (o Susb; (S0l
o) sl <l (S

50 le Loyl s,

S S 039

ENCT R SIETSRRE

ALy Az (e Cugh Sl
ol gl sles

Aby 4z > glhe J8las gles (Sl
Sl 4z e, o el clele 2 S0Ls
S Gee

S oolaiwl LB ol

Parameter S5,

ks

oy 4t Pl sles (SSke

Ay 4> sles Sl

oud &S 5la 039 (eSibee

Jbo 5o kel sl (. S0lee

Ay B (el Caghy JiSTao (5 Sils

0.

o

0

0.50 1.00 1.50 2.00 2.50
Variable Importance piw couos!

Sl e &ile Jald L jite . o8 sintn mas 45 (Cdlos Slil ) ol 56T 51 03litad b gy 1 35 90 (518 ke Lo o] Y LS
Ay o Pl gl pKile (b a3 gl 5Kile 0ld CuiS Gl 055 (eSle (e )3 (bl Bl G Kile (b 45 o s Cusb
e Pilam bz 5Kle (Ad ) 43 2 555 2 @B Olele 5 Kle (S Gos (DTPA L otd 5,8 o,lae) sslil JB ool (csls &

(SIFop e boiile Jy) S S 0508 (S5l Jols b Ad; 45 ol b, ST ol sl sbs s, a5 >

ok s <588 0l 55 s (ST Jslas ndS Sy S (555 ey 4Bz e Sughy Kl OIS by o

Figure 2. The relative importance of the investigated variables using the sensitivity analysis (Statsoft) of the artificial
neural network. Features include: mean max relative humidity of growing, Average number of watering times per year,
The average weight of saffron corm at the time of planting, Mean temp of growing cycle, Mean min. temp. of growing
cycle, Cultivation method, Fe, Planting dept, Mean total hours of sunshine each day of growing cycle, Mean absolute min
temp. of growing cycle, mean temp. at the first irrigation, Max relative humidity of growing Cycle, CEC, N, Weed control
method, Density of saffron corm planting in the first year, relative humidity of growing Cycle,Zn,CaCO3,Breeding
system, Mn, Irrigation system.
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