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Table 1- Mechanical properties of cabbage and design parameters of cabbage harvester

b Ao yiol,b

Parameter Value Standard Deviation

(0¢) o (9 <l )3 (Sau) Canglie (1Sikio 41357
Average Bearing Resistance (with belt)
(0¢) 4o b b p> ( Saup) Cunglie (1 Sileo 456 14
Average Bearing Resistance (with belt) '
(Ad) (Sasd o258 39
Bearing Strain
Coefficient of Static Friction
Coefficient of Dynamic Friction '
(D7) @5 3y 5959 5.47
Force on the Blade '
Lateral Force of Spring '
(Ve) aous las ey 999
Linear Speed of Belt
(N) S o Sle g cas oo
Rotational Speed of Drive Roller
SB Sl Jgaze (35 1) sl p5Y 98 42
Required Force for Pulling up the Cabbage

59.6

97.38

67.36

0.16

0.2

e 5 bl ol

5

..\9‘9
Unit
kPa

kPa

kN

kN

km.h?

rpm

N

adlze
Equation Number

1

10

12

14

15

o catly oy alojl sl Jale 31 uilyly Jubos oo =Y Jgua
Table 2- Analysis of variance of the effect of the factors on harvest success

oS 2be @33l a3
d.f.

Source

Olaryo (ke
Mean or Squares

F

Gy rig Sy
Forward Velocity
Sl 4415
Attack Angle
Distance between
Plants
Sl dglX g9yl i yus
Attack Anglex Forward Velocity
Syl dyglixaiey e alold
Attack Anglex Distance between Plants
Dy O AboliX g9y s pus
Distance between Plantsx Forward Velocity
Gy oy Aoldx )| ydnl 4y glix g i s yuo
Distance between Plantsx Attack Angle x Forward Velocity
559
Error

-5
Total

2

36

54

60.667

50.667

0.0001

1.333

0.00003

.0002

0.00001

0.370

163.8**

136.8"

0.00027"™

3.6
0.00004"
0.00054"

0.00002"

&b sz pas NS

"™ None significant

7N g 70 Jlais! mdaws 55 45 dime s 5ay ¥F F

“and ** Significant at the probability level of 5% and 1%, respectively
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Table 3- Mean comparision of the simple effects of the experiment factors on harvest success

Jole Jole sbophw o Cudld g o yd

Factors Factor levels Harvest success (%)
1 2 6.33%
(kM) (g iy e yuo 35 6.00%
Forward Velocity (km.h'%) 5 3.00°
. 20 3.56°
(42)0) syl 4yl 25 6.89%
Attack angle (degree) 30 4.89°

it 3uoyd ) o )3 Iy me BB oy ylis oglite (y5Y gy ¥
*. Different latin letters show the significancy at the probability level of 1%

(2]
o O

o

Harvest success (%)
N w iy a1
o o

(I
o O

3.5

=—¢— Attack angle of 20 degree
== Attack angle of 25 degree
Attack angle of 30 degree

Forward velocity (km.h'1)

Wl Cadldy doyd p olKtwd il dgly g (g Cus o late 1 -8 S
Fig. 6. Interaction between forward velocity and attack angle on harvest success
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Table 4- Analysis of variance of the effect of the factors on machine capacity

8 o @ljlary  Oluye (e .
Source d.f. Mean or Squares
9 el 2 14438657.4 72.272**
Forward Velocity
S gl 2 25810185 129.192™
Attack Angle
 Smomdel 1 24671296 123491
Distance between Plants
Sl dliisgpin Copm 4 1446759 7.242"
Attack Anglex Forward Velocity
el gl (o ol 2 1013407 5.168"
Attack Anglex Distance between Plants
gt O Abolix gg piiy Sy 2 577546.3 2.891™
Distance between Plantsx Forward Velocity
Distance between Plantsx Attack anglex Forward Velocity
s 36 199781.4
Error
S 54
Total

s bsine pas
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™ None significant
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“and ** Significant at the probability level of 5% and 1%, respectively
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Fig. 7. Interaction between forward velocity and attack angle on device capacity
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Table 5- Mean comparision of the simple effects of the experiment factors on machine capacity

Jole Jole szl (Celw ol Culld 1 0LS) olKiuwd Cod b

Factors Factor levels  Machine capacity (harvested plants per hour)
KD (o3 2 2638.89°
T 4 35 4375.00°
Forward Velocity (km.h™) 5 3125 00"
(e03) il o5 20 2314.81°
297) SR 9 25 4675.93°
Attack angle (degree) 30 3148.15
(€M) g, oy alols 40 4055.56
Distance between Plants (cm) 60 2703.70°

A Jio )3 Y g 43 5 e MR goima L Ciglite Y By s F
*, Different latin letters show the significancy at the probability level of 1%
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Introduction

Harvesting is one of the most difficult steps in cabbage production that is usually a costly intensive operation.
Cabbage harvesting is often done by human labors in Iran. According to customs administration’s statistics,
more than 54000 tons of cabbages have been exported from Iran in 2015. Development of cabbage harvesting
industry is necessary, because of the large cultivation area and the short available harvesting time. So far, a few
studies have been done on cabbage mechanized harvesting in Iran. The harvesting machines can reduce
harvesting time to one-eighth in comparison with manual harvesting. Design and manufacturing of a harvester
unit suitable for small cabbage farms in Iran were conducted in the present study. So the paper was aimed to
investigate the performance of the harvester at the different forward velocities, attack angles and distances
between the plants.

Materials and Methods

The proposed machine consists of two major units; the soil looser and the unit for pulling out, crops from the
soil. In this machine, the blades loose the soil around the cabbage root after penetrating into the soil. Next,
cabbage is pulled out from the soil by puller belts. The belts move contrary to forward speed direction and take
crop to the backward of the machine. Mechanical and physical properties of the cabbages should be measured,
because the harvester is directly in touch with the crop. These properties are firstly measured and then selection
of the different components and machine manufacturing are done. Two narrow legs (tillage tools) equipped with
one-side blade with attack angles of 20 and 25 degrees are used for losing the soil around the cabbage’s root. The
force exerted on the blade was 5.47 kN. Finally, the harvesting force is estimated to be 164.8 N by using
mechanical and physical properties of the cabbages. Experiments were conducted at the different forward
velocity levels (2, 3.5 and 5 km h™), attack angle of the blades at three levels (20, 25 and 30 degree) and the
distance between the crops in two levels (40 and 60 cm) in a completely randomized design with three
replications.

Results and Discussion

The analysis of variance of the effect of different parameters on the harvested crop numbers showed, that the
effects of forward velocity and attack angle on the number of harvested crops were significant in 5 percent
probability. But distance between crops did not have significant effect on the number of harvested crops. Also
the effects of interaction between forward velocity and attack angle, forward velocity and distance between
crops, attack angle and distance between crops on the number of harvested crops were significant in 5 percent
probability. According to the results, the number of harvested crops and machine performance were decreased by
increasing forward velocity. Moreover, designed machine had the best performance (80 percent) at an attack
angle of 25 degrees and forward velocity of 2 km h™.

Conclusions

The results showed, with increasing the forward speed from 2 to 5 km h™ the harvest success decreased by 20
to 25 percent. Also, the harvesting quality did not change at the different distances between the plants. The
highest machine capacity was more than 5300 plants per hour, which was observed at the forward velocity of 3.5
km h™ and the attack angle of 25 degrees.

Keywords: Cabbage, Forward velocity, Harvesting machine, Narrow leg tools, Puller belts
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Fig. 6. Device while working
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alols o s o
. 2 4.095 0.004 0.004
Distance
N 2 2.087" 1™ 0.004™
Speed
- alols o o -
A 4 0.004 4 3
DistancexSpeed
s
54 8 6 1
Error

% # NS

TN 50 Jlaisl g )3 )l e gl sneyet i " g
*™ Significant at 5% and 1% of probability levels, respectively, ™: non-significant
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Table 2- The effect of variables in the average efficiency of the device, the separation efficiency and total losses during

soybean test

S5 o3Il el
Measured Parameter
PRYFIY s dold 2wy ylondly o laa 8330 oK JS wlals

Seed Speed (rpm) Distance (mm) Efficiency%o Separation% L0ss%

7 91.66°° 88.82° 1.90%°

110 8 91.23" 90.05" 3.21b¢

9 92.15*° 89.71b¢ 2.85°

bgw 7 92.51° 89.4P¢ 1.66°
(Soybean) 170 8 91.66%" 90.35" 2.98"
9 93.07° 90.01° 3.03°

7 92.23° 92.27° 3.90°

210 8 90.41° 89.55"¢ 1.70%
9 91.88%° 89.470¢ 3.220¢

(22yd Y o 1) Sl s > gize S5 J3las 1.17 1.44 1.13
0.74 0.91 0.72
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Fig. 8. The effect of speed changes on system efficiency
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Introduction

Nowadays, due to growth and development of the husbandry and its worthiness in providing human basic
needs, affecting parameters such as costs, efficiency and fuel consumption is significantly important. So,
increasing the efficiency of threshing machine could lead us to huge savings in energy. However using the
conventional drums and concaves have some problems such as damaging seeds due to impact, complicated
manufacturing technology and spending a lot of energy in separating process. Therefore in order to overcome
above mentioned problems especially energy consumption, a new seed pod husker based on rubbing was
designed, fabricated and tested in this research.

Materials and Methods

Practical tests of this device were carried out on soybean which was harvested in a farm of Babolsar city. The
experimental design was simple randomized complete design with three replications. The rotational speed of
rollers and distance between rollers varied in three levels of 110, 170, and 210 rpm and 7, 8, and 9 mm for
soybean. The measured parameters consisted of efficiency, separation and loss. For designing the seed pod
husker, the required electric motor power and the torque for separating seeds from its pods were calculated. After
reviewing the physical and mechanical characteristic of some seed pod crops specially, soybean, a seed pod
husker was designed in SOLIDWORKS 2013 software. In order to facilitate seeds separation from the pod, it
was preferred to use the right-round and left-round Archimedes screw on the rollers. According to the
preliminary evaluations, it was considered to use a speed range of 110 to 210 rpm; it was because of that the
speed lower than 110 rpm was not able to open pods and the speed higher than 210 rpm caused hyper
movements of pods. Analysis of variance (ANOVA) and mean comparisons and interaction between the
parameters were performed using the SPSS 22 software.

Results and Discussion

The results indicated that the rollers were acceptable and sticking of pods were not seen. Results indicated
that the efficiency of this device was increased with increasing the rotational speed and then was decreased.
Increasing the rotational speed was led to increase separation. It is because of this fact that the performance of
the husker’s component will be more powerful and crops suffer bigger impacts. The chart of device loss had a
relatively upward slope. It could be due to a tougher collision between the seeds and the rollers. Increasing the
roller distance, first decreased the efficiency of soybean and then increased that. The results indicated that
separation efficiency decreased by increasing the distance. The reason for that was due to unavailable necessary
force to separate the seed and pod. As the roller distance increased, the total losses of the device also increased.
The reason for this was likely increasing in the movement of the seeds.

Conclusions

The results of practical tests and qualitative observations showed that the device had sufficient resistance
against the maximum torque produced by the crop. Influence of rotational speed of rollers and rollers clearance
on the efficiency, separation and loss were significant for new fabricated seed pod husker (P<0.01). The capacity
of the machine for soybean was 28.506 (kg hr). To achieve maximum efficiency, maximum separation and
minimum loss for soybean, authors suggest using (9mm-170rpm), (7mm-210rpm) and (9mm-110rpm)

1 and 2- MSc Graduated and Associate Professors of Mechanics of Biosystem Department, respectively, Sari
Agricultural Sciences and Natural Resources University
(*- Corresponding Author Email: mousavi22@yahoo.com)
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compounds, respectively. Eventually, it is suggested to evaluate this machine for other seed pod crops and for
other parameters such as germination percentage, electric conductivity and ergonomic issues such as noise and
machine vibration. Of course, it is recommended to survey the impact of length of husking roller, shaft rotation
method and thread types on measurement parameters.

Keywords: Drum and Concave, Husker, Seed Pod, Soybean
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1- Quasi-two-dimensional apparatus
2- Initiation

3- Lateral growth

4- Steady filling
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Fig. 2. Experimental set up (a) Main container, (b) Elevator, (c) Y-Shaped pipe, (d) Trapezoidal container, (g) Agitator,
(f) Fluted roller mechanism, (g) Fill pipe, (h) Pilot scale silo consist of seven rings
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1- Bulk density
2- Angle of repose
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1- Nonuniformity factor
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Table 2 - The results of ANOVA used for assessing the efficiency of main parameters
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Source of variation  Degree of freedom  Sum of squares Mean square
BC, 2 7462.171 3731.086 238353.790"
Q 2 447.219 223.609 14285.189"
De 2 50.214 25.107 1603.945"
z 4 1051.478 262.869 16793.304"
R 3 18486.283 6162.094 393662.731"
Error 1078 16.874 .016
Total 1620 209167.535
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* Significant at P < 0.05.
CV: 0.0120
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Fig. 6. Distribution profile of local BCFM (BC,) along radial direction at different heights (related to BC, =7.5%, Q =
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Fig. 7. (a) A 3D view of a sector from flowing layer, (b) side view of flowing layer, where arrows indicate velocity
magnitude of materials through flowing layer
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Table 3- The values of NUF and NUFg at different experimental conditions
No. BC (%) Q(kgm®  Dg(mm) Z NUFg NUFs
1 5 0.5 84 0.79 162.87 122.16°

0.64 144.02
0.50 124.13
0.35 101.83
0.21 77.95
2 5 0.5 105 0.79  159.64 119.57
0.64 14205
0.50 123.64
0.35 98.22

0.21 74.31
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3 5 0.5 120 0.79 14544 110.35
0.64 13548
050 116.89
0.35 92.15
0.21 61.81
4 7.5 0.5 105 0.79  100.45 78.80
0.64 91.57
0.50 80.88
0.35 67.28
0.21 53.81
5 7.5 1 105 0.79 94.23 72.61
0.64 85.98
0.50 74.89
0.35 61.26
0.21 46.71
6 7.5 15 105 0.79 78.23 53.57
0.64 67.98
0.50 55.19
0.35 40.47
0.21 26.00
7 5 15 84 079 11192 80.77
0.64 98.91
0.50 83.01
0.35 65.90
0.21 4410
8 7.5 1.5 84 0.79 82.33 56.56
0.64 71.96
0.50 57.62
0.35 42.68
0.21 28.23
9 10 1.5 84 0.79 63.17 47.15
0.64 56.01
0.50 47.74
0.35 38.53
0.21 30.28
10 7.5 1 84 0.79  100.45 78.80
0.64 91.57
0.50 80.88
0.35 67.28
0.21 53.81
11 7.5 1 120 0.79 86.62 59.53
0.64 74.24
0.50 59.77
0.35 45.96
0.21 31.09
12 10 0.5 120 0.79 84.61 63.71
0.64 79.71
0.50 70.53
0.35 51.72
0.21 31.96
13 10 1 120 0.79 67.40 45.33
0.64 56.57
0.50 4477
0.35 34.62
0.21 24.29
14 10 1.5 120 0.79 50.40 36.97°
0.64 45.11
0.50 38.73
0.35 29.39
0.21 21.22
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& Maximum value of NUFg
b: Minimum value of NUFs
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Fig. 8. Mean of local BCFM (BC,) at different heights
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Introduction

During filling a silo, granular material containing a range of particle sizes, the fine material accumulates
under the filling point. The inclined surface of stationary bed particle which is formed in silos during filling
process acts similar to a sieve through which the smaller particle fall. This effect is called sifting. As a result of
the mentioned effect, much finer particles form a vertical cylindrical zone of high concentration at the silo
center. For optimal design in industrial process such as aeration of stored products in silos, filling silos, and
wherever granular materials are handled, it is necessary to survey the distribution of the fine materials depending
on product and process properties. The objectives of present study were: (a) To study fine change as affected by
substantial parameters, (b) To model fine changes at different conditions in silos.

Materials and Methods

In the present study, an experimental setup consist of a main container, elevator, trapezoidal container and
experimental silo was designed and built. Fine content was defined by BCFM (broken corn and foreign
material). By applying a new approach, sampling was performed in a radial and vertical direction. The position
of each sampling point was determined with a scaled distance from center (R) and from bottom (Z). Local BCFM
(BC,) was defined as the value of BCFM in each sampling point. Influential parameters namely, initial BCFM
(BC)), volume flow rate (Q) and fill pipe diameter (Dg) were considered as treatments. Non-linear regression
technique was applied on the experimental data to predict the distribution pattern of fines into the pilot-scale silo.
The most appropriate model in a try and error procedure was selected based on highest value of R? and least
value of »°, RMSE and MRDM.

Results and Discussions

According to the results of ANOVA, it was found that the effects of all parameters were significant at 5%
probability. BC_ decreased nonlinearly with a concave down decreasing trend along radial direction due to
sifting effect. As a result, most amount of fines remained in the sections closer to the center of the silo. Fine
distribution became more uniform with decreasing Z and increasing BC, and Dg. Also, the distribution of fine
became more uniform with increasing Q. BC, was a nonlinear function of R and a linear function of Z, BC,, Q
and Dg. Although including more and complex terms increased the model complexity but in the present study
considering BC__ as an exponential function of R and as an implicit function of Z and R (ZR) improved the quality
of the model significantly. The values of 0.94, 1.14, 1.06, 11.39 for R? »°, RMSE and MRDM, respectively, gave
the best model. The results showed, considerable accumulation of fines occurred at the center of the silo which
increased with increase of level of Z. Also, low concentration of fine occurred at the periphery of the silo
especially at higher levels of Z. It means that maximum non-uniformity of fine distribution occurred at higher
levels of Z.
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Conclusions
The present study investigated distribution of fines during filling affected by main parameters namely, initial
BCFM, volume flow rate and fill pipe diameter in a pilot scale silo. A new procedure was developed for
measuring the fine material along radial and vertical directions. Distribution of fine was modeled using a
developed equation considering the effects of main parameters. The results showed that distribution of fine
becomes more uniform with decreasing height and increasing initial BCFM, volume flow rate and fill pipe
diameter.

Keywords: Corn, Filling method, Fine distribution pattern, Material flow, Nonlinear model, Silo
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Introduction
Long drying time and high energy consumption are the big problems in paddy drying using conventional
batch type dryer. Besides, non-uniformity occurs in paddy rice dried and low milling quality. Paddy is over dried
in lower layers and broken kernel chance increased in milling process. Using of a new pattern for warm air
causes to better air passing through the paddy bulk and uniformity of drying. Computational fluid dynamics
(CFD) is a good method for modeling of air passing in dryers in order to find better air condition in paddy drying
process. The aim of this research was investigation on common and porch patterns applied for air entrance to
paddy bulk in a dryer in order to optimize air channel conditions in a conventional paddy dryer.

Materials and Methods

In this study, optimization of air flow was investigated in a batch type paddy dryer using computational fluid
dynamics (CFD). Two patterns as conventional and porch (reverse V type) patterns were applied for air entrance
to paddy bulk in the dryer as conventional and porch (reverse V type) patterns. Experimental examination were
done using a laboratory batch type dryer with chargeable air flow pattern in 50 °C for drying paddy (Tarom-
Hashmei Var.). Numerical simulation of air velocity and pressure drop in porous media of paddy in the dryer
was achieved by employing computational fluid dynamics method and Fluent software. Air velocity pattern and
temperature changes in bulk of paddy were investigated in different time of solution including 20, 100, 1000,
1800, 3600 and 7200 seconds for both patterns.

Results and Discussion

Considering air flow and temperature as constant, the results showed the porch type pattern has better
performance than the conventional pattern for air passing in the dryer. The velocity vortex was higher in all parts
of the channel in the porch scheme. Air velocity uniformed decreased from beginning to end area in the
conventional pattern, but in the porch type pattern, air velocity was more in the end of the duct than beginning
area. Pressure drop was about 10 percent in the conventional pattern than porch pattern. At the end of the air
channel, this variation inversed due to contact of the air with the end wall and pressure drop in this part of the
chamber of porch scheme was higher than the conventional one. Improvement of air flow in paddy occurred in
low and middle layers in the porch type pattern and there was no difference between two air passing patterns in
top layers. Validation of modeling showed that temperature disturbance of the porch model was more uniform
than the conventional model and difference between temperatures of model and experiments was about 2 to 3
°C.

Conclusions

The research concluded that using of the porch type pattern had better performance than the conventional
pattern for air passing in the dryer but it is needs to more supplementary research to find the best height and
angle in the paddy dryer. Porch type pattern causes to more speed and uniformity of air among of paddy than the
conventional pattern. This improvement observed in low and middle layers of the paddy bulk. Validation of
temperature data showed that the difference between experimental and modeled data was 4 to 6 percent and this
difference was higher in the conventional pattern than the porch pattern. According to the results of this
research, Porch pattern can be recommended to use in the conventional batch type dryer.

Keywords: Computational fluid dynamics, Modeling, Paddy dryer, Porous media
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Introduction

Olive is one of the plants, that has been cultivated for long in Iran. The average extracted oil is about 65 kg
per tree. Four to five kg olives give approximately one liter oil. Olive harvesting problem, is one of the obstacles
to development cultivation in Golestan province. Concurrency olive harvesting time with a number of field
crops, seasonal precipitation and a lack of the workers are some limitations for development of this fields.
Investigative study of the alternative methods instead of the traditional can be desirable strategy for cultivation
development of this product. But gardeners are not eager to use this equipment due to lack of harvesting
machine. With regard to the afore-mentioned items, the objective of this study was to determine the appropriate
method, the optimal time and interaction effect of the two afore-mentioned factors on the measured traits in
order to damage reduction during harvesting time.

Materials and Methods

This research was conducted with the two factors, i) date of harvesting and ii) harvesting method. In this
regard, harvesting operation carried out at the three dates including; i) 19 December, ii) 3 January and iii) 18
January in 2015. At the three afore-mentioned harvesting dates; olives were harvested with the three methods
including; i) traditional (hitting with the long wood by worker), ii) manual comb and iii) motorize pneumatic
comb shaker. The measured traits during operations before and during the harvesting time were the abscission
naturally percentage, at the start and the end of the harvest, amount of harvesting (harvested fruit percentage),
the remaining fruits percentage on the tree, damaged fruits percentage and damaged fruit index. The
experimental design carried out in this research was a split plot based on the randomized complete block design,
with three replications. The main plots attributed to olive harvesting time at three levels. The sub-plots attributed
to types of olive harvesting method at three levels. After sampling and data collection, the data were set in the
Excel software. The obtained data analyzed by using SAS software. Analysis of variance (ANOVA) and
comparison of means extracted from the output of analysis of the data with a probability level of 5%.

Results and Discussion
Interaction effect of harvesting time and harvesting method on maturity index was significant at 1% level
(Table 1). The lowest and highest value of maturity index occurred at the time of 19 December and 18 January
(2.28 and 4.07), respectively. The effect of harvesting time on naturally abscission percent was significant at the
5% level. The lowest (1.16) and highest (2.21) naturally abscission attributed at the time of 18 December and 18
January, respectively.
The effect of harvesting method on the percentage of the remaining fruits on the tree was significant at the
1% level. The lowest (2.71%) and the highest (5.89 %) value of the remaining fruits occurred in the manually
comb and traditional methods, respectively.
The effect of harvesting method on the amount of remaining fruit on the tree per kg of harvesting was
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significant at the 1% level. The highest (62.86 gr) and the lowest (27.92 gr) value of this trait yielded in the
traditional and manually methods, respectively.

Interaction effect of the harvesting time x harvesting method on the damaged fruits was significant at 1%
level. The highest and the lowest values of the damaged fruits took place in 19 December and in the traditional
and the manual comb methods, respectively.

The effect of harvesting time on abscission leaf percent was significant at the 1% level. The highest value of
13.2% and the lowest value of 4.47% occurred in 18 January and 19 December, respectively.

Interaction effect of harvesting time and harvesting method on the damaged fruits index, was significant at
the 1% level in 18 January. The highest (1.002) and the lowest (0.424) yielded in traditional and manually comb
methods, respectively.

Conclusions
The results showed that in order to percentage of remaining fruits on the tree, remaining amount on the tree
per kg, damaged fruit and damaging fruit index, the best method of olive harvesting is the manually comb
method. The lowest percentage of leaves abscission naturally occurred on 19 December. The Lowest percentage
of leaf abscission was on 18 January. So the best of olive harvesting method (variety Koroneiky) in the study
area, the use of manual comb with maturity index 3.58 is suggested.

Keywords: Average maturity index, Damaging index, Harvesting methods, Harvesting time, Olive
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1- Time History Speckle Patter (THSP)

2- Autocorrelation function

3- Inertia moment (IM)

4- Absolute value of differences (AVD)

5- Gray level co-occurrence matrix (GLCM)
6- Gray level run length matrix (GLRLM)
7- Local binary pattern (LBP)

8- Wavelet transform (WT)
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Table 1- Available texture features measured by statistical techniques for each THSP image

Method - _yig, &9

Feature - Si9 oU

sl (29993 555l
(LBP)

. * Smoothness
(Ojala et al., 2002)

» Skewness

* Mean gray level
+ Standard deviation

« Uniformity (energy)
* Entropy
* Kurtosis (4th moment)
« Coefficient of variation

* Autocorrelation

« Contrast
« Correlation
g Bl oa s plo

* Cluster Prominence

* Sum average
» Sum variance
* Sum of squares: Variance
« Difference variance

Sl * Cluster Shade « Difference entropy
(GLCM) * Dissimilarity * Information measure of correlationl
(Clausi, 2002; Ojala * Energy * Information measure of correlation2
etal., 2002) * Entropy * Inverse difference (INV)
» Homogeneity * Inverse difference normalized
» Maximum probability * Inverse difference moment normalized
* Sum entropy * High gray level run emphasis (HGRE)
. - » Short run low gray level emphasis
Short run emphasis (SRE) (SRLGE)
 Long run emphasis (LRE) « Short run high gray level emphasis
g £ sl (ot o . (SRHGE) _
* Gray level non- uniformity * Long run low gray level emphasis
St (GLNU) (LRLGE)
(GLRLM) * Run length non-uniformity « Long run high gray level emphasis
(Ojala et al., 2002) (RLNU) (LRHGE)

* Run percentage (RP)
* Low gray level run emphasis

(LGRE)

* High gray level run emphasis (HGRE)
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Fig. 2. Force-Deformation curve in compression test with fitted polynomial curve
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Table 2 - Statistical information of mechanical properties

o3l €9 Sl Caols  ole Sl il B0 S
Test Type Property Mean  Maximum Minimum devisatﬁon
) Penetrationforce 2, 511 1091190 28.200 14.879
Cusgy b (N)
- W Skin Penetration energy  »71 6og 422520 85.484 0.075
Rrey (mJ)
Penetration Test Penetrationforce 43309 69770 14800 10477
Cuogy (9 (N) ' ' ' '
WO Skin Pe”etra(t;‘]’j‘) enerey 132834  277.769  31.608 0.051
2.5% 0.433 1.722 -0.166 0.400
Tangent modulus of 5% 0.085 1.909 -0.040 0.422
S5 et elasticity (MPa) 7.5% 1.214 2.488 0.023 0.459
(BT 0 B 10% 1.534 2.876 0.066 0.495
Uniaxial Compression Secant modulus of elasticity (MPa) 1.680 2.490 0.400 0.386
Test Failure stress (MPa) 0.504 0.740 0.250 0.098
Failure strain (%) 32.720 95.260 16.720 0.098
Toughness (mJ/mm®) 0.077 0.222 0.026 0.028
Initial compliance Dy (MPa™) 1.329 1.395 1.390 0.001
IS Retarded compliance D; (MPa™) 0.050 0.242 0.033 0.022
Creep Viscosity n (Pa.s) x10° 6.448 10.082 2.035 1.552
Retardation time T, (S) 66.244 207.147 56.475 15.148
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Table 3 - Statistical comparing mean information of mechanical properties

Day Failure Failure

Initial Retarded

Retardation Penetration

) stress strain Elastic Elastic time Viscosity force (S)
3 (kpa) (%) Modulus  Modulus s) (kPa.s) N)
(MPa) (MPa)
1 495a 0.282b 1.0ab 21.013b 78.233b 1.125b 75570 b
2 478a 0.287b 1.065a 20.59b 70.453 ¢ 1.359 ¢ 72.337¢C
3 491a 0.273Db 1.13a 23.215a 63.538 a 1.468 a 69.618 a
4 501b 0.355a 0.92b 21.68Db 64.304 a 1.482 a 69.332a
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Fig.3. b: The biospeckle pattern at the wavelength of 780 nm; a: The concentration of non-zero values around the
principal diagonal of GLCM; c: Autocorrelation function

Szymanska-Chargot et al., 2012; Ansari and Nirala,
(2013
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Table 3 — Best mechanical properties prediction model using of different texture analysis technique

Type of mf No. Calibration Prediction
Mechanicgl ;rrfglt;sﬁg . _of Optim.
Property technique Input Output mrﬁ?t method RMSE., MBE¢ re RMSEr, MBEp rp
Toughness GLRLM  Tri Linear 2 B;‘rcé" 0029 0007 0732 0005 0.011 0.869
Break stress Wavelet DSig  Constant 3 Bgfé(' 0.091 0.034 0.732  0.030 0.067 0.823
Break strain GLCM Pi Constant 3 Hybrid 0.047 0.016 0.730  0.010 0.016  0.920
2.5% Wavelet  Gauss2 Constant 2 BS[E:QI(- 0.060 0.110 0.851 0.056 0.071 0.821
o 2 5%  Wavelet GBell Constant 3 Bgrc(')" 0087 0043 0709 0.120 0.099 0.778
n Q
S % 75% GLRLM  Gbell Constant 2 Bgfé(' 0028 0110 0798 0.030 0103 0.791
=9 10%  GLCM Pi Linear 3 Hybrid 0072 0166 0783 0.034  0.074 0.880
Secant  GLCM Pi Linear 3 Bgrcé" 0067 0016 0702 0.033 0143 0.843
Do LBP Gauss  Linear 3 Bsrc(f' 0028 0030 0822 0034 0028 0.808
D, THSP DSig  Linear 3 Bsrcc')" 0.095 0048 0.640 0.075 0.055 0.790
CTrgsetp Tee  THSP PSig Constant 2  Hybrid  0.010  0.007 0747 0010  0.003 0.890
M  GLRLM Pi  Constant 3 Bsrc(f' 0021 0019 0919 0067 0129 0.728
m  Wavelet Pi Linear 3 Bsrcc')" 0421 0291 0827 0.165 0.189 0.886
. Back-
Penet, Enrg GLRLM  Trap  Linear 3 oro 0269 0056 0707 0.117 0102 0.816
withskin-— ¢ qep Pi Linear 2 Bsrc(f' 0096 035 0693 0056 0071 0.883
Penet. Enrg  Wavelet Gauss Linear 2 BSrCcI)(- 0.118 0.069 0.639 0.120 0.099 0.879
without
skin F Wavelet  Trap  Linear 3 B[?fé(' 0246 0166 0.682 0030 0103 0.853

a: F: Force, E: Energy, S-S: Stress-Strain, Dy: Initial compliance, D;: Retarded compliance, n: Viscosity.

b: Tri: Triangular, Trap: Trapezoidal, Psig: Product of two sigmoidal functions, DSig: Difference between two sigmoidal functions,
GBell: Generalized bell-shaped, Gauss: Gaussian, Gauss2: Gaussian combination, Pi: TT-shaped.
c: In 2.5%, 5%, 7.5%, and 10% of initial length.
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Introduction

The texture of fresh fruit is determined by the structural and mechanical properties of tissue. It depends on
climate, maturity, variety and postharvest condition. During ripening, due to loss of turgor, degradation of starch
and cell walls, the flesh of apple softens. The relationship between fruit quality and its physiological changes has
been widely investigated. Using techniques according to the principles of force-deformation, impact, and
vibration tests, texture of fruit and its mechanical properties can be associated, conventionally. In analyzing the
vitality of biomaterials; a non-invasive technique based on the optical phenomenon is the Biospeckle method
which occurs when the surface of the sample is illuminated by laser light. It seems that because of the fact that
the laser light can penetrate tissue, it is possible to obtain information about the texture and cell condition from
tissue under the skin. This means that, there would be a chance to detect and monitor the variation of cells and
try to make a model to predict mechanical properties. Therefore, the overall objective of this study was to

develop prediction models based on biospeckle imaging to predict mechanical properties of ripe Golden
Delicious apples.

Materials and Methods

The 400 fresh and intact 'Golden Delicious' apples were harvested and were prepared for mechanical tests
and biospeckle imaging. Biospeckle imaging was carried out first, followed by compression and creep test and

then penetration test. During imaging, to avoid environmental reflections, the process was carried out in a dark
and closed chamber. Biospeckle activity was saved as a video (AVI format) in a computer for analyzing. The
THSP method was used to analyze biospeckle activity in samples. The indices which have been used for
analyzing biospeckle images are divided into 3 statistical features and 4 textural features.

Apples were cut in half. One of the halves was used for cylindrical sample extraction for uniaxial
compression and creep tests and another was used for penetration test. From compression tests the tangent
modulus of elasticity, stress and strain of bio-yield and failure energy for toughness calculation were determined.
The creep behavior was obtained by fitting the Burger's model to the experimental data. In penetration test, a
stainless steel probe with a hemispherical tip was used for peeled and unpeeled samples. For each sample
maximum penetration force and energy were obtained.

Prediction of mechanical property was carried out using adaptive neuro-fuzzy inference system (ANFIS). To
reduce the dimension of the input vector the PCA was used. Four significant adjustments were made in the
structure of ANFIS in order to find the best models. The models were evaluated using RMSECV, RMSEP,
MBEC, MBEP, RC, and RP.

Results and Discussion

Models for modulus of elasticity prediction have Rp=0.821, 0778, 0.791, 0.880, and 0.843 for 4 compression
rate and secant modulus, respectively. Clearly, the results from this research are encouraging, indicating the
potential of using speckle imaging system for predicting apple fruit mechanical properties. Comparing to the all
texture analysis techniques, Wavelet and GLRLM provided good results for most properties leading to select
them as the best techniques for analysis of biospeckle images because of their consistency in prediction
performance. Prediction model for break strain has the highest Rp (Rp=0.920) followed by the retarded time
(Rp=0.890), retarded viscosity (Rp=0.886) and maximum penetration force in unpeeled case (Rp=0.883). A
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lower correlation (Rp = 0.728) was observed for initial viscosity.
Conclusions

The described optical method based on biospeckle represents an innovative and reliable method for rapid and
non-invasive detection of mechanical properties. The results of the evaluation showed that, as time passes, fresh
apples due to the loss of water in both the elasticity and the biospeckle activity were dropped. Biospeckle
imaging can accurately predict mechanical properties. The average accuracy of best prediction of mechanical
properties models was R?=0.899. The present results can provide the basis of future development of in-line
quality monitoring during apple quality control.

Keywords: Creep test, Laser imaging, Penetration test, Prediction, Uniaxial compression test
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Fig. 2. NDVI and chlorophyll readings during growth stages, A and C: tomato, B and D: cucumber in 1% to 5"
treatments
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Fig. 3. Kjeldahl readings after applying Nitrogen supplementary A. Cucumber, B. Tomato, C. Cucumber fruit
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Table 3- Correlation coefficient between fertilizer rate with chlorophyll and NDVI

L 2
. I >
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Treatment J-nés s NDVI J-;ég R NDVI
F9? 0.505 0.495 0.797 0.947
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fo 0.604 0.573 0.663 0.953
Third
Pl 0.190 0.204 0.572 0.678
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P 0.651 0.646 0.457 0.326
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Linear regression

Calculated amount

Linear regression Calculated amount

p9? Y = 0.662 + (0.186)*X 0.667
Second
P Y = 0.534+ (0.356)*X 0.583
Third
ke Y = 0.669+ (0.053)*X 0.688
Forth
o Y = 0.705+ (0.097)*X 0.763
Fifth

Y = 0.480 + (0.546)*X 0.495
Y = 0.478 + (0.463)*X 0.541
Y = 0.621 + (0.150)*X 0.674
Y = 0.673 + (0.073)*X 0.717
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Table 5- Correlation coefficient of NDVI and chlorophyll

. 4 o5 s
slow x4 2=
Treatment _ Tomato _ _ Cucumber _
BSF ASF BSF ASF
“_J’l 0.796 0.951 0.494 0843
First
P9 0.796 0.951 0.639 0.714
Second
Foe 0.832 0.845 0.775 0.774
Third
il 0.792 — 0.872 —
Forth
P 0.837 — 0.817 _
Fifth
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*BSF is abbreviation of before supplementary fertilizer
**ASF is abbreviation of after supplementary fertilizer
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Table 6- Correlation coefficient between leaf numbers with NDVI and chlorophyll

= ang5
Cucumber Tomato
Joss Jidg 5 NDVI Judg k5 NDVI
Treatment Chlorophyll Chlorophyll
BSFF ASF° BSF ASF BSF ASF BSF ASF
Ffss't -0.274 0.701 0.418 0.768 0.684 0.832 0.865 0.931
P9 0.064 0564 0738 0.785 0.759 0.891 0.730 0.866
Second
T*;]’,“’d 0.268 0.428 0.738 0.789 0.705 0.766 0.803 0.890
Ir
Pl 0330 — 0637 — 0435 — 0718 —
Forth
P 0372 — 0637 — 049 — 0960 —
Fifth

A5 03 Y g V) slaylas 4 &S Cunl loyd 3557 jelate™, **
*BSF is abbreviation of before supplementary fertilizer
**ASF is abbreviation of after supplementary fertilizer
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Introduction

One of the most important factors in agricultural production is nitrogen which has a great impact on plant
growing, yield performance and plant quality production. The optimum amount of nitrogen fertilizer is varied
from fields to fields. There are some time consuming and costly ways to measure the nitrogen content of plants
or soil, which are inappropriate for extended field or for a long growing season. Fast and remote optical sensors
calculate greenness of plant using reflectance or absorbance of light from green leaves. Measuring chlorophyll
with SPAD managed the nitrogen requirement for maize, Poinsettia and Nagoya Red. Whereas SPAD was not a
suitable choice for chlorophyll measurement at the end of growing period. Therefore, GreenSeeker was applied
as a non-contact to record the NDVI of tomato’s and cucumber’s leaves. The purpose of this research was the
evaluation of GreenSeeker ability to estimate nitrogen requirement and then the plant health.

Materials and Methods

The study was performed on Matin and Nahid cultivars of tomato and cucumber, respectively. The pots were
291 and filled with 3 kg sieved soil. The bottom layer of each pot was filled with stone for better drainage.
Before planting, the soil was analyzed in order to define the ingredients. All pots put in the greenhouse with
polycarbonate structure in two floors. Measurements were repeated every week with SPAD and GreensSeeker
and fertigation was started 50 days after planting (DAP). In order to provide other nutrient elements, all pots got
Humic-acid at 37DAP and the effect was measured in 43rd DAP. Fertigation was continued until 71st DAP and
first, second and third treatments were supplemented with extra fertilizer to reach the amount of fertilizer to fifth
treatment. To calculate Total Nitrogen (TN), the concentrations of nitrate-N and nitrite-N are determined and
added to the total Kjeldahl nitrogen. Chlorophyll meter (SPAD) and GreenSeeker optical sensor have become
available for site-specific and need-based N management in greenhouse. The GS was located at 60 cm above the
plant and measured the average NDVI. This sensor has red and NIR diodes which reflect and absorb the spectra
in 660+£15nm and 770x15nm regions, respectively. The SPAD values were recorded by inserting the middle
portion of the index leaf in the slit of SPAD meter. As well as, chlorophyll meter can confirm the GreenSeeker
output (NDVI). GreenSeeker is a suitable optical sensor because it is not affected by light and temperature
variation or wind intensity.

Statistical analyses were performed on the pooled data of both tomato and cucumber using Statistical Product
and Service Solutions (SPSS). Regression equations were fitted between fertilizer and the readings recorded with
different gadgets at different growth stages.

Results and Discussion

Chlorophyll content and NDVI of tomato and cucumber increased during the growing stages except in 71st
DAP for cucumber. The percentage of total nitrogen of 1%, 2" and 3™ treatments were further than two others
because of supplementary fertilizer. According to the Kjeldahl result of cucumber, the 3™ treatment had the
lowest nitrogen accumulation in fruits. In addition, chlorophyll and NDVI of cucumber almost showed the
increasing correlation by fertilizer enhancement while the opposite behavior was seen for tomato. That would be
related to different fertilizer needs of them. The linear regression of fertilizer and reading NDVI of 2™ to 5"
treatments were ascending. The number of increasing leaves was calculated in all pots every weeks as another
studied element. Each pot had new grown leaves every weeks that was more or sometimes less than last weeks.
However, accurate correlation coefficient was reported with NDVI in all treatments, whereas chlorophyll did not
show a direct relation.
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(*- Corresponding Autour Email: hosna.mohamadi@basu.ac.ir)
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Conclusions
The result of the study confirmed the useful GreanSeeker as an accurate and fast technology for prediction of
NDVI. Among different fertilizer treatments of cucumber, 3" one showed the acceptable results. Since tomatoes
did not reach to fertility stage, it would not possible to extract the best nitrogen fertilizer treatments. It is obvious
that evaluation of pots in complete growth stages reach us to codify manual fertilization.

Keywords: Chlorophyll, GreenSeeker, Nitrogen, Normalized Difference Vegetation Index (NDVI), SPAD
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Table 1- Summary of input and output parameters for ANN and fuzzy logic

Parameter Symbol Category Min Max
Air temperature T Input 40 70
Air velocity \% Input 0.5 25
Drying time (garlic) DT Input 0 310
Drying time (shallot) DT Input 0 180
Moisture ratio MR Output 0.0617 1
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Table 2- Input variables accompanied by membership functions to fuzzification of drying process of Garlic and shallot

Range Triangular

Variable Membership function Garlic Shallot
Low 40,45,50 40,45,50
Drving t t Medium 45,50,55 45,50,55
rying temperature High 55,65,70 55,65,70
Low 0.5,0.75,1 0.5,0.75, 1
Air velocity Mec_iium 0.75,1.5,2 0.75,1.5,2
High 15,2,25 15,2,25
Too much low 0,0,20 0,0,30
Very low 0,20,30 0,30,60
Low 20,40,60 30,60,90
Drying time Negative medium 40,60,80 60,90,120
Medium 60, 80, 100 90,150,180
Positive medium 80,100,120 150, 180, 220
High 100,120,140 180, 220, 260
Very high 120,140,160 220,260,290
Very very high 160,180,180 260, 290,310
Too much low (0,0,0.006) (0,0,0.006)
Very low (0.005,0.01,0.03)  (0.005,0.01,0.03)
Low 0.01, 0.04, 0.08 0.01, 0.04, 0.08
Negative medium 0.06,0.1, 0.3 0.06,0.1,0.3
Moisture ratio Medium 0.1,0.3,0.45 0.1,0.3,0.45
Positive medium (0.3,0.5,0.6) (0.3, 0.5, 0.6)
High 0.5, 0.65, 0.7 0.5, 0.65, 0.7
Very high 0.6,0.74,0.8 0.6,0.74,0.8
Very very high 0.7,0.9,1 0.7,09,1
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Table 5- The results of the different arrangements of
fuzzy logic in estimating moisture ratio of garlic and

shallot
Product RMSE R? MAE
Garlic 0.0027 0.9997  0.032
Shallot ~ 0.0011  0.9998  0.029
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Table 6- Comparing the different method (mathematical model ANN , Fuzzy) used to predict the moisture ratio

Performance index Garlic — Shallot
Page model ANN  Fuzzy Midillietal model ANN  Fuzzy
RMSE 0.0051 0.0036 0.0027 0.0020 0.0014 0.0011
R? 0.9992 0.9994 0.9997 0.9993 0.9996 0.9998
MAE 0.053 0.044  0.032 0.046 0.038  0.029
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Table 7- Sensitivity analyses of the non-dimensional independent parameters for predication of moisture ratio of garlic

Inputs ANN Fuzzy
RMSE R? MAE RMSE R? MAE
All 0.0036 0.9994 0.044 0.0027 0.9997 0.032
Without air velocity 0.0052 0.9991 0.062 0.0045 0.9994 0.041
Without air temperature 0.0074 0.9988 0.088 0.0069 0.9990 0.078
Without drying time 0.0088 0.9986 0.094 0.0081 0.9988 0.088
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Table 8- Sensitivity analyses of the non-dimensional independent parameters for predication of moisture ratio of shallot

Inputs ANN Fuzzy
RMSE R? MAE RMSE R? MAE
All 0.0011 0.9998 0.029 0.0014 0.9996 0.038
Without air velocity 0.0019 0.9996 0.041 0.0025 0.9993 0.052
Without air temperature 0.0044 0.9992 0.060 0.0052 0.9991 0.066
Without drying time 0.0062 0.9989 0.082 0.0074 0.9990 0.087
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Table 9- Analysis the drying time parameter to predict the moisture content of garlic and shallot in mathematical

models
Inputs Garlic Shallot
RMSE R? MAE RMSE R? MAE
All 0.0051 0.9992 0.053 0.0020 0.9993 0.046
Increased by 10% 0.0061 0.9989 0.075 0.0035 0.9990 0.063
Decreased by 10% 0.0057 0.9990 0.069 0.0028 0.9992 0.057

4S5 ¢ 5l (Demir et al., Two-term and Midilli et al.
i | iz 9 BR g LM (sl s3I i CFBP o FFBP

Sy e s Sezs L
Gl tlie Cog e @l5 (635,540 5 Jliae (o ol PCI AT C9gmadal g 9 e 7=

S 5 Aol

o3l Jlow iy (S Sl 53 ymsga g e Cush) Connd (Sl
Joao g3 dl)_g Fuzzy logic Js—e 45 sl> ol CJL) W
g0 9y Cogoboy Coud (i i sl FUZZY lOgiC Jio
3y Slos soime aas Lol g 8l bl 4 Cuns

sl S

References

dw (Vo€ 500 &F+) 639y slon (slod dws Jluw i oS Siid
s s oy (YO M ST 5 V)0 +/0) (6399 (slod ey
O S gl «(899)9 sle (slea (slod iolial Lol ol
4o bope b St loj (oS b oo (EBE uwge g
R s Lgl)g Dy Y/0 mS-l $3959 d‘}b Ceyw g v-°C dLo.)
9 (Somas gas gladSd ((Bb) e jl wugb) Cons
Page, Logarithmic, ) —sb, Juo & jl.0d ool o568 slais

1. Adak, N., N. Heybeli, and C. Ertekin. 2017. Infrared drying of strawberry. Food Chemistry 219: 109-116.
2. Aghbashlo, M., R. Sotudeh-Gharebagh, R. Zarghami, A. S. Mujumdar, and N. Mostoufi. 2014. Measurement
techniques to monitor and control fluidization quality in fluidized bed dryers: A review. Drying Technology 32:

1005-1051.

3. Akpinar, E. K., and S. Toraman. 2016. Determination of drying kinetics and convective heat transfer coefficients
of ginger slices. Heat and Mass Transfer 52 (10): 2271-2281.

4. Amiri Chayjan, R., and M. Kaveh. 2014. Physical parameters and kinetic modeling of fix and fluid bed drying of
terebinth seeds. Journal of Food Processing and Preservation 38: 1307-20.

5. Amiri Chayjan, R., M. Kaveh, and S. Khayati. 2017. Modeling some thermal and physical characteristics of
terebinth fruit under semi industrial continuous drying. Journal of Food Measurement and Characterization 11: 12-

23.

6. Bebartta, J. P., N. R. Sahoo, S. K. Dash, M. K. Panda, and U. S. Pal. 2014. Kinetics modeling and moisture
diffusivity of onion slices in fluidized bed drying. Journal of Food Processing and Preservation 38 (1): 193-199.

7. Doymaz, I., H. Demir, and A. Yildirim. 2015. Drying of quince slices: effect of pretreatments on drying and
Rehydration Characteristics. Chemical Engineering Communication 202 (10): 1271-1279.

8. Foroughi-dahr, M., M. Golmohammadi, R. Pourjamshidiyan, M. Rajabi-hamaneh, and S. J. Hashemi. 2015. On
the Characteristics of thin layer drying models for intermittent drying of rough rice. Chemical Engineering

Communication 202 (8): 1024-1035.

9. Gharibi, H., A. Hossein Mahvi, R. Nabizadeh, H. Arabilibeik, M. Yunesian, and M. H. Sowlat. 2012. A novel
approach in water quality assessment based on fuzzy logic Journal of Environmental Management 112: 87-95.


https://www.journals.elsevier.com/journal-of-environmental-management

1FAA Jal Jlusos o oyl A ol «(5559LaS sl pwiolo 4 pii V) o

10.

11.

12.

13.

14,
15.
16.

17.

18.
19.
20.

21.

22.

23.
24,
25.
26.

217.

28.

29.

30.

31.

32.

Hasanipanah, M., D. J. Armaghani, H. Khamesi, S. B. Amnieh, and S. Ghoraba. 2016. Several non-linear models
in estimating air-overpressure resulting from mine blasting. Engineering with Computer 32 (3): 441-455.

Jafari, S. M., M. Ganje, D. Dehnad, and V. Ghanbari. 2016. Mathematical, fuzzy logic and artificial neural
network modeling techniques to predict drying kinetics of onion. Journal of Food Processing and Preservation 40
(2): 329-339.

Kaleta, A., K. Goérnicki, R. Winiczenko, and A. Chojnacka. 2013. Evaluation of drying models of apple (var.
Ligol) dried in a fluidized bed dryer. Energy Conversion and Management 67: 179-185.

Kantrong, H., A. Tansakul, and G. S. Mittal, 2014. Drying characteristics and quality of shiitake mushroom
undergoing microwave-vacuum drying and microwave-vacuum combined with infrared drying. Journal of Food
Science and Technology 51 (12): 3594-3608.

Kaveh, M., and R. Amiri Chayjan. 2017. Modeling thin-layer drying of turnip slices under semi-industrial
continuous band dryer. Journal of Food Processing and Preservation 41 (2): e12778.

Kaveh, M., R. Amiri Chayjan, and A. M. Nikbakht. 2017. Mass transfer characteristics of eggplant slices during
length of continuous band dryer. Heat and Mass Transfer 53: 2045-2059.

Khanali, M., A. Banisharif, and Sh. Rafiee. 2016. Modeling of moisture diffusivity, activation energy and energy
consumption in fluidized bed drying of rough rice. Heat and Mass Transfer 52 (11): 2541-2549.

Khoshtaghaza M. H., H. Darvishi, and S. Minaei. 2015. Effects of microwave- fluidized bed drying on quality,
energy consumption and drying kinetics of soybean kernels. Journal of Food Science and Technology 52 (8):
4749-4760.

Kouchakzadeh, A. 2014. Drying kinetic and shrinkage circumstance of Persian shallot bulb. Agriculture
Engineering International. CIGR Journal 16 (2): 176-180.

Mahani, M. N. Z., and M. H. Aghkhani. 2016. The effect of slicing type on drying kinetics and quality of dried
carrot. Journal of Agricultural Machinery 6 (1): 224-235. (In Farsi).

Mohamed, M. T. 2011. Performance of fuzzy logic and artificial neural network in prediction of ground and air
vibrations. International Journal of Rock Mechanics and Mining Sciences 48: 845-851.

Momenzadeh, L., A. Zomorodian, and D. Mowla. 2011. Experimental and theoretical investigation of shelled corn
drying in a microwave-assisted fluidized bed dryer using artificial neural network. Food and Bioproducts
Processing 89: 15-21.

Murthy, T. P. K., and B. Manohar. 2014. Hot air drying characteristics of mango ginger: Prediction of drying
kinetics by mathematical modeling and artificial neural network. Journal of Food Science and Technology 51 (12):
3712-3721.

Muzzammil, M., and M. Ayyub, 2010. ANFIS-based approach for scour depth prediction at piers
in non-uniform sediments. Journal of Hydroinformatics 12 (3): 303-317.

Nazghelichi, T., M. H. Kianmehr, and M. Aghbashlo. 2011. Prediction of carrot cubes drying Kinetics during
fluidized bed drying by artificial neural network. Journal of Food Science and Technology 48 (5): 542-550.
Oberoi, D. P. S., and D. S. Sogi. 2015. Drying kinetics, moisture diffusivity and lycopene retention of watermelon
pomace in different dryers. Journal of Food Science and Technology 52 (11): 7377-7384.

Puspasari, I., M. Z. M. Talib, W. R. W. Daud, and S. M. Tasirin. 2012. Drying kinetics of oil palm frond particles
in an agitated fluidized bed dryer. Drying Technology 30: 619-630.

Samadi, S. H., B. Ghobadian, G. Najafi, A. Motevali, and S. Faal. 2013. Drying of apple slices in combined heat
and power (CHP) dryer: Comparison of mathematical models and neural networks. Chemical Product and Process
Modeling 8 (1): 41-52.

Sarimeseli, A., M. A. Coskun, and M. Yucceer. 2014. Modeling microwave drying kinetics of thyme (Thymus
Vulgaris L.) leaves using ANN methodology and dried product quality. Journal of Food Processing and
Preservation 38 (1): 558-564.

Sharma, G. P., S. Prasad, and V. K. Chahar. 2009. Moisture transport in garlic cloves undergoing microwave-
convective drying. Food and Bioproducts Processing 87: 11-16.

Silva, B. G. D., A. M. F. Fileti, and O. P. Taranto. 2015. Drying of Brazilian pepper-tree fruits (Schinus
terebinthifolius Raddi): development of classical models and artificial neural network approach. Chemical
Engineering Communication 202: 1089-1097.

Tavakolipour, H., M. Mokhtarian, and A. Kalbasi-Ashtari. 2014. Intelligent monitoring of zucchini drying process
based on fuzzy expert engine and ANN. Journal of Food Process Engineering 37 (5): 474-481.

Zadeh, L. 1965. Fuzzy sets, Inform. Control 8: 338-353.


https://link.springer.com/journal/366
https://www.journals.elsevier.com/international-journal-of-rock-mechanics-and-mining-sciences
http://link.springer.com/journal/13197/52/11/page/1
https://www.degruyter.com/view/j/cppm
https://www.degruyter.com/view/j/cppm

()
Journal of Agricultural Machinery @ D S 309LS sl piilo &yl

Vol. 9, No. 1, Spring - Summer 2019, p. 99-112 st AT A A3-1Y o IVAA ol Jluosi o) 0)les A sl

Comparison of Mathematical Modeling, Artificial Neural Networks and Fuzzy
Logic for Predicting the Moisture Ratio of Garlic and Shallot in a Fluidized Bed
Dryer

M. Kaveh'*- Y. Abbaspour-Gilandeh'- R. Amiri Chayjan?* R. Mohammadigol®
Received: 10-07-2017
Accepted: 02-01-2018

Introduction

Garlic (Allium sativum L.) is an important Allium crop in the world. Due to its therapeutic properties, it was
cultivated in many countries. Furthermore, garlic is usually used as a flavoring agent; it may be used in the shape
of powder or granule as a valuable condiment for foods. In addition to its use in food products, it was also widely
used as an anticancer agent. Shallot (Allium hiertifolium Boiss. L) is a perennial and bulbous plant. It is from
Alliaceae family and is an important medicinal plant. The shallot is native of Iran, and grows in the high
pastures. Shallot is consumed in dry areas in most parts of the country. Also shallots have been well known in
Iranian folk medicine and its bulbs have been widely used for treating rheumatic and inflammatory disorders. In
addition, this plant is used in the preparation of significant amounts of potassium, phosphorus, calcium,
magnesium, sodium, pickles and as an additive to yogurt and pickles. ANN as a modern approach has
successfully been used to solve an extensive variety of problems in the science and engineering, exclusively for
some space where the conventional modeling procedure fail. A well-trained ANN can be used as a predictive
model for a special use, which is a data processing system inspired by biological neural system. When
mathematical equations are difficult to extrapolate, and fuzzy logic is better when decisions must be made with
the estimated values below the incomplete information. The fuzzy logic theory effectively addresses the
uncertainty problems that solve the ambiguity.

Materials and Methods

The aim of this study was to predict moisture ratio of garlic and shallot during the drying process with
fluidized bed dryer using mathematical model, artificial neural networks and fuzzy logic methods. Tests were
carried out on three levels of inlet air temperature (40, 55 and 70 °C) and three inlet air velocities (0.5, 1.5 and
2.5 m/s). To estimate the drying kinetic of garlic and shallot, five mathematical models were used to fit the
experimental data of thin layer drying. Three factors (air temperature, air velocity and drying time) to forecast
moisture ratio in fluidized bed dryer as independent variables for artificial neural networks and fuzzy logic was
considered. Cascade forward back propagation (CFBP) and feed forward back propagation (FFBP) with
Levenberg-Marquardt (LM), Bayesian learning (BR) algorithms for ANN and the Mamdani Fuzzy Inference
System using triangular membership function were used for training patterns.

Results and Discussion

Consequently, the Page and Midilli et al. model was selected as the best mathematical model to describe the
drying kinetics of the garlic and shallot slices, respectively. The results of artificial neural networks model for
predicting MR showed that the R? of 0.9994 and 0.9996; and and RMSE of 0.0036 and 0.0014 were obtained for
garlic and shallot, respectively. Also, The fuzzy inference system presented the R® of 0.9997 and 0.9998; and
and RMSE of 0.0027 and 0.0011 for garlic and shallot, respectively. Comparing the results obtained from
mathematical models, artificial neural networks and fuzzy logic, showed that the RMSE in the fuzzy logic was
lower than artificial neural network and mathematical models.

Conclusions
Three factors (air temperature, air velocity and drying time) were considered for forecasting moisture ratio in
fluidized bed dryer as independent variables using mathematical model, artificial neural networks and fuzzy
logic. Cascade forward back propagation (CFBP) and feed forward back propagation (FFBP) with Levenberg-
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Marquardt (LM), Bayesian learning (BR) algorithms and the Mamdani Fuzzy Inference System using triangular
membership function were used for training the patterns. Comparing the results obtained from mathematical
models, artificial neural networks and fuzzy logic, showed that the root mean square error in fuzzy logic was
lower than others.

Keywords: Artificial neural network, Fluidized bed dryer, Fuzzy logic, Garlic and Shallot, Moisture ratio
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5- Finite Difference Method
6- Finite Element Method
7- Finite Volume Method
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Table 1- The properties of apple and physical conditions of drying for simulation

Zarein et al. (2013) Kaya et al. (2007)

Cagb) S985 (>
Effective moisture diffusivity
(m?s™)

5.476x1071° 1.46x101°

ghaw » bl pp sl ey po
Convective mass transfer coefficient
(ms?)

0.01342 0.002756

OJ)S Sis dlyz u)?]o) ‘5195.%«7
Moisture content of drying air
(kg water kg Dry air™)

0.06942 0.03844

e Sraiged 4yl Cash, (slgie
Initial moisture content of apple slices
(kg water kg Dry mass™)

6.249 4.3
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Table 2- Statistical analyses of simulated model

Zarein et al (2013)

Kaya et al (2007)

R? 0.9996

0.997

RMSE 0.07295

0.1561
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Fig. 1. Comparison of numerical data with experimental drying data taken from Kaya et al. (2007)
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Fig. 2. Comparison of numerical data with experimental drying data taken from Zarein et al. (2013)
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Fig. 4. Moisture distribution inside the apple slice during drying process
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Introduction

Convective air drying is one of the oldest and most popular drying methods. Designing and controlling the
convective air drying needs the mathematical description of the moisture transfer during the drying process,
known as drying kinetics. Fick’s second law of diffusion can be used for modelling the moisture distribution
inside the moist object during drying process.

Mathematical modeling of drying process is a very important tool, as it contributes to understand better
moisture distributions inside the product which helps designing, improving and controlling drying operation in
the food industry.

Implementation of the partial differential equations subject to the correspondent initial and boundary
conditions is one of the main methods of mathematical modeling to describe the physical phenomena such as
moisture transfer during drying. In the recent decades, considerable number of research works have been devoted
to numerical solution of mass transfer phenomena during convective drying of food products by using the
common numerical solution such as FDMs, FEMs and FVMs.

The spectral collocation (pseudospectral) methods is a powerful tool for the numerical solutions of smooth
PDEs like mass transfer equations. Pseudospectral methods are able to achieve the high precision with using a
small number of discretization points compared to FDMs and FEMs and with low computational time and
computer memory.

The objective of present research is to simulate the mass transfer phenomena in one dimension during
convective drying of apple slices. The validation of the presented numerical model was done by comparing
experimental drying data taken from Kaya et al. (2007) and Zarein et al. (2013). For more confirming the
numerical approach, a numerical example with the exact solution is provided and the related errors were
evaluated.

Materials and Methods

Estimation of mass transfer coefficients

The convective mass transfer coefficient in the surface of the apple slice was obtained according to the
relationship presented by Paitil (1988) and Janjai et al. (2008).

D.. ul .
Ry, = alr/L (2 +0/522 (pmru /uair)o.s(/vlalr/pairDair)o.%) 1)

Estimation of effective moisture diffusivity coefficient

Fick’s second law of diffusion was applied to obtain the effective moisture diffusivity coefficient of the apple

slices. The analytical solution of this equation can be written as follows (Crank, 1975):
8 woo 1 —-(2n+1)? 7Dt

MR = FZn:O (2n+1)>2 €Xp (_ ( 41)2 ) @

In this study, we consider the Pseudospectral methods for solving 1D mass transfer equation. In order to
develop the model, the following common assumptions are considered: negligible heat changes during drying
process, moisture is transferred inside the slices by diffusion, one-dimensional mass transfer in apple slices, non-
shrinkage and non-deformation of the slice.
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Results and Discussion

In the field of numerical analysis, the main advantage of pseudospectral methods compared to others such as
FDMs and FEMs are exponential convergence and sufficient accuracy (Sun et al., 2012). The values of
parameters and coefficients of mathematical model are summarized in Table 1. The comparisons between the
predicted average moisture content and the experimental data are shown in Fig. 1 & 2. It can be seen, the
numerical results are in good agreement with the experimental data. The values of the correlation coefficient and
the root mean square error from comparison of numerical result with experimental data taken from Zarein et al.
(2013) and Kaya et al. (2007) were 0.9996, 0.0729 and 0.997, 0.1561 respectively. Moreover, the running time
for solving 1D mass transfer equations was about 3 seconds. This result is the evident that the presented model is
successful for predicting the moisture content history during drying process.

Moreover, by using the considered numerical method the approximate solutions of defined numerical
example for different discretizing points was evaluated and the associated error history are shown in Figure 3. It
can be seen that the values of errors are very low and about 10 and 107, that confirms the high accuracy,
robustness and efficiency of the suggested numerical approach.

Conclusions

Spectral collocation (pseudospectral) method is presented to solve mass transfer equation in one dimensional
in during convective drying process approximately. The model was validated by the reported experimental data
from convective drying of apple slices. Also, a numerical example, which had an exact solution in a closed form,
was provided to illustrate the high accuracy of the proposed method. The results of statistical computations (r
and RMSE) and numerical example showed the efficiency, applicability and robustness of the presented
approach.

Keywords: Apple drying, Modeling, Numerical solution, Pseudospectral method
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Table 1- Accuracy of cap detection algorithm in defect detection

System
Cap grading Accuracy (%)
Correct Incorrect

Healthy 20 0 100

No cap 20 0 100

Half-open 20 0 100

No sealing ring 20 0 100

Bad seallng ring 15 5 75
connection

Table 2- Accuracy of liquid level inspection algorithm in defect detection

System
o _ Accuracy (%0)
Liquid level grading Correct Incorrect

Standard 20 0 100

-18cc 20 0 100

-36cc 20 0 100

-55¢cc 20 0 100

Empty bottle 20 0 100
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Table 3- Accuracy of label placement inspection algorithm in defect detection

Label placement grading

System

Correct Incorrect Accuracy (%)
Standard 20 0 100
No label 20 0 100
Bad label 20 0 100
Worn-out label 14 6 70
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Table 4- Inspection accuracy of each quality parameter

Expert System
Grading type Aa(:;r)a cy
Std. Non-Std.  Correct  Incorrect 0
Liquid level 20 80 100 0 100
Cap defaults 20 80 94 6 95
Label placement 20 60 72 8 90
Total 95
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Introduction

Nowadays the packaging of a product is considered as a symbol of its quality and has a direct effect on its
consumer-satisfaction and sales. The visual inspection method is much slower and more error-prone than that of
automated method which is used for mass production. Also, this method has other problems such as high labor
cost, fatigue, low accuracy, and inconsistency due to various environmental conditions such as lighting, or lack
of concentration as well as lack of standards and skilled worker. Machine vision has different applications in the
industry. In the packaging of liquid such as cooking oils and different beverages (mineral water, soft drinks, fruit
juices ...) that liquid can leak out. So, inspecting cap defects, seal ring defects and liquid level are urgent. Also,
label placement plays an important role in customer satisfaction. Machine vision can be able to detect these
defects; therefor its application will be effective and useful. So, the advantages of machine vision are non-
destructive, accurate, and consistent. Researchers have been used the machine vision system for different area
including inspection of surface and structural flaw inspection; steel strips and pharmaceutical tablets. Also,
machine vision was used for online control of grading and separation of different agricultural products, such as
kiwi, pomegranate, dates, cucumber, almonds, potatoes, tomato and peach. The aim of this research was to
manufacture and application a system based on machine vision for inspection and classification of defects in
bottles on production lines (case study: soft drink). Sample quality was included of three defects: cap defaults,
liquid level and label placement.

Materials and Methods

300cc Coca Cola bottles were used as samples for this research. The research was performed to inspect the
common defects, including of the cap defaults, liquid level and label placement. In this research, a bottle
classification system was designed and developed which it consists of hardware and a software unit. The
hardware includes of a conveyor belt, a power system and a power transmission unit, light source, a digital
camera, a mechanical ejector and a computer. In this project Lab view 2011 software was used. In this online
system, decision was done based on Boolean logic and the defected bottles were separated from the normal ones.
For image acquisition and algorithm design the different steps were followed: Vision acquisition, image
processing and programming. Clamp (Rake) function was used for inspection of liquid level. It calculated the
maximum distance between the cap and liquid level and its result was compared to the edge strength and
threshold level. Inspection of cap defaults and label placement was performed using pattern matching and edge
detection algorithm, respectively. The appropriate time of ejector must be calculated to take defective samples
out of the production line.

Results and Discussion

Research results were reported at four parts including of cap defects, liquid level and label placement
inspection furthermore the combination of all three groups. To find of inspection accuracy, it was repeated 100
times for each default. Accuracy of inspection of the cap, label placement and liquid level were earned as 95, 90
and 100%, respectively. The average accuracy of system was 95.6%. With regard to the conveyor belt’s speed
(20cm s) and the distance (10cm) between the bottles, the required time to inspect each bottle was 500ms. So,
program’s performance was acceptable according to process time of 150-250ms. Finally, the operational
capacity of the system was 7200 bottles per hour. These findings were similar to results reported by other

1- Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran
2- Moghan College of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran
(*- Corresponding Author Email: vrasooli@uma.ac.ir)
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researchers. They reported the accuracy of 97 and 90.61% for beer bottles inspection and tomatoes separating,
respectively.

Conclusions

Average of total accuracy for this system was obtained as 95.6%. It separately was 100, 95 and 92% for
inspection of liquid level, cap, and label placement, respectively. The highest and lowest accuracy were for
inspection of liquid level and label placement. So, performance of the algorithm was suitable for use on
production lines. Also, it will be applicable to liquid packaging in the food industry, chemical industry and so on.

Keywords: Machine vision, Packaging, Production line, Quality control, Soft drink
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1- Response surface method
2- Central Composite Design
3- Box-Behnken
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Table 2- The characteristics of saline water used for soil sample preparation with various salinity levels
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Characteristic Value Characteristic Value
EC(mS.cm™) 118 PH 7.7

PO, (megq.lit™?)

Total water hardness (mg.lit™)

0.03 Salinity (ppt) 86.2
15400 NO;*(meq.lit?) 2
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2- Radial basis function network
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Table 3- Specification of sampling cylinders and electrodes
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Material Penetration depth (mm)
Interspacing of holes (cm) Material

Position 3 Position 1
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Fig. 1. Soil sample cylinder and positioning of penetrated electrodes in soil
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Fig.2. RBF artificial neural network structure
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Table 4- Educational algorithms investigated in design of the neural network
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Table 5- ANOVA analysis of RBF neural network parameters using RCBD design

ojeel 56 ol 6
Train phase Test phase
& (Source) DF SS MS  P-Value SS MS  P-Value
Lf%’""“";*)’,i” 344 0.28 0.00 11.34 0.95 0.00
Learning algorithm
Sk
19 226 0.11 0.00 6.00 0.32 0.00
Block
b= 228 1.08 0.005 10.21 0.04
Error
Eoemxe 259 6.79 2755
Total

3l o b K-FOID 51 p1aS 1 nS'shs o (o8590] (slais oS 51 1Sy b los”
Treatments are the learning algorithms and block are the each K-folds.
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Fig. 3. The result of the comparison of the average coefficient of explanation of training algorithms in the learning stage

1 -The Randomized Complete Block Design (RCBD)
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Fig. 4. The result of the comparison of the average coefficient of explanation of training algorithms in the experimental
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Table 6- Analysis of variance of network performance criteria using T2 training algorithm and factorial design based on
randomized complete blocks

ovj9el 58 ool 58
Train phase Test phase
& (Source) DF SS  MS P-Value SS MS P-Value
ok 4 076 019 002 3.09 077 0.0
Block
L) g 3920 043 000 379 042 0.0
Hidden layer
S(525) 9 1949 216 0.00 2248 249  0.00
Spread
LoxS 81 1081 013  0.00 1003 012 001
s 396 2584 0.06 3466 0.08
Error
Eyeoxe 499 60.83 74.06
Total

5o KON 1 pliS ya S sl 5 b 590] (slapis oS 51 A8 1o aylos
Treatments are the learning algorithms and block are the each K-folds.
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Table 7- Results of comparison of R2 in training and experimentation based on the interaction effects of L2 x Spread

el 518 ool 8
Training phase Test phase
WSl WSl
L2 s o L2 s ok
Mean Mean
8 0.1 099 9 01 0.99%
10 0.1 0.99% 6 01 0.99°
11 0.1 0.99° 8 01 0.99%
9 01 099 12 01 0.99%
6 01 0.99° 10 0.1 0.99°
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Fig. 5. The interactions between the number of neurons in the hidden layer and the spread on R? in two stages of
training (a,c) and test phase (b,d)
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Table 8- The generalizability function of the RBF model in estimating the soil electrical conductivity

Train phase Test phase
TS(%) RMSE MAPE R’ RMSE MAPE R?
90 0.01£0.001 0.01£0.001 0.99£0.001 0.01+0.001  0.01+0.001  0.99+0.001
80 0.01£0.001  0.01£0.001  0.99£0.001 0.01#0.001  0.01#0.001  0.99+0.001
70 0.06£0.31  4.36+21.84 0.96+0.20 0.09+0.45  7.56+38.50  0.97+0.13
60 0.19+0.54  14.42+42.22 0.92+0.21  0.20£0.59 15.25+46.81 0.92+0.23
50 0.22+0.58 18.58+51.18 0.89+0.28  0.26+0.67 18.29+49.55 0.89+0.28
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Table 9- Sensitivity analysis of the RBF

model in estimating soil electrical conductivity

Train phase Test phase
Model inputs RMSE MAPE R? RMSE MAPE R?
All 0.01+0.001  0.01x0.001 0.99+0.001 0.01+0.001 0.01+0.001 0.99+0.001
All-Temp 1.18+0.23  67.03+29.06 0.58+0.20 1.24+0.55 80.50+73.20 0.560.20
All-B.D. 1.0620.27  55.73+29.77 0.61+0.31 1.050.57 58.87+56.65 0.630.32
All-Moisture 1.60£0.19  112.44+21.55 0.36+024 1702045  129.02#89.21  0.35%0.21
All-ECa 1.82+0.09  130.52+21.88 0.31+0.20 1.77+053  140.93+93.04  0.30+0.19
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Table 10- Statistical

results of validation process

HKeY [ E]RS JUCIRES oebe O i o o N>
Number  Minimum Maximum Mean Std. Deviation Skewness
Measured ECe 4, 0.02 3.39 1.8343 08343 -416
(mS.cm™)
Predicted ECe 60 0.02 3.09 1.6379 88724 -373

(mS.cm™)




AN Jgl Jlaoss o ojles A ol (5559LS b iilo 4y yils

VO

35
3 y = 0.886x + 0.0076, R*=0.9869 [ ]
% P4
E” o w’
s R
£ ofs
o o 0
o 0 ©
= Lo
.
£ e oo
£
o ®
a 1 “
%
°
05 hd
o
4
0
0 05 1 15 25 3 35 4

Measured ECe (mS/cm)

Fig. 6. Match the real and predicted soil electrical conductivity by the RBF neural network
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Introduction

Presently, the loss of ground water levels and the increase in dissolved salts have given importance to the
determination of salinity and the management of their variations in irrigated farms. Soil electrical conductivity is
an indirect method to measure soil salts. The direct electrode contact method (Wenner method) is one of the
widely used methods to rapidly measure soil EC, in farms. However, soil scientists prefer soil actual electrical
conductivity (saturated extract electrical conductivity) (EC.) as an indicator of soil salinity, though its
measurement is only possible in the laboratory. The aim of this study was to find a relationship between the
prediction of soil actual electrical conductivity (EC.) in terms of temperature, moisture, bulk density and
apparent electrical conductivity of soil (EC,). Thereby, the estimation of EC, would allow the partial calculation
of EC, that is dependent upon soil salinity and dissolved salts.

Materials and Methods

This study used RBF neural network in Box-Behnken statistical design to explore the impacts of effective
parameters on direct contact method in the measurement of soil EC, and provided a model to estimate EC, from
EC,, temperature, moisture content and bulk density. In this study soil apparent electrical conductivity (EC,) was
measured by direct contact (Wenner) method. The present study considered four most effective factors: EC,
(saturated paste extract EC), moisture, bulk density, and temperature (Baradaran Motie et al., 2010) Given the
characteristics of farming soils in Khorasan Razaw Province (lran), the maximum and mlnlmum of each
independent variable were assumed as 0.5-6 mS.cm™ for EC,, 5-25% for moisture content, 1-1.8 g.cm™ for bulk
density, and 2-37°C for soil temperature. Consrderlng the experimental design, three moisture levels (5, 15 and

25%), three salinity levels (0.5, 3.25 and 6 mS.cm™), three temperature levels (2, 19 and 37°C) and three
compaction levels with bulk densities of 1, 1.4 and 1.8 g.cm™ were assumed in 27 trials with predetermined
arrangement on the basis of Box- Behnken technique. 13 common algorithms were explored in MATLAB
software package for the training of the artificial neural network in order to find the optimum algorithm (Table
4). The input layer of the network designed by integrating a Randomized Complete Block Design (RCBD) with
k-fold cross-validation. Using k-fold cross-validation, 20 different datasets were generated for training and
validation of RBF neural network.

Results and Discussion

A combination of an RCBD and k-fold cross-validation was used. The results of both training and validation
phases should be considered in the selection of training algorithm. In addition, R? of T1 tramrng algorithm had a
much lower standard deviation than other training algorithms. The lower standard deviation is, the more capable
the algorithm would be in learning from different datasets. Considering all aspects, trainbr (T2) training
algorithm was found to have the best performance among all 13 training algorithms of the neural network. Table
7 tabulates the results of means comparison for R? of RBF model for both training and validation phases resulted
from the application of some combinations of S and L2 factors as interaction. As can be observed, R? = 0.99 for
all of them with no significant difference. However, the magnitude of order differed between training and
validation phases. Given the importance of the training phase, L2=9 and S=0.1 were regarded as the optimum
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values.

The sensitivity analysis of the network revealed that soil ECa, moisture, bulk density, and temperature had
the highest to lowest impact on the estimation of soil EC,, respectively. This model can improve the precision of
soil EC, measurement systems in the estimation and preparation of soil salinity maps. Furthermore, this model
can save in time of data analysing and soil EC mapping because it does not need data recollection for the
calibration of systems. A validation prose was done with a 60 field collected data set. The results of validation
show R?=0.986 between predicted and measured ECa.

Conclusions

The present research focused on improving the precision of soil EC, measurement on the basis of easily
accessible parameters (EC,, temperature, moisture, and bulk density). In conventional methods of soil EC
mapping, the systems only measure soil EC, and then calibrate it to EC, by collecting some samples and using
statistical methods. In this study, Soil EC, was estimated with R? = 0.99 by a multivariate artificial neural
network model with the inputs, including EC,, temperature, moisture, and bulk density of soil without any need
to collect further soil samples and calibration process. The Bayesian training algorithm was introduced as the
best training algorithm for this neural network. Thereby, soil EC variation maps can be prepared with higher
precision to estimate the spatial spread of salinity in farms. Also, the results imply that soil EC,, moisture, bulk
density and temperature have the highest to lowest effectiveness on the estimation of soil EC,, respectively.

Keywords: Apparent electrical conductivity, Extract electrical conductivity, RBF neural network, Soil
salinity
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Table 3- Analysis of variance the total models of exergy efficiency and coefficients of the coded model
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Introduction
In recent years, the exergy analysis method has been widely used in the design, simulation and performance
assessment of various thermal systems. In this regard, this method may be applied to various types of engines for
identifying losses and efficiencies. This analysis is based on the second law of thermodynamic. Exergy is a
potential or quality of energy. It is possible to make sustainable quality assessment of energy. In this study, the
second law of thermodynamics is employed to analyze the quantity and quality of exergy in a fourstroke, four-
cylinder, diesel engine using diesel fuel and biodiesel fuel.

Materials and Methods

Four experiment variables in the present study including the operating parameters, load and speed, and the
added volume of biodiesel of diesel fuel were considered as effective factors on the Break exergy efficiency.
Designs that can fit model must have at least three different levels in each variable. This is satisfied by Central
Composite Rotatable Designs (CCRD). Similar to the case of the energy analysis, the same assumptions were
valid for exergy analysis; the whole engine was considered to be a steady-state open system. For exergy
analyses, the entire engine was considered to be a control volume and a steady-state open system. Fuel and air
enter, and mechanical work, heat loss and exhaust gases leave the control volume at a constant rate. The exergy
balance for the control volume can be stated as.
Exy, + Exf_teat = X My € — X Mour Eour — EXgest

where Ex;... 1S the exergy transfer rate associated with the heat loss from the control volume to the
environment, assumed to be through cooling water; Ex,, is the exergy work rate, which is equal to the energetic
work rate; r is the mass flow rate; € is specific flow exergy; and Ex,, is the exergy destruction (irreversibility)
rate.

Results and Discussion

exergy efficiency increased with increasing engine load. This relationship could be attributed to the reason
that brake power increased with increasing engine load, and the other side, there was a positive direct
relationship between brake power and exergy efficiency, resulting in an increase of exergy efficiency. Although
fuel consumption increased along with increasing engine load, increase in the brake power was much greater
than increase in the fuel consumption. On the other hand, an increase in the engine load enhanced combustor
temperature which was provided an appropriate condition for combustion and caused an increase in cylinder
pressure. At all engine operating conditions, with increasing engine speed, the thermal efficiency at first
increased, at moderate speed reached to a maximum amount and finally with more increase in engine speed, the
thermal efficiency decreased. The initial increase in thermal efficiency could be attributed to the increase in air
to fuel ratio and engine torque which caused an increase in the brake power. Decreasing thermal efficiency in
high levels of engine speed could be caused by a decrease in volumetric efficiency of the combustion chamber,
because of the time limit on filling cylinder. With increasing biodiesel concentration in the fuel blend, exergy
efficiency decreased. The reason could be due to the lower calorific value and the higher viscosity of biodiesel
compared to diesel fuel.

Conclusions
At all engine operating conditions, the exergy efficiency of the engine increased with increasing engine load
also with increasing percentages of biodiesel into synthetic fuel, exergy efficiency increased. 43.09% of the fuel
exergy was completely destructed and was not convertible to work. The results of optimization indicated that the
most exergy efficiency (37.72%) was occurred for the pure diesel at 2036 rpm and 95% load.
Keywords: Biodiesel, Diesel, Energy, Exergy, Response surface
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Table 1- Independent variable levels using response surface methodology (Central composite design, 20 experiments)

Independent parameter -1 0 +1
Plow depth (cm) 20 25 30
Forward speed (kmh™) 4 5 6
Soil moisture (%) 12 16 20

g B Glie g 5l 3yge (S g9y Slislojl gl byl Slasein -Y Jgus

Table 2- Treatment specification for the tensile force and fuel consumption tests

Treatment number  Plow depth (cm)

Forward speed (kmh™)

Soil moisture (%)

1 25
2 30
3 20
4 30
5 30
6 25
7 25
8 25
9 25
10 25
11 30
12 20
13 20
14 25
15 20
16 20
17 25
18 30
19 25
20 25
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16
20
20
20
16
12
16
16
16
16
12
16
12
16
20
12
16
12
20
16
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Table 3- The result of the analysis of variance for the effect of forward speed, plow depth and soil moisture content on
the fuel consumption of tractor

Source Sum of square df Mean square F value
Model 11.61 7 1.29 93.37**
Speed 0.7 1 0.7 50.84**
Depth 3.72 1 3.72 269.58**
Moisture 1.82 1 1.82 131.49**
SpeedxDepth 3.015x107 1 3.015x10° 0.22™
SpeedxMoisture 0.042 1 0.042 4.47*
DepthxMoisture 0.018 1 0.018 1.31™
SpeedxDepthxMoisture 7.384x10° 1 7.384x10° 0.53™
Error 0.33 28 0.015 -
Total 11.98 35 - -

**: Significant at 0.01probability level, *: Significant at 0.05 probability level, ns: Non-significant



VWY Gl o gy 4 510010 ,5 3 (8 T9l5 (b pan (6551 (63 lwdinte 3 53w ko

A odalie do > VY Cugls

—~ 45
o

4

= 40
=)

= 35
g

& 30
g

=

7

S 25
=]

L

Ef 20
=9

20.00

16.00
C: Soil moistuure (%6)

ol ilisee glacie jw g Cagby 3 1) Cogw Bpae ) IS
By Glime (S pdn oy GRIBIL (JSS () sillas amd o
9 Srelo Ve Gos slo p jloghS # o ju )3 LS 5 2

12.00 400

alises dlﬁp&).w 9 c.«u9]o) 2 wy» dfm C)l).».u Lo, -9 J&w
Fig. 1. The variation in fuel consumption of tractor in the different moisture contents and forward speeds
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Fig. 2. The variation in the fuel consumption of tractor in the different plow depths and forward speeds
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Table 4- The result of the analysis of variance for the effect of forward speed, plow depth and soil moisture content on
the moldboard plow the required tensile force of

Source Sum of square df Mean square F value
Model 12.52 7 1.39 52.57**
Speed 0.97 1 0.97 36.69**
Depth 8.54 1 8.54 322.60**
Moisture 0.39 1 0.39 14.70%*
SpeedxDepth 8.906x10* 1 8.906x10™ 0.034™
SpeedxMoisture 6.678x10™ 1 6.678x10 0.025™
DepthxMoisture 2.632x107 1 2.632x1073 0.099"™
SpeedxDepthxMoisture 1.452x10° 1 1.452x10° 0.61™
Error 0.65 28 0.03 -
Total 13.23 35 - -

**: Significant at 0.01probability level, ns: Non-significant
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Fig. 3. The variation in the required tensile force of moldboard plow in the different plow depths and forward speeds
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Fig. 4. The variation in the required tensile force of moldboard plow in the different moisture contents and forward
speeds
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Introduction

Tillage as a preliminary step for agricultural production consumes large amounts of energy. Regarding the
energy crisis and the greenhouse gas emissions caused by the indiscriminate use of fossil fuels, many efforts
have been done to reduce energy consumption as much as possible. About half of the energy used in the crop
production has been dedicated to tillage operations; hence the optimization of tillage tools performance can lead
to decrease the energy loss. Tillage operation in most regions of Iran is carried out by moldboard plow. The
ability of this plow in turning the soil has made it impressively different from the other plows. The energy used
in tillage operations depends on various factors such as soil type and its conditions (soil moisture and texture),
plow depth and forward speed. The aim of this study is to investigate the effect of forward speed, plow depth and
soil moisture on fuel consumption and required tensile force during tillage operation with a moldboard plow
which uses three plows in clay soil.

Materials and Methods

The current study was carried out to optimize the tillage operation with a moldboard plow in the clay soil.
Tillage experiments were performed to evaluate the effect of forward speed, plow depth and soil moisture
content on the required tensile force and tractor fuel consumption. A moldboard plow with three single-sided
plows was used to conduct experiments. Two tractors (MF285 and U650) and a dynamometer were used to
measure the required tensile force. To measure the fuel consumption of the tractor during operation, the fuel
level was measured in a separate tank system installed on the tractor's fuel system.

Experiments were carried out using response surface method and central composite design (CCD) by taking
three levels of forward speed (4, 5 and 6 kmh™), three plow depth (20, 25 and 30 cm) and three levels of soil
moisture content (12, 16 and 20%). Design Expert 8.0.6 software was used to analyze the experimental data.

Results and Discussion

The result of the analysis of variance showed that the effects of plow depth, forward speed and soil moisture,
as well as the interaction between forward speed and moisture content on the fuel consumption during tillage
operations with moldboard plow are significant. The results also indicated that the increase in forward speed
decreased the fuel consumption. Also, fuel consumption decreased with increasing in moisture content at first,
but then increased. The reason for this was probably because of the increased strength of soil particles due to the
reduced moisture content (the stronger coherence force between the particles), which required more energy to
shear the soil.

According to the results of analysis of variance, it can be concluded that all three factors of forward speed,
plow depth and soil moisture had a significant effect on the required tensile force of moldboard plow at %1
probability level. With increasing the plow depth and forward speed, required tensile force increased
significantly. The dependent variables were modeled as second order regression equations and optimal values of
independent variables were determined. Optimum performance with maximum desirability was determined at
forward speed of 5.08 kmh™, plow depth of 20 cm and soil moisture content of 16.41%.

Conclusions

With increasing plow depth, tensile force and fuel consumption increased. Also, tensile force increased with
increasing forward speed, but this increase was not severely affected by the plow depth and reduced the fuel
consumption. The quadratic regression models can well predict the required tensile force and fuel consumption.
Using response surface method, optimum performance was determined at forward speed of 5.08 kmh™, plow
depth of 20 cm and soil moisture content of 16.41%.

Keywords: Fuel consumption, MF285tractor, Optimization, Regression model, Tensile force
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Table 1- Input and output energy content in grape production
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Table 2- Air emission pollution values for extraction of one MJ of diesel fuel in Ecolnvent database

lga Loy Vi Sl
Air pollutants Amount (g MJ™ diesel)
S S|
on s 745
Carbon dioxide (CO,)
3,565 auSlied
L 2.41E-02
Sulfur dioxide (SO,)
o 3.08E-03
Methane (CH,) o
O 1.74E-04
Benzene
- 2.39E-07
Cadmium (Cd) U
PSS
1.19E-06
Chromium (Cr)
u;.uc
4.06E-05
Copper (Cu)
i 2.86E-03
Dinitrogen monoxide (N,O)
1.67E-06
Nickel (Ni)
)
2.39E-05
Zinc (Zn)
> 7.16E-07
Benzo (a) pyrene
59l
e 4.77E-04
Ammonia (NH3)
Pl
: 2.39E-07
Selenium (Se)
Jadls 1 gl
SR 52 ot 7.85E-05
PAH (polycyclic hydrocarbons)
b8 y9aem
6.80E-02
Hydro carbons (HC, as NMVOC)
50y ¢S]
_ Q)9 LS- o 1.06
Nitrogen oxides (NOy)
OS5 dS gig0
1.50E-01
Carbon monoxide (CO)
3leo <l
e = 1.07E-01

Particulates (b5/2 pm)
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Table 3- NH; emission factor for various fertilizers

(355 £99) JLicil Jole PP IRV o
Emissions factor (type of fertilizer) Emission (%) Reference
23 17 (Brentrup et al., 2000)
Urea
R el el S el 2 (Brentrup et al., 2000)
Ammonium nitrate, ammonium nitrate calcium
F”f’w | land 5 (Brentrup et al., 2000)
Ammonium phosphate
Qwﬁf P 10 (Brentrup et al., 2000)
Ammonium sulfate
o> sla2s$ 2 (IPCC, 2006)

Animal fertilizers
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Ol 2 48 S (oo (6 pS0jINl g (g 09,5 VY ) amecans )
(Cl 0ad (g oud (It @lio JB () 5l adlllas
U o) p5b 09,5 o s ls duslie o aliee (sla g,
b &S gy 15 e Sl 1y (Jley) e o
Ol 9B s @y Yo G & (ateun ) 156 09,5
Sl Ygane 45 Lt yo e D9 o 0ol ¥ il Jlo s sl
i ; )L lawgie lade 0,8 o 41,8 ooliiwl 590 )8 -l
Aaidy50 a2 ye aBlio 08 o il 4 wulBl b )9S G )5 AVl
b Sl Glaiso 5l plasia i Gl olgsds & ygods Lilgs o
as .)9_;..:‘_5_‘0 g0 )al L)‘,] MLUD UJBLQ"'A d)..fo)bq] Lglm,\>|9
Dilw o Gl 1) b yicy pl (g5S50jl0l glassly <yl gla iy
s aasio sl Oy 3l g g bl w (gdunlie doni
Sl Jplime J3e 53 (bl ol 5 (ISO, 2006) d445 o (s
199_3)0 o..\wJLa)J )J.)Lo.o 4 GMW) ul)Jl @319 )J.)Lo.o J;.\»
as ')9"“’&_5“’ odlawl Lgaol> wl).ao )I G]a»?uw») dLmu»Lw LY
@l &bl oMo g Cunl 39290 gl Jljdla s 53 colps ol
) 5 01 Jlay @pgods | gl odd (saieg )5 ©)g0n;
s pshiedy aeeCunyj OIS L) ol Al jo 3 48 (o
bl e Sy Laat'j Ao Sl 40,8 wal 8 o sl 0,8
. & & . ; .
@ls L adls ds o ol 25800 pbsl 7 (23055 Jos Jol>
P A5 (oo dner 9 (PO 08 Sl slaadlge b odd Jlo

5- Normalization
6- Weighting

9 03 kgNO; —N Jbas o e Fracigach by ol 5o
kgN

applied

Al e YLl ‘j Mde

elons (sdgS 10 dgr 50 youwd I Lisy i(P) yawd Ll (o
(IPCC, 2006) 13b o +/+0 )] & b e jlisil oy

Juols o)Lzl adllas 590 ddlain )0 (Spae slaodles (y 4o
4,8 oy o SBa alylisl Glgied olbowd paew 6,550 03lo
S Gy s ias Teds 5 ssbs (IPCC, 2008) cawl o
pasude b Caol 48 )3 )18 solitul 30 ddlaie ) bz )l 5 il uis
Ol 9= s 3 5 SB g Ol g & Sl i 008
b da g jlphS o W) ol g laodles I plaS po 8 jaa
dy50 5 JoSS ddlllas 5y diloluw b bl ;5 aosbuo /eodles
858 (s

aobl 31 bl b anluw Juboo ol as a b5l ldllas )
Sy ylil 3 we 5l gaily Connd alw Jdow (g5 b e
0005 ool (sl ciliseo (slasdin0g)S 5l sl b (ol Soud
2 dvls Jloo | ol gls oS Oyae s g o odlasl I
Wb g ool aacany; 5l slaog)S &S alisee (slaog,S
il Gy il sla jog, (ISO, 2006) L oo (gdiadind
ey adllae ol 5 aS cowl sais &) Jaeom; syl
o2liul b i pbosl T Il s pey bl arecansj (ol
ellie Jl Lapls Ly oo 5 05,5 03 gy ol 5

1- Diazinon

2- Tilt

3- Impact categories

4-CML 2 baseline 2000 V2.05 / World,

1997/characterization
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1- Pt is an abbreviation of Point which is the unit of the
weighting results with 1000 Pt the total environmental
impact of one (average) European citizen during one
year

2- Duncan test
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Table 4- Input and output energy in grape production of Hazavah region Arak county

O 0313l 3 4550l Wdgi (295 9 (5399 (555

| Input and output energy of grape production in three sizes of land (MJ ton™) oebe oo
Olys - p—
Title Sas5 buwgia <3 Q\f: a0¢ ':‘Xjfc“f
Small Medium Large (MJton”) ~ (MJ ha™)
(0.5 ha>) (0.5 ha-1.5 ha) (1 ha<)
aodlpg
Inputs
g8y J‘” 97.792 54.05° 55.21° 62.97 1129.89
Transportation
J_’*’ S 13.792 7.86° 8.04° 8.99 161.22
Diesel fuel
S5 oy 345.27% 210.48° 183.83°¢ 222.74 3996.47
Human labour
ebord badgS
Chemical fertilizers
U”’M 762.64 % 379.71° 395.23°¢ 471.32 8456.34
Nitrogen
oland 169.91 2 89.32° 88.05° 106.01 1902.00
Phosphate
el 186.38 2 98.96 " 107.79° 118.95 2134.12
Potassium
29l 1067° 486" 6.36" 6.71 120.40
Sulfur
Rk 738,53 434.17° 396.60 © 47452  8513.79
Manure
@Lw Zand 62.60 2 37.13° 34.87°¢ 40.38 72450
Chemical pesticides
. df‘*" <! 553.62 ¢ 272.75° 286.52 ¢ 341.42 6125.71
Irrigation water
Lodleg (531 S 2041.18 2 158730 ° 156250 ° 185400  33264.47
Total inputs energy
osliw
Output
o S5 11800 11800 11800 11800  211715.80

Output energy
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Diesel fuel (J 35 cguw)
1%

Irrigation water
(ol &0
18%

Chemical
pesticides (egou
cstlownd)

2%

Manure (l> 355)

26%

Sulfur (yilgu)
0%
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Fig. 2. The contribution of different inputs from the total input energy in grape production
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Table 5- Energy impacts for grape production in of Hazavah region of Arak county

ooy 03l gl a3 49531 Mg (5591 s L
Energy impacts of grape production in three levels of land size

-1
oy asly (MJ ha™) oeSile
Title Unit SagS L gio Sy Average
Small Medium Large
(0.5 ha>) (0.5 ha-1.5 ha) (1 ha<)
5l G
AN - 5.62 7.47 7.59 5.75
Energy ratio
&3P o900
Energy kg MJ! 0.34 0.63 0.64 0.48
productivity
Sil s
Specific MJ kg™ 2.90 1.57 1.55 2.45
energy
ua]l> o)g}é‘
35 MJ ha! 148579.10 206659.80 256173.80 178451.32
Net energy
gain
TR - T P
Abiotic Acidification Eutrophication Gilobal Ozone layer Human Fresh water Marine aquatic Terrestrial Photochemical
depletion warming depletion toxicity aquatic ecotox. ecotoxicity ecotoxicity oxidation
(GWP100) (ODP)
= grape (direct emissions) w Diesel = Transport = Urea. as N

i Phosphate fertiliser, as P2O35 =Potassium sulfate. as K2O

= Pesticide = Irrigation

= Sulfur = Poultry manure, dried

2959 5 S g (aomecin; slapasls ) esles pae Y JSK
Fig. 3. Contribution of inputs in environmental impacts for production of one ton of grape
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Table 6. Environmental impacts in the production of grapes per ton of product

“3‘\ O liseo dlayl 43 4ol gl Jawsmeum j sl
o g’ Environmental impacts of grape production in c . 5
BN diffrent sizes of land o= 15 =
= ay = 3: o S S e 3: \4(—6 N £
~ g - = (per ton) 5 &2 S 8% .2 DET
- 45 “%wh i3s3 [E aBl
i3 - 328 JET 7% %
g S bussie S>3 s Ag
- Small Medium Large
(0.5 ha>) (0.5 ha-1.5 ha) (1 ha<)
et il ol kg Sb o 412° 374" 285°¢ 2.85 167 058 167
Abiotic depletion ‘
i kg SO, 128332 96.56 ° 9645° 99.45 148 1.49 148
Acidification '
shzly gls! kg PO, o 34632 2431° 25.86" 26.73 53.19 1.99 53.19
Eutrophication
e paleS kg CO; ¢ 698.69 ° 629.04" 498.68 ¢ 508.63 201 00039 201
Global warming '
09)l &Y laii . X .
Ozone layer kg CFC-11 . 0.0000457 0.000039 0.000031 0.00003 0.032 1020 0.032
depletion
ol TE 19 1,4-DCB ¢ 648402 522.32° 468.73 ° 478.82 2.55 0.0053 2.55
Human toxicity
o kg 1,4-DCB . 252.11° 231.42° 17528" 175.29 2330  0.043 7.56
Fresh water
aquatic ecotox
Marine aquatic kg 1,4-DCB ¢ 3394177 358114 ° 272734°¢ 272662 8560  0.0001  27.80
ecotox
SE Segmee 01 4DCB 301° 265" 206° 2.06 205 0345 073
Terrestrial ecotox
OS]
stborigid kg CoHy eq 068° 059° 054° 0.56 3.11 5.49 3.11
Photochemical
oxidation
S 246.65
Total
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Introduction

Today, grapes are cultivated in a vast zone worldwide. Grapes are among the major horticultural produced in
Iran and the country is ranked 10" in the world for the grape production. Therefore, efficient use of energy from
this crop is very important. Energy is one of the principal requirements for the economic growth and
development of agriculture. Scientific forecasts and analysis of energy consumption will be of great importance
for planning the energy strategies and policies. The enhancement of the energy efficiency not only helps in
improving competitiveness through cost reduction but also results in minimized greenhouse gas (GHG)
emissions and environmental impacts. In other hand, energy analysis in the crop production systems enables to
identify the effective farming system in different farm size with respect to energy parameters. Based on
mentioned points, the objective of this study was to evaluate the energy flow of grape production in three sizes
(small, medium and large) of land and then, the life cycle of the production in Hazavah Region of Arak city,
Iran.

Materials and Methods

In this study, data were obtained from 58 growers using face-to-face questionnaires in Arak county of Iran.
Orchards were selected using stratified random sampling. Investigation of the energy flow in a production
system necessitate calculating input—output energies. In order to deal with this part, energy coefficients were
taken into account to convert all agricultural inputs to their energy equivalent. In other words, each input was
converted to its energy equivalent by multiplying the application rate of agricultural inputs used within the
system by its energy coefficient. In order to evaluate how efficient, the system under study is, some well-known
indicators have been introduced and widely applied when a production system is appraised. In this study, a life
cycle approach was used for assessment of environment impacts of the grapes production. Life Cycle
Assessment (LCA) refers to the process of compiling and evaluating the inputs, outputs and the potential
environmental impacts of a product system throughout its life cycle. Goal and scope definition, inventory
analysis, life cycle impact assessment and life cycle interpretation are four mandatory steps, which should be
followed in a full LCA study. The characterization factors used in this study were adapted from Simapro
software which is linked to Ecolnvent database.

Results and Discussion

On average, the values of consumed and produced energies were 1854 MJton*and 11800 MJton™,
respectlvely Among all input energies, chemical fertilizers held the first rank with an amount of about
704 MJ ton ™. It accounted for 38% of the total energy used in the production season. Energy use efficiency,
which is a ratlo between output and input energy, was calculated as 5.75. Also, the energy productivity was
estimated as 0.48, meaning that 0.48 kg grapes is produced when one MJ energy is consumed. The total Global
Warming (GW) was calculated as 508.63 kg CO; eq. ton *. The farm size had an influential effect on the GW and
other impact categories. An increase in the farm size led to reductlon in the environment impacts. It means that
the value of GW for Iarge farms fell at 498.68 kg CO; ¢q ton Land the value of GW for small farms fell at
698.69 kg CO; ¢q. t ! The upshot was that GW and other impact categories for large farms were significantly

1- PhD student, Department of Agricultural Systems Engineering, Science and Research Branch, Islamic Azad
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less than its counterpart in small farms due to the high value of grapes produced in large farm groups. Impacts of
manure played a more important role on GW. Also, direct emissions of chemical fertilizers made high
contribution to acidification and eutrophication. Management of using chemical fertilizers can be an appropriate
way to reduce the acidification, eutrophication and other environmental impacts on the grape production.

Conclusions

Chemical fertilizers (38%), demonstrated their pivotal roles in total energy consumption. The direct
emissions in the grape production resulted from high application of chemical fertilizers contributed considerably
to some environmental impacts. It suggested establishing a sustainable and environmental friendly grape
production system in the region with application of efficient fertilizers by integrated nutrient management.

Keywords: Energy analysis, Grape, Life cycle assessment, Productivity
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Yol ol 550 gl oyl g Sluogas oy 9 i Jmiliy

3 R g PRV IS ST A PRI S < WA K M P S I PYCCS
Table 1- Standard deviation and wind speed average over ten years period at 10 m height

olo Falb 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Month Parameter
a6l v 3289 3.027 3374 2894 2874 2.62 3.475 2817 3.16 2.668
Jan c 2.96 2.966 3.601 2.847 2.288 1.924 2.412 2.399 2.368 2.546
4598 17 3.354 2.268 3.14 3.166 4.315 3.479 3.122 3.073 3.759 2.979
Feb c 3.039 2460 2788 2540 3386 2382 2159 2146 2416 2661
ool v 3.188 2.279 3.636 3.358 4.640 3.091 3.366 3.737 4.027 3.373
Mar c 2501 2439 3.099 3.835 2999 2343 2200 2531 2.895 2.649
Joysl v 4187 3799 3575 4245 3950 3325 3570 3.887 3.741 3.454
Apr c 3.213 3.959 2.848 2.986 2.811 1.942 2.182 2.638 2.422 2.607
= 17 3.890 4.091 3353 3.700 4414 3329 3801 4254 4341 4.257
May c 2.695 2.723 2.502 2.282 2.718 2.008 2.320 2.441 2.607 2.959
P9 v 4554 4620 3591 4450 3.983 3925 4237 3966 4354 4.720
Jun c 3.023 3.347 2.506 2.672 2.654 2.271 2.465 2.421 2.847 3.050
<Y 1 3.470 4212 4132 4.402 3.458 4.003 3.595 3.438 4,011 3.821
July c 2705 2707 2535 3.039 235 2383 2326 2332 2522 2.653
CangS] v 4055 3587 3458 4362 3422 3934 3164 3583 3.797 3.527
Aug c 3.154 2810 2274 2561 2.087 2457 1.887 2358 2400 2.408
ol 17 3254 3287 3158 3504 3.600 3320 2795 3.233 2795 3.345
Sep c 2.696 2.643 2400 2398 2275 2.089 1919 2104 1919 2501
gy v 2.591 3.216 4.176 2.737 2.769 3.071 3.067 3.664 3.196 2.708
Oct c 2.333 2.271 2.934 1.954 1.837 2.227 2.005 2.292 1.973 2.206
oly 1 3.116 2.291 2.241 3.066 2.495 2.491 2.408 2.666 2.795 2.791
Nov c 2471 1.961 1.873 2.322 2.097 1.871 1.612 2.318 2.599 2.700
rolsd v 2.741 2.487 2.531 3.313 2.813 2.527 2.491 2.325 2.507 2.660
Dec G 2.727 2.615 2.838 2.823 2.111 2.186 2.041 2.784 2.207 2.867
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Fig. 7. Daily variation in wind speed of different seasons of the year at 10 m height
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Table 2- Parameters of Weibull distribution function

ole Al 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Month Parameter
a5l k 1121  1.022 1012 1.017 1.280 1.397 1.468 1.190 1367 1.052
Jan c 3432 3055 3262 2915 3115 3.876 2.847 3.992 3457 2724
45 k 1113 1136 1137 1270 1.301 1508 1.492 1476 1615 1.130
Feb c 3492 2900 3291 3415 4677 3.859 3458 3399 4198 3.117
ol k 1.301  1.160 1189 1.201 1.606 1351 1586 1526 1.431 1.452
Mar c 3456 2949 3860 3574 5179 3375 3752 3.150 4.436 3.125
sl k 1333 1304 1279 1456 1446 1.792 1706 1523 1603 1.356
Apr c 4560 4.098 3.861 4.692 4357 3738 4.003 4316 4.175 3.773
- k 1.489 1556 1455 1.690 1.692 1.731 1.709 1.828 1739  1.484
May c 4307 4553 3903 4.146 4947 3736 4263 4787 4874 4712
93 k 1560 1419 1477 1739 1554 1.811 1.800 1.708 1585 1.436
Jun c 5.069 5.084 3.973 4995 4432 4415 4765 4.448 4854 5.269
<Y k 1.310 1553 1.699 1.495 1516 1.775 1.604 1524 1654 1.486
July c 3767 4687 4.632 4877 3.838 4496 4.013 3.818 4487 4.231
CawsS] k 1.313 1.303 1576 1.782 1.710 1.667 1.652 1575 1645 1513
Aug c 4404 3890 3.853 4903 3.838 4404 3555 3992 4247 3913
prolipes k 1.226 1.267 1346 1509 1.645 1653 1504 1593 1504 1.371
Sep c 3481 3543 3445 3886 4.026 3.715 3.099 3.606 3.099 3.661
15| k 1.120 1459 1467 1.441 1561 1.417 1586 1.664 1688  1.249
Oct c 2.704 3553 4616 3.018 3.082 3379 3420 4.101 3581 2910
Selsi k 1.286 1.184 1215 1.352 1.208 1.364 1546 1.164 1.082 1.036
Nov c 3370 2429 2392 3347 2660 2724 2678 2814 2.883 2.833
Joolio k 1.005 1.001 1.000 1.190 1.366 1.170 1.241 1332 1.148 1.009
Dec c 2747 2424 2376 3518 3.077 2671 2672 2532 2635 2.558
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Fig. 8. Wind power density at 10 m height and wind power prediction using the Rayleigh and Weibull functions
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Table 3- Maximum probability wind speed (Vr,p), maximum energy wind speed (V) and energy pattern factor (Ke)
values in different months

sl plg 1 gmlaw Gl GV el e gl ol s adly Rl
Dec Nov Oct Sep Aug Jul Jun  May  Apr Mar Feb Jan  Parameter
3.61 3.63 313 3.17 3.52 3.76 411 406 3.78 354 325 3 Vi
3.45 339 398 4.48 5.05 5.14 5.7 483 484 461 441 3091 Ve
5.18 392 299 2.75 2.59 2.58 2.4 0.6 1.04 318 314 4.5 Ke
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Introduction

Geographical location and climatic conditions are the important factors affecting the wind energy potential of
each region. Iran is a vast country with different climates and the exploitation of its wind energy needs to study
and research on the meteorological data. In the study area during the warm season and the hottest hours of the
day, coinciding with peak electricity consumption in the region and the country, wind blowing continuously
carried out. The surpassed consumption over production of electricity in summer and vice versa in winter is
considered as one of the country's problems. The aim of this study was to investigate the parameters of the wind
energy and the feasibility of wind potential (in study area) in the warm season in particular and other seasons to
supply the needed electrical power of area, avoid of unwanted blackouts, development of wind energy as an
important renewable energy, attraction of investors, and policymakers to build wind farms in the study area.

Materials and Methods

This study was conducted in the Dehloran city, located in the southern part of Ilam province. The region has
a temperate winter and very hot and dry summer. The important criteria for construction of wind power plants
and using of its energy are wind power density and the annual wind speed average. For this reason and analysis,
and statistical analyzes, wind data includes three-hour direction and speed were obtained from the
meteorological organization and during 2004 to 2013. The average of annual, monthly and daily wind speed and
their standard deviation were calculated. Based on the commercial turbines in the country, and the rotor blades
are at altitudes up to about 80 meters, the wind speed at altitudes of 40, 60 and 80 meters was calculated. To
evaluate the potential of wind speed the Rayleigh and Weibull distribution functions were used and their
parameters were calculated. The wind energy potential using the available data and the Weibull and Rayleigh
functions were calculated.

Results and Discussion

Based on the results of the ten-year data, average of wind speed had relatively slight variation, with the
highest and the lowest value of 3.6 and 3.25 m/s in 2007 and 2010, respectively. The annual average was about 6
m/s in height of 50 meters that seems appropriate. The highest and the lowest monthly average values were 4.62
m/s and 2.24 m s’ in June 2005 and November 2006, respectively. Generally, the warm months had significantly
higher wind speed than that of cold months. The Weibull distribution function parameters, k and ¢ were
calculated. Minimum and maximum amount of k were 1 and 1.828, in December 2006 and May 2011,
respectively. The minimum and maximum amount of ¢ was 2.37 and 5.69 in November 2004 and June 2013,
respectively. The highest value of wind power density was 312 w m? in June. The lowest power density was
observed in November. Therefore, we can say that the wind energy potential of the region has coincident with
peak electricity consumption in the warm months. The most frequent and the least frequent wind direction were
the southeast and northeast, respectively.
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Conclusions

Daily evaluation of wind speed during different months, seasons and years showed a significant change
during the day that represented the high value of the wind speed in noon and afternoon. The highest value of
monthly wind energy density was for the warm season. The lowest and highest power density was in November
and June, respectively. Therefore, we can say that the peak of wind energy potential of the region has a
coincident with the country's peak power consumption in warm months. With considering that the study area has
a warm climate and high consumption of energy in the hot days of a year and the probability of unwanted
blackout of electricity in warm months, and the long hours of the wind blowing in the mentioned times,
construction of wind farm in these areas can be reasonable.

Keywords: Weibull distribution function, Wind direction, Wind energy, Wind speed
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Table 1- Geometrical features of the manufactured stove (mm)
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Main part Height Diameter Diameter of air holes  The gap between air holes
el dlgl g 200 15 10
Outer cylinder
e sl 8 10
e 225 150
Inner cylinder 5 3
od odlitl Cdgu g9 dws sla Sig Y Jgaa
Table 2- Characteristics of the three types of fuels
. - bl
» ) oA Sl G5yl O3 o)1l awgie Sagb) 22 gl O
g £y . Moisture .
Fuel type Net heat vzl;\Iue Average particle content I_nltlal
(MJ.kg™) size (mm) o weight (9)
(%)
o5z 0 185" 5 7 210
Wood chips
PR 17" 7 15 250
Corn sticks
oL cow
i Cusgy *
17.49 9 5 350
Almond shell

* (ECN, 2015)
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Table 3- Equation of the process of variation in water temperature vs. time to boil the water in the cold stage (Initial
temperature 18.5 °C, boiling temperature 96 °C)
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Table 4- Relationship of the variation of water temperature at the hot start phase
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Table 5- Performance of the stove with various fuels
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Table 6- The amount of carbon monoxide released from the stove at different conditions (ppm)
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Introduction

More than 40 percent of the world population is now dependent on biomass as their main source of energy
for cooking. In Iran, the lack of access roads and inefficient transportation structure have made some societies to
adopt biomass as the main energy source for cooking. In such societies, inefficient traditional three-wall cook
stoves (TCS) are the sole method of cooking with biomass, which corresponds to the large fuel consumption and
smoke emission. Biomass gasifier cook stoves have been on the focus of many studies as a solution for such
regions. In these stoves, biomass is pyrolized with the supply of primary air. The pyrolysis vapors are then mixed
with secondary air in a combustion chamber where a clean flame forms. In this study, a biomass cook stove was
manufactured and its performance was evaluated feeding with three kind of biomass wastes (e.g. almond shell,
wood chips, and corn cob).

Materials and Methods

A natural draft semi-gasifier stove was manufactured based on the stove proposed by (Anderson et al., 2007).
It had two concentric metal cylinders with two sets of primary and secondary air inlet holes. It had 305 mm
height and 200 mm diameter. The stove was fed by wood chips, almond shell, and corn cob. Thermal
performance of the stove was evaluated based on the standard for water boiling test. It consisted of three phases
of cold start, hot start, and simmering. Time to boil, burning rate, and fire power was measured in minute. A “K”
type thermocouple was used to measure the water temperature. Emission of carbon monoxide from the stove was
measured in three situations (e.g. open area, kitchen without hood, and kitchen under hood) using CO meter
(CO110, Thaiwan).

Results and Discussion

Neither particulate matter nor smoke was visually observed during the stove operation except at the final
seconds when the stove was going to run out of fuel. The flame color was yellow and partly blue. The average
time to boil was 15 min; not significantly longer than that of the LPG stove (13 min). Time to boil in hot phase
was almost the same for all fuels which is not in line with the studies reported by (Kshirsagar and Kalamkar,
2014; Ochieng et al., 2013; Parmigiani et al., 2014). This is probably due to the stove body material. In fact, the
hot phase test, aims to show the effect of the stove body temperature on the performance. In contrast with the
most of the stoves, the one was used in the present study was made of a thin (0.3 mm) iron sheet which has a
high heat transfer and low heat capacity. This results in a rapid increase in the stove body temperature up to its
highest possible. The longest flaming duration (51 min) was observed by 350 g almond shell. Thermal efficiency
on the other hand, was different in using different biomass fuels. The average thermal efficiency of 40.8 was
achieved by the stove which is almost three times of open fire. The results from emission test showed that the
average of carbon monoxide surrounding the operator in the case of open area, kitchen without hood, kitchen
under hood, and traditional open fire were 4.7, 7.5, 5.2, and 430 ppm, respectively.

Conclusions
The amount of carbon monoxide emitted to the room is in accordance with the US National ambient air
quality standards (NAAQS) hence, compared with traditional methods of cooking in deprived regions, the stove
burns cleaner with higher efficiency. In order to prohibit respiratory decreases in housekeeping women, this
stove could be disseminated in some deprived regions of Iran.
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Fig.1. List of agricultural services in agricultural supply chain (Reference: Research findings)
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1- Analytical Hierarchy Process (AHP)
2- Entropy
3- Particle Swarm Optimization (PSO)
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Table 1- Case study characteristics (Districts of Razan in Hamedan) (Zangeneh et al., 2010)
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Fig.2. The map of service radius of located centers for complete covering of first type customers (Reference: Research

findings)
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Table 2- Covering distance for first customers in studied region
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Table 3- Solution of maximum covering model in different covering distances in studied region
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%?S\;Z';Qg (Se-'lsr(%;);) d- (Sardrood-Olia) (Razan) (Kharagan) (Dggc?;)' n- (Dgfi2§'n' (Bograti)
(km)
Serleh Takht Tekye Amirabad Nezamabad Nain Tapedibi
5 6 3 9 8 8 3 4
Khanjarabad Gharebologh Madabad Sortejin Ahmadabad Shavand Tapedibi
10 14 6 20 13 12 11 10
Khanjarabad Takht Sirab Karvaneh Ahmadabad Valashejard Babanazar
15 16 11 23 16 15 20 13
Payandeh Ojagh Kahard  Aghchekharabeh ~ Ahmadabad Shavand Gheynarjeh
20 16 11 24 17 16 24 14
Pilejin Kahrizboghazi ~ Jamishloo Amorabad Behkandan Pirbag Tapedibi
25 17 13 27 17 17 25 15
Payaneh Khorvandeh Abbarik Amirabad Ahmadabad Pelikan Gharakand
30 17 13 27 17 17 25 17
Chalbogha Gavsavar Amiriye Amirabad Sayan Rakin Gharakand
35 20 15 27 17 20 27 19
Pilejin Khorvandeh Abbarik  Aghchekharabeh Behkandan Pirbag Churmagh
40 21 15 29 18 20 28 22
Payaneh Gavsavar Amiriye  Aghchekharabeh Behkandan oS, Churmagh
50 23 18 30 21 23 31 23
Chalbolagh Khorvandeh Abbarik  Aghchekharabeh Nir Pelikan Gharakand
60 26 20 34 24 25 31 27
Chalbolagh Khorvandeh Abbarik Amirabad Nir Rakin Churmagh
70 33 23 42 25 28 35 33
Pilejin Gavsavar Amiriye  Aghchekharabeh Poshtejin Pirbag Churmagh
80 35 30 42 28 35 42 34
Payandeh Gavsavar Amiriye  Aghchekharabeh Ahmadabad Pirbag Tapedibi
90 35 32 42 36 35 43 35
Pilejin Takht Abbarik Amirabad Sayan Rakin Churmagh
100 37 32 47 36 36 44 40
Pilejin Gavsavar Abbarik Amirabad Sayan Rakin Churmagh
110 42 35 53 36 43 51 42
Pilejin Khorvandeh Abbarik Amirabad Behkandan Rakin Gharakand
120 45 39 56 39 46 57 45
Pilejin Gavsavar Jamishloo  Aghchekharabeh Ahmadabad Pelikan Churmagh
130 47 42 59 46 49 57 47
Pilejin Khorvandeh Amirabad Behkandan Tamuzan Churmagh
140 51 43 47 52 60 51
Payandeh Khorvandeh Amirabad
150 52 48 51
Takht Amirabad
160 49 53
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Fig.3. Location of selected points in set covering model in studied region (Reference: Research findings)
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Introduction

In this research, a part of the requirements for the establishment of a network of consultancy, agricultural
engineering and technical services in the agricultural sector, which is related to the location of these centers, has
been reviewed. The location of these centers has been done through the determination of the field of operation
and the appropriate establishment of consulting, engineering, and agricultural consulting companies based on
regional capacities and taking into account the distance between the types of customers of such centers.

Materials and Methods

In the issue of locating service centers three main types of customer can be classified. First-class customers,
which have the largest number among different types of customers, are farms and units that produce agricultural
products. Each point of demand for these categories of customers may require different types of services at
different times. Due to the large number and dispersion, these category of customers are considered as a focal
point for ease of modeling in rural areas where they are located. Also, due to various reasons, including access to
various facilities, security, traffic congestion and etc., the nominations for deployment of service centers are also
considered in the same rural areas. In order to transport agricultural products from the place of production, the
current location is considered to be the distance from the manufacturer's place, and the destination of the product
is not studied in this issue. Second and third-type customers are demanding access to services at their own place.
These types of customers may exist in some areas and agricultural supply chains. These two groups of customers
include refineries, warehouses and silos mainly operating in the post-harvest of agricultural production. To meet
the demand for each of the different demand points of different types of customers, the number of different trips
from service centers to customer premises or vice versa is required. Each service center does not offer the same
type of service to its customers. A total of 127 service packages are available for provision at a service center.

Results and Discussion

The main basis for choosing the optimal location for covering models is the placement of demand points in
the defined coverage radius for the candidate points. Different radius were tested to find the perfect coverage
radius in each of the studied villages. For this purpose, a radius of five to 160 kilometers was examined. In some
coverage radius, not only does the optimal location not change, but the number of served points is also fixed.
The location of different types of customers is different, so that the first type of customers are fully located in the
village, but second and third type customers are widespread in the Hamedan province.

Conclusions

To conclude, it is necessary to consider the demand of customers located in the further distances of the
service center due to the nature of the agricultural service, which requires inevitable traffic over long distances,
when adjusting the operational plans of the agricultural service centers. To provide sufficient justification for the
distance, though within the radius of coverage. Thus, the results of this research show that if all service centers
cover 130 kilometers of radius, the largest number of customers will be covered. It should be noted that for the
full coverage of all customers, the coverage radius of the service centers varies, but with the same radius, the 130
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km radius is the largest coverage of the agricultural service centers in the Razan city.

Keywords: Agricultural services, Branch and bond algorithm, Maximum covering model, Facility location,
Demand points






Journal of Agricultural Machinery
Vol. 9, No. 1, Spring - Summer 2019, p. 235-251

O]

IS Ae iy

9L sl riilo 43yl

A YYO-YBY 1o MYAA ol Jluows ) oo & ks

ot 9 B sla gy 4 Ol g5 Sl (65,0L08 53 (6,651 5 Ol 8 54,9 tuca gyl
SHL ‘_;;I,a o

#Y, . YRR v (oo

O aed] = (5 g5 LS
WA/ /Y- bl s o)l
WASINVNE 25l oy

2SS

059> 3 S0aebp La)grs I (udle Clles ploxl cd )b <)l (sl (532)20b 2 yolateds ailate 2 (6)958155 (F Capmdg L
o i Gl 33 Codhe 5 35250 oy lae SIS idiS Ay (Lol )5 latedsy Ll (e )3 Al o 6))sliS Ggeml il
I 2590 35515 Ol B 518 (w390 (lnl (Ml (xgr0 (San B g (elata] (eolaill dags sl 090 8 (b (gl jlSe
9 38 gl by oS 5 1 gl 13 g 3959 (suCaglyl sglateds § 13,5 Al (655LiS” Cllas gl (loj )3 il (sl i o
9L 3] (SASTyy o Lamsgio 5 220,535l S B sl MY+ il (gl 551800 e 2335 ool (6518 (5150 ks il
e (o) bl (Slhe 5 (Sl (S8 cups g il slaglio med (gl 3lKe gaw (A dsloe 203 YVAS il S
ol YO Jole cawsl ()lg5 b ygiST 5 olSuss FEAY siojli il o 65,0liS llos x8ge 4y (glial jolaiods .100,8 oanliie Cote g (o (S
(il ol ay i 5la 39)9 (sl (bl S5 olSd WY ol L EIjluds s e 53 5815 4 sdiasly (s Al o S
Db s A A dpwlee Aoy> BV ypml 55050 el LSS Ty gy 55K 51,5 gyl 55 Shaily g oyl e Sitiog il g (el sl g
sl il 930ly loasly )3 (ladlaio (gjayael )90 lie (ul bl Gl ol ;o 53 (gel35lKe o canliols @ )98
Db e 0 «(gjygkiS )3 Bl sRer 5 awlie Ll dbm] jolate 4 il il 9 SOl )8

(3l el 5180 s co)line i (3lmana (5 23] 25 (W23l

ol (§52)200 2 olyan 4 (6)518 5 (s3]l QLI 59y 2 4SS
9l slacads o 53 b el cnl @ally 55 ol 598 53 sl
303 oy dlols (Bly oSl 4y (olitod B Gt 5 Cunl 0392 909,
cunliol oz x50 (Mohammadi and Zarifiyan, 2008)
oas Slpgtn slagpdle 5 Slodl (635,54 «(55,5liS sbawile
ol asye 5 5ol slappile sl Lol oy loj SIS
2945 53 gl il (S935 OMSte b I (b i B2
slilas uile »5" cuws (Pishbin et al., 2007) Lus 8yxe
Ol;'._wl 5 ‘_s_.c]))‘ u_‘bU o il slass Omb Comd g )b){o).ga
e SNl g 3L5 )Lid G5 (WS15 Gialjal Sl olisle S
SipaiS oll alles o 13l g 3 lubisl byl 4 Cans cpilo
OialS el 05 g 4 oS Cunl Cagi 3 Jb 00 pile 4 bgte
5,5 & g0 anllla (Tavakkoli, 2012) 33,5 o 155 (6590
ol el (Glae (hen (i (ledal ()b (old 5
b ye gmlislie loppadld (s jslaiod (3550 9 Jloreylex
B sl <37 (55,585 (ygmnl 550 aw (55,515 Sliles L

dodbo

OiB ad iy mlie Ay parass dlius 4 (S 45 pas

Ol 0 Olsl b Mo G sl gy alox I (g )9liS
5 Pl Bblio ) (gl dige o el oA i
i pdle (o balg) (alwlid diojls jelS (M o )
(SRSl il oo (SoSodom 9 e blpd «g5)5las
5\/9“" «($5y9iS ) (yeiile 5l dlge g e o3l 5 (65540l 5
4 5L g Cangydgy (Jolate sla iy b pgw ploa slayguiS )
Bios 45 (o500 dy 0351 ogmnn sl 4100 (] )3 )il

(85398 ol Ko (5SS (somiial g ai) lidlS asgel yisly -

Olrl (B lgal (lusjod b @lio g (6j)5liS pole ol

pole olSily «(5y9ltS” (slaniyudle 5 (gl 35150 09,5 sale Clin guae -

Ol (GBMe=jlgal (liwjes (xnb mlio 5 (555LaS

(Email: marzban@ramin.ac.ir e Ok g — )
DOI: 10.22067/jam.v9i1.69258



VAN Jal Jlasoss o o los & ad «(5559laS sl miolo 4y YYF

g g 5 wlgiel qanlio e < 355 5 (65 ey
S el s AHP ol S ol Lasee slas] GJB
5| (Tabibi and Maleki, 2005) 5,1 JolS" joboas |, Sluil ,S&5
S5o9dS it 3 Capalad 395 5 iyl 392 S S)b
A bgye cla g j0 ad) e cbaodly U dgul o ge
Biswas and ) xusly b 5 380 oty yider (55,348
a5l s e olyb ol &8, (1, (Baran pal, 2004
Ghaie glyisdn (5L8 Ghate 2,8 ealitul (g5L8 (slads gorre
3390 )3 Culad i uee 5 335 b ALl LSL) il
oelaid] 10 005 8 prenad sla BT L lagye cdd pae g laodl
b sy 9y o=l 9205 o 510 3 1) Bajlime 4 (3383 (g 03
Baja et ) ojlw o palp olucb! pae blis 1o il Jio olp

(al., 2002

L9 9 390

oleMbl 9 Lasaly 9 4 Pl:zu’l Ol s> OLL»I FENE-T3 ) C)ﬂl
P ot Sy gl 5 (555 slaadallol 1 5l )50
Agricultural Jihad Organization of ) sl cwsas bl
=<y olskd  SaSly, o s (Khuzestan Province, 2017
b oyl s gl 525180 oo Oi aayly o bl sl sl o
syl 31455 g (ohy; lalad ojlul .8)S )15 (g 3590
S22l g o pde Glojl bwgs il (eges (gsladw gl
S8l o g slme Bl (Sl o ol Cusddy bl
Organization of ) a_d 4 wlbxe b wyed o 5l
Management and Planning of Khuzestan Province,
bl Gl e o 5l )90 sloygSTys Glise e sl (2017
JS )bl gl e o oo g Of Cundg 4 by pe ClNL
Meteorological Organization of ) . 48,5 bl  awlislen
odlawl b I8 LB (slajs, e .(Khuzestan Province, 2017
dloes 0l Sl Sl jb 5 )l plojle gy &5 (V) akai 5l
{(Yousefi, 2015) 1,55

D=ds+§oln+§dt (V)

by, dn (ol slajy, ds LS JoB sLaj,, D
Al e sl plos slajg, ey g olBlans

o9l Cnley b b jped o sdes Y g (Slles Jgi>
lise 9 E95 9 4205 oy il (gloole ) e o
Sloolaiwl L i asuine olo ya jl and jo (gl (iSe o clles
leolo  cllee gg05e o )5 LB (slajg, slaes 5e8 cleMb]
3 cirkise e abge 4 pbl (el L 390 el o515
A dpoloxe (V) alal,

2R el VB (gl ilSe Cgdlas aw bawgio o U
s53e Bolie 5 (ormus IS (9,5 1y (dlym i 5l S
33,5 55 )50 el VO 553815 oK ¥+ -4 gl o
» (Lak and Bloki, 2008) .(Safari and Almassi, 2008)
gaw (hed (b (635 j0 (IS0 (gmljlSe Cundy ()
DAOAPID (ol (les S 1 jB sl < IVAD (gl 1315
Ol o 3,8 5l |y VY (90500 s 9 U5
[ERWER K-S SYVE I S/ RV |36 L NP Y 7 ¥
&l clis jl pLis po IV ()90 00 G pd g Sl (gllan
soe LUB50 g3 51 655515 qobio stas 4 bl 5 Lol o ls Jlgs
55 Lo )gSTy gilwomdils 4 (gy9p8 5l g Jlo WY 5l i
Cbly gy ainS (sl yeSTy sl

Siraeliy gy adhio 2 )5S1) (g Cunsg cLS
5 ailate o 5 le Slas plosl e byl sl el
Al e (65y9liS (gl il 059> )3 Siyelp Sl g s
Ol 3580 ey sl A5, adllas L(Abbasi et al., 2011)
&% 9 S5S1P P Cumdg il (i pgal Slgi e sjyeliS
S309aS i (filomenal b 3)90 SleMbl g amd &) g5
dawgs 359y ) (Jgol syl 9 O)Ua (L jslateas
Sl adlais 0 09290 (695815 Ol 25l L3 1) (sl 3lSe
i (58T, 5 1y adlaie o (65lS Slles Lo wilgn
Abbasi ) ules )by (wile Slles Jlas 5l el)j Juad I Sloj
Bblie saucagyl (g @l Codgime 4 w25 L. et @I, 2011
el Jlay65 50 (85 Cool ) s> lgs i 9,9 4 L5 Lk
Jloa) (slageusl 4 alts (wlly (e iacaglyl Sy,
o)lsme i (gjluprens > (555 (slasby, 3l S (TOPSIS')
)15 (o8 s Sl (B30 jg ST g9 4 4
Sl daaslis & 23059 sl 0wl by (Nastaran et al., 2010)
5 e E95 A (S S o Sl &5 (oaxie sl
Sl 5 o o3l 3l 03 S vranal (5908 sl paSld
slaig) ondsyme Sl (S (AHPY) (e aldes Jilos
L o295 ©ygots ) bopasld o cunl aadls sz (jlopsead
0L 5 ey pasie g S Toleg U S e dunlie 1008
aludw o a51,8 Jool (Bencheikh et al., 2017) 1] cussa
4 ool 5l Lol el gl 05 1S pronad (2313 g )55 1y
plosl sl 395 lad o5 9 (03 b bl I QB8 S waead
LeMbl 4 il Lle LY s by i o odlisiol laduylie
Lo )50 53 lisebl (il e (Saomy (ST

1- Technique for Order Preference by Similarity to Ideal
Solution
2- Analytic hierarchy process



AN Jgl Jlumoss ) 0lous A sl «6359LiS Gloopmilo 4 s YTV

CRLJTRT

oS g ysbdy X g ER ST ansS (556 sae S 1, M € F(R)
ol azsb @ € [0, 1] ja (dly g a5l awsls semg 1 (Xo) = 1
Sacgerme ploi F(R) iy ol @ &5 A=[X, 1, (X)2 ]
sae a8l dlael j (lasgemme R g ams o Ui 1) (s56
&b 51 dgbe iy dlie (gjl 2ae U R g9, M g5l
2l (F) ably b ply gy, (0 R = [0, 1] coguae

X 1
m—l/m—l X € [, m]
o (0) = =/ x € [l,u] (¥)
0 il

S ORI M oM (gl Vb g ol polie Uy 11 <m <u
Ertugrul, ) ol sl (I m, u) b ol oo 1y (e (658 das .l
(and Karakasoglu, 2009; Chang, 1996

W (25 o dalen JalaS waT 8 Jal 5o

Conl 0)b)> (S paanad GO AHP g, 5l als po (s
oople ol lye Al §) o Ky 3 b lins 1 za) o ored
ol (o295 Slalie Go)b 1A = (@j)nxm 5L 2l)))
(Dagdeviren and Yuksel, 2008 and Chang, 1996) »g. .~
o 39508 i Ay w0 o3logl 395 Sluglis yuyilo
Sigesle (1:5ke slme Ag (SRS Gy sl A (gl il
A aB)S pLai )3 5o S A LS Cus Jlire Ag 5 3)Skes
ol odel Cangn Y Jgda ) (295 Slaslie L yilo

(0) adasly slise 1o slume y2 i (556 (g Am Alsye
Gl 00 00l lis Cwgn ;0¥ Jodn 50 540,85 dwlre
.(Khurram Alli et al., 2017)

Si= By My X (S S My ] )

L) 5| [Zn 1221 Méz] 9Zn 12721 gl sM )Im
e gy )0 9 T ¥ Jgliz )3 9 5D Al ( )5 (V) %)
Maddahi et al., 2017; ) cwl oai 0dygl oo dulxe
(Seyedmohammadi et al., 2017

1Zm M] = (Z?:l li ’Z?zl m; lZ?:lui) (V)
m i1t _ 1 1 1
[ 12 M ] <2{l1li TTiami (Egu ) (A)

)b‘_rﬁ-lmblul)be cuwj).]a.mo)wgm);wj9|
po—e U Jol sloadlge cuiar Ui g Mi i g (295 dalie L ilo
Sk (656 dlael

B uaenls T8 Jal 5o

A
tagXTxXpwa (Y)

Ay laidye e Oldes plosil gl S50 slas 3o cud)ls (g
39y S ) el T G5 (lajy) dlasi dag «lles gaw
JB slojg)) 53w sbsy Jeil Pua 5 () celo) )
4 (Almassi et al., 2008) 1L (olo (slojg) y s IS
el 45 ol 5 sl Koo 315 3y90 b 510> 3o
390 25 35S pade Cusl pdle o] (el a5 390 Slilos
A dglns (V) dlal, I lool 51 S5 ym 5L

=S ")

Slr Foe lasyje bl Gy olSiwd 2 jli 5)50 oye W
o3jLs g 5 (KM W) ()8 ey V 15 5590 Slibos ploxl
(Almassi et al., 2008) Ll o olKws (glas o

a:

So oyl o o &5l50 03l lawgio ¢ glds 50 035l dwlxo 4o
9 ol 51 Sy 5L 3)90 p2)s e | e 8 030 )3 L
S ¢yl sy 40 o3kl 390 guly Slgdl (o, p )] eads
9 Slgdl dlus yand 1 s 030,87 asidie Silgal 51 S a5l 5500
wWliles oyl 31 SOy plodl (gl 5L 350 olg oAl asuie
21y Sldes o> oyt 45 e )3 b 2)90 Ll Egene
Sl £0-Y0 bses lgdl 5l 3)50 olg b canlito § b
W3,5 o b e s 50 Jolee 58Ty dlass sl

Gl slaglios gl a3 ()1 93 99,9 Guiacsa gl ol

L bl laplicw e 4 0lg5 3959 Caglgl (s yslaiod,
b 39108 Line jLaz (LB AHP 5 (6515 Lumuls 1 o0liesl
295155 4 IS s o815 o (SRS G pd e pgpul il
LD 4B )5 S 5 Slas Sigols 1Ske

bty o), Siag Fenelar hovon and perkins (1983)
Ny e b Julos 13 )5 1) (558 Blate pogie 45 25,
Jlos 1,8 48 5 s 092 lilllas Sl (g2 HB oo b0y
CHB p Laa S a0, o jolaiods |y ol 5 (1o dludus
Chia, 2010 and Gungor et al., ) aslosly axwss (5518 (slaeojl
2 U9y 90 >0 Shlie 4 b jslaieds adlllae (] 532009
ey A 03l (AHP-TOPSIS) S 5 jbs) «siinds,
odli_wl C))}.o OJ..\J u,w.m.sl.: 9 L;u‘).o o J.J?U .LJT)S L;cLCbI
= uw—w’b o9 L“u)ﬁ u" )‘ (o 9 Al L_s“’l)"’ “lwl“’
Ertugrul and ) a5 esla .l LmA_,i)S GAud S,y jelale

Karakasoglu, 2009, Gumus, 2009 and Secme et al.,
.(2009



AN Jgl Jlumoss ) 0lous A sl «6359LiS Glaopmilo a5 s YYA

A" = (¥1,73,...,7}) V) = max;{¥y3} i=
1,..,myj=1,..,n (WY)
A" = (¥, 9, .., %) Vi =mini{¥,}  i=
1L,..,m,j=1,., (VF)

Cowgn P g A Jolis )3 Late g cute Sl ool polie
ol o 03l L

)‘m Cn U g a S pled o Sl jlne Jlade o e U
AT GA" Lol e olaan S .l ban S plad o 5l Hlae
Mols Py Mols ladl 55 0w il i Jdy LS 0 yl,8
A

Joslas Jooly 5 518 Jloasl ool 5l drusloe 5 dl> ya
15) dlasly 5 (V0) sl 31 (s5t5

S = 2L d(¥, %) i=1,...m ()
ST =3, d(9, %) i=1,..,m (%)
9(ay,by,01) S48 cwnl 56 dae g0 o dold d(..., .0)

b canl jly dae 90 dlols Wil (6518 dae 95 (ay, by, ¢3)

(M, W) = (2@ = 2040, = b+, - c)?

()

el (W5, ¥77) 9 d(¥;, 7)) dae g3 48 cunl SH 4 p5Y
» .(Yazdani et al., 2017; Sindhu et al., 2017) sws kb
A ez Jloas] Jsoly 4 dog LA jate (Sod5 Cas ole
0a3Ls L slad iy 5098 0 o5 (V) IS Jge 2 plyic s
5 Jloassl Jsoly 5l alold jlade a5l 41,3 coglgl o yudy calis
ol 0 00 i Cumgn ;0 ¥ Jgds pd JToJ,gl KW=

C; = —— 0<(Ci<1 i=1..m

()

Lo )giS15 dade yos 598 (gl jlSe dnwgs 39 0 Ciypoi a0
4 4> b (Moradi et al., 2014) >4 0 43,5 Hlai 3 Jlo VY
YL e b eaaie (sl ST el (slagylion g 53 a5 (ol
Capmd (SRS pd ol ol 2Bl e b Jl > Jlo WY
2 Jl Wl a8 sae b glaygisTys ar JLodT (VL sl ygiST 5
REPICINS,

&S bl J ol S gamo 3,Skes (5 Silo et 3
ol as g 3 oo CdiS Lol yod prdaws jd alisee Y guaze
e YU 0y Sloe Ly 0¥ g avmo Lyl s 51 50 S
Y gazee bl ol Sl 03 (B g sy 9 sloss SV g
5N > sl (piomen g 4dloe SN Wile ly 3)Shes b
0l 5l ool (sl a doaliw oed G > gl 5 CuiS
ol 15 00litel Y gz 3 Slas Siigoyls il j| o
b)) Soigmyln il 1 aisly Coglize aodls j3j)) & oK

\7 = [Vij]mxn i= 1, ey

Vi j

don oLl g al 5 ol dalre Sl 4y dx g b 2) d> po
O)ygmodny ol g Flo il (slajlme (sl Loy 5
Loy, (i=1,...,m) pli 4535 > Sloe & = (aj;, by, ¢i)
K sl 04 18 ol diueS ST .05L o (=1, ...,1) J bse
Kijik = 045 S pro—al (ol (5L8 (ga a5y 5 0 SL g i
Lasb (G=1,..,n) y(i=1,..,m) gljla (ajw bijw Cijk)
Iy X = (@j5, bij, Cij) (=5 5 3L ganasy dajlne 4 a5
Chen and Tsao, 2008, ) 3,5] cussas () abasly Lolel p olg o0
(Wang and Lee, 2009, Chia, 2010 and Sun, 2010

by = Tt

Cjj = maxy Cjji @)

sl 3550 o 3968 Jlre ¥ gl ool o plo s
9 0 ySlos Sigoyle :Sle oygiST)5 jas (NS o
il sl pliw s 5l JSite 45 VY g 9815 4y LS
23)5 S Cangyy 07 Jgio b ollae ks>

039 ey ool & Ayl iy ple G Y A e
Wb (IS sl g dnsle (556 AHP il lajlixe

ai]- = mink aijk

il aish Solate (sl byl Cuwl Sae Calisee (sla)liro s ;
0 yls an Wig b wlide o (65,84l U8 cuwl p3Y
bajlme g 45y cp i 1L Hlde YL b Cuto (laylina
d]).g L’x‘).gl.l.g b asly |) 4d) L)J).«;;.\Jl) )\.Liia Oy i b U.Q..n
(V) adaal 5l (e (slojline (gl g (V1) ]y 5 oo (slojline

145 eolaswl
aj; by ¢
(?, i]. l*]) ¢j = max; ¢ (")
G = (C_u b_u a_u) aj = min; aj (")

S e (556 olael Gij 9 b;; aj) (lido o (55l dae Ej
S G 5 (SRS e gl 50 o 35008 (5l jlire
09 e SNle bylise (ol 108 jlade) (hie (slajline ;9515 4
3y Slas Sigoyln (pSilin jlune g (L3b o S92 90 Laulpd (s
039 4z a2 L ooy 636 maeal (uapile e ¥ Al ye
OS5 =8 3 5B0js I premal sl il sl jline
5 I8 0ad plie s mpile 3 Sk 2 4 bgiye Cuenl oo
Js92 5 bjs 658 mrea rale oo Cusdas (V) el
ol 0de] Cangn Y
m,j=1..,n
=T X W, (')
&3 Jlossl as Jsoly g 656 Jlons] ooly dunloe :d als yo
{(VF) 5 (VF) bt )



AN Jol Jlaoss o) ojles A ol (6559LS v piilo a4 yld Yv4

ut\.l.u‘}}'; ulﬁ.w‘ oo ‘;4.5|J| ‘:g.A.LS‘J:t

oS Carwg A5 Cawg HLiSe 8 51,28 bl ¢ly5e 5 sy
\) u_c‘))’ d—\—Jy dlaa.\_>19 o;3lal 3 Codgdme g Lmd)bﬁoﬂa
Slaguile 03508 3L ) &lge (3 )Snte Ao Il o0
la b s dor jd Slalad ol SuiSTy oS s o LS o
() Jsi) ol S5l i 5 YL ol

.(Rangbaran, 2009) 544 e edlaiwl (V&

S (V)

I
L (oodly X g Wosly slaxi N «Sigeylo ke iy
2 dgule (V0) dlarly Sl Gl el o

Mk

Y= 5 (¥+)
Y; ‘(ha)l CdS poj e Si 0y Sles Siigayla 1Sk Y
(Ton) Jaazes 5Sles

Ol o g (o5 lilab (Sl s =Y Jgoa
Table 1- Coefficient of variation of farmlands and mechanization level

R Sy olakd (Sle (o5 Olakad jlre Blpouil (£l Olabd SWSTp cupd ol il g
County Average Standard deviation Coefficient of variation Mechanization level
Sy 12.85 30.01 233.47 0512

Andimeshk
Al 10.11 11.90 117.67 2.20
Omidiyeh

g2 25.95 60.52 233.24 0.735
Ahvaz

o 6.15 6.87 111.74 0.90

Izeh
Shosl 3.49 5.23 149.80 0.82

Bagh-e Malek
peale yi 47.29 92.36 195.29 2.24
Bandar-e Mahshahr
ol 8.928 12.75 142.78 1.42
Behbahan
Aede s 56.10 66.84 119.14 1.46
Khoramshahr
Jobid 8.769 17.22 196.33 0.89
Dezful
ST et 16.17 30.11 186.26 1.01
Dasht-e Azadegan
el 13.30 23.30 175.23 1.13
Ramhormoz
ol 20.84 35.47 170.28 1.45
Shadegan

oy 11.71 16.92 144,50 1.26
Shush

b 16.47 21.10 128.10 1.32
Shushtar

Y 5.70 5.68 99.7 1.23

Lali

Olacho e 7.58 11.36 149.87 0.78
Masjed Soleyman
obma 23.43 34.18 145.91 2.80

Hendijan




1FAA Jal Jlasoss ) o5l & al (6359l sl milo 4y pis YF e

2 Lagile (g3 L 39008 Ly tle il Loilyin
9l Jmad 5 ofmgin Sl 39S g il ilises (sl b 0
sl (#1)) Slles

il guls 295 Glalllas ) 50 (V++V) o, Ken 4 Pishbin
2l SWS1p o pd b Gl (gmalilSe aw 038 Glgie |,
Shgod LIS o 203 B aw )3 (o)) Sl (1Sl
35 ol dnm a S oy, o lanl il e < /Y05 o —+/FYE
A8l 5l sy 9815 olss e Ol Colue o il
O35 40 155 (VU (1) (ST o o blis pizpan
Jb a8l diajls (655liS Sldes plxil cap 2V 6)9515
Co il dwy oo plaia g aiib o il ) BMS mls oSS
2 el dads (ol (35 Sl sy (Gl il (6555la8
Tanaetal., ) 0 oL@y 8 Ll wyp 0 2puS Hlas
Jolse oy yiane I (S deyie ilalad slaws 48" ol 4Lis (2010
Arsalanbod et al. (2005) .ccwl 039 (=3 o] )l saiiSd0050
o Alol zals csly ol o)l Lwgze igl58l &8 15,8 ol
AU 0I5 e 48 35500 4o i yitg 42,50 Copde g b
st dlaly & azls oled) ol sl azdls b ol e
9 STy pasld (lyied de)he Olilad Blus (g (5 e
835 ol 35 (¥+0) lan 5 glosy s 3529 (5 S pis
9 &= P Olie de)ie Sladad 2las 5 Al do )y S &S
a3 oo yiblS dopd [V g [0 cpa ]y 8 o)

14 ¢

12 f

Hp ha

08

06 f

04 F

02 f

YRS bl JS el o)) Conoy (SS ]y gy Laussie
2ol 4Lis (Saiedirad and Parhizgar, 2011) .aib e s
Ol e )3 Ly Cdn )3 (55)5LiS (3] colue (ko o5
Lyl S5k 45 03as + /Y5 jlne Clymol b LliSa /YT Sgudo
S8 Jud 51 YD il o sble opl » wad (Sbod s
odd azge ds o ol L (dle g9 cunls pas g (SN] (39
ol (65,0515 sl Lai 39290 (SlSe (g 1 0559l
> adbate 5L ojlal 1 s (6595815 Olgs e e & g Al
3 Ul ] oS olos e 3 o g oile o3lizlM lakusg, s
093 g b bl e 50 bl s 3,5 oo o3zl
2 )5 ol Gl oid ooy LS Y S )0 drwgd 4ol
aoly Ll > aS 039 /Y drwgs Jgl 4oy 50 kil jo ke
o sl a8l Golp 81 LS 1 jLoo Gl VY 4 ooy
alo W eVl (gl s8] 5 Gl b o dgslbes ygml 35150
@ Gl gmlilSe o ny9iS1)5 cpl (s Blod )90 )3 o5
T (ST S S (0 Iy 5 )18y jB canl < /YD
YU i duolre duo pd ¥V dgin bl (gla i o oy guml 310
dawgi 53 oyjle ple edimd il o bl dusle  SAS1p Copd 0y
gLarki sl o bl (slaybiwygd 1 arwljlSe o
OhbSer 5 (lie (Ve +A) plid)bs 5 gameomo (V2Y) )
om0 3 (VOF) ohlSen 5 ulis 5 (Y+-¥) @bl o (V1Y)
o) s g ezl o,la] Cilisn 3blis 53y gmslpolSie s (351
byl ol g 4 o 9y cunliel @iy 3 Glye 1y 2l
&9 Ol Gl (gpwliolSe OIS dlex 51 Cunils aiS

(Authors, 2017) aswg 4ebiy 0y9d g )d liwjes liwl gamwl K0 paw =Y SIS
Fig. 1. Mechanization level of Khuzestan province in five periods of development plan


http://www.civilica.com/modules.php?name=PaperSearch&queryWf=زین%20العابدین&queryWr=شم%20آبادی&simoradv=ADV&period=all&ConfereceRes=1&JournalRes=1

i Y

L&

WWAA ol Jluows o o Lol & 0l (5 3,9Lis sl

O81L

ciolt

SrLOY

TESYELY -IEpuT]

LOWLIOL U Jnysurey]
Fiv SoFcE 0cclo SOBLC A /BT N SLT9L QELFS T
e ¢ L 0E [*HUEH c 79¢ ce . Uy sy
LEd DELLI 0srEr DELD " 5L 01y DESEG Ly e
e - uelipuap] - - LES
1] 0 ST SOERY - LET 0Ll ODLOE] 086LT1 s
yadipruepy =1
Le S0LT OSLTL SFO0L e LT 091z STI81 9091 T
- cocc ATALY c mypuy
kL neg 0090L DL6EE] it 0 ¥ LLLL 68FL e
WY SIS
ce Sy 0eeLs CEIRY gfé0 1] 1] 081981 O009EL e
LT TR umuiajog palsepy
o 0 ELBLY 0965L A rIT <2091 SLYGT 0srel I
(RIS TSNS
1 [T ] o ol | o oty 0 ¥ Lot CLESLI et
Hufdy . c W]
& org nosl 0911 [t LS clock DESHE CESOr Ve
ju_m—.d ..T_._mmm— -.“...ﬁ..nu..__n-:
LL9 £9L0% £CE68 0958E — o 8T8 Clle Sralr it
IARE] ueiapeys
0 0 00S0L 0z0ZL i 0 0 £7899 0E01L s
PURATON JRESUITEIONY
ot (IR STLIY SOIRT s 1] 1] STO9T TR Y
UETIPTZY 3-1STC] urpRgy
91l 091Ls Praa ey SO5T9 ce(fies” 1] U] 00ig CO6E e
Junmn (g} aamng {aly ) a3mng ey} 3y Ay guy {dyh 13 mny
pug saquing  pesnasesy ) ponaea), ey Saquiny (dy) 13m0y (du) sasmog (g0 |
A0JIEL | 10 3u3gag) paspnbayy HqEEAY FUIETIN [LEHEELELTRS (Lo oL ApEEAY
. . o Ajumoy £ . Ajumny
(sm=519) (Ispaf)  (Shaf) (SRl oy (cwege)  Jofwmma o pumba (imre) -
; . 1 I esnnf) A (ieShel) . ¢
[l #D e wile ¢ whzhe e st Lol
iﬂ...._ﬂu ._Hdnﬁ.ﬂ .mh_.ﬁ..._ mﬁ_.ﬂ_ _._i‘.-..- t%_..n
o0 Bl o0 cothc AT st A o0 EEe A et

0 4

Auno sy yaea 1og samod pannban o vonewn sy T MqEL,
ot A wf Ay



1FAA Jal Jlaoss o 05l & ol (6359l sl milo 4 pis YYFY

e ol sl Y Jolao ael g5 b 98T olSzms VISY &,
Ol e oe); Sliles @ Bge 4 plil (sl g0me 3 )00 1) 5l
ol YO Jslse ool g5 b 555815 oS3 SEAY ol s
sLoygS1y JS ol ped o S92 (lg5 dnwle )3 ABb e sl
sbaygSly (9,5 blod ©j90 5 a8 oad a5 e > Jlb
8l sl (il gl 4 il gaiejls Jlade JLo WY (YL

il (SLaglics gl 5 5381 3 ) 95 (o jls
Ao Ui 1) Gl jed 2 3 95815 4 S Glise ¥ Jo
(B e ppiia i (DL oo oyl s oael Jasds 35915 5
09 b J> 4 plomaia 5 et ool Aol (hgd jnded
Slilas pLl (gl 5l 3590 Gl S oo )3 d9290 g3
3o L oBalilends oo yped )05 5w s 959 42 o)

3B (5lpe Ao Gl 51 o0litaol b liwl (glay oyl o 4 03> g5 D99 (sacuglgl =T Jgaa
Table 3- Prioritizing the power arrival to county of province using FAHP and FTOPSIS

Ol gens Oy 3955 Cagly! R Oly 3959 Cugly!
County Priority the power arrival County Priority the power arrival
595 0.33 obt! 0.45
Gotvand Abadan
Andimeshk ' Aghajari '
ol 5
2Y 0.34 &’J" 0.48
Izeh Andika
St 0.34 N 0.49
Bagh-e Malek Lali
oghorens 0.35 e 0.49
Masjed Soleyman Hamidiyeh
ey 0.37 et 0.49
Ramhormoz Behbahan
oslenss 0.38 seder 051
Dasht-e Azadegan Khoramshahr
e 0.38 wib 0.51
Hoveyzeh Bavi
S 0.38 Peialesky 0.51
Haftkel Bandar-e Mahshahr
s 0.42 e 0.51
Dezful Omidiyeh
ol 0.43 el 0.52
Hendijan Ramshir
- 0.4 ooLs 053
Shush Shadegan
Py 0.4 o2 053
Shushtar Karun
2! 0.45
Ahvaz

2 g odly oluaidl agd a1y (/0¥ /¥ /¥4) 59 oy
B 2% S RSV RS N U P E e -
o 3908 Jlme I (ot 55l 9 ol (Gl (e
Ol Oy SIS (lg5 3959 Ayl 13 (ygmlislSe
2 Bu el WYS L B0l5T sy yliw o 4 ygmanl 55150 39008

oo 3l e (i g ()8 Ciomed ASb oo o /Y g0

3 ouldiwal by glicay o3 Gl 3 (158 99,9 Gumatuslgl
S o3 o dleales Jalad g (pusesls

Sl el 53 date g 39)9 slp Buggl s jolate &

SUS upS gl 15 aw 39505 Jlme Yoz S 5 I Gl

295155 4 LS s 9 0 Slos Sigele (:0ke o jeiST 5
25515 an LS Cd HoSie slajline (g 53 035 elinl



VAN Jal Jlasoss o 0 lous A alr «(5559LaS slo il 4y pii YFY

ot SasS 5 ) g 25 o ol 5l B e
i 23 5 syt il o & el ol (SiLe
L5 e (Ssad (S5ST cps b ol e s o5 oS
A By e ol b L Gt (Siuen glyj Glaad 1Sl
Ol 65y5liS ) Ggplislle (031 slaisipanliy 53yt
o ol Sl 5l 035 iy polateds b e 1) lijos
YoYVEVD 290> sl ()8 Cldos zol loj 0 ()55 oly
ol YO Joleo 155 b 4815 ol&iwd FEAY slaws b ol el
51 S odel Canday guls 3,5 039381 liwl (695815 cud by
Ol gaw )3 3815 4 (HBly Jlo & a2 (g g canlial @3
ol

o Camd (i Sl (lil Bble > (7 cuslie @))98
S 5 e ol Gl S plagisy 3 &S e )l ol oS g
2 933,58 o ilojuw cdy jum el yol opl aS 2l D9 g ddlaio )]
5 e 55 ol e 30a b sl 1 6)Sod cslaiss 5 bl
Cowd Jl Eo)d gladiy o JrooS 4y oxie & e 954 9) 395
Sl a8 w300 Ut adlllas oyl @S 95 o0 5)liS (sl 48,
2 Sl g ody) « Sitog 5l D55 wl bl & W 4o 3558
SEXBULEETH

References

9o 1) o L dndies i ol & Bleie i 35 (SS
25515 4 S G (lise 92 VAP iy b Shadly (i el
Lol 5l a8 5 ol Cond & GBS0jlenss (a3
L LUl 55 il e Sl 5 loskes domne 535 Sy bl
2 g 5leal o Siion il gl b s yo 38Ty a4 LS o
$9b 9 555 slaplin s Wg Sosepla (55ke Jhre jogas
Sl Egome > Slaldl 1) lg5 3955 Cuglgl (sl e (ki
g Sl Sl i s ¥ Jodo @ 4298 b e (lo5 399

S5 L8 Caglgl )3 oyl ¢ Sladly

S 5 4o

gy gy Ll d 0)9d iy (b Gliwl (sl aw
N o= d=b pisu aS Jls pclon, S (b ) ui,
©gm0yd 5 MmSlee JLo W YL jos (i pliol (sbygisT5
Ol g 53 (S S BaygiS15 cpl (355 bl
Caoyd (e YU 5)la5 5559 dewgd Jgl dolp 4y syl
T 2 0jly 9 S pas 0aimd )L (sl 5 aw Clpes
©yg et Lo ol ailioo il (slaglion e (gl lSee
S8 Gl il 30l (sladalyy 5> gladate (g5 y40l e
3 29 003 yged g caslie Lalpd dbol pslaio 4 9 Jols

1.

Abbasi, S., M. Parashkouhi, and M. Rashidi, 2011. Performance capacity of tractor power in Kabudarahang county.
1™ national conference on Modern Topics in Agriculture. Islamic Azad University Saveh Branch. (In Farsi).

Yearbook. Available at:

2. Abbasi, K., M. Almassi, A. M. Borgheyee, and S. Minayie. 2014. Yield model estimation of basic crops based on
the agricultural mechanization level index in Iran. Journal of Agricultural Machinery 4 (2): 344-351. (In Farsi).

3. Agricultural Jihad Organization of Khuzestan Province. 2017. Statistical
http://ajkhz.ir/main/index.php/pages/generalinformationbank.html. (In Farsi).

4. Almassi, M., Sh. Kiani, and N. Lovimi. 2008. Principles of agricultural mechanization. Qom: Hazrat Masume
Publication.

5. Arsalanbod, M. 2005. Size, Fragmentation and Inefficiency: A single-stage stochastic parametric approach for
wheat production in Iran. Iranian Economic Review 10 (13): 151-162.

6. Baja, S., Chapman, D. M., and D. Dragovich. 2002. Fuzzy modeling of environmental suitability index for rural
land use systems: an assessment using GIS. Environment and Planning B: Planning and Design 29: 3-20.

7. Bencheikh, A., A. Nouranil, and M. N. Chabacan. 2017. Sustainability evaluation of agricultural greenhouse
structures in southern of Algeria using AHP, case of study: Biskra province. CIGR Journal Open access at
http://www.cigrjournal.org. 19 (1): 56-64.

8. Biswas, A., and B. Baran pal. 2004. Application of fuzzy goal programming technique to land use planning in
agricultural system. Omega The International Journal of management. 33 (5): 391-398.

9. Chang, D. Y. 1996. Theory and Methodology Applications of the extent analysis method on fuzzy AHP. European
Journal of Operational Research 95: 649-655.

10. Chen, H. S., G. S. Liu, Y. F. Yang, X. F. Ye, and Z. Shi. 2010. Comprehensive evaluation of tobacco ecological
suitability of Henan province based on GIS. Agricultural Sciences in China 9: 583-592.

11. Chen, T. Y., and Ch. Y. Tsao. 2008. The interval-valued fuzzy TOPSIS method and experimental analysis. Fuzzy
Sets and Systems 159: 1410-1428.

12. Chia, C. S. 2010. A performance evaluation model by integrating fuzzy AHP and fuzzy TOPSIS methods. Expert
Systems with Applications 37: 7745-7754.

13. Dagdeviren, M., and I. Yuksel. 2008. Developing a fuzzy analytic hierarchy process (AHP) model for behavior-



VAN Jal Jlasoss o oyl & ad «(5559LaS sl miolo 4y YFY

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

based safety management. Information Sciences 178: 1717-1733.

Ertugrul, 1., N. Karakasoglu. 2009. Performance evaluation of Turkish cement firms with fuzzy analytic hierarchy
process and TOPSIS methods. Expert Systems with Applications 36: 702-715.

Gungor, Z., G. Serhadlioglub, and S. E. Kesen. 2009. A fuzzy AHP approach to personnel selection problem.
Applied Soft Computing 9: 641-646.

Gumus, A. T. 2009. Evaluation of hazardous waste transportation firms by using a two-step fuzzy-AHP and
TOPSIS methodology. Expert Systems with Applications 36: 4067-4074.

Khurram-Ali, H. M., A. Sultan, and B. B. Rana. 2017. Captive Power Plant Selection for Pakistan Cement Industry
in Perspective of Current Energy Crises: A Fuzzy-AHP Approach. Mehran University Research Journal of
Engineering and Technology 36 (4): 769-780.

Lak, M. B., and M. S. Bloki. 2008. Investigation of mechanization level in Hamedan county. Proceedings of the 5™
national congress on agricultural machinery and mechanization. Aug. 28-29. Ferdowsi University of Mashhad. (In
Farsi).

Larki, M., M. A. Asoodar, A. Marzban, and A. Abde-Shahi. 2012. Investigation of power distribution status and
estlmatlon of required tractor power in Khuzestan province. 7" national congress on agricultural machinery and
mechanization. Ferdowsi University of Mashhad. (In Farsi).

Maddahi, Z., A. Jalalian, M. M. Kheirkhah Zarkesh, and N. Honarjo. 2017. Land Suitability Analysis for Rice
Cultivation using a GIS-based Fuzzy Multi-criteria Decision Making Approach: Central Part of Amol District, Iran.
Soil and Water Research 12(1): 29-38.

Meteorological Organization of Khuzestan Province. 2017. Meteorological Quarterly. Available at:
www.khzmet.ir. (In Farsi).

Mohammadi, O., and S. Zarifiyan. 2008. Factors affecting the mechanization of farm lands (case study: Nishapur
county). 5" natlonal congress on agricultural machinery and mechanization. Ferdowsi University of Mashhad. (In
Farsi).

Mohajer-doust, V., A. Akram, M. Mashhuri-Azar, and F. Vojdani Heris. 2008. Determination of required tractor
units and deswable mechanization level in Savojbolagh plain (given to the time of operational pick and tractor
management). 5" national congress on agricultural machinery and mechanization. Ferdowsi University of
Mashhad. (In Farsi).

Moradi, M. A., M. Sadeghi, H. Sadeghi, and L. Moradi. 2014. Development of a model for evaluating the
replacement of worn-out tractors in Iran and presenting complementary energy policy in the agriculture and
horticulture sub-sector. 2014. Iranian Journal of Energy 17 (1): 1-24. (In Farsi).

Nastaran, M., F. Abolhasani, and M. Izadi. 2010. Application of TOPSIS technique in analysis and prioritization of
sustainable development of urban areas (case study: urban areas of lIsfahan). Journal of Geography and
Environmental Planning 2 (38): 83-100. (In Farsi).

Organization of Management and Planning of Khuzestan Province. 2017. Agricultural census results. Available at:
https://www.amar.org.ir/_General Agricultural Census/Agricultural census results. (In Farsi).

Pishbin, S., H. Mohammadi, and A. Ejrayie. 2007. Investigation of problems related to applying agricultural
mechanization in Jahrom region. Journal of Development and Productivity 2 (5): 17-29. (In Farsi).

Rahman, S., and M. Rahman. 2008. Impact of land fragmentation and resource ownership on productivity and
efficiency: The case of rice Producers in Bangladesh. Land Use Policy 26: 95-103.

Ranjbaran .H. 2009. Statistics and probability and its using in the economy. Nooreelm and eshaat. Hamadan. (In
Farsi).

Safari, M., and M. Almasi. 2008. Mechanization Coefficients and indices in tillage operation using conventional
tractor and plow in ten provinces of country. Journal of Research and Construction 21: 52-60. (In Farsi).

Saiedirad, M. H., and S. A. Parhizgar. 2011. Investigation of mechanization indices in small-scale agriculture and
providing appropriate solutions in Khorasan Razavi province. Journal of Agricultural Machinery 1 (1): 48-53.
Secme, N. Y., A. Bayrakdaroglu, and C. Kahraman. 2009. Fuzzy performance evaluation in Turkish banking sector
using analytic hierarchy process and TOPSIS. Expert Systems with Applications 36 (9): 11699-11709.
Seyedmohammadi, J. F. Sarmadianb, A. A. Jafarzadeha, M. A. Ghorbanic, and F. Shahbazi. 2017. Application of
SAW, TOPSIS and fuzzy TOPSIS models in cultivation priority planning for maize, rapeseed and soybean crops.
Geoderma 310: 178-190.

Sham-Abadi, Z. 2007. Determination of mechanization coefficients and indices in tillage operation using
moldboard plow in Shahrud county. 3™ student conference on Agricultural Machinery Engineering. Shiraz
University. (In Farsi).

Sindhu, S., V. Nehra, and S. Luthra. 2017. Investigation of feasibility study of solar farms deployment using hybrid
AHP-TOPSIS analysis: Case study of India. Renewable and Sustainable Energy Reviews 73: 496-511.

Sun, C. C. 2010. A performance evaluation model by integrating fuzzy AHP and fuzzy TOPSIS methods. Expert
Systems with Applications. 37: 7745-7754.

Tana, S., N. Heerink, A. Kuyvenhoven, and F. Quc. 2010. Impact of land fragmentation on rice producers’



VAN Jal Jlasoss o o los & ad «(5559LaS sl miolo 4y YFO

38.

39.

40.

41.

42,

technical efficiency in South-East China. Journal of Life Sciences 57: 117-123.

Tavakkoli, J. 2012. Level of agricultural mechanization development in Kermanshah province counties and its
relationship with Institutional Infrastructure Indicators. Iranian Geography Quarterly 10 (33). (In Farsi).

Tabibi, S. J., and M. R. Maleki. 2005. Strategic planning. Termeh publications house, Tehran. Page 354. (In Farsi).
Yazdani, M., P. Zarate, A. Coulibaly, and E. Kazimieras Zavadskas, 2017. A group decision making support
system in logistics and supply chain management. Expert Systems with Applications. DOI:
10.1016/j.eswa.2017.07.014.

Yousefi, R. A. 2015. Determining the number of suitable working days for spraying wheat fields in Qazvin
province. Journal of Biosystem Engineering. (In Farsi).

Wang, T. C., and H. D. Lee. 2009. Developing a fuzzy TOPSIS approach based on subjective weights and
objective weights. Expert Systems with Applications 36: 8980-8985.



()
Journal of Agricultural Machinery @ — 9L sl iilo 4y i
Vol. 9, No. 1, Spring - Summer 2019, p. 235-251 s WA YFB-T8Y o IFAA sl Jluwons ) o5lesd & ol

Prioritizing the Power Arrival in Khuzestan Province Agriculture using FAHP
and FTOPSIS

A. Keshvaril- A. Marzban®’

Received: 11-12-2017
Accepted: 05-02-2018
Introduction
Understanding the status of tractor power in any region is a key factor in setting a mechanization planning to
improve the capacity of mechanized operations. For this reason, it is necessary that the available tractor power in
each region meet the needs of agricultural operations in the most demanding time of cropping season in terms of
operations related to machinery.

Materials and Methods

The objective of this study is needs assessment and prioritizing the power arrival in the agriculture of
Khuzestan province. Required data, such as the number of tractors, areas under crop cultivation, size and number
of farmlands, and crop yield were collected from the beginning of the first economic, social and cultural
development plan until the end of the fifth development plan. Given to peak of operations, working hours per
day and the probability of working days, input power required for each county was calculated. To determine the
priorities for arrival power to counties, four criteria, including mechanization level shortage, percentage of
obsolete tractors, the harmonic mean of production and area (ha) per tractor ratio (ha/tractor) were applied using
TOPSIS-AHP based approach. Technique for order preference by similarity to ideal solution (TOPSIS) is one of
the strongest methods in multi-criteria decision making. This method is based on the calculation of geometric
distance of alternatives from positive ideal solution and negative ideal solution. Analytical hierarchy process
(AHP) was used for weighting to criteria. AHP is one of the most famous multi-criteria decision making
methods which has been used to estimate a total score for each criterion, compare indices using pairwise
comparison and assess their score for one criterion. AHP is based on the decision-maker experience and
knowledge. But since decision-makers rely on their mental ability and experience for doing comparisons, for
reasons such as inadequate knowledge and information, complexity of the problem, lack of confidence in
decision-making environment and lack of a proper scale, they are not able to express their preferences in the
form of pure numbers. So conventional AHP has not enough potential for working based on human thinking
style. For solving this problem, the theory of fuzzy sets can be used.

Results and Discussion

Based on the results, 6682 tractors with theoretical power equivalent as 75 hp should be added to provincial
fleet to ensure timely agricultural operations in Khuzestan province. The required 75-hp tractor units are 1163,
750 and 742 for Dasht-e Azadegan, Andimeshk and Ahvaz, respectively and Abadan, Khoramshahr, Shadegan,
Shushtar, Shush, Andika, Bavi, Behbahan and Hendijan did not need to import any new power due to higher
theoretical power available compared to required power. The needs difference of counties came from the
difference between counties area under cultivation in the peak work area. Almost there was one tractor per 50-ha
area under cultivation in the province. Mechanization level was calculated as 1.2 hp ha™. Based on the tractor
classification by Mechanization Development Center, tractors over 13 years age are known as obsolete, so
mechanization level could be reached down to 0.7 hp ha™ by eliminating these tractors that included 40% of total
tractors in the province. Coefficient of variation related to the mechanization level of counties was calculated as
47% that indicates imbalance between provincial regions. The average of variation coefficient of farm lands was
obtained as 301.96 % for the province. Also correlation between mechanization level and coefficient of variation
of farmlands was -0.436 in 5% level. In order to determine the priorities for importing power to each region of
Khuzestan province, the ratio of area under cultivation (ha) to tractor unit assigned highest weight (0.3, 0.41,
0.54). Gotvand, Andimeshk, Izeh and Bagh-e Malek, had highest priority for importing power, respectively.
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Conclusions

Results indicate an inappropriate distribution of tractors without considering the actual local need for them.
Appropriate distribution of power is more important than quantitative distribution of tractors in Khuzestan
province, because power in some regions is more than required power that cause wasting capital. In opposite, the
shortage of power resources in the peak of workload in other regions, cause timeliness costs for farmer. Based

on this, a necessity for regional planning is felt in the provincial strategic plans to make appropriate and coherent
environments.

Keywords: FAHP, FTOPSIS, Needs assessment, Mechanization level
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Table 2- Decision matrix in fuzzy AHP
A A, A A,
|1 ml U]_ IZ m2 UZ Ig m3 U3 |4 m4 U4
Ay 100 100 100 073 094 125 087 107 136 098 114 132
A, 080 107 137 100 1.00 100 153 18 227 049 067 094
Az 073 094 116 044 054 065 100 100 100 020 0.22 0.27
Ay 076 088 102 107 149 204 371 449 510 100 100 100

boylno 558 (59 =Y Jge

Table 2- Fuzzy weighted criteria

L M U
Ay 0.16 0.22 0.30
A, 0.17 0.24 0.34
Ag 0.10 0.14 0.19
Ay 0.29 041 0.56

S8 ol pile gyl ggeme =V Jga
Table 3- Total lines of fuzzy decision matrix

l; m; Uj
Ay 3.58 4.15 4,93
A, 3.83 459 5.58
Az 2.37 2.70 3.08
Ay 6.54 7.85 9.16

S e uayilo glagygi ggecme =€ Jogoar

Table 4- Total column of fuzzy decision matrix
l; m; Ui
SSM 16.31 19.29 22.75

38 prenad o yilo by Egecme wsSae —0 Jga

Table 5- Invers of Total column of fuzzy decision matrix

Ui

mj

1/SSM

0.04

0.05

0.06
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Table 1- Decision matrix in fuzzy TOPSIS method

BM; Al A2 A\3 A4
Altrenatives dij bii Cij ajj bii Cij ajj bii Cij ajj bii Cij
oBols
Shadegan 0 0 1 1 3 5 1 3 5 1 3 5
S 0 1 3 7 9 10 0 1 3 1 3 5
Lali
oz 7 9 10 3 5 7 0 1 3 7 9 10
Masjed Soleyman
Jeés 0 1 3 1 3 5 7 9 10 5 7 9
Dezful
=T
Shush 0 0 ! 0 1 3 5 7 9 3 5 7
Shushtar 0 0 - 1 3 5 7 9 10 3 5 7
Sl
Dasht-e Azadegan 9 10 10 0 1 3 1 3 5 5 7 9
Ramhormoz
5leal
Ahvaz 1 3 5 1 3 5 5 7 9 7 9 10
dl.}lﬂ
Abadan 0 0 1 3 5 7 3 5 7 0 1 3
Sebaleyiiy
Bandar-e Mahshahr 1 3 5 0 1 3 0 1 3 0 1 3
o 0 0 1 7 9 10 1 3 5 0 1 3
Hendijan
Hdo >
Khoramshahr 0 0 1 0 1 3 3 5 7 1 3 5
Sirog ]
Andimeshk 5 7 9 3 5 7 7 9 10 9 10 10
Ol
Behbahan 9 10 10 0 1 3 3 5 7 1 3 5
4l
Omidiyeh 0 1 3 1 3 5 1 3 5 0 1 3
Sloils
Bagh-e Malek 7 9 10 9 10 10 0 1 3 5 7 9
i 5 7 9 7 9 10 1 3 5 5 7 9
Izeh
el 3 5 7 1 3 5 1 3 5 1 3 5
Ramshir
iy 5 7 9 3 5 7 7 9 10 7 9 10
Gotvan
!
Andika 0 0 - 3 5 7 0 1 3 1 3 5
..
Haftkel 3 S 7 5 7 9 1 3 5 3 5 7
ojsn 7 9 10 0 1 3 1 3 5 7 9 10
Hoveyzeh
‘ﬁl{. 0 0 1 0 1 3 7 9 10 1 3 5
Bavi
3]
il 5 7 9 0 1 3 1 3 5 0 1 3
Aghajari
49,8
Eﬁ) 0 1 3 0 1 3 3 5 7 1 3 5
arun
e 0 1 3 0 1 3 5 7 9 0 1 3

Hamidiyeh
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Table 7- Weighted fuzzy decision matrix

Red

County A Az As s

oL 016 0 0 004 008 03 001 004 009 006 014 054
Shadegan

Ij'];l\lji 005 022 0 002 003 004 O 001 005 006 014 054
Oerboizrne 002 002 004 003 005 01 0 001 005 003 005 008
Masjed Soleyman

s 005 022 0 004 008 03 008 013 018 003 006 011
Dezful

Prd 0.16 0 0 007 024 0 006 01 016 004 008 018
Shush

g 0.16 0 0 004 008 03 008 013 018 004 008 018
Shushtar

gsliles 002 002 003 007 024 0 001 004 009 003 006 011
Dasht-e Azadegan

el 002 003 006 002 003 006 00l 004 009 004 008 018
Ramhormoz

gl 003 007 029 004 008 03 006 01 016 003 005 008
Ahve}z

bl 016 0 0 003 005 01 003 007 013 01 041 0
Abadan

Redaloy 1y
Bt o vt 003 007 029 007 024 0 0 001 005 01 041 0
obn 0.16 0 0 002 003 004 001 004 009 01 041 0
Hendijan

Rebap 0.16 0 0 007 024 0 003 007 013 006 014 054
Khoramshahr

o] 002 003 006 003 005 01 008 013 018 003 004 006
Andimeshk

et 002 002 003 007 024 0 003 007 013 006 014 054
Behbahan

e 005 02 0 004 008 03 001 004 009 01 041 0
Omidiyeh

Sl 002 002 004 002 002 003 0 001 005 003 006 011
Bagh-e Malek

Iz:lh 002 003 006 002 003 004 001 004 009 003 006 011
el 002 004 01 004 008 03 00l 004 009 006 014 054
Ramshir

55 002 003 006 003 005 01 008 013 018 003 005 008
Gotvan

!

# 0.16 0 0 003 005 01 0 001 005 006 014 054
Andika

HJaﬁkel 002 004 01 002 003 006 00l 004 009 004 008 018
S5 002 002 004 007 024 0 001 004 009 003 005 008
Hoveyzeh

éf;\‘;i 0.16 0 0 007 024 0 008 013 018 006 014 054

(NH]

T 002 003 006 007 024 0 001 004 009 01 041 0
Aghajari

9,8

o9 005 022 0 007 024 0 003 007 013 006 014 054
Karun

e 005 022 0 007 024 0 006 01 016 01 041 0

Har;li"diyeh
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Table 8- Positive ideal solution

Vv, 029 029 029
vV, 0.3 0.3 0.3
A 018 018 018
A 054 054 054

u_fzi..o Jio.\;‘ J>o|) -9 Jg-\?
Table 9- Negative ideal solution

\' 0.016 0.016 0.016
Vo 0.02 0.02 0.02
Vs 0 0 0

V4 0.029  0.029  0.029

cald jadli 5 e g cate Jlony) ool jlaloli—Y e Jous
Table 10- Difference of Positive and negative ideal solution and similarity index

Rew gz gi— R 5; gi—
County County
ool 0.944 1.045262 chete 049 0.962
Shadegan Behbahan
Y 1.012  0.953645 e 051 0.963
Lali Omidiyeh
uw 1.155 0.611886 =l 034 1171
Masjed Soleyman Bagh-e Malek
st 1,024 0.749032 o 0.34 1136
Dezful Izeh
Py 1 0744402 tely 052 0.933
Shush Ramshir
bsd 0.955 0.757035 e 033 1.055
Shushtar Gotvan
sl LR
e 11 0.682483 ) 048 1.013
Dasht-e Azadegan Andika
el 1.095 0.636487 0.38 1.078
Ramhormoz Haftkel
il 37
e 0.968 0.794223 29 0.38 1.111
Ahvaz Hoveyzeh
obt 1.012 0.822623 ot 051 0.901
Abadan Bavi
. (NH]
pedalerky 0.986 1.034118 d)'_ i 0.46 1.024
Bandar-e Mahshahr Aghajari
. . 49,8
i 1.065 0.815349 % 053 0.915
Hendijan Karun
R 0.944 0981722 e 049 0.939
Khoramshahr Hamidiyeh
[ESIRY|

o 1.062 0.524839
Andimeshk
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Table 1- Consumption of inputs during the first year of saffron cultivation
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* The annual water consumption for saffron cultivation was considered equal to 3000 m® (Mahdavi, 1999).

w
)
9

®  Bolted drum

a
O Blade drum
o Rubber drum
C C
c
d
L‘ : I_}_‘
2 3

Harvesting time (day)

N
wn
L
o

N
1

[N
1

Nut damage in outlet (%)
& &

o
1

@l 3l (SunSis dop p opile g5 9 cuildp oloy 51 =3 JSWd
Fig.3. The effects of harvesting time and machine type on the percentage of cracked shells in the outlet
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