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1- Carrier phase differential global positioning system
(CPDGPS)

2- Global position system

3- Tilt sensor type ZCT245AL



Y o glagmme) 30 595515 (595505095 55095 culua saibobu b 5)l g colu (> 1)b

Sl plusss (g

Bt dlior s 32 b (B )gige S Jold i 0l
S osse nl 298 el 595515 b S ogge el Sl 29
825 9 S0 jolateds & 39y 0diddr L g 439> (B y9ige
JLasl gl .cd )3 )8 eolatwl 3y50 Cunly b co a 59815 loyd
E i L ogST5 ol (93,5 (2l g 9990 (Slgd S >
2 B 09590 9095515 Oled 9y b edliel pod;
Galwgd g coal izl Sl VY 9 YO ol g oS ola oo
¥ JS2) 51 Laspe jSos804 o)
daloby yls a9,

i S g plogruilly giwdygl) alowgds oS s 51
SLals) oa L iyl S (o0 e |) 515 bolad (sl
B8l g 4 G ygS15 (20 5 ok (sl 53 05 Sl
O 1) 5l bolad g9y 0 S > g 95815 CS > Cue Wi
ol 53l s g 455515 Jobo (slily 3 00 dlony] syl 038
gl a8 laj sl oad OBy Cuows plaS" &y iS5 w0
il dnly an Laedly Jloyl b g il cute (5580 o dlx]
sl 045 B yoie Cand (sYL Cuoww 4y gy o815 &S S o L
L asly ol e 53 15 bglad e baios jolate @ (pl
CS o b g 03,8 atedio |y ysige g3 clio g dbdly (SaS
s s lly 3 yowe Jobo slitel ccad Gl Coow &y 95815
WIRVAPCOREYIN

bl (333

$LS s o) jpeme 593515 3l el s
LS ad o ool 1 bglad (59 cutS jslaie 4 42y S5
slag s whad o55L b oo, ST S5 22 Jols
5 % Eige 4 9y JUl Cae lojliw 22 5 5 jlrd o)Ll
2 09815 syl g adgl Sladdats 1 g (¥ JS) 392 )4 3%e
Conig A8 Jlail Ly 5125 3)90 )93 5 053 (e 9 oo st
s9im S pLSn 53 9515095 gailebs 3 See (2Ll 5395
sosSoily By b o slaas (saials ;3 Ltau,.uln)i WA oy
Oladool —5led 03l (6 teghiS VO )3 &Bly s oSl ()oliS
R T R Y
ShI> 5 0y K 03 YO ) i L (o) = (8 () 8L
lise 2 o)V e S gadgl Cagby (5o 09 03,8 Slebls
9 ) 9y 3= Cgme (i &S (bglad sl og SUiS (s
aS LAWY o) S s g0k )5 4 pudis jeiSTy dlssds
355 o3lg 392 ple O el LS a5k

035 ol b (sl il oe a0 e YAl 5 ol g8
9 VI0 Lo b 0o sbogyz ) (Bl o iz
Olowlow ay ang Ly asl asl oy do )0 VW Joleo ¢ ol
o oo jS e 5lam W gloyd sl ol Jlade s plosl
il gl glag s alioul e B ud Ol conly b co o
3 e o sl ol aroliy S0l 40 V- 5l e B
cdS by las coy 5815 8 > doldl Wb o Qo] 4y V-

85 o plosl S 5l

—

e
~

25515 playd 59) 1 yrogamailiy 65518 Jome =Y S5
Fig.1. The location of potentiometer on the tractor
steering wheel
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Fig.2. The flowchart of electronic circuit
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Fig.4. Planting along a contour line
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Table 2- The ANOVA results of the path elevation of the tractor traveling along the counter lines
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Sources of variations  Degrees of freedom Sum of squares Mean squares
0*’”'5, 3 1 36.623 36.623 15794.220  0.000
Regression
oslecdl 118 0.274 0.002 —
Residual
Eooxe 119 36.897 — —

Sum
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Table 3- Analysis of the regression line obtained from the contour elevation versus the tractor travel elevation
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Line Dfig;gzsrr? Sum of squares Mean squares [ Tawe sluess
Slope Intercept
G955 5 118 0.15180 0.00129 0.97500 -0.01040 1.91100™
Regression
S b S 10 0 0 1 0
1:1

&) gxe pas NS
ns: non-significant
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Table 4- The ANOVA results of the difference between the elevation of contour lines and the path elevation of the
tractor traveling along the counter lines

©lryyo 9020

©laye el F P-value

Sources of variations  Degree of freedom  Sum of squares Mean of squares

Ol kS galeo @331 a3
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Regression
olosdly 130
Residual
gy 131

Sum
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0.366192

0.000005 0.000000  0.968000

0.002817

0.366197
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Table 5- The ANOVA results of the regression line related to difference between the elevation of contour lines and the
path elevation of the tractor traveling along the counter lines
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Table 6- The ANOVA results of the shoot length of mung bean plant in different slopes

Ol i gilio @oll ey Olaye oo Olaye (il F
Sources of variations  Degree of freedom  Sum of squares Mean of squares

Sk 2 49478 247.39 0.23™
Block
e 5 1159.80 231.96 021"
Treatment
Uas
10 10934.00 1093.40
Error

&) sxe pas 1S
ns: non-significant
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Table 7- Effect of different slopes on shoot length

S (00 3) ol o Z ghans
Trait Slopes (percent)
6 9 12 16 18 21

(o) dralo Jsb 56430 5767° 5823° 581.3° S571.0° 589.0°
Shoot length (mm)
(70 S5) St (g5 dme NS (gl d)ln-l A5l S e By gl)b sla (1 She
Means followed by similar letter(s) are not significantly different at the 5% probability level using Duncan's Test
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Table 8- The ANOVA results of the root length of mung bean plant in different slopes
Ol st e @331 a3 Olago fgozme  Olupe (lile
Sources of variations  Degree of freedom  Sum of squares Mean of squares

ok 2 555.44 277.72 0.17 ™
Block
ot 5 5663.10 1132.60 0.67"™
Treatment
e 10 16806.00 1680.60
Error

&) xe pae 1S
ns: non-significant
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Table 9- Effect of slopes on root length

3 T) (o 43) s iliseo g ghanw
Trait Slopes (percent)
(o o) Ay Jobo 6 9 12 16 18 21

Shoot length (mm)  285.0° 288.7° 276.0° 276.0° 235.0° 277.7°
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Means followed by similar letter(s) are not significantly different at the 5% probability level using Duncan's Test
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Table 10- The ANOVA results of the shoot dry weight of mung bean plant in different slopes

Oy qlo &35l a2y Slajo gaozme Olaypo (eSike E
Sources of variations  Degree of freedom  Sum of squares Mean of squares
Sk 2 0.04200 0.02100 0.58000 ™
Block
)L‘“’ ns
5 0.02170 0.00430 0.12000
Treatment
s 10 0.35360 0.03536
Error
S gxe pas S
ns: non-significant
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Table 11- Effect of slopes on shoot dry weight
S (300 53) Copuis ilizo 7 glanw
Trait Slopes (percent)
6 9 12 16 18 21
(05) el SW& 039 1718 1740 170° 1.69° 175° 1.79°
Shoot dry weight (gr)

(XC) OSb) Kt (gyld me AT yl> Lg)la’l S5l S e By g sl (1 She

Means followed by similar letter(s) are not significantly different at the 5% probability level using Duncan's Test
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Table 12- The ANOVA results of the root dry weight of mung bean plant in different slopes

Oy ili &3l gy Olaye fgome Olaype il E
Sources of variations  Degree of freedom  Sum of squares Mean of squares
Sk 2 0.0200 0.0100 1.1000 ™
Block
)L"“-’ ns
5 0.0018 0.0004 0.0400
Treatment
g 10 0.0910 0.0091
Error

&) sime pas 1S
ns: Non-significant
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Table 13- Effect of slopes on root dry weight
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Means followed by similar letter(s) are not significantly different at the 5% probability level using Duncan's Test
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Table 14- The ANOVA results of the emergence rate of mung bean seed in different slopes

Ol Zalo @l gan Olaryo ggome Olayye (SSle
Sources of variations Degree of freedom Sum of squares Mean of squares

ok 2 0.0160 0.0080 42800 "

Block
Sed 5 0.0859 0.0172 9.1700 **

Treatment

= 10 0.0187 0.0019

Error

2o ) 50 maw jd (45 dme s Sy s g
* *%: Significant at 5 and 1 level of probability
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Table 15- Effect of slopes on emergence rate of mung bean seed
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Means followed by similar letter(s) are not significantly different at the 5% probability level using Duncan's Test
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Design, development, and evaluation of an automatic guidance system for
tractor tracking along the contour line on inclined surfaces
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Introduction: Automatic guidance of tractors in the mechanized farming practice has taken the attention of
agricultural engineers in the last two decades. For this to be truly practical on the farm, it should be economical,
simple to operate and entirely contained on the vehicle. Different types of steering systems such as leader- cable,
laser- controlled, radio- operated and contactor- type have been developed for automatic guidance. The
automatic leveling system is used on hillside machines to keep the separator level when operating on hillsides.
This system has three parts: fluid level system, electrical system and hydraulic system. The fluid level system
consists of fluid reservoir and a leveling control switch box. The fluid level system actuates the electrical system
of the leveling unit. The electrical system which actuated by the fluid system consist of four micro switches in
the leveling control switch box, two micro switches in the limit control box, a solenoid in the hydraulic control
level, manual leveling control switch, and a leveling limit warning light. The hydraulic system maintains the
level of the separator when the machine is operating on a hillside. The present study was aimed to develop a
reliable, versatile and easy to maintain system to fit our economy and low technology level of farmers for
hillside- range development or fallow farming. The automatic guidance system has been implemented
successfully on agricultural vehicles on the basis of three components, i.e. sensors, processors and actuator
elements. The study site (N, latitude; E, longitude; and 1810 m above sea level) was located at the Agricultural
Research Center, Shiraz University, 15 km northwest of Shiraz, Fars Province, Iran. MF-399 agricultural tractor
manufactured by ITMCO, Tabriz, Iran was used for doing the experiments.

Materials and Methods:

The Level Sensing System: The biaxial tilt industrial sensor (ZCT245AL- China) with digital output can be
connected to the computer and received angular position in x and y coordinates. An assumed degree could be
considered as basis degree and the measured frequency was adjustable. The tilt sensor located along the axial
length of tractor and leads the angles which are created by longitudinal axle transverse axle of the tractor in
related to horizontal level. It was used for contour lines detecting. The potentiometer located on the steering
wheel of the tractor and pressure sensor which used with goniometer sensor used keeping uniformly of leveling
points in tractor motion. The pressure sensor (SN-SCP1000- South Korea) which is used in leveling system can
detect the elevation changes. In this way, by defining a limitation of altitude for system, it would be able to stop
steering turning motor which was coupled to tractor steering rod automatically. By resetting, the tractor could be
able to live in a new level position. To avoid excessive left and right steering wheels deviation and interfering
with other lines of travel, potentiometer was used. The deviation degree for steering rod from center to left or
right was selected 120 degrees. Accordingly, the wheels would not be able to move more than 10 degrees to each
direction.

The Processing System: The electrical circuit graphically designed and simulated by software (Altium
Designer, 2009) and installed on the tractor. The components of this circuit are as follows:

Electrical board, two relays which control the electrical pathway in both directions, a battery with 12 volts of
electric potential as electrical power supply, ATmeGA32 microcontroller which was made by Atmel company as
main core for information processing, RS232 protocol was used for making correlation between serial port
(COM) and the microcontroller and two capacitors for reducing noises.

The Actuator System: The output signals from the a processing system, were lead in the actuator system
would order and indicative of left- turn or right- turn command, were introduced to actuator- units include an
electric- gearbox motor that stimulate the steering wheel shaft of the tractor by chain and sprocket and conduct
the tractor in leveling traces at the desired speed. Before hitching any implements such as row planter behind the
tractor, the system was successfully tested on average slopes of 14.5% using a tracing powder.
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Results and Discussion: A plot of the average elevation of each 12 lines traced for a length of about 50
meters, HO, versus the actual elevation of 12 to 16 equally spaced points of each trace, H, produced the following
relationship:

HO0=0.142+ 0.990 H

Indicating a reasonably acceptable performance with standard error and R2 0.048 and 99.3% respectively.

Conclusions: The row planting in various slopes coincided with the contour lines of ground (Duncan’s
Multiple Range Test p < 0.05). Also, no significant difference was observed among the slopes and index of
length and dry weight of root and shoot. The percentage of the emergence index in the high slopes (18-21%)
showed significant differences. Hence by increasing slopes, the percentage of seed emergence was decreased.

Keywords: Contour Lines, Contour Planting, Self-leveling System
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Table 1- Fuel properties of diesel and poultry fat oil biodiesel

o gas (ASTM) (3031 5,1uitis! g, J{EPRYRES Jpogs  Jpe g
Properties Standard Test Method Allowable limit  Biodiesel Diesel Unit
.- I £y I
SIS0 D-240 - 40.5 422 MJkg'
Heating value
. ‘ e
Jbes &w D-92 Min 130 153.2 62.7 °C
Flash point
A0°C 3 Sl 5515 D-445 1.9-6 474 252  mm’s’
Kinematic viscosity at 40°C
s S D-2500 Min -7 -1 3 °C
Cloud point
Sy B D-97 Min -10 5 21 °C
Pour point
[CY
o N D-4052 Max 0.9 0.861 0.820 g em™
Density
= p
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Fig.1. Schematic diagram of the engine test stand: 1. Fuel tank, 2. Fuel measurement system, 3. Tractor,
4. Dynamometer, 5. Remote control system and 6. Data acquisition unit
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Fig.2. 5 dynamometer manufactured by NJ-FROMENT
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Table 2- Revolution range and capacities of dynamometer

Jlail sgod U g D390 Og oy 39luiS o iy
Contact mode Revolution range Maximum power Maximum torque
‘-‘Q’;‘;’O”m 270-1250rpm 335kW (450hp) at 900rpm  3250Nm (24001b-ft) at 600rpm
E”; 4 770-2600rpm 335kW (450hp) at 2600rpm  1050Nm (7751b- ft) at 1450rpm
ngine
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Table 3- MF-399 tractor motor specifications

oo Perkins A63544
Model
ol jlw &5, Ol ygige 8y
Manufacturer factory =~ Motor Sazan Company
)..\..L.w Slass 6
Cylinder No.
Stroke
B 98.6mm
Bore
Pl oz 5.8L
Cylinder volume
31y s
ey 1,5,3,6,2,4

Ignition arrangement
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Fig.3. FTO flow meter manufactured by American
FLOWTECH Company
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Table 4- Variance analysis of engine speed and biodiesel percentage on engine performance parameters

Olupe (ke Oluye (ke B a0 Olupo (855ke
e Silae e oly 2990 yoldS 2990 B9 S g
Sources of Degrees of  Mean squares Mean squares Mean squares of
variation freedom of engine of engine engine specific fuel
power torgue consumption
Jigs 2oy
Biodiesel 4 11.798%* 217.862%* 1081.848%*
percentage
(A)
0990 191
Engine speed 3 307.293%* 95.751%* 977.635%*
B)
blize L5
Interaction 12 1.165%* 12.563%* 1034.222%*
(AB)
oialejl oz 40 0.026 0.047 11.417
Error (E)

** Significant at 1% level.
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Fig.4. The revolution vs. torque of engine for different combinations of biodiesel and diesel
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Fig.5. The revolution vs. power of engine for different combinations of biodiesel and diesel
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Fig.6. The revolution vs. fuel consumption of engine for different combinations of biodiesel and diesel
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Introduction: Depletion of fossil fuels and environmental degradation are two major problems faced by the
world. Today fossil fuels take up to 80% of the primary energy consumed in the world, of which 58% is
consumed by the transport sector alone (Mard et al., 2012). The combustion products cause global warming,
which is caused of emissions like carbon monoxide (CO), sulfur dioxide (SO,) and nitrogen oxides (NOy). Thus
it is essential that low emission alternative fuels to be developed for useing in diesel engines. Many researchers
have concluded that biodiesel holds promise as an alternative fuel for diesel engines. Biodiesel is oxygenated,
biodegradable, non-toxic, and environmentally friendly (Qi et al., 2010).

Materials and Methods: In this study transesterification method was used to produce biodiesel, because of
its simplicity in biodiesel production process and holding the highest conversion efficiency.

Transesterification of poultry fat oil and the properties of the fuels: Fatty acid methyl ester of poultry fat
oil was prepared by transesterification of oil with methanol in the presence of KOH as catalyst. The fuel
properties of poultry fat oil methyl ester and diesel fuel were determined. These properties are presented in Table
1.

Tests of engine performance and emissions: After securing the qualitative characteristics of produced
biodiesel, different biodiesel fuels of 5%, 10%, 15%, and 20% blended with diesel fuel were prepared. A
schematic diagram of the engine setup is shown in Fig.1. The MF-399 tractor engine was used in the tests. The
basic specifications of the engine are shown in Table 3. The engine was loaded with an electromagnetic
dynamometer. The X5 model dynamometer manufactured by NJ-FROMENT was used to measure the power and
the torque of the tractor engine. The speed range and capacity of this device are shown in Table 2. A FTO Flow
Meter, manufactured by American FLOWTECH Company, was used to measure the fuel consumption (Fig.3).
Its measuring range is 37-1537 ml min™".

Results and Discussion: The engine performance was evaluated in terms of engine power, engine torque and
specific fuel consumption at different engine speeds. The variation of engine torques with Bs, By, Bis, By and
diesel fuel are presented in Fig. 4. The engine torque for biodiesel blends was more than that by diesel fuel only.
The mean engine torques for Bs, By, Bis and Byy were 2.5%, 2.8%, 3%, and 3.5% higher than that by only
diesel, respectively. This is due to the better combustion of biodiesel compared to diesel fuel. The variation of
engine powers with Bs, Byg, Bys, By and diesel fuel are presented in Fig. 5. The engine powers for biodiesel
blends were more than that by diesel fuel. The mean engine powers for Bs, By, Bi5 and B,y were higher than that
by diesel by 2.5%, 3%, 3.5%, and 4%, respectively. This is because of good combustion of biodiesel resulted
from higher oxygen content. The mean specific fuel consumptions for Bs, By, B;s and B,, were higher than
diesel fuel about 4.1%, 7%, 8.8%, and 2%, respectively (Fig. 8). The density of biodiesel was higher than that of
diesel fuel, which means the same fuel consumption on volume basis results in higher specific fuel consumption
in case of biodiesel.

Conclusions: The values of viscosity, density and flash point of poultry fat oil biodiesel were found to be
closely matched with ASTM D-6751 standard specifications. Viscosity and density of biodiesel were found more
than those for diesel. The calorific value of biodiesel was found to be lower than that of diesel. Poultry fat oil
biodiesel cannot be used as a neat diesel fuel in cold weather conditions due to its relatively low cloud point.
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Preheating and lowering freezing point is required to eliminate this problem. The engine performance with
poultry fat oil biodiesel and its blends are comparable with those of pure diesel fuel. Results indicated that B,y
blend had the best performance and the lowest specific fuel consumption.

Keywords: Biodiesel, Engine, Performance, Poultry fat, Transesterification
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Fig.3. Measurement of muscle stress of drivers while using the accelerator pedal (Left: MF399 tractor and right:
MF285)
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Table 2- Comparison of the RMS ratio during pressing the gas pedal of MF285 and MF399 tractors and after rest time
to recovery of muscles

RMS Cam RMS Couud

aas 5 sy adlas RMS Cond ME28s ME390 to,b]
Muscle RMS ratio in muscle after RMS ratio ME285 RMS ratio ME399 t-Statistics
) 4t > 2.15 112 226"
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60 seconds rest ] . i
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Quadratus lumborum Colyiol agl £ 1.45 1.00 712°
60 seconds rest ] . .
N 437 1.65 1.00 232"
SBsd s il 60 seconds
Upper trapezius col il 46 £ 124 1.00 201"

60 seconds rest
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Significant at 5 percent level
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Introduction: Too many people are working in the agricultural sector and therefore, pay more attention to
the safety and health at work in the agricultural sector is important. This issue is more important in developing
industrial countries where the level of the ergonomic working condition is less than that of developed countries.
Attention to ergonomic condition of agricultural machinery drivers is one of the goals of agricultural
mechanization. Therefore, in this study the ergonomic conditions of brake and accelerator mechanisms for
MF285 and MF399 tractor's drivers were investigated using a new method.

Materials and Methods: 25 people were selected for experiment. The electrical activity of Medialis
gastrocnemius, Lateralis gastrocnemius, Vastus medialis, Vastus lateralis, Quadratus Lumborum and Trapezius
muscles of drivers before and during pressing the pedal and after rest time were recorded using Biovision device.
Measurements were performed for each person on each muscle 30 seconds before pressing the pedal, 60 seconds
after pressing the pedal and after 60 seconds of rest. For all drivers, the muscles on the right side (brake and
accelerator side) have been selected and tested. The measurements were performed in compliance with
appropriate time intervals between the measurements.

Results and Discussion:

Ergonomic assessment of brake pedal: The results showed that the RMS electrical activity of muscles of
Vastus medialis and Medial gastrocnemius, during 60 seconds braking were 2.47 and 1.97. So, Vastus medialis
and Medial gastrocnemius had the highest stress during pressing the MF399 tractor's brake pedal. Moreover, the
Medial gastrocnemius and Lateral gastrocnemius with RMS electrical activity ratio of 2.47 and 1.74 had the
highest RMS electrical activity ratio respectively, during 60 seconds braking compared to before braking of
MF285 tractor. The comparison of results showed that the Vastus medialis and Trapezius had the higher stress
during braking of MF285 tractor than that of MF399 tractor, while, muscles of Medialis gastrocnemius, Lateralis
gastrocnemius, Vastus lateralis, Trapezius and Quadratus Lumborum showed the lower stress during braking of
MF285 tractor.

Ergonomic assessment of accelerator: During 60 seconds pressing the accelerator pedal for MF285 the
RMS electrical activity of muscles of Quadratus Lumborum and Medialis gastrocnemius were 3.25 and 2.15. So,
these muscles had the highest stress during pressing the accelerator pedal for MF285. Drivers of MF399 tractor
experienced high stress in their Vastus lateralis and Lateralis gastrocnemius muscles during pressing the
accelerator pedal. The results highlighted that for all muscles, except Vastus lateralis, the electrical activity ratio
during pressing the accelerator pedal of MF285 tractor were higher than that for MF399 tractor.

Conclusions: To conclude, Vastus medialis and Trapezius had the higher stress during braking of MF285
tractor than that of MF399 tractor, while, muscles of Medialis gastrocnemius, Lateralis gastrocnemius, Vastus
lateralis, Trapezius and Quadratus Lumborum showed the lower stress during braking of MF285 tractor as
compared with the other model of tractor. Generally in all muscles, except Vastus lateralis, the electrical activity
ratio during pressing the accelerator pedal of MF285 tractor was higher than that for MF399 tractor and the
drivers need more effort while pressing the accelerator pedal and drivers of this tractor had adverse condition
while using the accelerator mechanism.
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5- Vacuum transmitter

.(Kazemi et al., 2014)
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Fig.1. Schematic of planter equipped with the instrumentation: (1) Transmitter, (2) Rotary encoder, (3) High speed
camera, (4) Processing unit, (5) Location of camera, (6) Monitoring system
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Fig.3. Correlation of seed spacing measured with the high-speed camera system and spacing measured on the soil bin
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Table 1- Means and standard errors of the seed physical properties
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Table 2- ANOVA results for effect of vacuum pressure, forward speed and seed type on the different performance
indices in laboratory condition
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Source of variation i e Quality of feed .

d.f. Multiple index Miss index index Error index
P ise 2 0.003" 0.058* 0.039" 0.001™
SP (sopbay ey 1 0.065* 0.603** 0.122* 0.008™
ST L ¢y 1 0.631%* 0.098* 0.723%x* 0.019"
P*Sp 2 0.006"™ 0.079%* 0.109* 0.003"
P*ST 2 0.030™ 0.021™ 0.026"™ 0.001™
Sp*ST 1 0.053"™ 0.113* 0.006"™ 0.000"
P*Sp*ST 2 0.112%* 0.158%** 0.077* 0.000™
CV % 48.763 55.604 11.919 26.331
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P: Vacuum pressure, Sp: Forward speed, ST: Seed type, *Significant at 5% level; **Significant at 1% level; ns: Not significant
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Fig.4. Comparison of simple and interaction effects mean of performance parameter on different performance indices in
laboratory condition. S1: Speed of 3 to 4 km h™', S2: Speed of 6 to 8 km h™', P1: Pressure of -2.5 kpa, P2: Pressure
of -3.5 kpa, P3: Pressure of -4.5 kpa
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Fig.5. Effect of linear speed of disc and pressure on performance Indices of pneumatic planter (unissem) in field
evaluation (Ip= Error index; I~ Quality of feed; I,,,= Multiple index; I ;= Miss index)
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Introduction: Since the application of pneumatic planters for seeds with different physical properties is
growing, it is essential to evaluation the performance of these machines to improve the operating parameters
under different pressures and forward speeds. To evaluate the performance of precision vacuum seeders
numerous procedures of laboratory and field have been developed and their feed mechanism evaluation is of
great importance. The use of instrumentation is essential in laboratory procedures. Many systems have been
designed, using instrumentation, to be able to monitor seed falling trajectory and as a result, in those systems the
precise place of falling seed in the seed bed could be determined. In this study, the uniformity of seed spacing of
a seed drill was determined using of high speed camera with a frame rate of 480 frames s”. So that, the
uniformity of planting was statistically significant under the influence of the speed of seed metering rollers
(Karayel et al., 2006). Singh et al. (2005) studied the effects of disk rotation speed, vacuum pressure and shape
of seed entrance hole on planting spacing uniformity using uniformity indices under laboratory and field
conditions. They reported miss index values were reduced as the pressure was increased but they were increased
with increasing of the speed. The multiple indices on the other hand were low at higher speed but they were
increased as the pressure was increased. Ground speed was affected by changes in engine speed and gear
selection, both of which effect on amount of fan rotation speed for different pressures. The aim of this study was
to identify and determine the effects of forward speed and optimum vacuum pressure amount of the pneumatic
seeder.

Materials and Methods: The pneumatic planter (Unissem) was mounted on a tractor (MF399) and passed
over the soil bin. Thus, the acquired data would be more reliable and practical. To do so, the tractor was
equipped with electronic devices for online measurement of various parameters, including: the actual forward
speed, wheel sleep percent, drawbar pull, motor RPM, and fuel consumption. Wheel drive of the seed metering
mechanism was equipped with Rotary Encoder model S48-8-0360ZT (TK1) to determine the seed disk rotation.
For more precise vacuum pressure monitoring, a Vacuum Transmitter model BT 10-210 was used to measure
relative pressure from 0 mbar to -1000 mbar. Investigation of seed falling trajectories was conducted using the
AVI video acquisition system consisted of CCD (charge-coupled device) camera (Fuji FG60EXR) capable of
capturing images with a constant speed of 320 frames per second and a spatial resolution of 320x240 pixels. All
data were transmitted to a data logger and displayed online on the PC's screen.

For optimization of the factors affecting the performance of the pneumatic planter, the experiments were
conducted with: two ranges of forward speeds [3 to 4 km h™', and 6 to 8 km h™'; three levels of vacuum pressure
[-2.5kPa, -3.5kPa and -4.5 kPa]; and two types of seed [cucumber and watermelon], keeping a three-factor
factorial experimental design. The tests were replicated three times. The uniformity of seed spacing was
measured with indicators described by kachman and smith (1995) which are defined as:

Imiss =+ X 100 W

It = =2 % 100 @

qu =100 — (Imul + Imiss) (3)

P = Sd (4)
Xref

Which for planting distance of 45 cm, N is number of spacing > 1.5X.s; N, is number of spacing < 0.5X ¢
and N is total number of measured spacings, Syis standard deviation of the spacing more than half but not more
than 1.5 times, the set spacings X, Lniss is the miss index, I, is the multiple index, quality of feed index Iq is
the percentage of spacings that are more than half but not more than 1.5 times, the set planting distance and P is
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error index.

Results and Discussion: According to the studies on both watermelon and cucumber, the ‘quality of feed
index’ value in forward speed rang of 6 to 8 km h™' was less than one in forward speed rang of 3 to 4 km h™",
Also, the “error index’ value in forward speed rang 3 to 4 km h™' was little rather than forward speed rang of 6 to
8 km h', but it was desirable.

For watermelon and cucumber seeds, the ‘quality of feed index’ were the maximum with mean of 97% and
87% under vacuum pressures of -2.5 kPa and -4.5 km h'', respectively and forward speed of 3 to 4 km h™; so that
for cucumber seed in the mention treatment, the ‘miss index’ was lowest with mean of zero.

The ‘multiple index” was highest with mean of 6% at 3 to 4 km h™' forward speed and vacuum pressures of -
4.5 for watermelon seed. Values of this index at both forward speed and three levels of vacuum pressures, for
cucumber seed was more than watermelon seed.

Miss index values were reduced as the pressure was increased but increased with increasing of speed. With
lower vacuum pressure and at higher speeds, the metering disc did not get enough time to pick up seeds,
resulting the higher miss indices. On the other hand, the multiple indices were low at higher speed but were
increased as the pressure was increased (Panning et al. 2000; Zulin et al. 1991).

Conclusions: It was observed that seed spacing uniformity was affected by both speed and pressure but not
equally. Extracted regression models showed that the best uniformity of spacing for watermelon seed obtained at
the rang of speed of 3 to 4 km/h and pressure of -3.5 kPa with a error in spacing of 7% in laboratory condition.
Furthermore, in field condition the best uniformity of the seed space occurred at the pressure of -2.5 kPa and
rang of speed of 6 to 8 km/h with a 9% error. Similarly, for cucumber seed results showed that the best
uniformity obtained at the rang of speed of 3 to 4 km.h™' and pressure of -4.5 kPa in laboratory condition, and at
the low speed and pressure of -2.5 kPa in the field.

Keywords: Field test, Image processing, Pneumatic seeder, Pressure, Uniformity seed spacing
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Introduction: The quality of agricultural products is associated with their color, size and health, grading of
fruits is regarded as an important step in post-harvest processing. In most cases, manual sorting inspections
depends on available manpower, time consuming and their accuracy could not be guaranteed. Machine Vision is
known to be a useful tool for external features measurement (e.g. size, shape, color and defects) and in recent
century, Machine Vision technology has been used for shape sorting.

The main purpose of this study was to develop new method for tomato grading and sorting using Neuro-
fuzzy system (ANFIS) and to compare the accuracies of the ANFIS predicted results with those suggested by a
human expert.

Materials and Methods: In this study, a total of 300 image of tomatoes (Rev ground) was randomly
harvested, classified in 3 ripeness stage, 3 sizes and 2 health.

The grading and sorting mechanism consisted of a lighting chamber (cloudy sky), lighting source and a
digital camera connected to a computer.

The images were recorded in a special chamber with an indirect radiation (cloudy sky) with four florescent
lampson each sides and camera lens was entire to lighting chamber by a hole which was only entranced to outer
and covered by a camera lens.

Three types of features were extracted from final images; Shap, color and texture. To receive these features,
we need to have images both in color and binary format in procedure shown in Figure 1.

For the first group; characteristics of the images were analysis that could offer information an surface area
(S.A.), maximum diameter (Dmax), minimum diameter (Dmin) and average diameters. Considering to the
importance of the color in acceptance of food quality by consumers, the following classification was conducted
to estimate the apparent color of the tomato;

1. Classified as red (red > 90%)

2. Classified as red light (red or bold pink 60-90%)

3. Classified as pink (red 30-60%)

4. Classified as Turning (red 10-30%, It showed the color green change to pink)

5. Classified as Breakers (red < 10%, It showed the color green change to yellow)

6. Classified as green (The whole fruit area was green)

To estimate the quality of tomato, we need to estimate background of the images. For this purpose we should
follow the preocedure as shown in Fig.2.

According to flowcharts shown in Fig.1, our samples will be in the following stages: (Fig.3.)

Fig.4 shows that during the ripening of tomato red color is increased and green color is decreased. Indicating
chlorophyll degradation while lycopen started to be produced.

According to figure 6 we utilize the R and G value of tomato for ripening decision. As ripening data we
utilize the mean of red and green values of pixels that are used for this goal. For correct processing of last group,
edge of images were removed that had incompletely understood of the fruit color and determine color
coefficients, the system with slight error could detect all parts of the damage. Quantity of damage area reported
in the proportion of the total area of tomato.

In the present work, 5 factors were considered and the linguistic variables corresponding to the values were
created in 4 levels: size, color or ripening, a healthy and final level that classified tomatoes in 8 classes. In size
level input values were minimum diameter and surface area. These values classified the tomatoes into 3 groups.
In color level input values were Red and Green component values. These values were used to classify the
tomatoes in 3 group, too. In healthy and unhealthy level, input value was proportion of damage area to tomato

1- Graduated student of Biosystems Department, Shiraz University
2- Assistant Professor of Biosystems Department, Shiraz University
3- Professor of Biosystems Department, Shiraz University

(*- Corresponding Author Email: saadatkamgar@yahoo.com)
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total area. This value were used to classify the tomatoes in 2 group. In final level, outputs of previous levels are
our inputs now. This values going to classify the tomatoes into 8 final groups.

Results and Discussion: This system can classify the tomatoes in 8 groups just with rules. For this reason we
measured the accuracy of the system before training. This values were 70.7, 82.0, 95.7 and 75.5% for size, color,
health and final system respectively. For achieving all ability of ANFIS in classifing we done the above
measuring after training of machine. The results were 80.9, 89.5, 95.7 and 81% for size, color, health and final
system respectively, that indicate the accuracy of the system is raised by 10%. A validation step is done in this
study. The accuracy of the system is measured versus a human expert. The classification was done with 60
samples. The accuracies of machine were 75.9, 83.8, 94.2 and 76.5%. Analysis of results with qui-square test
indicated that there is no significant difference between machine results and human expert choices.The
validation process proved that system is useful in this purpose.

Conclusions: This research was about evaluating of using machine vision and ANFIS in grading machines
and done in off-line mode. The research was redirected to the following general conclusions:

1. To obtain an estimate of tomatoes, sample sizes were measured by using calipers and machine vision, the
results showed that this system can be used to obtain dimensions.

2. For the purpose of size grading, the small diameter and the surface area of the image was used
whichyielded 67% and 62% accuracy for determining the mass, in comparison the ANFIS system performance
was precisely 81%.

3. For the purpose of color grading, red and green were used which is a better description of quality. For this
the ANFIS system was used for color grading and it performed at §9.5%.

4. For the purpose of sample selection grading (dividing the rotten from the good), optical robot was used.
The outcome of system ANFIS and the optical robots had the same results of selection at 95%.

5. In an aggregate or globally, the criteria from the above was used as an input for the grading and
classification. Based on these inputs, the ultimate output was consequently categorized into 8 groups. The
precision of the division or the selection was determined to be 81.5%.

6. With respect to the testing based on chi-square, it can be determined that this system can replace human
workers. In addition, based on the performance and necessary adjustments to the system and its grading criteria
better system can be built to replace human workers.

Keywords: Classifying, Health, Ripeness, Size, Sorting
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Fig.1. Various types of pistachio images: a) Filled split, b) Blank nuts, ¢) Filled non-split
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Fig.2. a) The image of a pistachio nut, b) The segmented image
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(SkI>16.4) Then (Pistachio is Filled split)

R4: If Not (Mom>20.5) and (Mom<19.2) and Not
(Sk1>16.4) and Not (SkI>11.6) Then (Pistachio is Blank
nuts)

RS5: If Not (Mom>20.5) and (Mom<19.2) and Not
(SkI>16.4) and (SkI>11.6) Then (Pistachio is Filled
non-split nut)
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R1: If Mom>20.5) Then (Pistachio is Filled split nuts)

R2: If Not (Mom>20.5) and Not (Mom<19.2) Then
(Pistachio is Non-split shell)

R3: If Not (Mom>20.5) and (Mom<19.2) and
—_ - Pistachio_Fis
flu)
. (sugeno)
Skeleton
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Fig.6. Sugeno fuzzy inference system
Type of
pistachio
Moment
Skeleton
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Fig.7. Neuro-Fuzzy network
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Table 1- Results of classification

Jalye
Stages

(w2 y3) Uas
Error (%)

(458) ol

Time (second)

Lgod dlaxs
Number of samples

Feature selectionand extraction (decision tree)
S s
Network train
Network test

300 - 1.2
200 4.2 0.73
100 2.99 0.31
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Introduction: Pistachio nut is one of the most important agricultural products of Iran and it is priced due to
the quality and type. One of the significant factors of pistachio cost is its type in terms of shell. Filled split
pistachio nut has the most quality and is utilized as nuts, while the closed shell type has lower cost, at the same
time is economically efficient in food industry such as confectionery. Now, pistachio sorting is performed
usually by human and sometimes using electromechanical apparatuses. Classification of pistachio by human is
time consuming and is done with an unacceptable accuracy, on the other hand, electromechanical and electro
optical apparatuses damages pistachio because the mechanism used in them while separating. So, the need to
develop automated systems that could be implemented by intelligent ways is evident to increase the speed and
accuracy of classification.

Materials and Methods: In this study, 300 samples of pistachios contains 100 Filled split, 100 Filled non-
split and 100 split blank nuts ones are used. The training set consisted of 60 samples of each type of opened nuts,
closed and empty opened shell nuts a total of 180 samples and the evaluation set consisted of 40 samples of each
type of opened shell, closed shell and empty opened shell nuts a total of 120 samples.

The principle of this study is implemented in two steps: 1) sample imaging and image processing to extract
features 2) fuzzy network design based on the characteristics of data and training.

To select useful features from the hypothesis, C4.5 decision tree is used. C4.5 algorithm makes a greedy top
to bottom search on the hypothesis, and is made by the question what feature must be at the root of the tree. By
the help of statistical methods, extracted features from the images were prioritized and the most appropriate
features for classification of training set were selected. The algorithm chooses the best features as their number is
minimum. Finally, a total amount of the second moment (m2) and matrix vectors of image were selected as
features. Features and rules produced from decision tree fed into an Adaptable Neuro-fuzzy Inference System
(ANFIS). ANFIS provides a neural network based on Fuzzy Inference System (FIS) can produce appropriate
output corresponding input patterns.

Results and Discussion: The proposed model was trained and tested inside ANFIS Editor of the MATLAB
software. 300 images, including closed shell, pithy and empty pistachio were selected for training and testing.
This network uses 200 data related to these two features and were trained over 200 courses, the accuracy of the
result was 95.8%. 100 image have been used to test network over 40 courses with accuracy 97%. The time for
the training and testing steps are 0.73 and 0.31 seconds, respectively, and the time to choose the features and
rules was 2.1 seconds.

Conclusions: In this study, a model was introduced to sort non- split nuts, blank nuts and filled nuts
pistachios. Evaluation of training and testing, shows that the model has the ability to classify different types of
nuts with high precision. In the previously proposed methods, merely non-split and split pistachio nuts were
sorted and being filled or blank nuts is unrecognizable. Nevertheless, accuracy of the mentioned method is 95.56
percent. As well as, other method sorted non-split and split pistachio nuts with an accuracy of 98% and 85%
respectively for training and testing steps. The model proposed in this study is better than the other methods and
it is encouraging for the improvement and development of the model.

Keywords: Algorithm C4.5, Image processing, Neuro-fuzzy system, Pistachios classification
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Fig.6. A) Original RGB images from rice leaf surface, B) Final image resulted to distinguish the rice blast disease
(yellow parts) from brown spot disease (brown parts)
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Introduction: Rice is a very important staple food crop provides more than half of the world caloric supply.
Rice diseases lead to significant annual crop losses, have negative impacts on quality of the final product and
destroy plant variety. Rice Blast is one of the most widespread and most destructive fungal diseases in tropical
and subtropical humid areas, which causes significant decrease in the amount of paddy yield and quality of
milled rice.

Brown spot disease is another important fungal disease in rice which infects the plant during the rice growing
season from the nursery period up to farm growth stage and productivity phase. The later the disease is
diagnosed the higher the amount of chemicals is needed for treatment. Due to high costs and harmful
environmental impacts of chemical toxins, the accurate early detection and treatment of plant disease is seemed
to be necessary.

In general, observation with the naked eye is used for disease detection. However, the results are indeed
depend on the intelligence of the person performing the operation. So usually the accurate determination of the
severity and progression of the disease can’t be achieved. On the other side, the use of experts for continuous
monitoring of large farms might be prohibitively expensive and time consuming. Thus, investigating the new
approaches for rapid, automated, inexpensive and accurate plant disease diagnosis is very important.

Machine vision and image processing is a new technique which can capture images from a scene of interest,
analyze the images and accurately extract the desired information. Studies show that image processing
techniques have been successfully used for plant disease detection.

The aim of this study was to investigate the ability of image processing techniques for diagnosing the rice
blast and rice brown spot.

Materials and Methods: The samples of rice leaf infected by brown spot and rice blast diseases were
collected from rice fields and the required images were obtained from each sample.The images of infected leaves
were then introduced to image processing toolbox of MATLAB software. The RGB images were converted to
gray-scale. Using a suitable threshold, the leaf surface was segmented from image background and the first
binary image was achieved. Leaf image with zero background pixels was obtained after multiplying the black-
and-white image to original color image. The resulting image was transformed to HSV color space and the Hue
color component was extracted. The final binary image was created by applying an appropriate threshold on the
image that obtained from Hue color component.

As there was a high color similarity between the symptoms of two diseases, it was not possible to use Hue
color component to distinguish between them. Therefore the shape processing was applied.

Four dimensionless morphological features such as Roundness, Aspect Ratio, Compactness and Area Ratio
were extracted from stain areas and based on these features, disease type diagnosis was performed.

Results and Discussion: Results showed that the proposed algorithm successfully diagnosed the diseases
stains on the rice leaves. A detection accuracy of 97.4+1.4 % was achieved.

Regarding the results of t-test, among the extracted shape characteristics, only in the case of Area Ratio, there
was no significant difference between two disease symptoms. While in the case of Roundness, Aspect Ratio and
Compactness, a highly significant difference (P<0.01) was discovered and revealed between rice blast and rice
brown spot stains. The developed algorithm was capable of distinguishing between disease symptoms with an
exactness of over 96.6%. This means that of the 60 samples (30 samples rice blast and 30 samples of rice brown
spot); only two were placed in the wrong category.

Conclusions: It was concluded from this study that image processing technique can not only accurately
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determine whether the rice is healthy or infected but also can determine the type of plant disease with reliable
precision.

Considering the fact that plant diseases spread area by area through the field, early and accurate diagnosis of
plant diseases in a part of a farm - which is provided by image processing techniques and machine vision
systems — is very useful for timely and effective disease treatment which in turn leads to lower crop losses. Also,
by using the site-specific chemical application technologies, the need for chemicals can be minimized, an
important factor that can considerably reduce the costs.

Keywords: Brown spot, Machine vision, Rice, Rice blast



Journal of Agricultural Machinery
Vol. 6, No. 1, Spring - Summer 2016, p. 80-89

B

IS o et

639 sl iilo 4y yld

A A=A AFRB sl Jlomas o 50 5 ol

o5 K GRS 53 (T30 JA0) s S e Ko 5 Shes b le 5 1 5 o

f.xS

TS sle =T S 15T L ge =03l ol (5 S Al e
WA/ 24/ Y el ol
WAY/N /YA ol g,

LRVCES

23) oingS (s ey Jols s (sl Jale y5b 8,8 )15 )y 3,90 pAIS 08 Wiz g8 5 T30 g8 (e 3,Skes (3o (ol o
(s 5 oy ¥ 3 s ¥ 33) oS Jslto plil 5 (VA== kg h! &ee ee s ¥ 13) Jsammo (sasi 5 (- TP 50+ - e o ¥
By oyl il 7y 5l osel Cowdas (slmodly Julow g 4355 (sl 0,5 J1B wyp g axdllas 3590 003 aw] (sladils o )> 9 Slils
WA ds lie (o8 £a0 Loyl aS ol LS s b edlatwl (SSly gldiely Wi jaosl 5l b uSile (gdunlio (slp g (Bolas JolS slaSsl,
b s Lafole Lol (sl 3l 1 Ske (gaunlio ol (P<e/eV) 2oy j3 iz LingS Slal doyd ¢ blite (sla 3l (oS 5 odineS lod ey
392 (VOIF) g S il 5uKilie e ySbam sl Sl tme GBI LY )31 08, 5 (LF/Y) ingS Slil ke (508 syl duo o3 &S
sl o/t kg h! eole jlie 4 W e S5k Hlude I (insS il j3 (gl dme il VA K 4 Fee 108 e (]8I L s e
Coyo g5 kg W 4055 gaw waoy 1) b islejl 3 (£+/10) LineS Clils e o 5aS 45 ol (L5 alaw Blite slo il o)y gl .2kl
9 sy 9 WA+ kg hT @i s ¥ 31 085 b ool 5 (AYRIYAY) LagS lals jlade oy 5 ol Caddy £+ +TPM 0yeS” g
g0 (L1031 58) 32 osdal (sladils doys by yislesT aldS )3 el owday Foorpm oaigS

51U S tloass s asly J515 )3 )18 bausgs syl Jgae
el o] g8 o 5 005 3l 458 g & laaliis 6o
Hal oS e 3 cpl (slainly do 28y )3 il S35 & as g
LBl |y paS Joamme g Cubl oS pe ) () 45 e
e oLy (655l Sy )3 @S yayd I (g Ly
2 el ool LS 4 Wb a8 S pueuad g cudld D93 g o)
3y9-0 Jraadyl il )3 CiS 390 pAIS 08y N> Jgae (iugS
2155 8 o Jgmaann gL Jdle 3,5 1,5 (g
Jsbadels § 435 Gl (Jyame cugb Slyme ((Sojdlsjod
15l edingS (gl old winsS (il caepu Jolds oS ye >
C9S eyt S 3y Sos Gl 3 walal (el G900 3 0ingS
9 Ol (s 10 45 e sl sl ole ) (S )l b
LS m s S 25l 15 390 0l 5 S ey Sl
ol b il e 2 5351 e 1B 51ty (slauli
bl e 0d S et Ceyw 0,8 8 el de Wb layile
e oS slacis yuw g a4 by cul el ol slace

2542k gl ol jlade g)cnl j)agd e iasS CAL il 4

PS5 csS oyt cingS lali 1 ganlS gWnjly

-

LV R

Sy (35 Sags Cdean liwg, jl )l 53 jo

sbagizo ;> all dgd o odlisl (od slacgS 5eys Sl 2l
3l 3 olemmt 3 355 3l sLaise Logase i
L s slosS (e 3 jl okl Jpame woe (1392 o8 Cloas
Ol Glp s SogS e s )1 ©ygpe by ugS cud)ls
T25 T30 Jus 93 0 ool sbissl 6,8 lawes A+ and o )b
Ol e85 )18 98 plipe 3 lipeliss Ll s 5 a g
DS ot B 415 £ 5 o s e oS s
a2y Log e nl 9 29 oelbe 2L (b @ Jpame
ladiws 9o plol sl lawg Jawase s b #)b «

(b mlio 5 (65)0liS pole 0dSsls (g gr (wligo 095 Hhessls =3
Lflfﬁ‘b)‘ 3450 olXasily
J}:.«M LRy —-:ié)
P}J& oaSisly i g g 09/5 J.w)‘ L;..-JL.JJ)‘S w?ojuw‘b -y 9 Y
Lflfﬁ‘b)‘ d.a.’x.a oKy GL_;'.u-IG Ca‘.m 9 Lg)’)}l..ilf

(Email: ezzataskari@yahoo.co.uk



M e oo e ys S 5 Sdes p ele (S ST oy

od g8 ot ey gyl (S Sue (a0 00058 b oS ye S
IR- §TR-20 pl5)) gy caliseo pl6) b iolojl 9 VWM s Jolao
INEID &l cogby (slgize L Ponni 4 Yaigai 5 IR-60 4 50
Sy aS sl ol ¥ ton h! I VA 435 ol b o 70 Wb
Cladsly godgs pxto Ao/ oY I /o/oY 3l oaiis oansS (slaails
Suzuki Lo wgi .l 4Bl 2559 basl i (pl Cod 0y dods
s, g B o sl 3,5hes (535 51 2lasialef (1950)
VoY m s s Gy ) 0l dedo slaasly by g
el 03,8 )5 o103 508 LYOW.D. &ils Cugby g sansS
2 s oy pleS lals g4, (Harisson, 1991) adles

Jgmazme Cush) lgiome 450l (LS 2 Jpaza 69y p GRlej]
Sl 69y = b ne ST 0dingS (Shgd sy g AT (ljee
TAYAWD. g VF O lacagb) 1 945, Jeame opl iugS
Slados zuls sl e o IA g </ /Y s pa Jaame iy
slacy S e, 5, Slas wyp ;5 (Gummert et al., 1990)
oo omotgS (e slacuepw )3 (THIT) Jio (590 b
m s gV e/0 Jslas i odingS as s pw) VY- 1pm b
OiusS Gl aa oS Jlyed ey iol381 L aS sl ol (YF/N
Joyd Hlade (Jg .l iol8l enyd deds sladily woyd 5 LialS
0L b Ad- rpm i sl ju j0 0lyd dods sladils
g dbgs 5l ot L sladily loyd gaemme) oBiws IS lals g
Caly 1oy o (LS g ol eSOy bawgs oKy jlonds g,
Joles oansS los e puo) AD+ TPM )90 Cs pus )3 019 dodus
$95 51y dlwl b Khan (1990) .34 yluie J8las (¥ ms™
o ol i jpliteas 4S5 )i CS L puS g S ey s
PlesS oo oml s cadib (gyeme lpr w00
Sl 5 SYF DT kg o Y0 i i 5 pAS Jpasme SigS
Sarvar and Khan, ).ccwl o3, (5,155 7 VY V0 g S
il (JS5 V) (06 s (soiaS 3,Shae a3 (1987
Cogby (gloie L) Siid Jaao 0103 dodio (sladily o> aS
(AYF W. b. cosb, (slemo L) 5 Joame 5l 5 i (XV5 W. b
IYm s U jleangS ey ialidl b S jgbdy sl e
sl Gials (g S alali o isli8l edd dedo sladihy so)d
sladsh Lo WY m 8™l i as b w5 anl]
S0t 5 Ly St Jpatme iogS > Logasie s1d deo
ey clal (Andrews et al., 1993) bwg bl o i3l
g 0dgS (9> Cop cus p w0 085 93 sl e £95 S
il g shalojl 53 sl o (gl e Jpamo gl (slsie
b (Saeed et al, 1995) s g6y wsS o £
oy o AYIFE S @lal b JLs Ve kg b olSies cud b

2- Hold on paddy thresher

SSB sl |y p5Y sy S 35 5 39 Bly | S gy 2>
olagss (Klenin and Popov, 1985) 8 u,wl; gl &l
Sl Jganme 5 ble cilie sl Jole 555 3590 53 (6391x0
2 a5 oot 1 b il > loogS s 5 ol S
» Olidos @l jl (S do bl )3 sl 485 G900 5508
b ptalel 53 GlagS ol 5 ,Shes s e sladels ()2 prgas
Do oo o)Ll Calisee Y guaze
&y 5wy o (Lashkari er al., 2002) sios
by (Kl e o (Voo e TPM A Ave) oalsS Jilysd
Al ol A0 il (yleaS iesS 251y > (i o5y) pS
00 ygS A b jlodneS Alold Acerpm g Are  ilyed Cusyu jd
Ol S S VAKM W i Ca po g YO mm
» (Vejasit and Salokhe, 2004) wladss gl a8l o sl
S2) Orble g bgw Jpazmo & bgpye sloale (32 56 (o)
Gy p3 g 035 a8 0l LS (sygme bz 055 e s
Ly kgh' JIofs canisgps g Mo rpm bser g
A Wl e AYYIVY Wb, (JIVF/YY &l by (slgie
b gy Jpame 58 05 S 59y 2 optaloj] gl bl 7Y -
Slosize jo Ade rpm ¥ jloa S od Coyw polew
Ao opy e 45 0l L LYY wb. (1Y il cogbs,
s 0dgS (gd ey (S e )3 00 4o sladly
ZAY Wb, im aild Cogb, (glgie 5l plaw 5S¢ A+ TpmM
lwgs (Alizadeh and Khodabakheshpour, 2004) .é ol
Sl Sloss 51 b wlals (King and Riddolls, 1962)
Ol gl 9 485 58 (ay 3y90 pAST Jpae iugS 5l Jol>
cAreoangS (S sl yu b inlejl o a8 0 ol Saiou
VAR gV el MY ¢ g el VYo tpm g Ve e e Al
5 «(Mitchell and Rounthwaite, 1964) .55 zuls g duo)yd
L7V (N0 cansbo) slyoms Ly paiS 68 93 Cuoglie (g
oS 3 aS ol L ¥em s WY 5l eanS s s puo
W g i 5D 9 LAFIA Gl sladily do s 1 Sle s puo
i) s ls Cul 0355 duo yd AFTA 0035 dodio slaaily lade
Loy odiseS By b jlodyly asy s blde )0 ladily cunglio 500
S 3ySdas oy p @B 29 GiagS Joo jlan 03] dllg> sladls
Ceypw yui b (Bzaki, 1963) bws plf jeiS colu ples
3 Gl ey p3 a8 o gl Vam s Y leangs s
Joyd il oo Ginli8l L 4 o) deds sladily Mo yd YOm s
il w8y S b hlejl )3 g gl 3 003 oo (sl
Datt ) .5g %+/0 3| 505 (Y0 w.b.) &ls cugb, L (Nihonbare)
So i)l g cdlw ( »lb 3 {and Annamalia, 1991

1- Undermilling



YD Jol Jlamous ) o ylos o aler (5559l slaopmitlo 4y pis  AY

)9mE 035085 Ab slaglyew 3l g oadilis ddlw jl oansS )b
ol Cle dy do) 08) 1500 068 50 L dualie > andl oS o
S rar pgS Cobls (ghls @Bl (59 Adgs F ok plSoxil
ORgS Ct ol 69y (Slyms b 485 prenad 1Y 00
s 59250 oS wd 0aiysS A5 Dg b Jlosl puS Jaame
dols s aball opySomly 2 9 Ve mm L 4 glaglge
A alido glodusS Wb il )8 adiliy Sy 4 cuws V- mm
Cood 0l iseS Mb (gdoro U A did b gyl & mm glygw jlad
SOl yetaie ol (glyn 0y8 1,8 Wl 4 Cowd £ mm - albold
sl g0 0sS Wb (gats o ¥ MM Cols & bl dowd
dsbad ds (5, » (S g Jas e 25 030 8 ] ol
a2 ye > 0dd )53 dlatidy by Sl Al e85 plosl jeSde
88 plodil paiS 5550 5> (Klenin and Popov, 1985)

9393 0L o iy s £e v rpm YL slacis sy
3929 j Slodo jop (el 0liws (ol (P92 092 4 @29 L
Seopm Lislaejl (sl oaingS Slyed ey o 5 i 11 il
Sl Feorpm g 0e v olRiwd Somb Shed lace pw gohw 4
S osigS e (9> e pus walalS (gl i 4B)S Hl5 5 il
s o3it_l (LUTRON DT — 2236 ) Juco JLsoms geiasysd
0 Js3)

Cwd yd 0ad Jlasdl pasS claddln po ST & as g b
Lol bS5 olKiws LiagS anly J31 4 bl 435 glp o8
A A 5 ) kg latiged e ald ol o
bass (glp 8 5 F Y loj e @3 £ ok el sl
Ol 3 s 4B )S L ) g S asly o )l bawg Jgae
&5 o=l 3 (sl 1 S5k s ) 235 2 ggbaw )50
ol Cawd YAr e kg hlgQee Soe LS 0 )5

oy j ol gl ol oad 5,155 7+ /¥ 0y dedo (slaaily
9 oS OLA p Jgame Cugb) g oagS (Sly9> s sl
NS il > gy Johiie syl gond dots sladily so )y
53 iy 5 31> (L L g 5 sdln el )
Slyme 5 (9> ooy 0B 9 GlugS O Ao)d 08 g 0dingS
Ll gl me il odd dedio okl Mo yd oz Cugbs
S i plin g adle pB) (ialojl 250 iliseo pB)] (s 5|
5o ys IS oty Mlosgy J3y58 1 s IS (505 5 (e
el 039y 5 Jgpame | Jstn SiS Jgame sl ugS il
s S Jgamo b b iolejl 10 000 dods sladily ss )y
(Askari Asli-Ardeh et al., 1986) s 5 <>l 5 i

o 35 (=l 1 Bue 58 5e pdnghy Bl 4 a2 L
g s Ol o 415 im0 g 04058 (Slyg0 ey 3l
SO L Gl j0 pasS Galises plB)l oa0d dodio sladily suo )y
Dy (olyl sbesl A8 i ls T30 o) wd oS ye >

Lrig) 9190
Bl Jols puS” Jguame Joluze o5 a3l o talesl plsl (sl
LJ_:g.))] UL_M:‘ d))9l_.w5 ul_S.\.bu )_f),a 2 as o) 9 ‘_S)b)'“’ &y
b ie (36ke A eolaiwl Wdgy o ST elyja bl pd cou
Lol cogby (lgioee 39 YV /YY g g YAS/AY XFY/VY ey
slagilejl @l 8 )15 Glatie (ialefl 3,500 08 0>
0355 (Slygd sy (sl3l 13 g8 pe 3 ol &S By ol Sledde
S8 50,6 1) jeShe sl yieS el &+« rpm JI ¥+ ]
Sload oyly slader oy 5l > ddgd s sl Al i s

S g 93 S8 s 089S j95xe (IpM) Sly9d sy (6 oS0l 0950 — Y JSud
Fig.1. Procedure of measurment of drum speed (rpm) by degital tachometer



AY L s oo 0yt Sy 5 Sdes p aole (S ST sy

L s S 5 iz 15 o0lis] ()5 o S5 S cyn s 4l
25 0oLl ol&wd oaingS 13,913 €S ey (¢l B200 o lou

1 Js3)

S o8y wix b ialefl 3)50 oS ye 5 =Y JSUS

Ao L ks sg590 o 3 08 a8 5L 3590 ol el sl
50 4y Heme Sy (o (ild b i ealazwl VY/0 hp

Srglee oo 5 Gialejl 2 )3 oS aansS L5 sk (o ye

!'- e

Fig.2. The thresher testing with some wheat varieties

LAl e oyt IV 3 08 a5 (g bty 2500 onlito
DS Ol Jlade o 508 Sl do) 08, 9 ZNOIPY (:Sile L JasS
Pl ady 3 Gagey Sl g sl Jlo)55 5 N0 (1 S0ls jlaie |
48 GBS ol g et 909 Pk SR ) 92 1Y
(Araullo, 1976) 5,5 ¢ iw ol a5 Y 3 13, LiagS

Do kg b S 5l Jgame 4ds5 § 5 jlade il33l L
o=l ol Jds el oacis slool LingS lals (5 gyl gxe ialS
2 g ladded (505id ¢ Jopamo 4iw Hlade Lilidl Sl &S cul
otal33l 0168 (galis Ly Jlie )3 ol (85 )8 1500
Glas &eerpm 4 ¥ jlesngS Jlyed Copur SlE Ll e
P me bl LEIVYY 4 ZNELYE (Sl jlado 1 yiusS
Slodid 0yl dyy 5 000065 Jlyed g il L 15l asils
ls gladily toyd don )0 5 0l yidhj adss 4 aslus &b
(Klenin and Popov, 1985) s 0 5 yiws dses 5l ol

Gldly 435 55 )5 08 Jlite sl 1 (1 Sle duglio gl
Gl 0ad dbgl lali jo (o) bz idlS A% e iul38l L
05 55 s li] 3 g oS L SlagS Sl 2o 05 13 Lol
sl GiaeS Sl )5 (6)ls gre glis VA kg h™! 44+ kg h!
9 S ole s jd gls ol See )] e Ll sl
Al 505 o3, b 3, ] Jpeans Sl

il D)0 dms 3 ol Ay dlge b yislejl plodl I
il jlons Cuwl cladily g onis oangS (claases @id S )5
o83 5 015 25 ol islejl o (ljl 5 4zl s e I wlla
il oy Liyles e s o 5 005 oasS cloails 5 gan
Loy sl s o Al 01d dodis slaaily Mo pd g iugS
0103 3)lg0 1 gyl )3 (> g 2l o 01> sl (slatls
B ds dngi b.cd ) S5 ploal o g9y o Wmodls jJUT 1Y s oo
& 5 > o s S () Gialesl 3y90 o8 sl
o 0313 A () Sl b lialegl )85 3lass  (¥) p1aS o 4y
el Cawddy S Ol oo g 4550

Lo dole Mo slo il o cslo il o 5 4055 s
eslizal 33l JolS ol o 3 g e S
oSl (glaiels iz 9051 51 dayeSilee (sl (sl g dof Jaca,
A5 ool 70 Jleis] pdaw 4

4 bgoye olislel 5l ol slaosly uib)ly (s im0 oo
ol (sla Jols (5418 (sla 1 a5 ol oL (1 Jsin) (S il
Y Jloisl g 3 a8 Sl 1 (Sygd sy g 4335 £ 55 0d)
Al o Yo gize
D5 Ji el e (ol (o1 (S (50l ol
Uinlesl 3590 08, dw i S Ol )3 (o)l dme Ciglis 4 ol



YD Jol Jlwmoss o) 0 ylods of o> (5559l glacpmiolo 4y it AY

(7) oieS labs (5,0, 51 Jols (glaosly (wilylg s 355 @l =Y Jo
Table 1- Variance analysis of obtained data from measuring threshing losses (%)
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Table 2- Main effects of independent factors on threshing loss (%)
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Introduction: In many rural areas, manual threshers are still in use because of the small farming units.
However, research sections, have been used manual threshers particularly in breeding unites in many cases due
to the low volume of crop. Manual threshers for the first time were manufactured by Iran Ashtad Cooperative in
two models (T25 and T30) and then they were made available to the farmers across the country. The threshers
due to having wire loop drum had a good performance for threshing rice crop. According to the mentioned
application, manual threshers expected to have been capable of threshing wheat crop. A type of this thresher
(modelT30) was available in University of Mohaghegh Ardabili. Therefore, It was decided that the performance
of this thresher was assessed at threshing some common wheat varieties in Ardabil province. Effects of drum
speed levels (800, 900 and 1000 rpm) of threshing unit of john deere combine (model 955) on damaged grains
percent showed that the minimum of this dependent factor was obtained at two levels of drum speed 800 and 900
rpm, clearance between drum and concave 25 mm and forward speed 1.8 km h'' (Lashgari et al., 2008).
Research performed by Vejasit and Salokhe (2004) on a axial flow thresher revealed that the threshing efficiency
can be 98 to 100% at tests for soybean, drum speed 600 to 700 rpm, feed rate 540 to 720 kg h™ and grain
moisture content 14.34 to 22.77 w.b.%. Alizadeh and Khodabakhshipour (2010) found at moisture content 17 to
23 w.b.% and drum speed 450 to 850 rpm at test of an axial flow thresher on paddy, ,the most damaged grains
percent obtained at the most level of drum speed 850 rpm and the least level grain moisture content 17 w.b.%.
Threshing losses due to mechanical damaged wheat grains during threshing process were reported 5.0, 8.1, 10.0
and 19.9% at tests at drum speed 800, 900, 1000 and 1100 rpm, respectively, by King and Riddols (1962). The
results of research reported by Mitchell and Roundthwaite (1964) on investigation of two varieties of wheat
resistance at grain moisture content 15 to 25 w.b.% and drum speed levels 17 to 36 m s™' showed that damaged
grains percent mean were 94.8 and 86.8 % at tests at the least and most drum speed levels.

Materials and Methods: The tests were accomplished with three varieties wheat (Azar2, Sardari and
Rasad), three speed drum levels (400, 500, 600rpm) and three feed rate levels (600, 900, 1800 kg h™". Grain
moisture content varied from 12 to 13 w.b. %. For supplying requirement powerof thresher, AMitsubishi diesel
motor (13.5 hp) was used. Preliminary tests on these wheat varieties showed that this thresher did not have
desired threshing efficiency. Therefore, it was decided to use of a concave with less curvature radius. So that the
minimum distance between the drum and concave was 6 mm. For adjustment of drum speed, a digital tachometer
(Lutron DT-2236) was used some pulleys were used for transmission power from engine to drum shaft, The
weight of each sample was 1 kg. To create different levels of feed rate, crop feeding times were considered 2, 4
and 6 seconds. The factorial experiment in a randomized complete block design has been used for analyzing
data, Data mean comparison was done by Duncan's Multiple Test.

Results and Discussions: The results of analysis variance showed that effects of variety of the drum speed
and feed rate were significant on threshing losses. Damaged grain percent was negligible. The results of mean
comparison showed that the most (15.632%) and the least (4.154%) threshing losses obtained at tests on Azar2
and Rasad varieties, respectively. As increasing feed rate from 600 to 1800 kg h™', threshing losses was
decreased significantly. It was due to clusters compression at between drum and concave. The results of mean
comparison of triplet interactions showed that the lowest threshing losses (0.147%) obtained at tests on Rasad
variety, feed rate of 600 kg h™' and rotational speed drum level of 600 rpm. the highest threshing losses
(39.387%) obtained at tests on Azar?2 variety, feed rate 1800 kg h™' and rotational speed drum level of 400 rpm.

Conclusions: 1. Modified thresher was not able to thresh Azar2 variety. But it was able to thresh Sardary
and Rasad wheat varieties with desirable threshing efficiency.

2. According to low and high threshing losses at tests on Rasad and Azar2 varieties, respectively, It must be
conclude that shattering of Rasad variety is very high.

3. Damaged grain percent was negligible at test on each three varieties.

Keywords: Damaged grain percent, Drum speed, Thresher, Threshing losses, Wheat
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Table 1- Specifications of chainsaw Stihl-MS230

PP EY
Engine type
el oo
Displacement
29 Oly
Power output
58 &5
Carburettor type
OF9) 9 g oS § Cud
Fuel mixed ratio
Bore
a5 Job

Guide bar size

A ‘9&5 c)w S5 cdd‘Lo)' 9 ¢ oM 3V )939:3
Gasoline engine, 2-Stroke, One cylinder, Air-cooled

40.2 cc

2.5hp at 10000rpm

e
Diaphragm
(V@ ¥0) gy & cnju
Gasoline to oil: (25:1)

40 mm

35 cm
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Table 2- Specifications of vibration data equation system

b (65 d S
Spectrum resolution
olS )3 035030 Ll Sl
Selectable spectrum frequency ranges
Gl podly (ABly s puo
Real-time sampling rate
bl b o
Memory space
soly Sl Sl
Selectable vibration units
Swelisd odga0me

Dynamic range

0.03125 or 0.0625Hz, 0.5 or 1 Hz, 2.5 or 5 Hz

0.5-200Hz, 0.5-3200Hz, 2.5-16000 Hz

8.2 kHz/16.4 kHz

5
Yes

ms?, g, mm s', ms™, ins!, mm, mils

>80 dB

Normal

Lateral

Lateral

I Axial
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Fig.1. Adapters on the handles of chainsaw and axis of vibration measurement
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Fig.2. Acceleration- time spectra of front handle in vertical axes and idle speed of engine
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Fig.3. Acceleration spectra of front handle in vertical axis and idle speed of engine



A0 iy bl aws 639590 o) GLoaiws 3 (ilai 5l o 9 (o2

LS e oy ggn pLT 90 55 iyl o pine B33
o g0 5 45 s 3 ol ok jalls ol (bl )3 Lol
BT )90 Caz )3 45 )93 13 9§90 Ca )3 e (il
Sh y99e 5 caml Coli ()9590 o)) 3255 pl)] 593 )3 wcanl 0L
3 (=86 Slals)l s e & s I o> )3 (25> JobS
DAL b (b Jop o gt 9 S e (Sl O >
s s (e by @ly 5 45 5)5390 o)l gk sl
I2y935 0 P 2 YL 5l s959e i 593 53 sl 00 Ao
oielS (5550 o) Jobo sliwly 3 Sl )l 95l 55
Sl gt ©g8 4 ygige Oy I (6 Ll e bl el
53] Jobo slil, 1 o) i 1 ity ] Mo doxis 53 g okile
5 by sliwly a8 dg 0 da g Sl 4 1L 25 o0 (5)950
L A 590 )0 il oo ol diwd (6350s (sliwly ;0 gy S
A ) 59y 3 255 IS S s 5 5590 590 8,V
2 OLalS)] (al38l s g 0ad oS 45 69y 3 o) Sl 0B
ol gla dwd (5y570 (Sliwl) )3 (g i Aoy dgee Sl
3 g dtwd > iledyl Ol Hlade i o a5 jslailen Ll !
sl oAb il s9390 59 (58) YL b Ll 4w o

3 9 pll 90 40 e atws ikl Glis Hlade o yida
olsls)l sy lge ) cdlae cpl s 8l oo (52905 (sl
Slris) s 2 o) 55 5 e Joks e 3 3
Ly cpl 50 oles,yl Qs 05 g (ol (sloyed jd a5 s p> .candls
ol 513595 50 jlude oy yiaS” 5l

f =2800/60 = 46.67Hz (%)

SB35, ¥P/0 (uils ) o cdle a By S 4 KL
03,5 o odaliie uilS 8 ol S clals ciwl jaso s
1 aS 4 sl e yese Gyl by 5l Jols clils )l saimd slas
s JUKw 3 3yl (655,50 al (s il 5l ol olsls)]
LQWP )JL.: 9 )93'9;! Lgl.b)s.) )ilm 2 u;.ulf)ﬁ 0j9> U»Lu)‘ uL.w
3929 59590 99> L Ballae (udlS 8 50 Al G CusBgo 93 y2 5
oyl sl )| placl 50 a S cowl cdlas opl Kby &S cusly
3 4o ol ibge o i > Glpsl Sbs 5l b ygige
(Hao et al., el ol odalin B )iib LSL“’Q#‘:’L" &9y 2 axlllas
(2011; Taghizadeh Ali Saraei et al., 2010

a0 Gl Qs Jlabe cp i oS gadee opl cpiwily
I o) b oS8 45 03,5 (Sl b & b aos o |
(Hao et al., 2011) asb 555 4125 5590 dlpwy e ulS,8

eyl 5 Bl )] e 2 a9 55550 190 186 oy Sl
Ll 005 ool uuL:u)] ul.w: (RMS) ULU)A wi:la.a Ay
J9i> )2 Caz 959990 y9> peleln bl ool Gibly 4528 @l
193 (ol &l 5l 565 e odlive 45 jghailon .ol 605 03yl ¥
S s g gl aod 93 0 3 el blie 515 car 5 )59
2o oy90)] g b 1Sk duslie .l odd > gxe ) plaw )
2 35 a9 s550 59 b Gy oy sl SO (sl
ool 0ab 033 LS ¥ Jods 53 48" 0l pbol 2 prdaws

dw p ol Ol polie a8 ool 00 ¥ Jodo cdalin b
7N s 3 o b gly dsd 53 j5ige 93 Ay y> ciliie Cagx

ool Gl RMS il lg 4550 = Jgua
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**: significant at level 1%
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Table 4- The Duncan-test between the effects of different levels of speeds and axis on the RMS acceleration at level

1%
Speed of engine 2800 rpm 10000 rpm 13300 rpm
$3905 4.644¢ 24.003° 36.894°
. Vertical
ol atwd e
Front handle = 13.048° 20.752¢ 24.586°
Lateral
Sz 9.166" 15.133¢ 45.529%
Longitudinal
$3908 28.863° 6.166¢ 20.024°
R Vertical
e dlwd l>
Rear handle il 6.474 18.840° 27.623°
Lateral
Sy 4.563¢ 21.902¢ 99.510°
Longitudinal
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Any means that have at least one common letter are not significantly different at the 1% level
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Fig.4. Vibration acceleration in 1/3 octave band
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Introduction: Nowadays most of the agricultural and industrial tasks are performed using different machines
and almost any people are exposed to the vibration of these machines. Just as sound can be either music to the
ear or irritating noise, human vibrations can either be pleasant or unpleasant. Whole-body vibration and hand-
arm vibration are two main types of unpleasant vibration. The hand-arm transmitted vibration can cause complex
vascular, neurological and musculoskeletal disorder, collectively named as hand-arm vibration syndrome. The
chainsaw is a portable machine, powered by a two-stroke engine. This machine is used by tree surgeons to fell
trees, remove branches, and other activities such as prune trees. The chainsaw exposes own operators to high
level of hand-arm vibration which can lead to problems such as vibration white finger syndrome and Raynaud's
phenomenon. White finger syndrome affects the nerves, blood vessels, muscles, and joints of the hand, wrist and
arm. It is clear that before trying to control the vibrations, the level of vibrations should be identified. Therefore,
an investigation on the vibration level of this machine is crucial.

Materials and Methods: The Stihl-MS230 chainsaw was selected in this study. The size of this type of
chainsaw is middle and it is equipped with anti-vibration system. According to the ISO-7505 standard, vibration
must be measured at three speed level of engine. First at idling speed, second at nominal speed and third at 133%
of the nominal speed or maximum speed of engine whichever is less (Racing). So 2800, 10000, and 13300 RPM
Engine speed were selected. One of the employed accessories was ARMA ETI-TACHO tachometer which had
been fabricated in Taiwan. The vibrations were measured and analyzed using the portable data acquisition
system (Easy Viber). During the measurements, data acquisition system was powered by internal batteries. The
vibrations were sensed by the piezoelectric accelerometer (VMI-192). The accelerometer mounted on an adapter
inserted between the handle and accelerometer. The experiments were conducted in split plot completely
randomized design. Ninety tests in two handles, three speeds of engine, three perpendicular axes and five repeats
were conducted. The vibration acceleration at various conditions was measured and the root mean square of
vibration acceleration was calculated based on acceleration-time spectrum. To investigate the characteristics of
vibration in different speeds, the vibration spectrums in time domain were converted to spectrums in frequency
domain. The frequency weighted RMS acceleration at 1/3™ octave bands from 6.3Hz to 1250Hz and the
vibration total value was calculated from frequency spectrum. To analyze the obtained data, SAS software was
used. Furthermore, the Duncan's multiple range tests were used to compare the RMS values.

Results and Discussion: Main source of vibration of chainsaw was single cylinder engine. The acceleration
spectra of employed chainsaw had peaks in frequencies in accordance with the speed of engine. These peaks in
2800 rpm, 10000 rpm and 13300 rpm speeds of engine occurred in 46.5Hz, 166.5Hz and 221.5Hz, respectively.
To achieve a safe design for handle of portable tools, identifying the frequency which leads to the maximum
value of vibration acceleration is very useful. To avoid the resonance phenomenon, the natural frequency of
handle must be far from dominant frequency of engine. The results of ANOVA showed that the RMS
acceleration in different axes and different speeds were significant at 1% level. The maximum value of vibration
acceleration, at idling engine speed, occurred in the lateral axis. In addition, the mentioned variable was
maximized in normal and axial axes at nominal and racing speeds, respectively. The total value of vibration was
increased when the speed of engine moving away from nominal speed. This increase in rear handle is very larger
than front handle. The total value of vibration was maximized under rear handle and idling engine speed
conditions. So the exposure to white finger disorder in right hand of operator is more probable. Total daily
duration of exposure was assumed to be equal to 2h. According to the international standard (ISO 5349), 10% of
the users can expect developing the symptoms of white finger syndrome less than seven years.

Conclusions: In chainsaw, strokes caused by combustion are the main source of vibration. On the front
handle, the maximum value of vibration acceleration, at 2800, 10000 and 13300 RPM engine speed, occurred in
the lateral, normal and axial axes respectively. The vibration acceleration value was maximized under rear
handle and racing engine speed conditions caused by large value of vibration acceleration at 400Hz center of
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1/3" octave bands. The total value of vibration in idling and racing engine speeds, on rear handle are more than
front handle significantly but in nominal engine speed, on rear handle is less than front handle.
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Table 1- Analysis of variance of barley residue in different tillage treatments with liner-transect method

G POVES JF VoS &85 an Orlay o puiluo J9SUF
Source of changes Degrees of freedom Mean squares F
Lo
e 2 854.876* 9.005
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ks 9 94.932
Error
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Total
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* Significant at 5% level.
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Fig.3. Residue cover present and comparison of averages in different treatments by liner-transect method
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Table 2- Analysis of variance of barley residue in different tillage treatments by image processing method

G JOVES JF Vo &85 an Oilay o puiluo J9SUF
Source of changes Degrees of freedom Mean squares F
o 2 496.083* 41.923
Treatment
ks 9 11.833
Error
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Total
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* Significant at 5% level.
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Fig.4. Residue cover present and comparison of averages in different treatments by image processing method
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Table 3- Analysis of variance of cone index in different tillage treatments

G JOVES JF VoS &85 an Orlay o puiluo J9SUF
Source of changes Degrees of freedom Mean squares F

S 2 10901396.3* 304.560
Depth
walll8
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Plough
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ORIy Gas 4 8157.647 2.279
Depth*Plough
1229
27 35793.903
Error
S 36 CV=20.22%
Total
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* Significant at 5% level.
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Fig. 5. Cone index changes versus depth in different treatments
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Table 4- Analysis of variance of bulk density

[CHPOVES JF Vo &85 an Olay o (il oSBT
Source of changes Degrees of freedom Mean squares F
Lo
o 3 0.006* 14.13
Treatment
ks 9 0.000
Error
S 15 CV=1.74%
Total
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* Significant at 5% level.
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Table 5- Analysis of variance of aggregate stability
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Fig.7. Aggregate stability and comparison of averages between treatments
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Table 6- Analysis of variance of rolling resistance in different treatments
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Fig.8. Comparison of rolling resistance averages in treatments with 10% residue cover
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Introduction: Monitoring and management of soil quality is crucial for sustaining soil function in
ecosystem. Tillage is one of the management operations that drastically affect soil physical quality. Conservation
tillage methods are one of the efficient solutions in agriculture to reduce the soil erosion, air pollution, energy
consumption, and the costs, if there is a proper management on the crop residues. One of the serious problems in
agriculture is soil erosion which is rapidly increased in the recent decades as the intensity of tillage increases.
This phenomenon occurs more in sloping lands or in the fields which are lacking from crop residues and organic
materials. The conservation tillage has an important role in minimizing soil erosion and developing the quality of
soil. Hence, it has attracted the attention of more researchers and farmers in the recent years.

Materials and Methods: In this study, the effect of different tillage methods has been investigated on the
crop residues, mechanical resistance of soil, and the stability of aggregates. This research was performed on the
agricultural fields of Urmia University, located in Nazloo zone in 2012. Wheat and barley were planted in these
fields, consecutively. The soil texture of these fields was loamy clay and the factorial experiments were done in a
completely randomized block design. In this study, effect of three tillage systems including tillage with
moldboard (conventional tillage), tillage with disk plow (reduced tillage), chisel plow (minimum tillage) and
control treatment on some soil physical properties was investigated. Depth is second factor that was investigated
in three levels including 0-60, 60-140, and 140-200 mm. Moreover, the effect of different percentages of crop
residues on the rolling resistance of non-driving wheels was studied in a soil bin.

The contents of crop residues have been measured by using the linear transects and image processing
methods. In the linear transects method, the experiments were replicated three times in each block due to
increasing the accuracy and mean of datawas calculated. The tests were randomly performed in each block.
Then, the number of nodes, which are located on crop residues of size 25 mm, longitudinally, was counted. So
the percentage of crop residue in each block was calculated through the percentage of nodes. The experiments of
rolling resistance were also performed in three levels, 10, 50, and 90% of crop residues, inside the soil bin.

Results and Discussion: Result showed that, in comparison with control treatment, tillage operation
significantly decreased bulk density (p<0.01), penetration resistance (p<<0.01), and aggregates stability (p<0.01),
in the soil surface (0-10 cm). Also, the results showed that penetration resistance of soil was increased by depth.

The results of variance analysis in crop residue dataset showed that there were significant differences among
the treatments in the terms of crop residues (P<0.05). Because of increasing the intensity of tillage and also the
different performance of various tillage tools would mix crop residues with the soil and lead to reduce the crop
residues. The consequences revealed that the treatments had significant differences in the terms of mechanical
resistance of soil at the confidence level of 5%. The mechanical resistance of soil in three levels of depth had the
most and the least contents in chisel and disk plows treatments, respectively. Because of disk plows can powder
soil more than other treatments and chisel plows can only make narrow in the soil. The results of investigating
the effect of crop residues on rolling resistance of wheels showed that there were not any significant differences
between the treatments.

Conclusions: It can be concluded that increasing the tillage intensity would reduce the stability of
aggregates. Thus, the least stability of aggregates was obtained when using moldboard plows. However, the most
stability was achieved using chisel and disk plows. Finally, disk plough is recommended as an appropriate tool in
this research due to the high percentage of crop residues, lower mechanical resistance, lower bulk density, and
higher stability of aggregates in the soil. Generally, in short-term period, conservation tillage (reduced tillage and
minimum tillage) results the improvement of soil physical quality in comparison with tillage operation. Further
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studies on long-term effects of various tillage systems are suggested in order to select and implement of optimum
tillage method in the region.

Keywords: Conservation tillage, Residue management, Rolling resistance
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Tablel- Physical properties of red and yellow varieties of onion
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Fig.1. Lateral and axial deformation of the samples under loading (Front view, zx)
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Table 2- Analysis of variance for effect of sources of variation on apparent Poisson’s ratio and the modulus of elasticity

Olasyo (be
e Mean squares
Ol gants 2alio . .. . T . T
Sources of 33 S oo 33 S oo 35 8B el o 35 8B yamle Cons
variation Y bl X bl Y bl X bl
Elasticity modulus Elasticity modulus Apparent Poisson's ratio  Apparent Poisson's ratio
along Y along X along Y along X
,A ,"’3) 0.366 ™ 0.256 ™ 0.015™ 0.019"
Varieties (A)
B )ls)k can
Loading directions 0.237 ™ 1.284 ™ 0.018™ 0.223"
(B)
Colsl e 5701 5333 0.026" 0.005 ™
Loading speed (C)
D Lbal o
Deformation value 116.26 121.84™ 0.061" 0.039 "
(D) .
AB 0.029 ™ 0.078 ™ 0.000 ™ 0.032
AC 1.273 ™ 0.865 ™ 0.000 ™ 0.019"
AD 0.010 ™ 0.138 ™ 0.002 ™ 0.003 ™
BC 12.823 7 104417 0.087 0.025"
BD 0.650 ™ 0.675™ 0.011™ 0.004 ™
CD 0.030 ™ 0.041™ 0.001 ™ 0.001 ™
ABC 0.345 ™ 0.162™ 0.021° 0.010™
ABD 0.001 ™ 0.035™ 0.003 ™ 0.002 ™
ACD 0.076 ™ 0.033™ 0.003 ™ 0.000 ™
BCD 0.424 ™ 0.167™ 0.007 ™ 0.004 ™
ABCD 0.072 ™ 0.003 ™ 0.002 ™ 0.002 ™
1229
0.650 0.715 0.005 0.004
Error
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ns- Non-significant; *- Significance at 5% level; **- Significance at 1% level.
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Fig.2. The apparent Poisson's ratio vs. the deformation value (mm) for different varieties of onions along X
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Fig.3. The apparent Poisson's ratio vs. the deformation value (mm) for different varieties of onions along Y
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Fig.4. The elasticity modulus (MPa) vs. the deformation value (mm) for different varieties of onions along X
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Determination of elasticity modulus and Poisson ratio of two onion varieties
under different loading conditions
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Introduction: Poisson ratio and modulus of elasticity are two fundamental properties of elastic and
viscoelastic solids that use in solving all contact problems, including the calculation of stress, the contact
surfaces and elastic deformation (Mohsenin, 1986; Gentle and Halsall, 1982).

There are many published literature on Poisson ratio and elasticity modulus of fruit and vegetables. Shitanda
et al. (2002) calculated Poisson ratio of rice by considering Boussinesq’s theory. They showed that the Poisson
ratio is greater for shorter varieties. In another study, researchers used the instrumented bending beam to
measure the lateral expansion of red beans. They were considered Poisson ratio as the ratio of transverse strain to
the longitudinal strain (regardless of the geometry of the sample) and were calculated modulus of elasticity with
Hertz theory for convex bodies (Kiani Deh Kiani ef al., 2009). Cakir ef al. (2002) was determined the Poisson
ratio and elastic modulus of some onion varieties. They used a simple formula to determine the transverse strain
that developed by Sitkei (1986) for prism-shaped rod, regardless of the geometry of the product.

Reviewed scientific literature shows that these parameters have not been studied according to the geometric
shape of onions and was not used by a more accurate method, such as image processing to determine these
parameters. The objective of this study was to evaluate the mechanical properties of two varieties of onions.
Poisson ratio was determined with image processing. Considering shape of the onions and deformation value,
and using Hertz’s theory with Poisson ratio, modulus of elasticity was calculated. The effects of loading
directions (polar or equatorial), deformation value (5, 10 and 15 mm), loading speed (15 or 25 mm min") and
onion varieties (Red and Yellow) on the modulus of elasticity and apparent Poisson’s ratio were examined.

Materials and Methods: The onions harvested in autumn, 20 days before conducting the tests. Onion
samples kept at room temperature (21°C). Onions of each cultivar were randomly selected. Diameters of onion
were measured with a digital vernier caliper. In each run, eight onions were randomly selected and the loading
test and photography were done together and the average values reported.

All mechanical tests were performed using a Universal Testing Machine (UTM) (Model H5KS, Tinius Olsen
Company) between two rigid plates. The loading was made with two constant speeds of 15 and 25 mm min™.
Deformation values were 5, 10 and 15 mm. The onions were loaded either axially or laterally until rupture point
and photography were done together.

The initial and current onion diameters along the y and x axes obtained by using image processing and the
strains were calculated. Having axially and laterally strains of the onions, the apparent Poisson's ratio was
calculated using equation presented by Figura and Teixeira 2007; Kiani Deh Kiani et al., 2009; Pallottino et al.,
2011; Kabas and Ozmerzi 2008; Gladyszewska and Ciupak 2009.

A factorial experiment based on a completely randomized design with 8 replications was applied. The
significant differences of means were compared by using the Duncan’s multiple range test at 5% significant
level. SPSS 20.0 software was used for data analysis.

Results and Discussion: According to the analysis of variance (Table 2), the effects of speed and
displacement of loading was significant in 5% probability levels. In addition, interaction effect varieties X
directions x speed along Y, varieties x directions, varieties x speed and directions x speed along X was
significant in 1, 1, 5 and 5% probability levels, respectively. The average of the apparent Poisson ratio for
Yellow onion was less than that obtained for the Red onion, because Red onions have softer texture than Yellow
onions. Apparent Poisson ratio was obtained as 0.2623 to 0.4485 and 0.2423 to 0.4179 for Yellow and Red
onions, respectively. With increasing deformation, apparent Poisson ratio increased.
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Modulus of elasticity along X and Y

According to the analysis of variance (Table 2), the effects of speed and displacement of loading and
directions x speed was significant in 1% probability levels. The average of the modulus of elasticity for Red
onion was less than that obtained for the Yellow onion because Yellow onion has tougher and more powerful
texture than Red onion. Modulus of elasticity were obtained as 2.032 to 5.449 and 1.829 to 5.311 MPa for
Yellow and Red onions, respectively. The modulus of elasticity for lateral loading was less than that obtained for
the axial loading. With increasing deformation, the modulus of elasticity decreased. The modulus of elasticity for
lateral loading in loading speed 25 mm min™ was less than that obtained for loading speed 15 mm min™.

Conclusions: The results were summarized as below:

Loading speed, deformation value and their interaction effect were significant in different confidence levels
for apparent Poisson's ratio and modulus of elasticity.

The compression force of Yellow onion was more than Red onion. Thus, it can be concluded that Yellow
onions have more strength against the forces and loading.

The modulus of elasticity for lateral loading was less than that obtained for the axial loading. It is better to be
considered for packaging of onions.

The modulus of elasticity for lateral loading in loading speed 25 mm min™' was less than that obtained for
loading speed 15 mm min™.

With increasing deformation, the modulus of elasticity and apparent Poisson’s ratio decreased and increased,
respectively.

Keywords: Elasticity modulus, Hertz’s theory, Image processing, Onion, Poisson ratio
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Fig.2. Schematic apparatus of friction force measuring device. 1) Uniform linear motion machine 2) High voltage

source 3) Voltage wires connected to the electric field plates 4) Friction surface, Teflon container and test samples 5)
Plastic yarn 6) Load cell 7) Computer 8) Moving table
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Fig.3. An example of force-displacement graph, obtained by the dynamic friction measuring device, during the
measurement. Steep and constant part of the force is specified.
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Table 1- Results of analysis of variance of the dynamic friction coefficient

Ol et e Olayo ggome (o3l an s Olaype (iSke ¥
Source of variations Sum of squares df Mean square

Moisture (A)"”" Cagbo, 0.00565 2 0.00282 4.899
Pistachio kind (B)”" &ty s 0.11884 1 0.11884 206.102
Surface (C) ™ Sl paw 0.88769 2 0.44384 769.741
Electric field (D) ™" S o 0.30147 2 0.15073 261.412
Speed ()" aaw ¢S sy 0.10257 2 0.05129 88.943
AxB" 0.7193 2 03596 62.371
AxC™ 0.76281 4 0.1907 330.727
AxD" 0.01698 4 0.00424 7.361
AxE” 0.2867 4 0.00717 12.431
BxC™ 0.09839 2 0.04919 85.313
BxD" 0.00410 2 0.00205 3.553
cxD™ 0.04074 4 0.01018 17.662
CxE™ 0.01916 4 0.00479 8.306
A*B*C” 0.0981 4 0.02452 42.531
AxBxD" 0.0084 4 0.0021 3.643
BxCxD" 0.00021 4 0.00005 091
BXCxE" 0.00558 4 0.00139 2.419
CxDxE’ 0.02670 8 0.00334 5.789
Error s 0.18682 324 0.00058
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*Significant at 5% level, ** Significant at 1% level, Non-significant data ignored.
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Fig.4. The relationship between the intensity of the electric field in terms of volts and dynamic friction coefficient on

galvanized iron surface of filled split, filled non-split pistachio in moisture content of m1=8, m2=14 and m3=24 %. (a)
Speed of 1300 mm per minute, (b) Speed of 2500 per minuteand (c) Speed of 3300 mm per minute
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Fig.5. The relationship between the intensity of the electric field in terms of volts and dynamic coefficient of friction on

aluminum surface of filled splits and filled non-splits pistachios at m1=8, m2=14 and m3=24 percent moisture content.
a) Speed of 1300 mm per minute b) Speed of 2500 per minute c) Speed of 3300 mm per minute
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Fig.6. The relationship between the intensity of the electric field in terms of volts and dynamic coefficient of friction on
rubber surface of filled splits and filled non-splits pistachios at m1=8, m2=14 and m3=24 percent moisture content.
a) Speed of 1300 mm per minute b) Speed of 2500 per minute ¢) Speed of 3300 mm per minute
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Table 2- Dynamic friction coefficients of filled splits and filled non-splits nuts in moisture content of 8, 14 and 24% in
cases of maximum difference in each moisture levels

S Kol maw Cugb, 8% 14% 24%
Ol Jy 7000 Jy 7000 Jy 4000
Electric field (V)
e 2500 mm min? 1300 mm min" 1300 mm min’’
Speed
3PS ool ok 0.46 0.448 0.445
Galvanized iron Filled splits nuts Py
e el 0.542 0.392 0.382
Filled non-splits nuts 4
s
b a2 15.12 14.28 16.49
Difference %
Ol Js 7000 Js 7000 Js 7000
Electric field (V)
e 2500mm min”' 2500 mm min' 2500 mm min™'
Speed
i s
paces) ok 0.385 0.43 0.281
Aluminum Filled splits nuts Py
e el 0.471 0.354 0.363
Filled non-splits nuts 4
s
S a2 18.25 21.6 22.58
Difference %
ol Js 7000 Js 7000 Js 7000
Electric field V
e 1300 mm min' 1300 mm min? 1300 mm min’!
Speed
. NI
Sy ot 0.324 0.435 0.445
Rubber Filled splits nuts Py
e el 0.419 0.534 0.567
Filled non-splits nuts 4
S oy 22.67 18.53 21.5

Difference %
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Effect of electrostatic field on dynamic friction coefficient of pistachio
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Introduction: Separation and grading of agricultural products from the production to supply, has notable
importance. The separation can be done based on physical, electrical, magnetic, optical properties and etc. It is
necessary for any development of new systems to study enough on the properties and behavior of agricultural
products.

Some characteristics for separation are size (length, width and thickness), hardness, shape, density, surface
roughness, color, speed limit, aerodynamic properties, electrical conductivity, elasticity and coefficient of static
friction point.

So far, the friction properties of agricultural products used in the separating process, but the effect of
electrostatic charging on static and dynamic coefficients of friction for separation had little attention. The aim of
this study was to find out the interactions between electrostatic and friction properties to find a way to separate
products that separation is not possible with conventional methods or not sufficiently accurate. In this paper, the
separation of close and smiley pistachios by electrostatic charging was investigated.

Materials and Methods: Kallehghoochi pistachio cultivar has the top rank in production in Iran. Therefore,
it was used as a sample.

The experimental design that used in this study, had moisture content at three levels (24.2, 14.5 and 8.1
percent), electric field intensity at three levels (zero, 4000 and 7000 V), speed of movement on the surface at
three levels (1300, 2500 and 3300 mm per minute), friction surface (galvanized sheet iron, aluminum and flat
rubber) and pistachio type at two levels (filled splits and closed) that was measured and analyzed in completely
randomized factorial design.

A friction measuring device (built in Ferdowsi University of Mashhad) used to measure the friction force. It
has a removable table that can move in two directions with adjustable speed. The test sample put into the vessel
with internal dimensions of 300 x 150 x 25 mm and with wall thickness of 5 mm placed on trolleys. In the
bottom of the container a separate aluminum plate was installed as the negative pole of the electric field. The
friction plates as a positive pole placed on top of the sample. There were no contact between friction plates and
walls of vessel (samples were about 2 to 3 mm higher from the edges of wall).

Frictional force changes due to movement of table, measured and recorded by an accurate load cell. From
force-displacement curves, the coefficient of dynamic friction and static coefficient of friction calculated. In
general, according to the experimental design, 486 tests were performed.

Results and Discussion: According to the results of statistical analysis, there is significant interaction affect
between pistachios type and electrical field, as well as, the interaction between electrical field and speed, on
dynamic coefficient of friction. It means two pistachio types can be separated by electrical charging.

Different physical properties of surface of filled non-splits pistachio nuts (such as corners and edges) and
filled splits ones, caused differences in the distribution of electric charge and as a result, its interaction with the
electric field were significant.

Changes in dynamic coefficient of friction according to the electric field intensity at different levels of
moisture content and speed on the friction surfaces of iron, aluminum and rubber, was drawn in Fig.4, 5 and 6,
respectively. These figures reflected the reduction of dynamic coefficient of friction by increasing the movement
speed of table.

According to Fig.7, increasing the intensity of the electric field increases the dynamic coefficient of friction.
Because this leads to build the opposition charge on samples and galvanized iron sheets, and with increase of
electrical field, these charges will rise.

Fig.9 shows different trends of variation of dynamic coefficient of friction against moisture on rubber
surface. This chart shows the higher coefficient of friction of filled non-splits samples than filled splits in all

1- Associate Professor of Biosystems Engineering and Member of Research Center for Agricultural Machines, College
of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

2- PhD student of Mechanics of Agricultural Machinary Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
(*- Corresponding Author Email: Aghkhani@um.ac.ir)
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cases and shows an increasing trend with increasing humidity.

Conclusions: Table 2 presents the dynamic coefficients of friction in different states on different levels of
moisture content. According to this table, the maximum difference was achieved in moisture content of 8%
(which is close to the product storage moisture) in rubber surface with field strength of 7000 V and 1300 mm per
minute speed. On 14 percent moisture content, the maximum difference was achieved on aluminum surface by
2500 millimeter per minute speed and 7000 V field strength. By the results, on 24 percent moisture content (the
moisture close to peeling process) the maximum difference between filled non-splits and filled splits pistachios
friction was achieved on aluminum surface, 7000 V electric field strength and 2500 millimeter per minute table
speed.

Thus, to have a separation system, the aluminum surface, 7000 V electric field strength and adjustable speed
between 1300 to 2500 mm per minute is recommended.

Keywords: Dynamic friction coefficient, Electric field, Friction surface, Pistachio
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Table 1- Different impact levels applied on the apricot
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Fig.2. A: Universal testing machine; B: A schematic of the sample under loading

il Jy 51516 cigni] 5 iy (sl ppito &y Jiius yoitio (£lo 51
Lniytgy — Unogee O 3itial ) o3bizl b oinls’ 5 3ee
(u‘)_:l e SEV) ul_o.«.vo 5 9 .))l..\)‘.l'_a.ul Wy) YD D)Lo.«ﬁ 094)1

b e Lo Jguamme 51 o pn  SGlSe olgs a8l 5l e
&l g il (SAS 19) Jjble 5 bauwgs osel Camsay cleMbl

OnS Sl i A5 485 )18 seil 3550 s il )y e



VFY by s g (Sl andh (6,05 3k e olls ) oo (Swilso (olss (o) 52

A b e /Y Jleasl e ol il S g Lo
ST b (cloodld (il lg 4355 Jgdo 4 a6 b cpien
P led g ps 5yl Jlie Slg aps 55l g Lo ol sl gl
ol o 31 StV Jado (gl b Jlo e o/ ) Jloin ! o
Py elo g elo0 Jloinl gshw )3 cbpa 4 (55 5 )
Sy b gme /Y Jlein pdaws 3 58 (65,00 5 SO, Joldie
gl ) i 45 55l 9 SO el ST puSo 2o
of 0 Jw‘@)b&)sbjh};lﬂm)Jﬁ'/'\ 9'/'& JL«D]
5 a2 55l 5 SOy bl sl 358 (59565 Sl ad P sre
Jods audng Ld )b gme /0 Jlin! pdaws 13 5y 5 Led
lod 4 S5 ol 31 sl ISy (slmodls domsts e il g 452
S5 5 53 53 5 Sy i -1+ Jloinl a3

s gme o/ +) Jloin] pdaws jd Led 5 4y

ilod o o (gl o5 Jolore dol Blge (30 0b (g5l
Model: 3820 (PAL-2), ) so—ie y ogyS 8y o wg
el cowda (Resolution: £0.1% Brix

(SAS 19) jl38ls 45 o wwgs odlawl b s 23l> Julow g 4y 355

o yuiio i g5 LB I aodly wil,lg 5JUT (6lp s plo]
93,3) S5y g5 93 (YO 4 ¥°C) Lod prlaws 93 s odlazal (YXYXY)
dgliio (sl SIS el iz (903l S (550 e 4w 5 (508
5 lod oS5y Jolge 51 uiljly a 350 ol b plodl Waosly (Sl
«SeiwgST ghw b gat S, dastie ol p s 65yl
sla 3l ) dasuin gl o odly LIS Y Jods 55 3485

oY) Jodo « SwsST b Sy daseie p (B) a8 6550 5 (T) bod (C) S5 1 (Slaye 5655ke) by 4 jos =Y Jgas

1) o5ie 3985 JS550085 5 358 )15 S5 958 ¢S 2 20

Table 2- Analysis of variance (mean square) for effects of color (C), temperature (T) and impact energy (E) on the
characteristics of color, acoustic stiffness, elastic modulus, percent Brix, penetration force, penetration work, and

penetration deformation apricot fruit

sy ke 2ilio
Sources mean-square
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Source of ~ D¢8I¢e Color SiwgS | sl oS o S ol Sghs
. of .l i Modulus b Penetration  Penetration .
variations freedom characteristic A coustic P Brix force work Penetration
a* and b* stiffness o Percentage deformation
elasticity
C 1 2725.9" 1.8 0.1 23.7 0.2 29.4 8.6
T 1 1556.7" 3472 0.07 1.7 1.02 151.5 141"
E 2 96.6" 45" 0.1 37.5" 2.8 3.2 3.1
CxE 2 36.5" 1.2 0.16™ 13.8 9.8 39.8 51"
T C 1 57.9" 1.03 0.09 24.7" 8.1" 212.05 3.5
ExT 2 53.7" 8.4" 0.05 3.6 0.12 53.4 5.6
TxCxE 2 8.3 14.9" 0.1 4.6 4.5 75 1.7
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** *: Significant at 1%, 5% of probability levels, respectively.
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Table 3- The mean and standard deviation of the dependent variables for apricot fruit
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Introduction: Some forces and impacts that occur during transporting and handling can reduce the apricot
quality. Bruise damage is a major cause of fruit quality loss. Bruises occur under dynamic and static loading
when stress induced in the fruit exceeds the failure stress of the fruit tissue. Needless to say that physical and
mechanical properties of fruits in the design and optimization of systems related to production, processing and
packaging of the products are important. Harvesting, transport, packaging and transportation of fruits and
vegetables, result in their bruising which can cause loss of marketability of the fruit by consumers. The term of
‘absorbed energy’ could be used to express the quantity of damage done on the fruit and the high the absorbed
energy, the higher the damage on the fruit. The object of this research was due to the importance of apricot fruit
and lack of information about the mechanical behavior.

Materials and Methods: In this study, apricot fruit variety “Ziaolmolki” was examined to determine some
physical and mechanical properties. In order avoid any damage, the fruits were carefully harvested from trees
and gathered in plastic boxes in a row, to prevent damage to the apricots. For determination of mechanical
properties and levels of impact energy used test axial machine and pendulum device, respectively. Dependent
variables (acoustics stiffness, radius of curvature, color characteristic a* and b*, Brix percentage, penetration
force, penetration work and penetration deformation) and independent variables (impact energy in three levels,
temperature and color in 2 levels each) were selected and analyzed by block designs with factorial structure. In
the experimental design, the fruits were stored in two temperature levels, 3°C and 25°C. Two areas of any fruit

(red and yellow areas) were subjected to 3 impact energy levels. For each of the 8 levels, 8 fruit samples were

selected. Overall, 96 fruits {8 (number of fruit per level) x 3 (impact energy level) x 2 (both red and yellow) x 2
(at 25°C and 3°C)} was selected. In this study, using a factorial experiment in a completely randomized design,

the effect of different factors (impact energy in 3 levels, temperature in 2 levels 3°C and 25°C and color in 2
levels red and yellow) on acoustic stiffness, radius of curvature, color characteristic a’ and b’, precent Brix,
penetration force, penetration work and penetration deformation in apricot under the quasi-static forces were
studied. In order to conduct this experiment, the universal testing machine of biological materials was used. After

the determination of mechanical properties of the products, the SAS statistical program (1.9) was applied to
analyze and normalize the resulted data.

Factorial test also was used to determine the effects of independent variables on the dependent variables.
Data analyses were performed using Statistical Package for the Social Sciences (SAS version 19.0).The variance
analysis of the data was conducted in the form of multivariate factorial (2x2x3) design. The data were collected
by three controlling factors: two temperature levels (3 and 20°C), two types of colour (Yellow and Red fruits)
and three levels of impact energy. The Duncan’s multiple range tests was used to compare the means. The values
of reducible sugars were measured by the fruit juice standard - test methods No. 2685 (Institute of Standards and
Industrial Research of Iran). The apricots TSS (total soluble solids) for each temperature level by Refractomete
(Model: 3820 (PAL-2), Resolution: + 0.1% Brix) were obtained.

Results and Discussion: Respectively, the main and interaction effects of these variables were examined.
The results of analysis of variance showed that,, the radius of curvature, color characteristic, acoustics stiffness,
elastic modulus, percent Brix, penetration force and penetration deformation on main and interaction effects
were significant at 5% and 1% probability level. According to the analysis of variance table between dependent
and independent parameters, a significant effect was observed. Increasing impact energy, the penetration force
and penetration deformation at 3°C was higher than at 25°C (Fig.3, 4, 7 and 8). Increasing impact energy, the red
zone showed more penetration deformation and penetration force than the yellow zone (Fig.5 and 6). In a
constant level of energy the higher the temperature of fruit tissue, the more energy is absorbed, due to this fact
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that lower temperatures can increase stiffness of the fruit, and leads to transport of absorbed energy to inside the
tissue and increase the fruit bruising and final results in less needed penetration force for fruit transformation.
Apricot acoustic stiffness in the temperature of 3°C was higher than in the temperature 25°C (Table 3). Fruit
stiffness and tissue viscosity increases with increasing temperature. With increasing tissue stiffness, the less
impact energy is absorbed and less bruising in fruit tissue is created. Because of more tissue stiffness, in order to
create penetration in fruit tissue the more transformation is needed.

Conclusions: The red zone showed a higher bruise susceptibility of ripe apricots. According to the analysis
of variance table between dependent and independent parameters, a significant effect was observed. Increasing
impact energy, the penetration force and penetration deformation at 3°C was higher than at 25°C. Increasing
impact energy, the red zone showed more penetration deformation and penetration force than the yellow zone.
Apricot acoustic stiffness in the temperature of 3 °C was higher than in the temperature 25°C.

Keywords: Apricots, Color, Impact energy, Pendulum, Temperature
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Fig.3. Effect of storage time and methylcellulose treatment on the yield stress (A), yield strain (B) and energy of rupture
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Table 2- Average values of stress and relaxation time in the Maxwell three-component model viscoelastic elements

o . (Jwly) s (4536) 2wl &5 o
< 9“1 1;9) Stress (Pa) Relaxation time (s)
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P Y O (7] G3 G, Tren Tren2 Tras
Oligy b 2 11.65£0.66  2.00£0.21 1.32+0.24  5.86+0.03 382.82+69.9 11.04+0.12 1.96+1.15
3 m 5 11.44+0.47 2.3240.24  1.49+0.25 5.70+£0.04 354.61+52.14 9.96+0.55 1.18+0.31
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Table 3- The statistical indicators correlation coefficient and root mean square error for Maxwell three-component

model

g y | Gl sbols
Sample Day Verlzficatlon statistics
R RMSE
2 0.9781 0.7611
gk iy b 5 09797 0.6011
Coated with cellulose 8 0.9600 0.4982
11 0.9626 0.5671
2 0.9781 0.7611
Jals 5 0.981 0.4755
Control 8 0.9617 0.5222
11 0.9588 0.6591
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Fig.5. The sample of stress relaxation curve strawberry fruit at the beginning and end of storage time
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Rheological properties of strawberry fruit coating with methylcellulose
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Introduction: The maintenance of the quality of fresh products is still a major challenge for the consumers.
The most important quality attributes contributing to the marketability of fresh fruit include appearance, color,
texture, flavor, nutritional value and microbial safety. Strawberry fruits should be firm but not crunchy.
Decreased quality during postharvest handling is most often associated with water loss and decay. The
postharvest life of strawberries can be extended by coating technique combined with refrigeration. Application
of edible coatings is a conventional method to increase shelf life and maintain fruit quality. Edible coatings can
provide an alternative to enlarge fresh fruits’ postharvest life. In this study, the effects of application of methyl
cellulose edible coatings and storage time on some mechanical properties, including: the yield stress, yield strain,
energy of rupture and modulus of elasticity and also, the viscoelastic behavior of the strawberry fruit was
investigated.

Materials and Methods: MC (Methocel, Dow Chemical Company, Midland, MI) coating was prepared by
solubilizing MC powder (3.0 g per 100 mL) in a water—ethyl alcohol mixture (2:1) at 75°C under the high
speedmixer (900 rpm) for 15 min. Coatings were used directly on the fruit surface. The physical and mechanical
characteristics of fruits were analyzed on 2, 5, 8 and 11 days of storage. The puncture test and relaxation test
were done using a texture analyzer (Zwick/Roell Model BT1_FR0.5TH.D14, Zwick GmbH Co., Ulm, Germany;
using Xforce HP model of loadcell with capacity of 500 N, by 2 mv/v characteristic). General Maxwell model is
widely used to analyze experimental results of the stress tests applied for relaxation. The obtained model
coefficients were determined and evaluated from relaxation stress curves. Residues were determined using the
sequential model. Usually, multicomponent models can properly describe the actual behavior of agricultural
products. Results of factorial experiment in a completely randomized design were analyzed. In this study, the
stress versus time graph was plotted and three-component Maxwell model coefficients were obtained.

Results and Discussion: In this current study, application of MC significantly reduced the fresh strawberries
decay. Fruit decay in strawberries increased with storage time, but the coating reduced rate of decay with the
length of storage. According to the results, the application of these coatings has a positive impact on yield stress
and energy of rupture product texture during the storage. Average yield stress and rupture energy for the coated
samples and control were 0.11, 5.71 and 0.09, 4.12 MPa respectively. The effect of treatment and storage time
on the yield strain and elastic modulus were not statistically significant. The results show that provided Maxwell
model satisfactorily (RMSE<0.76 and R* >0.96) fits the experimental data. Also, with a retention time, the
elastic component of the model is relatively reduced and the application of the coating prevents the decrease in
relaxation time and improves the rheological properties of fruit. Relaxation time is different based on the
characteristics of the viscoelastic or viscous substances, but this time is wider in elastic material. The relaxation
time depends on the moisture content of the product, so the increase of humidity and soft, reduced relaxation
time. Coatings are effective physical barrier to moisture loss and slower rates of weight loss in coated fruits
because of the cover features for gas diffusion of stomata, the organelles that regulate the transpiration process
and gas exchange between the fruit and the surroundings.

Conclusions: Edible films and coatings may reduce the moisture transfer, the rate of oxidation and
respiration which are considered important to prolong the shelf-life of these products. This investigation showed
that the MC coatings are effective for strawberries shelf life extension and retarded the senescence process in
compared with control. The coat has been as a physical barrier for the gas exchange between the fruit and the
environment. It was demonstrated that the coating reduced loss of firmness and delayed the softening of fruit and
texture change. Fruit decay in strawberries increased with storage time, but the coating reduced rate of decay
with the length of storage. Finally the results showed that coating, may increase overall acceptability, and
increase the quality and shelf life of fruits.

Keywords: Edible coatings, Strawberry, Stress relaxation, Viscoelastic properties, Yield stress
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3- Digital Signal Processing
4- Adjoint Least Mean Square
5- Impulse
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1- Load cells
2- Falling impact
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Fig.1. Schematic of fruit conveying and ejecting unit and load cell: (1) Motor and gearbox, (2) Sample, (3) Conveyor
belt, (4) Conveyor frame, (5) Aluminum plate & (6) Load cell
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1- Sampling rate
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Fig.2. Schematic of impact data acquisition unit: (1) Input from load cell, (2) Output to computer, (3) USB module, (4)
Strain gauge input module, (5) Power supply & (6) Circuit breaker
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2- Multiple Linear Regression
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1- Impulse



VIV a i g, 3l oolisuwl b (s9u (339 bas 1 (5 oS0l

15

TiipactBbres ()
[
[
M=
>

Time (ms)

-10

(Fy, Dy, 1)) a5 JLKM.: 5o Cl):xu..:l 4.0.“94 aw =Y J&M’
Fig.3. The main parameters extracted from the impact signal (¥, D,, 1,,)
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Table 1- The weight statistical characteristics of the samples (maximum, minimum, average, standard deviation and
coefficient of variation of weight) in total, calibration and test sets
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Statistics Total samples Calibration Test
Gged Sl 232 186 46
Number of samples
(p5) Sl 41.467 41.467 50.942
Minimum (g)
(*’f ) A1 128.426 128.426 122.046
Maximum (g)
(p5) oxSiles 82.517 81.983 84.674
Average (g)
(p5) Soxe ,d‘),x‘ 14.756 14.868 14.448
Standard deviation (g)
() e oy 17.88 18.14 17.06

Coefficient of variation (%)
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1- Standard Deviation Ratio
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Table 2- The results of simple and multiple linear regressions for predicting the weight from the signal characteristics
(F,, D,, 1) of the first peak at different speeds (1, 1.5 and 2m s™)

Oyl 5 d;l}i 4,0 O"’j
e s w5 Calibration (D»uéb) . Test SDR
-1 .
Speed (ms™) Variable R, RMSEC DF RZD RMSEP
F, 0.222 12.154 181 51.358  0.327 11.967 1.193
D, 0.223 12.309 181 51.908 0.103 11.326 1.044

1 IA 0.669  8.280
FrI, 079 6375
Multiple  0.796  6.446

F, 0295 11.435
D, 0200 12356

1.5 I, 0.729  7.201
Fel, 0792 6346

Multiple  0.712  7.946

F, 0488  10.147
D, 0246 11.880

2 I, 0.769  6.954
FrI, 0797 6459

Multiple  0.794  6.565

180 363.027 0.646 8.493 1.689
180 334928 0.762 6.505 1.045

181 232.366 0.786 6.466  2.180
180 75.205 0.339  13.717 1.041
180 44927 0.128 12.431 1.078

180 482.907 0.727 10.706  1.348
180 340427 0.788 7.969 1.808
185 150.353  0.711 9.353 1.557

180 171.148 0.567 9.784 1.459
180 58.701  0.175 12.045 1.090
180 598.139  0.756 7.411 1.947
180 350415 0.755 6.696 1.961
181 229.028 0.764 6.628  2.023
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Fig.4. Predicted versus true values of weight obtained from the best linear regression models using characteristics of (a)
F,, (b) D,, (¢) 1,, (d) F,-1,, and (e) multiple of the first peak of impact signal
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Table 3- The results of simple and multiple linear regression for predicting the weight from the signal characteristics
(F,, D,, I) of the first forty peaks at different speeds (1, 1.5 and 2 ms™)
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Fig.5. Predicted versus true values of weight obtained from the best linear regression models using characteristics of (a)
F,, (b) D,, (¢) 1,, (d) F,-1,, and (e) multiple of the first forty peaks of impact signal
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Introduction: Iran is one of the main producers of kiwifruit in the world. Unfortunately, the sorting and
grading of the kiwifruits are manual, which is a time consuming and labor intensive task. Due to the lack of
appropriate devices for sorting and grading of kiwifruit based on the quality parameters, only 10% of total
production is exported (Mohammadian & Esehaghi Teymouri, 1999).

One of the main quality attribute for evaluating the kiwifruits is weight. Based on the standards, the
minimum weight for an excellent kiwifruit is 90 g, while these values for the first and second classes should be
70 and 65 g, respectively (Abedini, 2003). Therefore, developing a device for fast weighing of fruits in the
sorting lines can be useful in packaging, storage, exporting and distributing kiwifruit to the consumer markets.

In the past, the mechanical-based systems were commonly used for online weighing of the agricultural
materials, but they did not lead to the promising accuracy and speed in sorting lines. Today, electrical
instruments equipped with the precise load cells are substituted for fast weighing in the sorting lines. The
dropping impact method, in which a free falling fruit drops on a load cell, is one of the suitable techniques for
this purpose.

Different studies have addressed the application of dropping impact for fast weighing of agricultural
materials (Rohrbach et al, 1982; Calpe et al, 2002; Gilman & Bailey, 2005; Stropek & Gotacki, 2007;
Elbeltagi, 2011). The aim of this study reported here was to develop an on-line system for fast weighing of
kiwifruit and compare the accuracy of different methods for extracting the weight predictive models.

Materials and Methods:

Sample selection: A total of 232 samples with the weight range of 40 to 120 g were selected. Before
conducting the main experiments, the weight and dimensions of the sample were measured using a digital
balance and caliper, with the precisions of 0.001 g and 0.01 mm, respectively.

Impact measuring system: The impact signals of kiwifruits in an online situation were acquired using a
system, including conveying and ejecting unit, a load cell and data acquisition unit (Fig.1). The load cell was a
single point load cell with 5 kg capacity. The load cell was connected to the data acquisition unit (Fig.2) in order
to record the impact signal of the device in time domain of 0-5 s.

Before performing the main experiments, the load cell was calibrated using 100, 200, 500 and 1000 g
standard masses. All the tests were carried out on three different forward speeds of conveyor, including 1, 1.5
and 2 m s in order to obtain the optimum forward speed.

Data Analysis: In this study, two different methods were applied to build the weight predictive models. In
the first method, the main components of the impact signal, including the force value at the first peak F),, time
required to peak force D,, and the impulse or area under the first peak /, were calculated and used as independent
variables to develop the weight predictive models. In the second method, the impact components were calculated
for the 40 successive peaks. Multiple linear regression (MLR) analyses were used to correlate the independent
(impact components) and dependent (weight) variables.

Results and Discussion: The weight statistical characteristics of the samples, including the maximum,
minimum, average, standard deviation and coefficient of variability in total data, calibration and test sets are
shown in Table 1. As depicted, almost the same range and variability were observed for calibration and test data
sets, indicating the proper distribution of the samples.

Table 2 summarizes the results of simple and multiple linear regressions for predicting the weight from the
signal components (F),, D,, I,) of the first peak at different speeds of 1, 1.5 and 2 m s As shown, at the forward
speeds of 1 and 2 m s, the multiple regression models based on all three signal components, and at forward
speed of 1.5 m s, the model based on the combination of F, and 1,, resulted to the best prediction powers.
Among different forward speeds, the forward speed of 1 m s~ gave the best model with SDR value of 2.180.
Fig.4 depicted the predicted versus true values of weight obtained from the best linear regression models using
components of F,, D,, I,, F,-1,, and multiple of the first peak of impact signal.

1, 2, 3 and 4- Graduated Student, Assiatant Professor, Associate Professor, and Professor, Respectivey, Department of
Biosystems Engineering, College of Agriculture, Isfahan University of Technology, Isfahan, Iran
(*- Corresponding Author Email: samireei@cc.iut.ac.ir)
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The results of simple and multiple linear regression for predicting the weight from the signal components (F),,
D,, 1,) of the first forty peaks at different speeds of 1, 1.5 and 2 m s are summarized in Table 3. The best

models were obtained by multiple combination of all three impact signals at the forward speed of 1 and 2 m s™,
and combination of F,-1,; (i=1,...,40) at 1.5 m s speed. Compared with the first peak results, the accuracy of
prediction reached to 84%, 60% and 52% at forward speeds of 1, 1.5 and 2 m s™, respectively. The best results
were obtained at a forward speed of 2 m s, in which the SDR reached to a satisfactory value of 2.857 by
applying the 1,; (i=1,...,40) values. The predicted versus true values of weight obtained from the best linear
regression models using components of F,, D, 1,, F},-1,, and multiple of the first forty peaks of impact signal are
illustrated in Fig.5.

Conclusions: The results of this study revealed that among different impact component, /, was the best
predictor of the kiwifruits weight. Moreover, the developed models based on impact components of the first
forty successive peaks gave the best accuracy with respect to the first peak components.

Keywords: Grading, Impact signal, Impulse, Modeling, Multiple regression
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Fig.1. Impact measuring equipment: 1- Base frame, 2- Height adjuster, 3- Fruit holder, 4- Aluminum plate, 5- Force
sensor, 6- Oscilloscope and 7- Acquisition system
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Table 2- The mean values of voltage and time parameters derived from device

Aiged W, o2 Lo 5Lg oW gl
Sample Height (cm) Max voltage (mV) Time contact (ms)
e g3 60 92.00-£4.00%* 3.3840.14%*
Calibration sample
6 165.32+18.48* 4.23+0.10%*
7 176.00+16.00* 4.17+0.14%**
(b)) Jgas 10 216.00£13.86** 4.08+0.07**
Product (Pomegranate) 15 261.3449.24%* 4.00+0.10%**
30 389.34+18.48** 3.96+0.07**
60 544.00+32.00** 3.9240.07**

o glad maw (> I dxe i /o) glad maw ) o dme s
** significant on the level of 1%: * significant on the level of 5%
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Table 3- The mean of specifications determinant dropping bruises boundary

ews)! Wit (598 Wy i 2,952 31 Jd s s 2,95 52 5l oy ©8 a0
Height (cm) Max force (N) Max acceleration (m s'z) Velocity before contact (ms”) Rebound velocity (m s™)
6 365.41%* 1204.96** 1.085%* 0.594**
7 388.99* 1283.53* 1.172%* 0.626*
10 477.39%* 1578.23%%* 1.401** 0.767**
15 577.59%** 1912.20%* 1.715%* 0.940*
30 860.48** 2855.20%* 2.426%* 1.172%%*
60 1202.32%* 3994.65%* 3.431** 1.329**

o glad maw (> I dxe i /o) glad maw ) o dme s
** significant on the level of 1%: * significant on the level of 5%

ogber ule Ul (KBS o> g o (e Ske dulie i —€ Jgaa

Table 4- The mean comparison results of bruise area and bruise volume for Malas-e-Saveh pomegranate

eyl NdsS SSlas BEIRES NS p S5l Jslas
Height (cm) Bruise area (mm>) Max Min Bruise volume (mm®) Max Min
6 92.28+7.48* 102.78 88.69 97.07+£10.12* 108.66 90.02

7 141.14£11.75%* 153.84 130.63 156.99+£14.60** 173.56 146.04

10 239.51£14.97** 256.71 229.46 340.66+£26.56* 366.96 313.85

15 312.81+8.26** 322.00 306.00 876.53+22.04** 900.71 857.58

30 472.76+38.86** 509.20 431.86 2481.90+186.96** 2694.14  2341.58

60 890.38+£60.02** 954.91 836.21 4936.594+297.29** 5239.05  4644.75

o glad maw (> I dxe i o/ ) glad maw ) o dme s
** significant on the level of 1%: * significant on the level of 5%

Sl la ot dsged bl o0 )95 o ) gy (sl
b JSi 53 (h) boiw glisyl (b ) gloj hlde > bsdor sap0
Sy s Mo L5 jgbay bt £lis)] ol 0s o0l ol
ey )3 iy e g £l I3 b el 5 45
G T8y gt a8 s byl ol iloj alols 3 wiges
035 Al

o3l b 1) Lpoled oo 13 Lgias (5> S pus yuid 5 JS5
oy Lacie w4 S o lis gls e o ol (V) alal, )
il b £ly) ial38l b baiged cutS s slacs yuo g oled
Eopd Bdiged cuuwy JBlis Hlade &y s sy aS0) 1 my 8l
58U IS8 s > (SATL ol csSil a5 w08 cuiSk
LSS Gjgo dpd

e )] oabled ces yus g Al CLLS iy (59,8 ¥ Jgi>
bgiw iyl (ol b o8 andl oo )l diged o2 b calite by
o 5 g Sl gl gl ¥ Jpin 1005 Iy 5
Gl yolie g o3ly inles Cilises bgi lelis)) gl 1) (SibS
Gl 0313 (gl 363 13 1y Jlade o 68 g oy i ¢ )lize

Oiel38 el Gl b (S35 o 5 o 5 ¥ Jgio
g ol gy eSLe a6 iS5l conmalis ol &S dl
Lo S35.5 sl (i il a8k (KB5S i ey
s 40 o gl 8 g gl o8 s o5 (g oo 1)
eLis)) plsisan ixio ailinl I 28 (KBS aw (35 slox]
(Lewis ef al., 2007) 13l o S5bsS clys (o) Sy bgies

)b St ppr golis 4 F =Ma dolee ) a5 b g5
L Gl 05 (1S 03900 )3 (39031 350 sl Ul £y (12



WA Jsl Jluos <) 6 ko o Al (659l 5o cymitle &g i

\AY

4000

w
(=]
(=]
(=]

Acceleration (m s2)
L
o
=1
(=]

L

h=0.6 m
h=0.3 m /\(
h=0.15m /

th=0.1m

W\“\\
1000} "/ 3 :

h=0.06 m

h=0.07m =

lisco 1993»: uLCLOS)‘ PN 09L.v u».Lc)U LS')’ uLo) )g‘)g » 199.5»: d“)‘” u‘«.u—i J&M’

1

2 3
Time (mS)

Fig.4. Dropping impact acceleration versus time curves for Malas-e-Saveh pomegranates at various drop heights

Velocity (m s-)

2

0

lisco 1993»: uLCLOS)‘ 2 09L.v L)""L° )U LS')’ uLo) )g‘)g JEl 1995»: d“)‘” dL{bC,&),u—o J&«M
Fig.5. Dropping impact velocities versus time curves for Malas-e-Saveh pomegranates at various drop heights
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Introduction: The pomegranate journey from orchard to supermarket is very complex and pomegranates are
subjected to the variety of static and dynamic loads that could result in this damage and bruise occurring. Bruise
area and bruise volume are the most important parameters to evaluate fruit damage occurred in harvest and
postharvest stages. The bruising is defined as damage to fruit flesh usually with no abrasion of the peel. The two
different types of dynamic loading which can physically cause fruit bruising are impact and vibration. The
impact and vibration loadings may occur during picking or sorting as the pomegranates are dropped into storage
bins and during transportation. The focus of this work was on the impact loading as this appeared to be the most
prevalent. In view of the limitations of conventional testing methods (ASTM D3332 Standard Test Methods for
Mechanical Shock Fragility of Products), the method and procedure for determining dropping bruise boundary of
fruit were also established by adapting free-fall dropping tests.

Materials and Methods: After the ‘Malas-e-Saveh’ pomegranates had been selected, they were numbered,
and the weight and dimension of each sample were measured and recorded. Firmness in cheek region of each
fruit was also measured. Fruit firmness was determined by measuring the maximum force during perforating the
sample to a depth of 10 mm at a velocity of 100 mm min™' with an 8 mm diameter cylindrical penetrometer
mounted onto a STM-5 Universal Testing Machine (SANTAM, Design CO. LTD., England). Free-fall dropping
tests with a series of drop heights (6, 7, 10, 15, 30 and 60 cm) were conducted on fresh ‘Malas-e-Saveh’
pomegranates. Three samples were used for each dropping height, and each sample was subjected to impact on
two different positions. Before the test was started, it was necessary to control the sample's drop position. The
cheek of sample was placed on the fruit holder. An aluminum plate mounted on upper part of the piezoelectric
force sensor was the dropping impact surface of the device. After dropping impact, the sample was caught by
hand to prevent a second impact due to sample rebound. After impact, the samples were stored at room
temperature for 48h, during which time bruise tissues and arils turned brown. The bruise area and bruise volume
of each sample were calculated according to equations (1 and 2).

Results and Discussion: Dropping impact acceleration versus time curves for the typical samples at ten drop
heights are shown in figure 5. Drop height notably affected the impact acceleration. The peak force increased
while contact times decreased with increasing drop height, which resulted in an increase of peak acceleration.
Figure 6 shows the dropping impact velocity change during contact by theoretical calculation. The results
showed that the velocities at the beginning of contact and the rebound velocities of the samples increased with
increasing the drop height. Critical drop height of pomegranate in certain bruise area was determined and linear
relationship between drop height and bruise volume for ‘Malas-e-Saveh’ pomegranates were obtained. It is clear
that there were obvious differences between dropping bruise boundaries of pomegranates and the conventional
damage boundary of products (as shown in figure 9). For the conventional damage boundary, the vertical line,
critical velocity (Vc¢), represents the velocity change below which no damage occurs, regardless of the peak
pulse acceleration. The horizontal line, critical acceleration (Ac), represents the acceleration at which the product
will be damaged if velocity exceeds V. At the same time, for a conventional product, there is only one damage
boundary at one shock condition. However, for fruit, a change in drop height (velocity) will lead to a change in
bruise ratio. A series of bruise boundaries can be determined for different bruise ratios. Moreover, even if the
velocity approaches zero, the fruit can still be bruised if its acceleration exceeds a certain value. These
relationships provide an effective basis to predict and control drop bruising, which may be achieved through the
design of reasonable cushioning packaging for fruit.

Conclusions: This research applied the concept of dropping bruise for pomegranate fruits. Because of the
limitations in using conventional testing methods to test product of a viscoelastic nature, such as fruit, free fall
dropping tests were adapted to determine dropping bruise fragility and bruise boundary for ‘Malas-e-Saveh’

1, 2 & 3- Master of Science, Professor & Assistant Professor respectively, Department of Agricultural Machinery
Engineering, Faculty of Agricultural Engineering and Technology, College of Agriculture and Natural Resources,
University of Tehran, Karaj, Iran

(*- Corresponding Author Email: arajabi@ut.ac.ir)
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pomegranates at different drop heights. For viscoelastic products such as fruit, even if the dropping impact
velocity approached zero, the fruit could be bruised as long as the impact acceleration exceeded a certain value
(critical acceleration). A series of bruise boundaries can be established for different levels of bruise ratios, i.e., a
contour of constant bruise ratio can be drawn on the velocity acceleration plane.

Keywords: Bruise, Dropping test, Impact, Pomegranate
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Impact
QL"} 9 44.093" 55.728" 58.225" 6.709°
Time
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Impact x Coating
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Time x Coating
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Time x Impact
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TimexImpactxCoating
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N3
Total
T il pks > 239 18.72 36.12 36.59 49.43
Coefficient of variation,
%
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Table 2- Mean comparison of measured variables affected by storage duration
oo 5 5 o g5 ¥ il i
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10 7.0350E2° 8.8760E4° 8.5326E5° 0.09560°

23l e I3 gxe (g ylel S I ygies ya p3 S e gy b (glay pSile M
In each column means with the same letter have not significant differences

Gl s sLrogy S 3 Sso b asls o s e sanlie S0 el sl £ 5 0 F cln JSa j) 45 wisS o lon



VAY omndsii g (Fae Glahe) b O cuw Siloylsl (b3

9 b 58 (e pas s i Jeld Jb e g Wl slacew
Lo WY g VIV YN ojlasl &y (o gy ditpuioY] o s
)Ll ae 13 Gidgr (194 9 03)95 pd (Sl & Cod
ol 05 3 gine 42y | solel el 3o s lazils ol
©3)93 s (Sl > (> g Cusl 0 )l dne by T Lol
Gl 039 5o acuw CutS 5 S ol yiel)l baas > idsy
$09> Jobo 3 obide clajlas (Foo slayial)ly &ls 5
S La i & 58 395 ] 45 Wk S ] s (s ol

ol 04 Lider (o Slbumw 4 Cund Yl b (slacuw

1200 4 dddf dc? ecd c
c d bddiﬁ Cd b

—

(e

(=3

(=}
1

0

(e

o
1

P b o558
Natural Frequency, Hz
F -
S S
S 3

[\

(e

o
1

o
I

C
C bCC bcd

a

P Ll oybdg g gy bxe Goldr (g)bo)lsl loj Jsb ) brcaw
Ol o P e gl (b ) Ll plej Sk sazin )l
2 Ol s A Sgy e e ol Calise (slrog)S > b a3l
o3l gazan les o ialS cplcwl ialS b el el
olie o 5 i Gl 4l deldl Lot il pme o, Je
Syl @i Jobo pled )3 9 Laog) S (oale )3 bajadls
S sgban ol Jhidy g pllw Lo 0g)S 4 byye
ain Ve Job o Lacaw iy pis g 03)95 435 sbajlos
A Cud (Fgo sl el (ad 1 56S s dels I gyl
i sl el o8 sty ol 33 i b g s sl

ab
b ¢ a
cad azb a
b, bpe bba a a
a a a_aa g aa

.IU«yua
IC.c o
.Bch,vué

IBC%JOA

s oyl

Time, week

[bpide 503,85 452) © 0 dLide God 9 0095 23) © 05 (PUids 5 W) © o dLds g 9 W) & 0
IU (Intact and uncoated), IC (Intact and coated), BU (Bruised and uncoated), BC (Bruised and coated)

5,115 o sine VS L 5l 095 o 55 S ik by b (sl yeSiles OS]

Fig.4. Natural frequency changes with storage duration
In each group of apples means with the same letter have not significant differences.
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In each group of apples means with the same letter have not significant differences.
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Fig.7. Penetration firmness changes with storage duration
In each group of apples means with the same letter have not significant differences.
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Table 3- Correlation coefficients between measured variables in two groups of apples. A: Bruised and uncoated apples
and B: Intact and coated apples
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Storability evaluation of Golab apple with acoustic and penetration methods

M. R. Bayati'- A. Rajabipour”’- H. Mobli’*- A. Eyvani’- F. Badii’
Received: 26-11-2013
Accepted: 02-02-2014

Introduction: Apple fruit (Mauls domestica Borkh, Rosaceae) after citrus fruits, grape and banana, is the
fourth important fruit in the world and is considered the most important fruit of temperate regions. In terms of
trade volume, Iran is fourth producer and 17" exporter in the world. Among Iranian cultivars of apple fruit,
known as “Golab apple”. Golab apple is one of the fragrant and tasty varieties and meanwhile is very sensitive
and also its period of the postharvest shelf life is very short. In a study, the firmness of pear fruit during 4 weeks
of storage was monitored using non-destructive impulse response (I-R) and destructive Magness-Taylor (M-T)
puncture tests. The results of this study showed that the dominant frequency, stiffness coefficient and elasticity
coefficient as a function of time could be expressed as a decreasing linear function (Gémez et al., 2005). Tiplica
et al., (2010), showed that acoustic measurement can be a useful tool to discriminate different apple batches with
a low error rate. Starting from the spectrum of the signal recorded by a microphone after the impact of a small
hammer on the fruit, 18 key features were identified and used for the classification of apples belonging to 10
different varieties. The study aimed to evaluate apple firmness measured using both the penetrometer and
acoustic methods. The methodologies were applied to Royal Gaya and Golden Smoothee apples harvested from
12 different orchards in Catalonia (Spain), on six different dates, and over three seasons. The results obtained
showed a noticeable correlation between Magness Taylor firmness and acoustic measurements in Royal Gala,
but no correlation was found for Golden Smoothee. In this study, also, acoustic measurements seemed to be a
good tool for evaluating changes in tissue firmness during long-term storage (Molina-Delgado ef al., 2009). In
another study, it was presented a novel approach based on the simultaneous profiling of the mechanical and
acoustic response of the flesh tissue to compression, using a texture analyzer coupled with an acoustic device.
The methodology was applied to a 86 different apple cultivars, measured after two months postharvest cold
storage and characterised by 16 acoustic and mechanical parameters. The results demonstrate the good
performance of our combined acoustic-mechanical strategy in measuring apple crispness as it is perceived by
human senses (costa ef al, 2011). Hence, present study was about postharvest durability evaluation of this apple
in cold storage and effect of methylcellulose coating on durability of this sensitive apple for both intact and
damaged ones.

Materials and Methods: After obtaining Golab apples, from one of the gardens of Karaj (Alborz province,
Iran), 240 of them were selected. Our aim in this study was to evaluate the firmness of apples with two methods:
penetration (destructive) and acoustic (non destructive). The tests were performed in Agricultural Engineering
Research Institute in Karaj. Firmness is one of the fruit characteristics that changes during storage. In present
study, this characteristic of the apple fruit was assessed by two mentioned methods. Half of the apples were
damaged with identified and controlled impact. In the next stage, another half of apples in both groups (the intact
apples and the bruised apples) were coated with methylcellulose. Effect storage on apple in four groups,
including: Intact and uncoated apples, intact and coated (with methylcellulose) apples, bruised and uncoated
apples and bruised and coated apples during about ten weeks of cold storage at 2°C and 85% RH was studied by
the acoustic and the penetration tests. Acoustic parameters including: natural frequency, firmness index,
elasticity coefficient were measured by recording audio signals resulting from non destructive impacts of a
pendulum using a sound analyzer microphone and then the conversion of those parameters were performed from
the time domain to the frequency domain by the corresponding formulas and software. Penetration test
measurements were performed using a texture analyzer and its software. The tests were carried out every week.
Statistical analysis of the results was carried out using Excel 2007 and SPSS 16 software and the significance of
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the results was determined using Duncan's test at the 5% confidence level.

Results and Discussion: Analysis of variance showed effect of independent variables including: effects of
coating, impact and time and also interaction effects on dependent variables including: natural frequency,
acoustic index and modulus of elasticity and penetration index on the tested apples. Effects of coating and time
were significant at the 5% confidence levelon all dependent variables. But the impact and interaction effect were
not significant on dependent variables (Table 1). In general, bruise and lack of coating on the apples during the
10 weeks of storage, were reduced acoustic parameters. In the penetration test, changes were similar to acoustic
test (Table 2). In this test, all curves have downward trend and combination of independent variables: coated and
intact apples were reasons of more penetration resistance of apples in all of the groups. The condition was
continued until the end of storage time, despite of the downwards slopped curves in all groups. In penetration
test, coated apples keep more firmness than other groups (groups of apples without coating) and thus the apple's
quality would stay better, too (Fig.7).

Conclusions: In general, the following results were obtained from this research: The results showed that the
acoustic and penetration parameter were decreased during 10 weeks of storage. Reduction of these parameters
continued until the end of storage period, but this reduction was significant only up to eighth week. Also at this
time, the acoustic parameters (natural frequency, firmness index, elasticity coefficient) and penetration firmness
in intact and coated apples were 14.26%, 4.11%, 14% and 40% respectively higher compared to other apples.
Due to the more tangible acoustic parameters changes, especially acoustic index and modulus of elasticity
(having the more slope than the penetration firmness). One could use acoustic tests for more accurate evaluation
of apples firmness and quality changes. Finding correlation between acoustic parameters and penetration
parameter showed that, correlation between acoustic parameters in each case is greater than correlation between
these parameters with penetration parameter.

Keywords: Acoustic test, Golab apple, Non destructive tests, Texture analyzer
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Table 1- Values of some physical properties of Mazafati variety of date fruit at different ripeness stages
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Density (g cm™)

lo 3 ogeo plowds (sl jalyl polio =Y Jgua
Table 2- Values of chemical parameters of date fruit
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Table 3- Results of PLS models for estimating of SSC of date fruit by using of different preprocessing

sd Jlos! (gl i 315 13 g

ol sradlae

)9:5 © O PR R

RMSEP
Operated preprocessing Principle components Best factor
- ‘ - | -
o) >)Ju-’ Jlesl o9 15 15 0.54 1.9
Original data
odl 38l i ¥
AR g e 15 15 0.68 1.7
MSC
| i « SS90 SNV
Jol nde « S 90 1 15 8 0.78 1.5
SNV, Wavelet, D
| i il ild SNV
gl griae s L3 1 15 7 0.82 1.4
SNV, Median filter, D
ps> uie e s SNV 15 12 0.89 1.3

SNV, Median filter, D?




Y4

Ololy giwiinb 5l ool b (G8lao gloys (Sawmw; Joly0 unni

B -
y=1.0003x + 0.2631

2 7 R2=0.981
=
2 6 RMSEP=1/4"Brix
=]
— 5 i

4 i

31 : : : .

3 4 5 6 7

pH, measured
@3‘9 )J.)Lo.a ))l).) 2 PLS J,\A OJ)A.Q) Jawy [ W) U“"’L)‘“" pH );.)Laa —1 N
Fig.6. Values of predicted pH by best model of PLS versus actual values

o sla iilo Sl eolatwl b boys pH Oliee (pesd (glp PLS sl s ls -£ Js.\}
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Introduction: The economical yield of date fruits depends on many factors (Al-Shahib and Marshall, 2003).
One of them is harvesting in optimum stage. Generally, date fruits have four distinct stages of ripeness to satisfy
different consumption requirements (e.g., fresh and processed). They are known throughout the world by their
Arabic names which are Kimri, Khalal, Rutab and Tamr in order of ripeness (Imad and Abdul Wahab, 1995; Al-
Shahib and Marshall, 2003; Sahari et al.,, 2007). Decreasing moisture content and increasing sugar content
happens gradually while the date ripeness approaches to Tamr stage. From Kimri to Khalal stage, the size and
acidity decreases when the color of Mazafati variety changes from green to red. The change in acidity continues
from Rutab to Tamr stage while color transforms from brown to black. At the final stage of ripeness, Mazafati
variety is soft and has a good storability (Al-Shahib and Marshall, 2003). The main Raman techniques
commonly applied in agricultural product and food analyzing include dispersive Raman spectroscopy, Fourier
Transform (FT), Raman spectroscopy, Surface-Enhanced Raman Spectroscopy (SERS) and Spatially Offset
Raman Spectroscopy (SORS). Synytsya et al. (2003) illustrated that FT-Raman spectroscopy is a valuable tool in
structural analysis of commercial citrus and sugar beet pectin. Yang and Irudayaraj (2003) employed an FT-
Raman approach to detect and classify foodborne microorganisms on the whole apple surface for the first time.
Schulz et al., (2005) revealed the potential of FT-Raman spectroscopy in natural carotenoid analysis. Also, many
researchers have attempted to apply FT-Raman spectra on the whole fruits and vegetables. FT-Raman
spectroscopy was used by Veraverbeke ef al. (2005) to evaluate the natural, intact wax layers on the surface of
whole fruits. Nikbakht ef al. (2011) used a FT-Raman spectroscopy for qualitative and quantitative analysis of
tomato ripeness parameters. The scope of this study was to evaluate the feasibility of a nondestructive method
based on FT-Raman spectroscopy in distinction of Mazafati date fruits according to four mentioned ripeness
stages.

Materials and Methods:

Sample preparation: Mazafati variety of date fruit was used for this study. During the harvest seasons of
2012 (July-August), the samples from each four stages of ripening namely Kimri, Khalal, Rutab and Tamr were
collected from two different orchards in Bam, Kerman province, Iran. A number of 100 date samples were tested
in this study, and the external features of the four stages are exemplified in Fig.1. To characterize the physical
properties of studied samples, the selected physical properties such as initial moisture content, mass, geometric
mean diameter, sphericity and density of studied samples were measured using represented methods by
Mohsenin (1896), Jahromi et al. (2008) and Shakeri and Khodabakhshian (2011). At least, the samples were kept
at 5°C in a refrigerator for 7 days to distribute the moisture uniformly throughout the sample. Before spectral
acquisition, the required quantities of date fruits in each ripeness stage was taken out of the frig and allowed to
warm with room temperature for approximately 2 hr (Khodabakhshian ef al., 2012).

Chemical properties measurements: Tissue samples were cut from each fruit separately and were
macerated with a commercial juice extractor, filtered and centrifuged. The supernatant juice was used for the
determination of sugar content with a manual refractometer, and expressed as percent Brix in the juice. Dry
weight percentage of samples (Between 3-5 g) was determined by weighing them first, then dried them at 105°C
in a forced-air oven for 4 h and finally reweighed. PH value of date fruits was determined by a pH meter.

Raman spectroscopic set-up: FT-Raman spectra on the whole fruits in the region 200-2500 cm™ were
recorded using a Thermo Nicolet NEXUS 870 spectrometer (Thermo Electron Corp, Madison, Wis., U.S.A)
equipped with a Deuterated Triglycine Sulfate (DTGS) detector and a solid substrate beam splitter. The spectra
were collected with rapid scan software running under OMNIC (Nicolet, Madion, Wis., U.S.A) and a resolution
of 4 cm™ by coadding of 128 scans. FT-Raman has three main advantages over dispersive Raman systems: (1)
reducing the laser-induced fluorescence that a number of samples exhibit; (2) easing the operation as with a
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2- Associated Professor, Department of Biosystem Engineering and Member of Research Center for Agricultural
Machines, Ferdowsi University of Mashhad, Mashhad, Iran

(*- Corresponding Author Email: ra_kh544@stu-mail.um.ac.ir)



MY Gll) emidnb 5l ooliiul b (ci8lao gloys Sy Jo1p0 (rmetd

Fourier transform infrared (FTIR) spectrometer; and (3) showing a high spectral resolution with a good
wavelength accuracy (Yang and Ying, 2011). Furthermore, the Raman spectra of pure tannin were measured as a
reference spectrum. The original data were used for further analysis only after subtracting dark current spectra.
For obtaining dark current spectra, the laser was set to zero.

Results and Discussion:

Physical properties of date fruits: The results of some physical parameters of the studied date fruit are
shown in Tablel. The changes in the physical properties were dependent on the internal quality in different
ripeness stages. This justification also was revealed for date fruits by Al-Hooti et al. (1995). The obtained
relations between ripening stages and internal quality of studied samples are represented in the next part.

Raman spectra of tannin: Raman features of the tannin in the wavelength range of 200-2500 cm™ are
shown in Figure 3. As shown in the figure, major Raman features of the tannin were observed in the spectral
region of 600-1600 cm™. Three main Raman peaks were identified in this region. The tannin showed its highest
Raman intensity at 1590 cm™, which was higher than that at 1357 cm™. The other peak (650 cm™) showed low
intensity. As stated by many researchers (Shahidi and Naczk, 2004; Al-Farsi et al., 2005; Biglari et al., 2008),
these bands are assigned to stretching C-C, C=C and C-H bonds which compose the structure of phytochemicals.
Beyond 1600 cm™, no notable Raman scattering signals were observed. Themain Raman features of tannin were
revealed in the wavelength range of 600 to 1600 cm™ since the main Raman features of tannin are in the
wavelength range of 600-1600 cm™, this region was used for calculating the spectral information divergence to
evaluate the ripeness degree of the date fruits.

Conclusions: This study reports the potential of FT Raman spectroscopy for nondestructive discriminating of
Mazafati date fruits according to the four ripeness stages. The analysis of the Raman signal changes that
happening during date ripening and its relationship with the ripeness degree of the date fruits was studied. In this
regard, changes of pure tannin content in the wavelength range of 200-2500 cm™ as a good ripeness index for
date fruits was investigated. A modified polynomial, Self-Modeling mixture Analysis (SMA) and the Spectral

Information Divergence (SID) was performed on different samples at four ripeness stages.

Keywords: Date fruit, Non-destructive evaluation, Raman spectroscopy, Quality factors
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Table 2- Average of error values of each receiver to compare precision and accuracy in different weather conditions
and day times

(m) Low p8 s

(m) Lo w8 Coo

S bl sy olelw Precision of receivers Accuracy of receivers

Weather conditions Day times MAP 60 csx eTrex VISTA MAP 78s MAP 60 csx eTrex VISTA MAP 78s

L 9:00 am 2.20 4.63 0.86 1.83 335 1.93

© 12:00 pm 3.25 5.55 0.77 2.73 6.34 1.25

Clear sky 16:00 pm 2.70 4.56 0.94 2.27 5.35 1.48

s 9:00 am 3.16 450 1.32 2.36 5.44 2.07

| e 12:00 pm 2.02 4.15 0.85 2.13 5.42 1.23

partially cloudy sky 1600 pm 2.09 5.22 0.88 1.57 6.33 2.02

| 9:00 am 2.67 3.87 0.81 2.36 489 1.41

< 12:00 pm 2.77 4.17 1.00 2.04 5.37 1.69

full cloudy sky 16:00 pm 291 5.61 0.79 2.43 6.45 1.42

) 1o (e 2.64 4.70 0.91 2.19 5.70 1.61

Average of error (m)
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Table 3- ANOVA results of the effect of model, weather conditions and measurement time on GPS receivers precision
and accuracy

A

N
Precision Accuracy
" ol ol
s e o7 D ol e g . Cluj ggome @il a2 Gl .
Error source squul:r:s df Mean Sum of squares df Mean
squares squares
Je 417.855 2 208.928  109.776" 524216 2 231.814 116.249"
Model
R 2.794 2 1.397 734™ 5.249 2 1.548 .924™
Weather C.(day)
ol 711 2 355 187" 1.145 2 421 216"
Time
ke
> d 1.374 4 343 180™ 1.821 4 539 207
DayxModel
i x Jde
, 12.342 4 3.086 1.621™ 14.521 4 4.149 2.025™
TimexModel
ey X 59, n
. 23.265 4 5.816 3.056"™ 25.362 4 6.851 3.298"
TimexDay
.JJ“’ HOei X 39 23.927 8 2.991 1.571™ 25.842 8 4.024 1.749™
Timex DayxModel
k> 411.097 216 1.903 438.519 216 2.025
Error
S 3347.423 243 3824.197 243
Total

** Significant at 0.01 level and ns, Non-Significant
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Table 4- Means comparison of precision and accuracy using post-hoc LSD test for the GPS models

1) W)

GPS Jus GPS Jx Precision A,ccuracy

(D) Model.gps ) Model-gps Ol WS Ol WS
2P Mean difference (I-J) Mean difference (I-J)

etrex VISTA 3.78198* 4.08877*

MAP 78s MAP 60-csx 173111 -.57975*

MAP 78s 3.78198* 4.08877*

etrex VISTA MAP 60-csx 2.05086* 3.50901*

MAP 78s 1.73111* 0.57975*

MAP 60-csx etrex VISTA 2.05086* -3.50901*

* Significant mean difference at 0.05 level 10,50 Jlisl maw 5 HIb dre (nSle BN %
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Introduction: Development of science in various fields has caused change in the methods to determine
geographical location. Precision farming involves new technology that provides the opportunity for farmers to
change in factors such as nutrients, soil moisture available to plants, soil physical and chemical characteristics
and other factors with the spatial resolution of less than a centimeter to several meters to monitor and evaluate.
GPS receivers based on precision farming operations specified accuracies are used in the following areas: 1)
monitoring of crop and soil sampling (less than one meter accuracy) 2) use of fertilizer, pesticide and seed work
(less than half a meter accuracy) 3) Transplantation and row cultivation (precision of less than 4 cm) (Perez et
al., 2011). In one application of GPS in agriculture, route guidance precision farming tractors in the fields was
designed to reduce the transmission error that deviate from the path specified in the range of 50 to 300 mm
driver informed and improved way to display (Perez ef al, 2011). In another study, the system automatically
guidance, based on RTK-GPS technology, precision tillage operations was used between and within the rows
very close to the drip irrigation pipe and without damage to their crops at a distance of 50 mm (Abidine et al.,
2004). In another study, to compare the accuracy and precision of the receivers, 5 different models of Trimble
Mark GPS devices from 15 stations were mapped, the results indicated that minimum error was related to Geo
XT model with an accuracy of 91 cm and maximum error was related to Pharos model with an accuracy of 5.62
m (Kindra et al., 2006).

Due to the increasing use of GPS receivers in agriculture as well as the lack of trust on the real accuracy and
precision of receivers, this study aimed to compare the positioning accuracy and precision of three commonly
used GPS receivers models used to specify receivers with the lowest error for precision farming operations as
well as the efficiency of the work done in different situations.

Materials and Methods: In this study, three commonly used GPS models belong to GARMIN CO. were
selected for comparison. This company is the world biggest manufacturer of GPS device. Three models include
eTrex VISTA, MAP 60 csx and MAP 78s that in recent years have been the most widely used receivers in
precision agriculture (Figure 1, Table 1). To assess the accuracy and precision of the receivers, 9 recording
stations were selected in a field (20x20 m?) and detailed mapping by the odolite camera under high precision
compass networks and regular conditions (figure 2) was identified. To reduce the error of multi-path, a relatively
open and unobstructed place in the Abbas Abad field of Bu-Ali Sina University were considered. This study was
conducted in a Completely Randomized Design (CRD) with factorial analysis to examine three factors, at three
levels, each in three replication including weather conditions (clear, partially cloudy and full cloudy sky), time of
day (9 am, 12 am and 4 pm) and three different models of receiver (MAP 60 csx, eTrex VISTA and MAP 78s),
in 9 local stations. Difference of deviation value at each station with the mean value of latitude and longitude
recorded at same station was used to precision calculate on (equation 1) and the difference of deviation value at
each station with a deviation of the actual position latitude and longitude of the same station was used to
calculate the accuracy (equation 2). The base station position (No.1) was determined with an accurately large-
scale map. Then, the positions of other stations were defined with camera and compass in exact rectangular grid
by underlying base station. Mean error for each station using equation (3) and the precision and accuracy and the
definitions of each receiver was calculated.

Results and Discussion: To display the geographical distribution stations and the registered location data for
GPS devices ArcView software (v3.3) was used (Fig.3). The real location of stations and registered by each
receiver position has been determined. Information recorded in Map Source software, including all longitude and
latitudes registered for each station and receiver were transferred to Excel Software (2007). Table 2 shows the
mean precision values recorded in each weather conditions. The results obtained by equation 1 (the mean error at
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each station) showed that the GPS MAP 78s model has the lowest error of 91 cm, VISTA eTrex model has a
maximum error of 4.7 meters and MAP 60 csx model has mean error of about 2.64 meters. The analysis of
variance of models and weather conditions and the time of day with the interactions between factors have been
shown in Table 3. Results showed that there is significant difference (0.01 <P ,,.) between models, but there is
no significant difference between the date and time positioning precision of different receivers models.
Investigating of the interactions between the receiver models and the weather conditions showed no significant
effect of them and the interaction between the receiver models and the measured time difference is not
significant. These results showed that weather conditions and time of day is the same effect on positioning
precision of GPS receivers used in this research. These results were consistent with the study of Jose and
colleagues (Jose et al., 2006). The mean Comparison test of LSD (at 5% level) for the accuracy and precision of
the models showed the significant difference for all models (Table 4). Figures 4 and 5 respectively show the
accuracy and precision of three models of GPS receiver at different times of day and different weather
conditions.

Conclusions: Effect of daylight hours on positioning precision was very low; also the effect of different
weather conditions may reduce the accuracy of GPS positioning to size of few centimeters. Overall, the results
indicated that between the three factors include the models, the effects of weather and time only receiver models
had significant effect in precision. The lowest error between the models was belonged to MAP 78s (91 ¢cm) and
the maximum error was belonged to eTrex VISTA model with the 4.7 m. In addition, results of this study
showed that the correct application of GPS receivers in different conditions and select of appropriate receiver
can be reduced positioning error considerably. According to the result the MAP 78s GPS receiver could be used
for precision farming operations in the range of 1 to 3 meter such as crop monitoring and soil sampling and the
other receivers (eTrex VISTA and MAP 60 csx) could be used in operations that require less precision (range of
3 to 5 meters).

Keywords: GPS receiver, Positioning system, Precision farming, Weather condition
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Table 1- Analysis of variance (ANOVA) for effect of thickness, blade and direction cut on time and rate drying,
shrinkage and rehydration of carrot
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Shrinkage (%) Drying rate (g min™)  Drying time (min)
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Direction cut
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L e Xl 2 169.4™ 0.007™ 0.030™ 272.4°
Thicknessx Direction cut
P Sk X £ 4 333.4” 0.22" 0.014" 2838.4™
Bladex Direction cut
O SR XA X 4 204 0.12 0.021 1614.4
ThicknessxBladexDirection cut
s
36 27.3 0.03 0.001 250
Error
S 54
Total
o I3 gime ™ 0o )3 B gl 3 Jine T dioyd N pbaws y3 I sime e
**Sjgnificant at 1%, * significant at 5%, ™ no significant
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Fig.2. Kinetic of carrot drying at 3 and 6 mm thickness, a- Ridged blade b- wavy blade c- Flat blade
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Fig.3. Drying time of carrot to reach 8% moisture at different treatments
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Fig.4. Kinetics of carrot layer drying at three cutting direction, a- Lateral, b- Linear, c- Diagonal direction
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The effect of slicing type on drying Kinetics and quality of dried carrot
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Introduction: Carrot is one of the most common vegetables used for human nutrition because of its high
vitamin and fiber contents. Drying improves the product shelf life without addition of any chemical preservative
and reduces both the size of package and the transport cost. Drying also aidsto reduce postharvest losses of fruits
and vegetables especially, which can be as high as 70%. Dried carrots are used in dehydrated soups and in the
form of powder in pastries and sauces. The main aim of drying agricultural products is decrease the moisture
content to a level which allows safe storage over an extended period. Many fruits and vegetables can be sliced
before drying.because of different tissue of a fruit or vegetable, cutting them in different direction and shape
created different tissue slices. Due to drying is the exiting process of the moisture from internal tissue so
different tissue slices caused different drying kinetics. Therefore, the study on effect of cutting parameters on
drying is necessary.

Materials and Methods: Carrots (Daucus carota L.) were purchased from the local market (Kerman, Iran)
and stored in a refrigerator at 5°C. The initial moisture contents of the Carrot samples were determined by the
oven drying method. The sample was dried in an oven at 105+2°C about 24 hours. The carrots cut by 3 models
blade at 3 directions. The samples were dried in an oven at 70°C. Moisture content of the carrot slices were
determined by weighting of samples during drying. Volume changes because of sample shrinkage were
measured by a water displacement method. Rehydration experiment was performed by immersing a weighted
amount of dried samples into hot water 50 °C for 30 min.

In this study the effect of some cutting parameters was considered on carrot drying and the quality of final
drying product. The tests were performed as a completely random design. The effects of carrot thickness at two
levels (3 and 6 mm), blade in 3 models (flat blade, wavy blade and Ridged blade) and the cutting direction at 3
levels (linear, lateral and diagonal) were evaluated on drying Kinetics, drying rate, shrinkage and rehydration.
Statistic analysis done by SPSS software.

Results and Discussion: The results of analysis of variance showed that the effects of cutting parameters
were significant on studied parameters (p<0.01) (Table 1). Thin layers dried faster than thick layers because of
firmness of surface which it causes slow moisture transfer. The least drying time was 200 minutes at the samples
that cut by a wavy blade at the lateral direction with a significant difference (p<0.05) given Fig.3. In these
samples surface evaporation is more, because of more surface. The compare means showed drying rate at thick
layer is fewer because of the longer distance moisture removal (Fig.6). Also the most drying rate was 0.74 gmin™
at cutting by flat blade on linear direction with a significant difference (p<0.05).The least shrinkage was obtained
on this treatment was 36.7% given Fig.8. The most of tissue of linear slices is woody part that is dense compare
with other parts therefore shrinkage decrease at during drying. The most rehydration was 3.96 and 3.88 for

cutting by flat blade in diagonal and linear direction with significant difference to other treatments. Rehydration
depends on cell damage greatly. Since the slices of carrot that cut by flat blade were damaged fewer than other
treatments therefore rehydration was more.

Conclusions: The drying behavior of carrot slices was studied at different methods in slicing carrot. The
results showed a significant effect of the cutting variables on drying Kinetics, drying rate, shrinkage and
rehydration. The carrot moisture content decreases continuously over the drying and the fastest drying occurred
at thin layers sliced by wavy blade. The slices that were cut by flat blade at linear direction caused the best
quality. The results show cutting parameters are significant effect on quality of dried fruits and vegetable. There
for the study of drying behavior is necessary for fruits with different tissue because of more quality of production
and high efficiency at drying. Also the study of cutting parameter suggest on other fruits and vegetables with
different tissue. The results help to manufactures for improvement of production of drying equipment.

Keywords: Blade, Carrot, Drying, Slicing direction
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Table 1- Soil specifications of the field

R calan ol oske . Wl Gl o oy SBedl
Electrical conductivity Organic carbon o o o o .
(ds m™) (%) Silt (%) Sand (%) Clay (%) Soil texture
0.49 0.59 38.2 42.8 19 Silty loam
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Table 2- Specifications of the equipments used in this study

Olgal g4 Slaswie
Equipment type Specifications
o2lsls s ke S n
Plow Four shanks moldboard plow
Sawd Clady WY g Clids 0g)5 93 (gl ¢ it
Disk harrow Pulled type with two gangs and12 disks
Sy iy S Fo ¥ o5 g 03igd g cgilel S e 5,556

Tine and disk cultivator

Amazon tine and disk cultivator, mounted, and 3 meters wide

ligeS o ¥ oye g aid,) YA «Silags okl 855,55

Roto-seeder
yane 5 s
Conventional grain drill

s S IS s
Direct seeder

Amazon pneumatic fertilizer-grain roto-seeder, 28 rows, and 3 meters wide
oV ope bg 4y W 50 oedle )IS355— 5,0
Machine Barzegar fertilizer-grain drill, 12 rows, and 2 meters wide
Fo VS oye 5 (Sws 055yl L add) WV diz gl J5395 15,4
SFOGGIA direct seeder, 17 rows with disk opener, and 3 meters wide
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(o903 s 351y 33 (6551 GalS a3l (o 5 1) Kol
03,5 tsnloe () 6 (1) Ll 3 o3l b 55,

v

ER = BOE (v)
IE

ER - GOE (¥)
& JE

NEG = BOE - IE (®)

il glaodles (551 5, oo =Y Jgua
Table 3- Energy equivalent of different inputs

S35 e o3l GBI o3l
Energy equivalent Input Energy equivalent Input
B3 - -I .
Nitrogen Diesel
N Olawd B 55|
17.4 (MJ kg 138.0 (MJ kg i
( g) Phosphate ( g) Tractor
120.0 (MJ kg b ) 116.0 (MJ kg oS
’ Micronutrients ’ Combine
] o8
85.5(MJL" i 180.0 (MJ kg'! o 9
( ) Chemical ( g) Plow
5 L_gsw.\)
14.7 (MJ kg'! S 149.0 (MJ kg'! *
( g) Seed ( ) Disk harrow
-1 )f)lf -1 )55)lé
0.27 (MJ h™) 133.0 MJ kg')
Labor Furrower
) A5 il ) o5
13.0 (MJ kg P 133.0 (MJ kg 0
( g) Wheat grain ( g) Ditcher
12.5 (MJ kg™ paS o8 133.0 (MJ k™) i
Wheat straw Lister
129.0 (MJ kg™ Ao

Spréyer
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Table 4- Variance analysis of input energy and yield data (F values are shown in this table)

gl S gl S il dSes aSes 35es
o ca 250 Ol (550 PLITS3 PHI ol§ SO
i gale F T*’nd:)-’ Machine Labor JS Grai St B"f)’g
Variation sources uel energy energy energy Total input ramn raw lologic
(MJ ha ) (MJ ha-l) (MJ ha-l) energy yleld yleld yleld
(MJ ha™) (kg ha) (kg ha™) (kg ha™)
N )1")$t' 0.35™ 0.10™ 0.45™ 0.82"™ 7.02° 3.67™
eplication
il g (55,981 o o X
Tillage and planting 290.91 6.28 0.47"™ 0.50™ 0.66™ 1.65™ 0.29™
treatment

O I gne M3 pae osimd Ui 1 g /A0 Jless! paw 3 Iaylas o 5 gxe 3] oty s T AR Jlein pdaw 5 bajlass oy I3 xe M) e L
ROWIR P

**: Shows significant difference at the confidence level of 99%,": Shows significant difference at the confidence level of 95%, and ™:
Shows no significant difference between treatments.

wrgmaddn g blix 6y S5 bjlosd Cunl (oluse bajlors
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g lodgs QYT&B& 9 Coaw (65l Bpas oy S gl wwuisls
9 S g (855 Byan (pydn paye $5)5 S sla)les
ol 0 asiS Sladss Wlesly olaisl s 1) oY pile
o= Ohey & sladsle )0 adgi (sl o)l il > oS el 03l
Byan (g 855 pawye 55y S L awslie b (6,01

(Razzaghi et al., 2012) 33 5 .o
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fredie CuiS Jlog 9 S g0 Bpuae |y (LS J5ilRe V- FYIY)
VAVPYY) (b (655l eSSl coto ol 8 S L
b e (5555 3 0di syl gl il ([LiSn oy a3l
g OYloedle i g (5,0l Cglis S 4 ilisee sllog
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Table 5- Energy of inputs in different treatments and their share (in bracket) from the total input energy

> 1 - : N = 559
Lo Fel:;iZerind sl e - Hlgeslo 5,6 T(‘faldi;:ut
- I o ent chemical Irrigation  Fuel Seed  Machinery Labor energy
reatmen
M) (MJ) MJ)  (MJ) (MJ) (MJ) M}
b 9 P90 ,L”')’JB 47543 46949 5736a 3675 373 a 38a 104314a
Conventional tillage and (45.58%) (45.01%)  (5.50%) (3.52%)  (0.36%)  (0.04%)  (100%)
broadcasting (A)
Ol S (ad L cudlS” 5 poguye (5j)9 S
o S , 47543 46949  5401b 3675 316 ab 348a 103919a
Conventional tillage and planting (45.75%) (45.18%)  (5.20%)  (3.54) (0.30%) (0.03) (100%)
with Machine Barzegar grain drill
(B)
SleeS L 2y 95 o5 47543 46949  5450b 3675 287 ab 34a 103937a
Reduced tillage and seeding with (45.74%) (45.17%)  (524%) (3.54%)  (0.28%)  (0.03%)  (100%)
roto-seeder (C)
o 0l b e IS 47543 46949  3250d 3675 172 ¢ 33a 101622a
Direct seeding with Jairan sanaat (46.87%) (46.20%) (3.20%) (3.62%)  (0.17%) (0.03) (100%)
direct drill (D)
bl Bt b e S 47543 46949  3585¢ 3675 241 be Ba 102026a
Direct seeding with Sfoggia direct (46.60%) (46.02%) (3.51%) (3.60%)  (024%)  (0.03%)  (100%)

drill (B)

)5l sixe BMS] b by it ailie By > eyl o o pSile
Averages with the same letters are not statistically different.
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Table 6- Grain, straw, and biologic yield of different treatments

s Al 3 Slos o5 2 Slas  SUjglen 3 Nhos
7 Grainyield Strawyield Biologic yield
Treatment (kg ha-l) (kg ha-l) (kg ha-l)
Lok s pgese il 2182 72722 11490 a
Conventional tillage and broadcasting (A)
Sip opble 8 (Jad b el g pguye (55,05 4463 a 6983 a 11446 a
Conventional tillage and planting with Machine Barzegar grain drill (B)
ol il 39S 18
ST Ll 5 e o 4458 a 7491 a 11949 a
Reduced tillage and seeding with roto-seeder (C)
Cao ) ohine Codh
. . O s W.S . 4594 a 6805 a 11399 a
Direct seeding with Jairan sanaat direct drill (D)
b gl )5 (s b et S 4134 a 7393 a 11527 a

Direct seeding with Sfoggia direct drill (E)

S5l e BB i b e alliie By s o oo Sibe

Averages with the same letters are not statistically different.
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Table 7- Variance analysis of energy indices data (F values are shown in this table)

S35 S oy .
o @95 857y 501 o Sojlen oAl 039581 55 839028
i gl Output Grai ) Biol A 32 Energy
Variation sources energy rain energy 1ologIc energy Net energy gain productivity
MJ ha'l) ratio ratio (MJ ha'l) (kg M. J-l)
)‘,’g), 3.59" 0.83™ 3.59™ 3.59™ 3.50™
Replication
il 5 55ysS B o
Tillage and planting 0.28™ 0.77™ 0.25™ 0.24™ 0.23™
treatment

ol bjlass oy I gize B! pie oaimd lis ™

": Shows no significant difference between treatments.
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Table 8- Output energy of different treatments

ails 55,00 o5 55,90 829 &5
Sl Grain Straw Total output energy
Treatments energy energy MJ)
M) M)
(kg e i 54828 a 90900 a 145728 a
Conventional tillage and broadcasting (A)
Sin ol 8 dad b clS g pgye (555515
Conventional tillage and planting with Machine Barzegar grain drill 58019 a 87283 a 145307 a
(B)
ol il 39S 18
DS Ll 5 e o 57954 a 93638 a 151592 a
Reduced tillage and seeding with roto-seeder (C)
Cao ) ohine Cudh
) ) O e WS . 59722 a 85063 a 144785 a
Direct seeding with Jairan sanaat direct drill (D)
L gl IS o L oo i
ol S5 G5 53742 a 92413 a 146155 a

Direct seeding with Sfoggia direct drill (E)

5 Iy re BB o b it dliio By y> ()b &S oo Slbe

Averages with the same letters are not statistically different.
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Fig.1. Energy ratio for biologic yield in different treatments (A: Conventional tillage and seed broadcasting, B:
Conventional tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder,
D: Direct seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.2. Energy ratio for grain yield in different treatments (A: Conventional tillage and seed broadcasting, B:

Conventional tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder,
D: Direct seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.3. Net energy gain in different treatments (A: Conventional tillage and seed broadcasting, B: Conventional tillage

and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder, D: Direct seeding with
Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.4. Energy productivity in different treatments (A: Conventional tillage and seed broadcasting, B: Conventional

tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder, D: Direct
seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Introduction: Conservation tillage system was recommended for soil erosion control in North America for
the first time 60 years ago (Wang et al., 2006). Using this tillage system including minimum and zero tillage has
been rapidly developed in recent years. Thearea covered by zero tillage in 2006 was 95 million ha all over the
world (Dumanski et al., 2006). In addition to saving soil and water resources, conservation tillage system
reduces energy consumption and improves energy indices by combining different tillage and planting operations.
Results of research conducted in Fars province shows that conservation tillage saves fuel consumption for 77%
compared to the conventional system (Afzalinia et al., 2009). Conservation tillage also reduces energy
consumption from 23.6 to 42.8% in comparison to the conventional tillage (Rusu, 2005). Since energy indices
would be affected by reduced input energies in conservation tillage, this research was conducted to evaluate the
effect of different tillage and planting methods on energy inputs and energy indices in irrigated wheat production
in Eghlid region.

Materials and Methods: This research was performed to evaluate and compare the energy indices in
irrigated wheat production under different tillage and planting methods. The study was conducted in the form of
a randomized complete block experimental design with five treatments and three replications in Eghlid region.
The treatments were included, conventional tillage and seed broadcasting (A), conventional tillage and planting
with Machine Barzegar grain drill (B), reduced tillage and seeding with Roto-seeder (C), direct seeding with
Jairan Sanaat grain drill (D), and direct seeding with Sfoggia direct drill (E). Experimental plots with 10 by 50 m
dimensions were used in this study. Loss crop residues were taken out of the experimental plots and standing
crop residues were retained in the plots. In the conventional tillage method, primary tillage was performed using
a moldboard plow and secondary tillage operation was done using a disk harrow and land leveler. Seed bed was
prepared in the reduced tillage method using a tine and disc cultivator which was able to complete the primary
and secondary tillage operations simultaneously. Wheat seed was directly planted using direct planter without
any seed bed preparation in the zero tillage method. Surface irrigation method was used to irrigate the plots and
11970 m’/ha water was consumed in each treatment. Input energies including direct energy (diesel and
electricity) and indirect energy (water, labor, seed, fertilizer, chemicals, and machinery) were measured and
calculated. Output energies (energy of grain and straw) were measured in each treatment and the share of each
input energy, energy ratio, net energy gain, and energy productivity were determined and compared. Collected
data were analyzed using SAS software and Duncan’s multiple range tests was used to compare the treatments
means.

Results and Discussion: Results showed that tillage and planting methods had a significant effect on fuel
and machinery energies; while, the total input energy, crop grain yield, and crop biologic yield were not affected
by the tillage and planting methods (Table 4). Fertilizers and chemicals had the highest contribution in input
energy of all treatments. Results also indicated that reduced tillage and seeding with Roto-seeder had the highest
energy ratio (1.46) and the lowest energy ratio (1.40) was related to the conventional tillage methods (Fig.1). The
highest net energy gain (47653 MJ) was obtained from the reduced tillage and seeding with Roto-seeder; while,
the lowest amount of net energy gain (41388 MJ) was related to the conventional tillage and planting with
Machine Barzegar grain drill (Fig.3). Results also showed that the reduced tillage and seeding with Roto-seeder
had the highest energy productivity (0.115 kg MJI™") and the conventional tillage treatments had the lowest
energy productivity of 0.110 kg MJ™ (Fig.4).

Conclusions: Results of this study showed that conservation tillage treatments (minimum and zero tillage)
reduced total energy consumption (input energy) by decreasing fuel consumption and mechanical energy (energy
of machinery) compared to the conventional tillage. Therefore, conservation tillage treatments had the higher
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energy ratio, net energy gain, and energy productivity compared to the conventional treatments. For this reason,
conventional tillage and planting methods could be replaced with conservation tillage systems in Eghlid region.
Meanwhile, in order to obtain more accurate results in energy indices comparison, differences in water
consumption in various tillage and planting methods should be also considered.

Keywords: Energy indices, Tillage methods, Wheat
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Table 1- Index properties of the studied soils
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Triaxial apparams
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B) Triaxial apparatus used A) Schematic
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Fig.1. Triaxial apparatus used for sample preparation and triaxial tests
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Table 2- Analysis of variance for soil Atterberg limits
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Table 3- Values of maximum dry density and optimum moisture content of the samples

O S5 Lusgio S Sow S&
Heavy soil Mid soil Light soil
Nano ¢l Control salls  Nano ¢U Control a2l Nano ¢U Control sl
Yoo Wo e W yg W, 7y Wo o 7 Wo o 74 Wy
1.65 17.60 1.68 1851 1.72 1484 1.74 1470 191 1414 148 1544
otalejl 2)50 Sldiges (B (sloyielyly yolie ~€ Jgur
Table 4- Shear parameters of the soils
O S1& bwgie S S S
Heavy soil Mid soil Light soil
Nano 4l Control aals Nano &b Control sals Nano &b Control sals
¢ c @ c ¢ c ¢ c ¢ c @ C
1. )I)ﬁ's 248 982 229 103.2 17.6 85.9 29.2 59.9 33.1 5.5 21.7 86.8
Replication 1
RS
e 142 345 821 1253 19.9 64.6 232 135.0 29.9 49.5 29.6 115.2
Replication 2
30 302 490 28.9 72.9 29 96.5

Replication3
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Table 5- Average C values for control soil and soil treated with nanoparticles

o £ (kPa) C ylado (xSl
Treatment type Average of C
Control sals 104.260
Nano treatment gb o 67.482
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Table 6- Average angle of internal friction for control soil and soil treated with nanoparticles

s &9 Sl aygl; slade pwSile

Treatment type Average of friction angle
Control sals 34.815
Nano Treatment U )l 25.217
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Effect of nanoclay particles on some physical and mechanical properties of soils
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Introduction: As a mechanical tillage practices on soil preparation improve soil structure, increase in
porosity, better distribution of soil aggregates and eventually modify the physical properties of soil. The use of
nano-technology in agricultural science and its application in tillage for improving the physical properties and
mechanical issues has grown substantially.Nanotechnology is an appropriate way to reduce soil limitations.
However the nanoparticles are very small amounts in soil, due to features such as high surface area, surface
charge (appearance) and sometimes porous nano-engineering of physical-chemical properties of soil are affected
significantly (Mohammadi & Niazian, 2013). To use of nanomaterials in the territory of a new issue (Taipodia et
al., 2011). Small developments on the use of nanoparticles to improve soil quality and land reform have been
taken (Theron et al., 2008).

Clay soil was used to enhance the compressive strength (Yonekura & Miwa, 1993). Nanosilica particle
effects were examined for increasing resistance against penetration and consolidation (Noll et al., 1992). In
2005, these particles were used to increase adhesion and reduce viscosity. It seemed that the adhesion of the
particles was depended on Nanosilica (Mohammadi & Niazian, 2013). The use of nanomaterials showed that the
increased pH and soil fertility, improved soil physical structure, and reduced mobility, availability and toxicity of
heavy metals and other environmental factors and those that will stabilize the soil components and subsides the
erosion in the mining pick, (Lal, 2008). In agriculture, the soil conditioner studies have shown that nanoparticles
can mine the soil quality by increasing water-holding capacity, increasing silt and clay and improve levels of
nutrients, and eliminate toxins, (Liu and Lal, 2012).In this study, the effect on some physical and mechanical
properties of soil contain clay gradation, Atterberg limits, specifications compression and shear parameters of
soil were investigated.

Materials and Methods: The study was done for 2 years at the Research Institute of Agricultural
Engineering Soil Dynamics Laboratory in a completely randomized design with three replications.

Soil samples were used for different soil textures. Three types of soil texture, light, medium and heavy were
considered. Nanoclay has a mineral base and can improve the properties of the soil. Two levels of the nanoclay
containing zero and one percent of the nanoclay, 3 to 6 treatments in different physical and mechanical tests
were repeated.
The test specimens were prepared in triplicate test and physical, mechanical and chemical testing was performed
according to ASTM standard on all models. Mesh test samples were performed by sieve and hydrometer
methods according to standard ASTM-D422-98.

Plastic soil properties were expressed by the Atterberg Limits, measure the ability to absorb water, soil and to
a fine particle adhesion amount and type of fine particles in the soil. Psychological testing was performed to
determine the extent and the paste according to ASTM-D4318-98 standard.

The maximum dry density and optimum moisture content of the soil compaction characteristics are the most
important soil properties such as soil density development projects are in operation. In agricultural applications,
in particular for tillage, these two factors are of particular importance. In this study, Praktor standard density
testing was performed on the different treatments.

In this research, not consolidate Undrained (UU) testing methods were used. The stress tests were done at
three levels 100, 200 and 300 kPa respectively.

Results and Discussion: Adding nanoparticles of clay significant impact on the size of the samples did not
curve. As well as to determine the impact of nano-clay soil Plastic characteristics as psychological tests and the
paste was treated on the results of these tests for different treatments and repeated ANOVA revealed a significant
effect of soil type on soil Plastic characteristics. The type of control or significant influence characteristics
Plastic application of nano regard.

The optimum moisture content and maximum dry density values of each sample was extracted from the
respective curves that their results suggest that addition of nanoclay had a considerable impact on the density
profile.

It was observed that the use of nanoparticles in soil reduced the average amount of cohesion and internal

1 & 2- Member of Scientific Board of Agricultural Engineering Research Institute
(*- Corresponding Author Email: hsharifnasab@yahoo.com)
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friction angle was large. This means that the increasing the nanoclay reduces the shear parameters and therefore
the shear strength of the soil. This is very important in terms of tillage. Reducing the adhesion of soil particles
allows the lumps are crushed with less energy.
Conclusions: Based on the results of studies and experiments conducted in this study, the following
conclusions can be extracted.
Adding nanoparticles of clay soils affect the grading curve display.
e The effect of nanoclay had more psychological impact than the same amount in the dough.
e  The results showed that the addition of nanoclay had a considerable impact on the density profile.
e The use of nanoparticles in soil reduced the average amount of cohesion and internal friction angle
is large.
e Due to the increase of nano-clay soil, shear strength decreased as a result of the shear parameters.

Keywords: Atterberg Limits, Maximum dry density, Nano-clay, Optimum moisture content, Shear strength
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Introduction: Rolling resistance is one of the most substantial energy losses when the wheel moves on soft
soil. Rolling resistance value optimization will help to improve energy efficiency. Accurate modeling of the
interaction soil-tire is an important key to this optimization and has eliminated the need for costly field tests and
has reduced the time required to test.

Rolling resistance will change because of the tire and wheel motion parameters and characteristics of the
ground surface. Some tire design parameters are more important such as the tire diameter, width, tire aspect
ratio, lugs form, inflation pressure and mechanical properties of tire structure. On the other hand, the soil or
ground surface characteristics include soil type; moisture content and bulk density have an important role in this
phenomenon. In addition, the vertical load and the wheel motion parameters such as velocity and tire slip are the
other factors which impact on tire rolling resistance. According to same studies about the rolling resistance of the
wheel, the wheel is significantly affected by the dynamic load.

Tire inflation pressure impacted on rolling resistance of tires that were moving on hard surfaces. Studies
showed that the rolling resistance of tires with low inflation pressure (less than 100 kPa) was too high.

According to Zoz and Griss researches, increasing the tire pressure increases rolling resistance on soft soil
but reduces the rolling resistance of on-road tires and tire-hard surface interaction. Based on these reports, the
effect of velocity on tire rolling resistance for tractors and vehicles with low velocity (less than 5 meters per
second) is usually insignificant.

According to Self and Summers studies, rolling resistance of the wheel is dramatically affected by dynamic
load on the wheel.

Artificial Neural Network is one of the best computational methods capable of complex regression estimation
which is an advantage of this method compared with the analytical and statistical methods.

It is expected that the neural network can more accurately predict the rolling resistance. In this study, the
neural network for experimental data was trained and the relationship among some parameters of velocity,
dynamic load and tire pressure and rolling resistance were evaluated.

Materials and Methods: The soil bin and single wheel tester of Biosystem Engineering Mechanics
Department of Urmia University was used in this study. This soil bin has 24 m length, 2 m width and 1 m depth
including a
single-wheel tester and the carrier.

Tester consists of four horizontal arms and a vertical arm to vertical load. The S-shaped load cells were
employed in horizontal arms with a load capacity of 200 kg and another 500 kg in the vertical arm was
embedded. The tire used in this study was a general pneumatic tire (Good year 9.5L-14, 6 ply)

In this study, artificial neural networks were used for optimizing the rolling resistance by 35 neurons, 6
inputs and 1 output choices. Comparison of neural network models according to the mean square error and
correlation coefficient was used. In addition, 60% of the data on training, 20% on test and finally 20% of the
credits was allocated to the validation and Output parameter of the neural network model has determined the tire
rolling resistance. Finally, this study predicts the effects of changing parameters of tire pressure, vertical load
and velocity on rolling resistance using a trained neural network.

Results and Discussion: Based on obtained error of Levenberg- Marquardt algorithm, neural network with
35 neurons in the hidden layer with sigmoid tangent function and one neuron in the output layer with linear
actuator function were selected. The regression coefficient of tested network is 0.92 which seems acceptable,
considering the complexity of the studied process. Some of the input parameters to the network are speed,
pressure and vertical load which their relationship with the rolling resistance is discussed.

1- M.Sc. Student, Department of Biosystem Mechanics Engineering, Urmia University, Iran
2- Associate Professor, Department of Biosystem Mechanics Engineering, Urmia University, Iran
(*- Corresponding Author Email: a.mardani@urmia.ac.ir)
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The results indicated that in general trend of changes, the velocity is not affected by rolling resistance.
Rolling resistance increases when tire pressure decreases. This is due to energy consumption for creating
deflection on the body of the tire at the lower levels of tire inflation pressure. Another variable parameter is the
vertical load on the wheel and its logical relation with rolling resistance using neural network. The results
showed that increasing the vertical load increases the rolling resistance.

Conclusions: The major purpose of this study was the feasibility of using learning algorithms for interaction
between wheel and soil. The parameters of the wheel when clashes with soil are not stochastic and in spite of
their complexity follow a specific model, certainly. Artificial neural network trained with a correlation
coefficient of 0.92 relatively had a good performance in education, testing and validation parts. To validate the
network results, the impact of some factors on the extraction process such as velocity, load and inflation pressure
was simulated. The main objective of this article is comparing the network performance with basic principles
and other scientific reports.

In this regard, the predictions by trained neural network indicated that rolling resistance is independent of the
velocity of the wheel. On the other hand, rolling resistance decreases by increasing tire inflation pressure which
is a general trend similar to other studies and reports in the same mechanical condition of the soil tested. Rolling
resistance changes are directly proportional to load vertical variations on the wheel in terms of quantity and
quality, similar to experimental models such as Wismer and Luth.

Keywords: Artificial neural network, Inflation pressure of tire, Rolling resistance, Soil bin, Vertical load
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Table 1- Consumption of inputs during the first year of saffron cultivation

odlgs g98 (65 15 0,5 5k8) b pao (e
Type of inputs Consumption (kg ha™)
Consumed corms

o9 100

Urea

Ammonium phosphate

i 32000
Animal manure

5 : " uT *
8 Srae )l 3000 (m’)
Consumed irrigation water

(Mahdavi, 1999) coul i 45 Jai 3 e i Yoo obao Jlo o o ohisj caslys can )bl O ol

* The annual water consumption for saffron cultivation was considered equal to 3000 m’® (Mahdavi, 1999).
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Fig.3. The effects of harvesting time and machine type on the percentage of cracked shells in the outlet
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