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Introduction

According to FAO, gherkin and cucumber have been cultivated in about 2.23 million hectares of farmlands
around the globe, and about 78000 hectares of Iran agricultural fields have been devoted to gherkin and
cucumber cultivation. However, large amounts of the cucumber seeds required in Iran have been imported from
abroad. Fortunately, some Iranian agricultural companies have been focused on seed production recently.
Therefore, there is an opportunity to develop seed production equipment such as seed extracting machines.

There are two types of cucumber seed extractors: bulk seed extractor and single fruit extractor. The bulk seed
extractor is suitable for extraction of large amounts of seed on the farm, while the single fruit extractor is suitable
where seed production is limited to greenhouse seed-producing facilities which are mostly used for controlled
pollination of the crop.

Due to the high price of imported seed extractors, especially after increasing the price of foreign currencies,
production of these machines within the country is economically rational; therefore, the aim of this research is to
develop and evaluate a single fruit cucumber seed extractor for small and medium-size seed-producing
greenhouses.

Materials and Methods

The cucumber seed extractor was designed semi-automatically. The criteria for designing the machine were
as follows: 1- usage of the single fruit seed extraction method, 2- the possibility of simultaneous usage of two
operators, 3- automatic discharge of the extracted seeds, 4- the possibility of the height variation of the machine,
5- the possibility of the emergency shutdown of the machine, 6- the possibility of the angular velocity variation
of the machine helix.

The working element of the machine was the rotating helix that can extract the fruit seeds and leave the fruit's
outer skin mostly intact for easy disposal of fruit remains from the greenhouse. A 1 hp, 3 phase electric motor
was used to drive the machine via the belt and pulley transmission system. For the smooth start and stop of the
machine, and the possibility of angular velocity variation of the machine helixes, an electronic driver was used
for the motor.

To design the machine helix, the dimensions of the examined cucumber were measured first (i.e., cucumber
length and diameter); then, according to the physical and mechanical properties of the fruit, the prime mover and
transmission system of the machine was designed. Finally, the fabricated machine was evaluated using some
mechanization criteria.

Results and Discussion

Some of the results are as follows:

e The total torque required to drive the machine was 3.394Nm.

e The electric motor power should be higher than 0.284hp; furthermore, in order to have a wider angular
velocity span for the rotating shaft, a 1hp electric motor was installed on the machine.
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The diameter of the rotating shaft was calculated to be 15mm.

The seed extracting machine could be used instead of 15 workers of the manual seed extraction method.
The rate of seed extraction using the machine was 30781 kg ha™.

The efficiency of seed extraction using the machine was similar to that of the manual method.

The emergence percentage of seeds obtained by the machine was similar to that of the manual method.
The amount of crop calculated from the concept of economical break-even point was 7.7 tons.

Conclusion

In this study, an apparatus for mechanized extraction of cucumber seed was designed, fabricated and
evaluated. The working element of the machine is the extractor helix that is rotated via the belt and pulley
transmission system, which is activated using a 1 hp, 3 phase electric motor. For smooth start and stop of the
motor, as well as the possibility of angular velocity variation of the machine helix, the motor was equipped with
an electronic driver. Utilizing an emergency shutdown switch, the machine can be protected from unforeseen
emergency situations. After using the machine for 6 months, it was recognized that strengthening the extractor
helixes was necessary. According to the results of this study, using the machine led to 15 person reduction in the
labor needs of the manual cucumber seed extraction method. Moreover, the amount of crop calculated from the
economical break-even point was 7.7 tons.

Keywords: Greenhouse cucumber, Economical break-even point, Machine capacity, Seed extracting
machine, Seed production
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Table 1- Some biophysical properties of the seed cucumber that is studied in this research

S S (Suimdon (g
Biophysical properties

Length (mm) b
Diameter (mm) L5
Mass (gr) >
Volume (cm?) oo
Projected area (Cm?) o.s s ol
Pulp thickness (mm) (s o5 (ise) Qb cowlsus

WS lase Wb 500 bawglo ylae
Minimum value Maximum value Average value
190 230 210
45 70 57.5
260 470 365
250 500 375
100 150 125
7 10 8.5
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Fig. 1. Mechanical parts of the cucumber seed extractor (1- Chassis, 2- Wheeled base, 3- Electric motor, 4- Belt
regulating screw, 5- Driver pulley, 6- Belt, 7- Driven pulley, 8- Rotating shaft, 9- Ball bearing, 10- Clockwise rotating
helix, 11- Counter clockwise rotating helix, 12- Seed discharge tray)
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Fig. 2. The clockwise and counter-clockwise rotating seed extracting helixes a) Designed, b) Built
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Fig. 3. The cucumber seed extractor



¥

e 0SS 5 H 5095 o o ws (b 5yl 9 Colw ((2lhb () on g o]

(sl YWAA Jlos olo 35 3 4y gy po laciuasd) olSiws cilo g (shb 4 basye slodlse cund - Joao
Table 2- Price list for designing and fabrication of the machine (prices were registered in June 2019)
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Table 3- Utilized parameters for the evaluation of the machine

Jol )55 3 o (g S 0311 (gL il
Measured parameters in the first replication

aslg D (g ol 31 ealiiw! g,
Unit Manual method Machine method
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Seed extraction time G5y ole;
Number of workers 5 olaws
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The meaning of missed seeds is the weight of that part of the seeds that are either thrown around or remain in the fruit and are not
separated from it.
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Fig. 4. The re-designed helixes of the machine
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Fig. 5. The designed cover for preventing occasional seed losses during extraction
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Table 4- The values of evaluating indexes for machine and manual seed extraction methods
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Seed extraction efficiency Rate of seed extraction
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Machine  Manual Machine Manual Machine Manual  Machine  Manual
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95 93.7 99.7 99.4 3.55 0.274 310.3 16.93  Replication2 vy | s
93.7 91.2 99.4 99.1 3.71 0.27 300 18 Replication3 v | s
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Table 5- The values of the replacement rate of workers with the machine, the amount of crop and the time required for
reaching to the economical break-even point
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Introduction

Providing new solutions to control wet waste is one of the most important issues in maintaining public
health. Drying will reduce the harmful effects on the environment by reducing moisture and the smell of wastes
as well as easy transportation and disposal costs. The purpose of the design and development of the household
dryer is to dry food waste in order to reduce its volume and prevent the spread of its pollution in the air, water,
and soil. To study the drying behavior of food waste, an experimental cabinet dryer was designed, fabricated,
and evaluated for drying food waste.

Materials and Methods

The dryer consisted mainly of the drying chamber, electric heater, fan, air inlet channel, mesh tray, air
distribution plates, temperature sensor, and control panel. Different parts of the dryer were made of a stainless
galvanized sheet. The dryer was modeled using Catia 2019 software and its various parts were designed. The
heating power was calculated as 2.7 kW. A centrifugal fan with an air volume of 310 m*h™, 2800 rpm, and 110
Pa was used to supply airflow in the dryer. In the drying process, a tray with medium and lateral air passage was
fabricated and applied. Food waste was obtained from fruit and vegetable waste, homemade food, and fruit
shops. And nonfood items such as glass, paper, plastics, and metals were separated from the waste and crushed
with a shredder, and reduced to sizes less than 20 mm. First, the product was placed in the environment for one
hour and then pressed with a mechanical press with the same pressure to eliminate part of the water. An
anemometer UT363 model made in China was used to measure the air velocity. The temperature was measured
and controlled by a temperature thermostat of G-sense model made in Iran. The effect of three temperatures of
50, 60, and 70 ‘C and three inlet velocities of 1, 1.5, and 2 m s on the kinetics and intensity of drying of food
waste and energy consumption of food waste with a thickness of 3 cm was investigated. Moisture ratio and
drying intensity diagrams were extracted. Diffusion, activation energy, and energy consumption were
determined.

Results and Discussion

Drying Kinetics diagrams showed that temperature had a significant effect on moisture variation of food
waste during drying. Drying period decreased with increasing temperature. The slope of the drying intensity
diagrams increased with the increase of the dryer temperature. Drying rate was decreased at the temperature of
70 °c and it had a steeper slope that indicates the more intensity of the drying process in this condition. The
drying process of all three samples occurred in the falling rate stage. The air duct on the side and in the middle of
the tray caused hot air conducted above the tray and increased energy consumgtion. Effective moisture
diffusivity of food waste during the drying process was in the range of 3.65x10° -4.56x10° (m* s1). The
effective moisture diffusivity at temperatures of 50 C and 60 C was less than 70 C. Because at the temperature
of 70 C, the membrane resistance of the cell destroyed by high heat and increased the diffusion coefficient in the
material.
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Conclusion

Increasing temperature caused the drying period decreased and the drying occurred in the falling rate stage.
Temperature and the interaction of velocity and temperature had a significant effect on the drying process. The
highest drying intensity and the lowest drying time were observed at the temperature of 70 C and a velocity of
2 m s, Energy consumption had the maximum value at the temperature of 70 'C and a velocity of 2 m s*and a
minimum value at the temperature of 50 'C and a velocity of 1 ms™. The amount of activation energy for the
food waste mass at three velocities was equal to 10417.44 J mol ™.

Keywords: Activation energy, Cabinet dryer, Energy consumption, Food waste drying, Moisture diffusivity
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(Roustapour, Maftoonazad, & Khaloahmadi, 2014)
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Fig. 2. Drying procedure of waste food in dryer
(1. Vaporization, 2. Tray, 3. Heater)
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Table 1- Results of variance the effect of temperature and speed on drying time of food waste

%5 gl Slayyo oo @35l 4 Sl o ke F
Source Sum of Squares Degree of Freedom Mean Squares
b&’w 1.944 2 0.972 7.022™
Velocity
-2 24.186 2 12.093 87.378”
Temperature
LoxX s paw ok
. 3.611 4 0.903 6.523
Temperaturex Velocity
(ks 2.491 18 0.138
Error
7 ohs 22480.546 27
Total

UL s 53 6y sine SIS e ™ BL syl ine VS
™ Significant difference at probability level of 1%
" Non significant difference at probability level of 1%
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Table 2- Results of comparison means of analysis variance by LSD method

s ol 0 o) oSl Y|
Source Mean Difference (I-J)
10 1.5 .318™
’ 2.0 657
s s 1.0 -318"
Velocity 2.0 339"
20 1.0 -.657
’ 1.5 -.339™
60 1.980™
50 70 2.034™
lo> 60 50 -1.980™
Temperature Z)g éo(?;;*
70 60 -.054"

UL o 1 (sl e BB pac NS JL prdanw ;5 I ime B3I **
" Significant difference at probability level of 1%
" Non significant difference at probability level of 1%
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Fig. 5. Diagram of In(MR) relative to time
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Table 3- Effective moisture coefficients of drying food waste at different levels of temperature and velocity

b3 s Cagh; Yoo dg8 g
Temperature (C) Velocity (ms™) Effective Moisture coefficients (m’s™)
50 2 3.65x10™
60 2 3.65x10%
70 2 4.56x10"
50 1.5 3.65x10%
60 1.5 3.65x10%
70 1.5 4.56x10"
50 1 3.65x10%
60 1 3.65x10%°
70 1 4.56x10"

plied Joas 3 aiil o Gl s cod e (gl Lod aw
S35l sy aw a3 4S5 A3 (LS le ]l 5
whie Aluls oy gl (6550 opl Hhde cwd (LSS (g5l e
1 4 ol cannay 10417/4400 mol™) ol e sy 4 5o
Jo, Kim, ) 5l ,l, 8 Slie oluls gile bs o5 egi0e

.(Shin, Lee, & Yoo, 2017
Y =-1253x - 15.594 (31)

$obedlad 50 s
Cunsdy UT 4 cons LN(DEF) orw i b (g5l Jlsd (555
ol | UT 4 cous LN(Deff) (ola)bges 655 001 o
(Ms™) 515 1 slacee o o (o S Sy slaalaly amd o
560 50 slaled (¢l sy (33) 4 (32) (31) (slaalasl,y y> 2
2 3 abal, el cassey (R2= 0.7665) u cups L 70°C
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Table 4- Activation energy values of drying
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Fig. 7. Energy consumption at different levels of air temperature and velocity
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Introduction

One of the biggest problems in growing legumes like peas is harvesting these types of crops. During the
machine harvesting process the harvest loss is very high. Therefore, in most parts of Iran chickpea harvested by
hand and this is very tedious. Based on the literature review there are different types of harvesting machines
which designed, constructed and optimized by Miller et al., 1990; Golpira, 2015; Shahbazi, 2011; Jalali and
Abdi, 2014; Mahamodi, 2016. But using different varieties of chickpea in mountainous areas has limited the use
of harvesting mechanisms. The purpose of this study is mechanization of the harvesting process of chickpea with
low losses and suitable performance. Moreover the optimization process of lowering the weight of the header
was carried out by modeling of software.

Materials and Methods

To reduce the amount of chickpea losses from the reel, a perforated plate with defined holes was installed in
the header, where the separated chickpea pods fell behind the plate without returning to the farm. By using the
plate in the header of the chickpea harvesting machine and by changing the harvesting height at the three levels
of 10, 15 and 20 cm and the distance of the cutter at three levels of 3, 5 and 7 mm, the performance of the
machine was evaluated. The experiments were carried out with Caboli variety cultivated in Kurdistan province,
which is proper for mountainous areas without regular watering condition in three replications. The plants were
placed in a fiber, wooden plate considering farm conditions. In addition, the header was modeled statically and
dynamically under the influence of the external forces applied to the header using Ansys and Abaqus software.
Based on the actual data, the validity of the applied model was determined and according to the verification
results the optimization of the header was performed considering minimal weight (to reduce energy
consumption).

Results and Discussion

The evaluation results of the performance of header showed that the effects of using perforated plate and the
height of the header for harvesting on the chickpea harvesting and losses are significant at the level of 1% and
5%, respectively, and the interaction between perforated plate and the header height on the chickpea loss is
significant at 5%. Using a perforated plate in the harvesting machine increases the amounts of chickpea collected
from the farm increases. In this condition the chickpea pods separated from the plant and passed through the
plate. With the separation of the stems, due to the proper wear that exists between the plate and the reel, the pods
are properly separated and pass through the perforated plate. Moreover, the chickpea loss is higher for the system
without perforated plate. The effect of the distance between the reel and header plate is affects the remaining
chickpea on the plate. By increasing the distance from 5 mm to 7 mm the amount of harvested had a
considerable effect. The best method of harvesting chickpeas is at the kinematic index of 1.5 with perforated
plate, the harvesting height of 15 cm and the distance of 5 mm. According to modeling processes of the reel and
the results of the static analysis, the minimum and maximum stress values were recorded about 3.31 MPa and
6.50 MPa (based on the von misses criteria), respectively, which is very small compared to the yield stress of the
reel constructed with St-37. Also, the results of the dynamic analysis of the reel showed that the maximum von
misses stress occurred with increasing the kinematic index. The maximum stress for kinematic index of 1, 1.5
and 2 was observed about 32.2, 40.1 and 52.72 MPa, respectively. The results of 3D model validation showed
that the applied model with Abaqus software (R>>0.9264) was able to predict the amount of stress in different
parts of the reel.
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Conclusion

In this study, the changes were made on the chickpea harvesting machine to get the proper performance and
increasing machine efficiency. A perforated plate was used to prevent pea’s losses. The best condition for the
harvesting process is obtained with the harvesting height of 15 cm and the distance of 5 mm. By using 3D
modeling of the reel weight was reduced about 10%.

Keywords: Loss, Modeling, Optimization, Perforated plate, Stress
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Fig. 1. a) Schematic of Chickpea harvesting machine, 1. Perforated plate, 2. Middle axis, 3. Speed change gearbox,
4. Belt and pulley mechanism, 5. Pulley and axle, 6. Belt, 7. Power shaft, 8. Carrier wheels, 9. Reel, 10. Header, 11.
Adjustment arm b) The harvesting process for the experiments
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Fig. 2. Meshing of reel and the forces applied to it considering internal and external forces
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Table 1- Physical and mechanical properties of rod and paddles of reel

dlgo i oy Cami  (kg.m?) J&s  (MPa) dipmiw! Jouto
Material type Poisson's ratio Density Elasticity modulus
s 0.3 7830 205
Steel
Nl 0.27 1000 0.7

Wood
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Fig. 3. The schematic of circuit and strain gages to measure the stress of the part

D3y o oimy sblS cel doyd X0 l5e 4 JBls Siite
5L 00y o&iwd 3y g Aoy O ey 50 05y glas )l
Oliee g agled Sl SIoz o alold o b opl o bl 5,135 .
Lol .l )‘.)u_i;w Lo yd B eja.w).) 35 u]).AA)J DJJ)‘.))J. tlﬁ))'
L odyby glaryl g Sz n alols b Siie ais 4840 il 3!
s sy xe Jgame o3y olise g AilBaw Sl g alol
= Saiie dtio D55 45 Db LS b piie 31 il g 4350
= Ol = 9L U Aol ol e S0 Ojled il
AlBus 3oy we 5l BMe b ouiS o 4 odilo B Jgae

9 e sk Sl Pl 13 2955 Sg 59y 3 oxlo Bl Jgae
Lo 4D gmo Juoyd O

ol gla ol Glpl Gulojly anjos @ ¥ o

ul)_m el 805 o313 ULM; 0D C,wﬁl.)).g .)95:.3 )lA.S.n » &SCP
Oinlesl S5 )3 3456 05yl ailolus I ooliil b Jgamo cuild
ot A gy S Y53 (Balas MelS )b LYY o588
2 b ize 45U lols > Ko donius 3939 a5 Db lis gl
e, lyos piored (sl Jgaste culld y )d o yd S o
51050 4 xe o yd O e 3 Jaaste Cuildy 5o acled
Moo 2l an S als 5l SIag o Aol ()03 ke
Olie 3 0yl sl pusio ailfdw ¢ al8ed blaie 31wl 0340
Oleied Sl b )00 &yle 4 090 )b dxe b Jgamme Cudld
bl (WP gt J9.a.>u cLu.i}b).g O])'.f,o 05 o,L] sl yuxio
HMW')}—?'SP”L.)?j)ﬂVJSA?)JOT){°9M—°

Axa_o S99 ...\_wl.»u_n)‘.)u_u.‘o doyd L_i.) C-E-MJ)-) 397.5 ‘_)AJ)-’)



YA b ogis cudlo y e SUSE 52 €98 S )l 0502 9 (55l

Al B3y 5 Ggr (S 0ble Bl ol bl 3956 Hlade p SIS o Caliste (sl ol )l 31 il lg 4505 gl =Y Jea
Table 2- The results of analysis variance of the effects of different parameters of the header on the amount of harvested
chickpea, chickpea loss and residual chickpea on the plant

Ot il @ilaryy  Olujeggome  Olupe olbe o
Source of variances DF Sum of squares Mean squares
Sidboo dbn
i ) ) 129.53*
Perforated plate ! 0.0417 0.0417
alos glis)l .
’ 2 . 1 . 1 9.34
Header height 0.0060 0.0030
SE g dob 2 0.0048 0.00024 0.75
Reel distance
il yy 2950 atloy glis,l x Ko doxino
ol Header heightxPerforated plate 2 0.355 0.00177 251
H?]r-vekswd B e ol Hude i 2 0.0098 0.00049 1.52
Chickpea Reel distancexPerforated plate ' ' '
S > alols xaclod glas,)l
Reel distancexHeader height 4 0.0015 0.00004 0.12
S F e a8l alols xasley gl x Sidtio donino
Reel distancex Header heightxPerforated plate 4 0.0053 0.0025 112
Error s 27 0.0101 - -
Total  goemo 44 0.43421 - -
’ 1 .02452 .02452 542.51*
Perforated plate 0.0245 0.0245
4o glis)| 10.8°
Header height 2 0.00098 0.00049 .
SE g2 dote 2 0.0016 0.00008 1.75
Reel distance
. R aled gl x Sidtio donino B
PR b‘u - .
g%ﬁ&a Header heightxPerforated plate 2 0.00093 0.00046 10.28
Loss S L ol xSt ko 2 0.00008 0.00004 0.9
Reel distancexPerforated plate ' ' '
S o alold x asley gl
Reel distancexHeader height 4 0.00064 0.00016 3.52
S 87 dolbxeclos 8 xS ko 4 0.00722 0.0007 0.152
Perforated platex Header heightx Reel distance ' ' '
Error las- 27 0.0016 - -
Total  ggexe 44 0.03757 - -
; 17.39°
Perforated plate ! 0.00169 0.00169
acloy gl
Header height 2 0.00075 0.00038 3.85
SE g ol 2 0.00502 0.00251 25.77°
Reel distance
gy (9 0le 3955 aelod gl )| X Sudio dxitn
Refsidual Header heightxPerforated plate 2 0.00056 0.00028 2.88
o?t]rlnzkgﬁﬁwt 0 £ fobrtide i 2 0.00049 0.00024 2.51
Reel distancexPerforated plate ' ' '
S o alold x acley gl
Reel distancexHeader height 4 0.00129 0.00032 3.3
S @ el el gl xSk oo 4 0.0013 0.002 1.952
Reel distancex Header heightxPerforated plate ' ' '
Error 158 27 0.0012 - -
Total  ggee 44 0.0124 - -

Significant at level 5% (/0 gaw )yl gxa” **: Significant at level 1% (£V xaw ) 45 e sl =
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Introduction

Greenhouse cultivation is the popular intensive kind of crop production with a yield per cultivated unit area
more than 10 times higher compared to field crops. Greenhouse production requires the use of large amounts of
energy, water, and pesticides and it usually generates huge quantities of wastes to be disposed of it. Investment,
labor, and energy costs per unit area are much higher in the greenhouse industry than in any other agricultural
sectors. Sustainable greenhouse systems, socially supportive, commercially competitive, and environmentally
sound, depend on cultivation techniques, equipment management, and constructive materials that aim to reduce
agrochemicals, energy and water consumption as well as waste generation. The management of the greenhouse
environment is depending on temperature manipulation. Temperature manipulation is critical to influencing plant
growth, quality, and morphology and so is a major strategy in the environmental modification of crops.
Heterogeneous indoor microclimate of a greenhouse has long become a matter of concern in many studies. It is
believed to be unfavorable for crop growth, which damages crop activity, particularly transpiration and
photosynthesis, one of the major causes of non-uniform production and quality. Since early and conventional
methods are not sufficient to evaluate microclimate variables inside a greenhouse, Computational Fluid
Dynamics (CFD) approach was applied for better and more accurate results. CFD is an effective numerical
analysis technique to predict the distribution of the climatic variables inside cultivation facilities. Numerous
studies have focused on the internal temperature, humidity, solar radiation, and airflow inside multiple
cultivation facilities. For example, the CFD method was used to simulate natural ventilation for agricultural
buildings and improve crop production systems. The CFD simulation and evaluation models could be applied for
evaluation of the inside situation and temperature in greenhouses. Thermal and water vapor transfer is influenced
by the openings of greenhouses in the CFD simulation. The CFD model was developed to predict the distribution
of temperature, water vapor, and CO, occurring in a Venlo-type semi-closed glass greenhouse equipped with air
conditioners. Based on the above literature, this research aims to evaluate the energy flow and modeling of an
un-even semi-buried greenhouse using external and internal variables and numerical solutions by the CFD
method.

Materials and Methods

In this study, Computational Fluid Dynamic (CFD) solution was applied to evaluate the inside environment
of a semi-double glass greenhouse with an east-west location. This greenhouse has a special structure that is used
in very hot or very cold areas due to its depth of more than one meter below the ground. The greenhouse has an
area of 38m? and an air volume of 78.8m°. The temperature and humidity data were collected from inside and
outside the greenhouse by temperature sensors (SHT 11 model made by CMOS USA). Irradiation data were
collected inside the greenhouse, on level ground, by the TES132 radiometer.
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Results and Discussion

In this study, the CFD method was used for a model solution with ANSYS Fluent version 2020R2 software.
To evaluate the predictive capability of the model and its optimization, the comparison between actual (ya) and
predicted values (yp) was used. Three criteria of RMSE, MAPE, and R? were also used to evaluate the accuracy
of the final model. The results showed that the dynamic model can accurately estimate the temperature of the air
inside the greenhouse at a height of 1 m (R? = 0.987, MAPE = 2.17%) and 2 m (R?= 0.987, MAPE = 2.28%)

from the floor. The results of energy flow showed that this greenhouse transfers 6779.4.4 kJ of accumulated
thermal energy to the ground during the experiment.

Conclusion

In the present study, the computational fluid dynamics method was used to simulate the internal conditions of
an un-even semi-buried greenhouse with external and internal variables including temperature and solar
radiation. The results showed that this greenhouse structure is able to transfer part of the increase in temperature
caused by sunlight to the soil depth (104.214 kJm™ heat through the floor, 178.443 kJm™ through the north wall
and 113.757 kim™ through the south wall). By increasing the thermal conductivity of the inner surface of the
greenhouse, the heat flux to the depth of the soil can be increased.

Keywords: Dynamic model, Energy storage, Heat transfer, Semi-buried greenhouse
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Fig.1. Exterior view of the greenhouse and the location of temperature sensors
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Table 1- Specifications of the studied greenhouse

Slasuin Jlde
Specifications Value
o= 7.06 m
Width
Jsb 540m
Length
SByo sde Hlgnn glas)l 1.80 m
height of the wall buried in the ground
ledad )l i) 0.90m
The height of the glass wall
dad oy pail > Sl A Cai alold 370m
The distance of the greenhouse ceiling from the floor at the highest point '
colus 38 m?
Area
s 87.8m’

Volume
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Fig.9. Comparison of recorded and simulated temperature data at a height of one meter with different meshes
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Fig.10. Comparison of recorded and simulated temperature data at a height of two meter with different meshes
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Table 2- Performance indices; Mean Absolute Percentage Error (MAPE), Root Mean Square Error (RMSE) and
coefficient of determination (R?) for temperature prediction in 1 and 2 heights with 326030 meshes
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Introduction

Rice is the fourth most consumed grain worldwide. In recent years, monitoring the area under rice
cultivation; as a strategic crop in Gilan province has become more important because of the uncontrolled
migration of residents of the southern provinces to it. Remote sensing is one of the practical tools to study the
trend of changes in the area under cultivation of agricultural and horticultural products on a large scale and in a
short time. This technique can help policymakers to make true and timely decisions. The aim of this study is to
estimate the area under rice cultivation in Kiashahr county of Gilan province.

Materials and Methods

The images of the TM sensor of Landsat 5 satellite and the OLI sensor of Landsat 8 satellite were used to
prepare land use maps. First, geometric and atmospheric corrections were made to the images. Then, supervised
classification using the maximum likelihood algorithm was used to prepare land use maps for each year. Seven
main classes/land covers, based on the available data of the area were determined: rice-land, semi-dense forest,
sparse forest, built-up area (towns and other urbanized areas), waterbody, sandy area and other areas. Then, the
area of each land use was calculated by GIS, and their changes were compared.

Results and Discussion

Overall accuracy and kappa coefficient of classification were 98.45% and 0.98 for 2000, 97.59% and 0.97 for
2010, and 98.72% and 0.98 for 2020, respectively. According to the results, rice land area decreased by 4.42%
from 2000 to 2010. It also had a decrease of 2.64% between 2010 and 2020. In total, rice lands decreased by
6.94% between 2000 and 2020, so its area has decreased to 10311.69 hectares. This downward trend can be due
to the conversion of rice land to the built-up area. The area of semi-dense forest decreased by 47.48% between
2000 and 2010, but its downward trend decreased to 26.36% between 2010 and 2020. In total, semi-dense forest
area decreases by 61.32%, equal to 682.25 hectares over a period of 20 years. This is due to the uncontrolled
cutting of trees and the change of land use from semi-dense forests to sparse forests and built-up areas. Also,
during this period, built-up areas and sparse forests have grown by 67.94% and 18.73%, respectively. But, semi-
dense forests, water bodies and sandy areas have decreased by 61.32%, 4.91% and 61.48%, respectively.

Conclusion

The reduction rate in the area of rice land and semi-dense forest classes between 2010 and 2020 was lower
than the ten-year period before, which can be attributed to the adoption of restrictive laws and more inspections
by relevant organizations. However, the downward trends in these land uses have continued over the past
decade. Meanwhile, the increase of 67.94% of built-up lands indicates that the lost lands in the forest and rice
land classes have been converted into the built-up area. The rate of land-use change in the built-up class has the
highest rate among the studied classes. This result indicates the need for serious attention to land-use change in
the rural area more than before. Another point is that there was a growth in sparse forests between 2000 and
2010, and then a reverse trend was observed between 2010 and 2020, which shows that in a period of 10 years,
deforestation has taken place, and in 10 years later, the lands from these destructions have been converted to the
built-up area. As a result, serious attention to natural resource organizations is necessary. It is considered that
there was a deliberate destruction of forests over time with the aim of personal profit.
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1- Normalized Difference Water Index (Spectral bands:
Green and SWIR1)
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1- Optimum Index Factor
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1- Producer Accuracy
2- User Accuracy

3- Commission

4- Omission
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Table 3- The classification error matrix of image using maximum likelihood method (2000)

ol gbgRe bR @ble Gble  sbaags
Sy oguildogs S5 T Slawle  nF
Rice  Semi-dense  Sparse Built-up Water  Sand Other  Total
lands forests forests areas body areas
& 2l 108 0 0 0 0 0 0 108
Rice lands
sgslae slaJSir 0 50 0 0 0 0 0 50
Semi-dense forests
S sla s 0 0 55 0 0 0 0 55
Sparse forests
5 olis 0 0 0 52 0 0 0 52
Built-up areas
ot bl 0 0 0 0 28 0 0 28
Water body
ke slacigg 0 0 0 0 0 63 7 70
Sand areas
Al 0 0 0 0 0 0 89 89
Other
S 108 50 55 52 28 63 96 452
Total
() 612l sles 0 0 0 0 10 0
Commission (%)
() s> sl 0 0 0 0 0 7.29
Omission (%)
(X) o,\....S,\.Jy Cono
Producer Accuracy 100 100 100 100 100 100 92.71
(%)
(2) )8 100 100 100 100 100 90 100
User Accuracy (%)

L <o o Kappa Coefficient = (0.981)

IS <> Overall Accuracy = (98.45 %)
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Table 4- The classification error matrix of image using maximum likelihood method (2010)
o) sbdRe sbdKe @ble @bl by

Page dgnildons S SSwe o Slawle  m
Rice  Semi-dense  Sparse Built-up Water  Sand Other  Total
lands forests forests areas body areas
@z o2l 82 0 0 2 0 0 0 84
Rice lands
spsles csla i 0 111 0 0 0 0 0 111
Semi-dense forests
S e 0 6 52 0 0 0 0 58
Sparse forests
5 Gl 0 0 0 46 0 1 0 47
Built-up areas
o blie 0 0 0 0 31 0 0 31
Water body
ke slasizg 0 0 0 2 0 18 0 20
Sand areas
b 0 0 0 0 0 0 107 107
Other
i 82 117 52 50 31 19 107 458
Total
%) @_Lo“_‘sua} 2.38 0 10.34 2.13 0 10 0
Commission (%)
() s> sl 0 5.13 0 8 0 5.26 0
Omission (%)
() oS35 cone 100 94.87 100 92 100 94.74 100
Producer Accuracy (%)
() 25 como 97.62 100 89.66 97.87 100 90 100
User Accuracy (%)
LY v o Kappa Coefficient = (0.970) S <& Overall Accuracy = (97.59 %)
Gble colun dlo Yr o5l ol )5 gaeme 10 5 0091 ol pod (g0 o Yoy u_J Gblo colus YoV UYere ol o
ol 423l ialS 1oy F/AY Jole ¢S VA/YA VIYD il S LYY L Yede laJlo p bl ccwl ausly ud,
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Fig.2. Land use map of 2000
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Table 5- The classification error matrix of image using maximum likelihood method (2020)

=l S b Gble Gble

. Aot - . T iy (W J5
3] gl dous S P w0 <! PR »
Rice Semi-dense Sparse Built-up  Water Other  Total
Sand areas
lands forests forests areas body
AN
&2 ) 116 0 0 0 0 0 0 116
Rice lands
oges_lw sl 0 48 0 0 0 0 0 48
Semi-dense forests
S5 sla S 0 1 36 0 0 0 0 37
Sparse forests
gSme Sbbe 0 0 0 43 0 1 3 47
Built-up areas
o blie 0 0 0 0 53 0 0 53
Water body
hale lasizg 0 0 0 0 0 18 0 18
Sand areas
b 0 0 0 0 0 0 73 73
Other
S 116 49 36 43 53 19 76 392
Total
() 13) sl 0 0 2.7 8.51 0 0 0
Commission (%)
() S sl 0 2.04 0 0 0 5.26 3.95
Omission (%)
() o8 sy o 100 97.96 100 100 100 94.74 96.05
Producer Accuracy (%)
(2) )5 eone 100 100 97.30 91.49 100 100 100
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Table 6- Area of each land use in 2000, 2010 and 2020
2000 2010 2020
Area (ha) Area Area (ha) Area Area (ha)  Area (%)
(%) (%)
5_53”' 2] 11080.66 57.78 10590.85 55.22 10311.69 53.77
Rice lands
ogsildas slo S
Semi-dense 2743.19 14.30 1440.66 7.51 1060.94 5.53
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Built-up areas
ol gL 392.74 2.05 402.66 2.1 373.46 1.95
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Sand areas
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Table 7- Changes in the area of each land use in 2000, 2010 and 2020

2000-2010 2010-2020 2000-2020

Area (ha) Area Area (ha) Area Area (ha)  Area (%)
(%) (%)
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Introduction

Remote sensing methods for mapping farms and crops have been widely used in the last three decades. This
method is applied to identify irrigated areas around the world (Alipour et al., 2014), although most of these
studies are in areas with semi-arid climates and low rainfall or lack of rainfall which has a significant effect on
the spectral characteristics of plants. In this study, Landsat 8 and MODIS satellite images were used to identify
and separate two irrigated and rain-fed wheat farms in Hamadan province. Two algorithms of support vector
machine (SVM) and minimum distance (MD) were used simultaneously to classify irrigated and rain-fed farms.
In the next step, the area under cultivation of rain-fed and irrigated wheat was predicted in the whole cultivated
area of Hamadan province. Finally, the cultivation area of rain-fed and irrigated crops was calculated in the
province using Sentinel 3 satellite images based on the random forest algorithm in 2016.

Materials and Methods

The study area is Hamedan province, which is located between 59° 33’ and 49° 35’ north latitude and also
from 34 47’ to 34° 49’ east longitude of the Greenwich meridian. A 50-hectare rain-fed wheat farm in Amzajerd
was used as a sample to extract the properties of rain-fed wheat. Also, irrigated indices were extracted from a
100-hectare irrigated wheat farm located in Kaboudrahang. Satellite images were applied to separate irrigated
and rain-fed wheat in Hamadan province. NDVI, EVI and NDWI indices were extracted from 16-day images of
Landsat, MODIS, and Sentinel 3 sensors in the five-year period (2015-2019). Google Earth Engine (GEE)
system was the environment for performing image processing calculations and extracting indices and maps.

Results and Discussion

The NDVI and EVI of irrigated and rain-fed wheat farms were calculated in 2015-2019. A small peak was
observed in the rain-fed and irrigated NDVI trend in November due to the early germination of wheat leaves in
winter, and the larger peak in May and June showed the maximum greenness of irrigated and rain-fed wheat,
respectively. The ascending or descending trend of NDVI / EVI had no constant slope. This can be due to
changes in meteorological parameters, which sometimes cause a sudden increase or decrease in the values of
these indices. Despite the non-linearity of the NDVI / EVI trend over time, the maximum greenness was
recorded just a month before the wheat harvest, which was seen in the third decade of May to the first decade of
June. One of the cases is the sharp drop of NDVI / EVI after its final peak, which was definitely due to
yellowing wheat and harvesting. Since the distinction between rain-fed and irrigated crops was difficult only
based on NDVI, NDWI was also used to determine the water content of wheat so that irrigated wheat could be
identified. However, the difference between rain-fed and irrigated wheat in terms of NDWI spectral density was
insignificant; the maximum and minimum occurrence times of NDWI and NDV!I of rain-fed and irrigated wheat
were chosen for their separation. In order to map the cultivation area, in addition to the MODIS sensor, Sentinel
3 was used due to its ability to detect chlorophyll accurately. Due to the fact that the imaging of the Sentinel 3
satellite started since 2016, the map of rain-fed and irrigated cultivation as well as the cultivation area and their
separation was done based on the random forest algorithm in 2016.
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Conclusion

The results of this study showed that the appropriate method for distinguishing between rain-fed and irrigated
wheat is the simultaneous use of several indices. Also, the greatest difference is in the maximum greenness,
which happened almost one month before harvest. MD and SVM classification algorithms could distinguish
irrigated and rain-fed wheat from other crops with 90% and 80% accuracy, respectively. Distinguished maps of
irrigated and rain-fed crops based on the random forest algorithm were obtained using Sentinel 3 satellite
imagery which can show the fertility of agricultural lands in the province.

Keywords: Distinguishing of rainfed and irrigated, Satellite images, Vegetation indices, Wheat
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4- Random Forest
5- Thematic Mapper
6- Enhanced Thematic Mapper
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1- Synthetic Aperture Radar
2- Support Vector Machine
3- Minimum Distance
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Fig.1. A- Studied fields, B-Latitude and longitude of the study area of Hamadan province
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3- Medium Resolution Imaging Spectrometer
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1- OLCI Terrestrial Chlorophyll Index
2- Ocean and Land Colour Instrument
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Table 1- Confusion matrix of separation of rainfed and irrigated wheat in the whole province of Hamadan
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Fig. 7. Separation of rainfed and irrigated crops in Hamedan province A- Basic RGB map B- Grayscale basic map, C-
MODIS image, D- Sentinel satellite image
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Table 3. Area of cultivation of rainfed and irrigated crops in the whole province of Hamadan
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Introduction

Sugarcane is a strategic agricultural product and increasing productivity and self-sufficiency in its production
is of special importance. The most important product of sugarcane is sugar. Various factors like climatic and
management conditions affect the yield of sugarcane and recoverable sugar. Crop yield forecasting is one of the
most important topics in precision agriculture, which is used to estimate yield, match product supply with
demand and manage product to increase productivity. The purpose of this study is to predict and model the
factors affecting sugar extracted from sugarcane (recoverable sugar) in the farms of Amir-Kabir sugarcane agro-
industry Company of Khuzestan province using machine learning methods.

Materials and Methods

To conduct this study, data from the agro-industrial company Amir-Kabir in the province of Khuzestan from
2010 to 2017 were used. This data has 3223 records which include four sets of data: climate, soil, crop and farm
management. This data includes continuous and discrete variables. Discrete variables include production
management, soil type, farm, variety, age (cane class), the month of harvest and times irrigation. Continuous
variables include area, chemical fertilizer consumption, water consumption per hectare, total water consumption,
drain, crop season duration, yield (cane yield) soil EC, purity, time interval drying off to crop harvest,
precipitation, min and max temperature, min and max relative humidity, wind speed and evaporation. The
recoverable sugar variable is considered as the target variable and is divided into two classes, values greater than
or equal to 9 are in the optimal class and less than 9 are in the undesirable class. The other variables are
considered as predictor variables. For modeling using the Holdout method the data were randomly divided into
two independent sets, a training set and a test set. 70% of the data which includes 2256 records were used for
training and 30% of the data which includes 967 records were used for testing. The modeling of this study was
performed with the Python programming language version 3.8.6 in the Jupyter notebook environment. Random
Forest, Adaboost, XGBoost and SVM (support vector machine) algorithms were used for modeling.

Results and Discussion

To evaluate the models, metrics of accuracy, precision, recall, f1 score and k-fold cross validation were used.
The XGBoost model with 94.8% accuracy on the training set and the Adaboost model with 92.4% accuracy on
the test set, are the best models. Based on precision and recall metrics Adaboost model with 87% precision and
SVM model with 87% recall have better performance than the other models. Based on Repeated 10-fold
stratified cross validation using two repeats the SVM model with 92.3% accuracy is the best model. The
variables of purity, time interval drying off to crop harvest and crop season duration are the most important
variables in predicting the recoverable sugar.
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Conclusion

In this study a new approach based on machine learning methods for predicting recoverable sugar from
sugarcane was presented. The most important innovation of this study is the simultaneous consideration of
management and climatic factors, along with other factors such as soil and crop characteristics for modeling and
classification the recoverable sugar percentage from sugarcane. The results show that the performance of all
models is acceptable and machine learning methods and ensemble learning algorithms can be used to predict
crop yield. The results of this study and the analysis of the rules obtained from the set of decision trees made in
the random forest model can be used for managers of different agro-industries in determining appropriate
strategies and preparing the conditions to achieve optimal production.

For future research as well as policy making and decision making Amir-Kabir sugarcane agro-industry
Company the following suggestions are offered: more samples can be used to obtain more reliable results. Also
can be used Deep learning methods, time series analysis and image processing. Use of IOT equipment to collect
and real-time processing data on Amir-Kabir sugarcane agro-industry farms.

Keywords: Classification, Machine learning, Modeling, Precision agriculture
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Table 2- Description categorical variables used for this study
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Fig.1. Features correlation with dependent variable (recoverable sugar)
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Table 3- Description continuous variables used for this study

3, ke o 2l e oy R
Number Variable name Unit Variable description Average
1 ol ha $3929 e 22.41
Area Input variable
e 355 (83959 yike
2 Chemical f "f’l‘m i kg ha Input variable 354
emical fertilizer consumption .
P D9 e pll dlsyo ¥ (b oS g)l5e (sl (S 395 S Ol
3 )l:;S\a, » “.Ji d)“"“" m3 ha-l 89,9 yke 1404
Water consumption per hectare Input variable
. s (§29)9 yike
4 rase ) mha’ Input variable 31902
Total water consumption S 5 Ol e 8 sy B e
c o0 JS mehat 3929 e 15320
Drain Input variable
6 u"])). J.\a.é Jg]o day (899 pe 391
Crop season duration Input variable
29y9 pie
7 > ton ha* Input variable 71.7
Yield Catlsyy B ol aa cubloy St e
8 Sk u_%),ﬂl WIJ“Q’ ds m-l 53959 )“":“ 4.96
Soil EC Input variable
9 Caps u’?b Ao yd % $2909 )'3"""’ 87.20
Purity Input variable
10 (ol 55) 023 hat 53 % S seite 10.22
Recoverable sugar Target variable
Time interval of drying off to crop harvest Input variable
12 te> o C S99 e 23.78
Min temperature Input variable
13 o> S c S99 3% 42.65
Max temperature Input variable
14 L;‘ﬁ)l'-’ mm (52959 ple
Mean precipitation Input variable
15 s gy il % 2909 e 18.50
Min relative humidity Input variable
16 o ogb) Sk % 299 50 57.64
Max relative humidity Input variable
17 Sk sy mst (39,9 piie 5
Wind speed Input variable
18 7 mm $929 e 12.98

Evaporation

Input variable
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4 dn g b Jlastil (Kb jusie imgs ol 50 Dgu oo 04sel
(V) wsllaels g (+) wgdlae pUSY asy addllas 590 S 55 03

1- Discretization
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4- Bootstrap

5- Gini index

6- Boosting

7- Weak learner

8- Bagging

9- Adaptive boosting
10- Freund & Schapire
11- Meta-algorithm
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(Han, Kamber, & Pei, 2019) 544 o

Xi—Xmin

x = " (NeWyq — Newyi) + Newpi, (V)
Xmax~Xmin
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Dredle 5 Sl Lo oS0

Oile 6500wyl Hlea 1 Gimgd cpl (il e ol
5 Liwom (sl yuiio Wigd o (Bymo dold] 3 aS Cawl 0l odlatwl
S 5 Jlasiwl SCb gl oad s (gl M o i
Cowl 03 03lasw]

Olaricly la gy Gadile

45 Cuwl 09993 ddiwd S SB jebay luidy by opile
aged slmodly (gabail (gl oSl aio pl L b S
Ol ) i gl o Gedle sl CublB 3jlo
Sl by (S slad 4 (Lol glo Shg slad has gdbwga
Moy cpmsle ol Lial5ol ol poboay S dds 5 oslial b 5V
B 0 S o odlaiwl ad mloy 6080k (ol by
Sl sl B8 Sl ety oy (edle (dad g 3l
g 48 08 o oolial YU sl b (Siug (sl 53 Waosls 3,8
(Liakos et al., 2018; Palanivel s 03y )5 a5lg5 o Jas
.& Surianarayanan, 2019)
rsédhai LN

48 L (29,5 650k lapn s 5 (ol (sl S
Cjo Higd o3l (gew)S) 9 sanadb JSluo sl W5 o
Ao 5 (Jad e Laily) Slg5 o a5 sl ol (Bolad IS S
Slosliiwl Ly feuwly yusite g 0aliS (ol (sl yiite oy |y (o515
3 s (ol S Je S oy 295 £S3 3,505,

1- Min-Max
2- Kernel trick
3- Random forest
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6- True positive

7- True negative
8- False positive
9- False negative
10- Harmonic
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1- Gradient boosting

2- Breiman

3- Extreme gradient boosting
4- Holdout

5- Grid search
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Table 4- Tuned of algorithms hyperparameters

o 95! e (i liie] o joddy (g1aSnd (92 g (g b Lo ol p b ioudiid jlade
Algorithms Hyperparameters by cross-validated grid-search
Voo s 50 paenad (1350 ol 1 1550 oluw
The number of trees in the forest.
The maximum depth of the treev :cs 3 sos Sl
sl S p CE 5D Ges i

Random forest

AdaBoost

S Shs bal)S s
XGBoost

Olidy Jby ol

Y ..)yzéu_)wgydb)f)bf)\jd:ww);w.f'&yo;))ééw Jﬁ‘b
The minimum number of samples required to be at a leaf node
A g 4i8)S )15 )3 Wl s (3 )00 S92 gCam plXB 85 (ol Shog 5 (p Yt i Sy ST
The number of features to consider when looking for the best split
e S o 1S5 1y B0l Al a8 b Jde 3l sla e slass
The maximum number of estimators at which boosting is terminated

Y0 315 g2 (i) bnygd ol 5 653k (ie om (SilF A (o SIS ]) 593 8 53 Wiy 53 Wi 8 wrew 1653k €5

Learning rate shrinks the contribution of each classifier by learning_rate
¥O (Jdo (6500 @ladd dlass) UK 3 paenad i3 3 slasws tba Jio dlass
Number of boosting rounds
Y ics ) Ges ySls
WY 093 58 5 e (59 S8 s xS0k £
Learning rate
as dmodls gliad 13 L S gjlolis w1 5,8
Specifies the kernel type to be used in the algorithm

SvC V0 D9 oo 0303 Llodds (gandtwd sl &5 oloedld 4 &S (gldas > ylise wudas yiol )b 1€ de > ol )byole
Regularization parameter
o s b))l mbs =0 Joua
Table 5- Results of models evaluation
Jue V590l dSgezme v yilojl dsgeme Come Cdd Jlgdld F1 Ll
Model Accuracy train Accuracy test Precision Recall F1 score
Bl S5 937 923 85 68 75
RF
St 92.6 92.4 87 67 76
AdaBoost
ke ol o 94.8 92.1 81 72 76
XGBoost
i Loe
ol bz Owtle 925 92 65 87 74
SVC
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1- K-fold cross-validation
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Table 6- Result of 10-fold cross-validation

Jse Cowo 3y las bl Bl ool
Model Accuracy Standard deviation
Bl S5 92.1 0.011
RF
c,w;yl.ﬂ
92.2 0.012
AdaBoost
Sl Lol oo
XGBoost 91.9 0.013
Ol Pz oile 923 0.013
SVC

I

as1 i l

i

AF AdaBoost ¥GBoost

b e blite e lisl glam jlages =T JSw0
Fig.2. Boxplot of CV scores of all classifiers over 10-fold stratified cross validation
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Purity <=83.559
gini = 0.441
samples = 184
wvalue =[98, 201]
class = namatlob

A

Time interval of drying off to crop harvest <= 99.0
gini =0.5
samples =77
value = [61, 63]
class =namatlob

()
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svC

Min temperature <= 23.534
gini =0.425
samples =92

value = [111, 49]
class = matlob
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Fig.3. Part of decision tree No.1 from the Random Forest decision trees collection
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Table 7- Extraction rules from decision tree No.1, from the Random Forest decision trees collection

|-- Purity <= 84.556
| |-- Purity <= 83.559
| | |-- Crop season duration <= 308.500
| I | |-- class: 0.0
| | |-- Crop season duration > 308.500
| | | |-- water consumption per hectar <= 1397.852
| I | | |-- truncated branch of depth 3
| | | |-- water consumption per hectar > 1397.852
| I | | |-- truncated branch of depth 2
| |-- Purity > 83.559
| | |-- Time interval of drying off to crop harvest <
= 99.000
| | | | -- yield(tch) <= 74.989
| I | | |-- truncated branch of depth 2
| | | |-- yield(tch) > 74.989
| I | | |-- truncated branch of depth 2
| | |-- Time interval of drying off to crop harvest >
99.000
| | | | -- Max temperature <= 42.952
[ I 1 | |-- class: 1.0
| | | |-- Max temperature > 42.952
I | | I--class: 1.0

|-- Purity > 84.556
| |-- Crop season duration <= 494.500
| | |-- Min temperature <= 23.534
| | | |-- Crop season duration <= 376.500
| | | | |-- truncated branch of depth 4
| | | |-- Crop season duration > 376.500
| I | | |-- truncated branch of depth 4
| | |-- Min temperature > 23.534
| | | | -- Precipitation <= 0.376
I 1 1 | |-- class: 0.0
| | | | -- Precipitation > 0.376
| | | | |-- truncated branch of depth 4
| |-- Crop season duration > 494.500
| | |-- Min temperature <= 23.534
| | | |-- Total water consumption <= 30014.873
I 1 1 | |--class: 0.0
| | | |-- Total water consumption > 30014.873
| | | | |-- truncated branch of depth 3
| | |-- Min temperature > 23.534
| | | |-- Times irrigation <= 28.500
| | | | |-- truncated branch of depth 2
| | | |-- Times irrigation > 28.500
| I | |-- class: 0.0
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blax relative humidity

bin relative humidity
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relative importance
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Fig.4. Feature importance of 23 features using AdaBoost Classifier
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1- Stratified Cross-validation
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Fig.5. Feature importance of 23 features using Random Forest Classifier
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Introduction

Increasing industrialization, growing energy demand, limited reserves of fossil fuels, and increasing
environmental pollution have jointly necessitated for exploration of a substitute for conventional liquid fuels.
Vegetable oils can be used as alternatives to petroleum fuels for engine operation. These oils are mixtures of
free-fatty acid molecules to contain carbon, hydrogen, and oxygen atoms. The ability to simulate the process of
converting chemical energy to heat, energy users of computational fluid dynamics software in the design,
analysis, and optimization of high-tech tools. Also, simulation saves time and reduces costs, workforce, and the
space required.

Materials and Methods

In this research, a one-dimensional computational fluid dynamics solution with GT-Power software was used
to simulate a four-cylinder, four-stroke, direct injection diesel engine to study the performance and exhaust
emissions characteristics with different speeds and blends at full load. The engine speeds were chosen to be 1100
to 1400 rpm at an interval of 100 rpm. Also, fuel blends such as diesel (as a base), B5, and B10 biodiesel were
selected for engine testing. To model a engine, we should have the dimensions of the engine, input air collection,
output gases collection, the amount of sprinkled fuel, valves properties, combustion, and some of the estimates
corresponding to the cylinder’s thermodynamic parameters when opening the output and input gate and to
exchange the heat inside the cylinder as the input data. The model mainly consisted of an air cleaner, intake
valve, exhaust valve, intake and exhaust port, injection nozzle, engine cylinder, and engine. Engine cylinder’s
intake and exhaust ports are modeled geometrically with pipes. Before this investigation was carried out, a
validation model for evaluation was done by experimental and simulation data. The validation results showed
that the software model error is acceptable.

Results and Discussion

The engine performance and emissions were evaluated in terms of engine torque, specific fuel consumption,
NOx, and CO emission at different engine speeds and fuels at full load. The results showed that with increasing
the engine speeds, torque increased. On the other hand, the maximum engine torque for the diesel engine is
slightly lower than the biodiesel-blended that increased by 4.4% because of the higher density and viscosity of
biodiesel than diesel. Specific Fuel Consumption (SFC) is a measure of the fuel efficiency of any prime mover
that burns fuel and produces rotation, or shaft, power. The results indicated that by increasing engine speeds, the
SFC increased. A fuel with a lower heating value should be injected with more mass into the engine. This will
increase the SFC. So, the maximum engine SFC for the diesel engine is more than the biodiesel-blended that
decreased by 4.45% because of better fuel combustion and more power generation of biodiesel than diesel. The
only nitrogen oxide that can be formed in an engine combustion temperature is nitrogen monoxide (NO). This
pollutant factor can be converted to nitrogen dioxide (NO2) over the time of exhaust gas. The results showed that
with increasing the engine speeds, the NOX emissions decrease steadily and then increases, which is due to the
high temperature in the cylinder. The viscosity and density of fuels have an effect on NOX emission, and
because of the larger droplets of the fuel, it released NOX. The highest NOx emissions belong B10 biodiesel in
1400 rpm, due to the high oxygen content of this fuel and the lowest NOx emissions belong B10 biodiesel in
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1300 rpm, due to the low density of the fuel compared to diesel. CO is a colorless and odorless gas, whose even
very low concentrations are dangerous for humans and animals. The results showed that with increasing the
engine speeds, the CO emission decreased and the minimum CO emission for diesel engine is more than the
biodiesel-blended that decreased by 37.61% because of excess oxygen availability and complete combustion in
biodiesel than diesel.

Conclusion

The results of this study showed that the B10 blend in high engine speeds, generally had the best
performance and emissions characteristics among the three fuels used in this study. Also, this investigation will
assist in the development of WCO biodiesel as a viable sustainable fuel source through the use of a CFD model,
optimized engine configuration, and technical report.

Keywords: Engine characteristics, GT-Power Software, Thermodynamic model, Waste cooking oil
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Table 1- Properties of diesel and biodiesel fuels in tests
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Properties Test method  Allowable limit  Diesel B5 B10 Biodiesel Unit
Jbed! M D92 Min 130 62 67.7 73.4 176 ‘C
Flash Point
] oo D2500 Min -7 -2 -1.86 -1.62 -1 C
Cloud point
Sl g ! D2709 Max 0.05 0.05 0.05 0.05 0.05 %\Vol
Water and sediment
(Sl 55 D445 16-9 3.16 3.18 3.24 473 mmis?
Kinematic viscosity
Sl ) D240 - 42.8 40.12 39.94 36.8 MJ.kg?
Heating value
UHSO D4052 0.86 — 0.90 0.83 0.832 0.835 0.88 g.cm®
Density
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Fig.1. Schematic diagram of the engine test stands: 1- Diesel engine 2- Dynamometer 3- Control unit 4- Exhaust pipe 5-
Emission measurement 6- Data acquisition unit 7- Diesel fuel tank 8- Biodiesel fuel tank 9- Fuel measurement system
10- Air inlet
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Table 2- Technical specifications of diesel engine
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Specifications Value Unit
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Cylinders No.
Oy Jlad 88.9
Bore
mm
Ot 00285 795
Stroke
P90 0 18 Lit
Displacement
oL s 22:1 -

Compression ratio
299 ‘-’L’9"“’ O )L’ Ol‘j 24°BTDC °CA
Inlet valve opening time
£29)9 UL?“’ O Ay UL") 37°BTDC °CA
Inlet valve closing time
(3 hgw nEJb ol ggopTpe oA
Exhaust valve opening time
w9 Ulﬁ“’ O Ay Ol‘j 4° BTDC °CA
Exhaust valve closing time
488>y yed ¥evr o olyy Sl 32 KW
Max Power @ 4000 rpm
4.3..._5.3).3)53 YYeo ) )91.»5)5‘,\)
Max Torque @ 2200 rpm
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Fig.2. Simulation model of four-cylinder, direct-injection, diesel engine
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Fig.3. Comparison of experimental and simulations data engine torque for diesel fuel According to engine speed
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Fig.4. Experimental and simulations torque variations versus engine speed for biodiesel- diesel fuel blends
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fuel blends
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Fig.6. Experimental and simulations NOx emission variations versus engine speed for biodiesel -diesel fuel blends
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Fig.7. Experimental and simulations CO emission variations versus engine speed for biodiesel -diesel fuel blends
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Introduction

Today, the number of diesel engines is increasing due to their high efficiency and low greenhouse gases. In
the present study, the effect of adding nano cellulose as nanoparticles to diesel fuel on the performance
parameters and emissions of diesel engine was investigated. Nano cellulose was provided by the Nano Novin
Company in Sari. Nano cellulose values were considered at 3 levels of zero, 25 ppm and 75 ppm. Also, the tests
were performed at 3 engine speed of 1600, 2000 and 2400 rpm in full load mode.

Materials and Methods

In this study, nanocellulose was used as nanoparticles to add to diesel and to evaluate the performance and
emission parameters of the engine. To prevent the deposition of nano cellulose in diesel fuel, jelly type nano
cellulose was used. The samples were named after adding different amounts of nano cellulose, abbreviated
D100NO, D100N25 and D100N75. D100 means 100% pure diesel and N means different amounts of nano
cellulose with different amounts. Ultrasound was used to obtain homogeneous samples. About 3 liters were
prepared from each sample so that it could be used for at least 3 repetitions. The required tests were performed at
three different speeds of 1600, 2000 and 2400 rpm in full load mode. The necessary equipment was used to
measure the performance parameters and air emissions, including diesel engine connected to the dynamometer,
emissions measuring device, fuel system and control room (to apply the load and provide conditions for each
treatment and data collection). The air-cooled, four-stroke, compression-ignition single-cylinder engine made by
the Italian company Lombardini was used. The D400 eddy current dynamometer made in Germany was used.
The ability to measure power by this dynamometer is a maximum of 21 hp, a maximum speed of 10,000 rpm and
a maximum torque of 80 N.m. To measure of emissions, the MAHA MGT5 emissions meter was used. This
device is able to measure the values of CO, CO,, NOyx, O, and UHC.

Results and Discussion

The results showed that increasing engine speed in all fuel combinations increased engine power, specific
fuel consumption, carbon monoxide and unburned hydrocarbons and decreased torque. Also, increasing the
amount of nano cellulose per engine speed increased the amount of power and torque, but reduced the specific
fuel consumption, carbon monoxide and unburned hydrocarbons. The amount of NOy increased with increasing
engine speed, but at each engine speed the addition of 25 ppm nanocellulose to pure diesel significantly
increased the amount of NOx. But at low speed, increasing 75 ppm nanocellulose to pure diesel reduced the
amount of NOx.

Conclusion

The results of this study showed that the addition of nano cellulose as nanoparticles can improve the
performance of diesel engines and also reduce the amount of emissions gases emitted from the engine. The
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results also showed that increasing 25ppm nanocellulose had a greater effect on engine performance. But to
reduce the amount of emissions, 75 ppm nanocellulose was better.

Keywords: Diesel engine, Nanocellulose, Nitrogen oxides, Power



B

NS kgt

Sigles slagmilo 4 pld
https://jame.um.ac.ir

&’2‘:61'/:52 ;)

OYB-BAD (o IF+Y i F oylo Y ol

G5 3t 55 SuNT 55 Shas 5 I S5 g 4 sk 6 035531 5 o

S5 o ¢ Junyl ) o desue dew (O Ll Kidigr O Slgs 3 Sl S felenl desue  (65] e s ol

Rl

VE e [o¥0 sl g

NFeoloBleN i pds o,

daSe

938 U ol (imgiy )3 el Glidl JLs 53 o8 (ol SIS (clajls 55 g 3k 023 il s < S50 (sl ygige 2lass o5l

5 YOPPM g jio oo ¥ 5 Jgluogili olio e85 )18 2bjl 3590 S50 sg990 (ST g 63,8kae (sloyiol)ly o > gm0 41 Jgbuogil
6 rsSo3ladl jglato 4.8 plol JolS )bl 5> By 493 VFe o g Yeor VFer ygige )93 ¥ 13 ygise (slayge] b 4B S lai )> YOPPM
@l b olatl ygise 558 whues g ody ¥ (5 S0)lil ol «jtogaliyy Jold hliseo Sliiaos | g9 (SauYT 5 (o3, Slae (slo el
g (Sl S 9)hen (S denSlgige 0y Ch g Bran gise (l5 ) Gl el (g SlacaS i pled 13 s5i9e )9 Ll oS ol ol
sl Lol ols Jljbl]) jige yoliiS 5 olgi jlade lshogil il palie (39381 y939e 593 2 13 (izmed 8L (EBIS (gige HoliiS jlude (g
29595 993 32 3 (g <8k ali8 y99e 593 Sl L NOx e b a3 gud (slagy 9)h 9 ()5 S lgige iy Co g Syan ialS
I3 4y Fsbogll VOPPM [al38l ¢l sloygn 5o Lol ol (2al381 1 NOx Jlade (g2 LB (3o @ (RIS J5d &1 skl YOPPM (3938]
P95l &S ol Lt gy ) el IS jsboay i Yo tme (o)Ll B 3l g ST ad palls 35 4 s NOx jlae jtnlS el alls
dr ol YOPPM (39580 az 3135 S50 p5ise 5l (255 ¥l (slajls (1als 5 5 )Shos 3500 oo Sl o S0 S50 4y Joluogil

Nair, ) 54 Lol s, Slee ioly sl el (Sod 3)b 5l g 29
.(Kaviti, & Daram, 2017
9 Jid glacd g oS 5l odlatul 3590 13 (o3L ) Cliios
cloau YT zals g5 Slos dgup caa 5 ciliseo (gla 5dg33l 931
ode] Cwdds ol ol 4B )5 g I3 Gl claygige
P S g g oy Lo 33938 6 aS el o] 5l Sk
Jsle S lgtedn g s e lj N ] adaioe
Ot sl 1y (58T 9 3 (o Jo 018 (gl
OlS Cge > ST Gl el g 038 oal ) S aSlgige
Devaraj, Arul Prakasajothi, ) b o (5,0 sl jlide
2 OleS e (A ygoan |y La J3458lsl (& Rajesh, 2017
lanalggl o ol 31 s Sl Ao cilise (cLivog, S
Singh & ) 3,5 acndil * 5, 5wl , Sivolga 5 S
Al Slébise bawgr a8 plodl wlaéss j> (Sharma, 2015

4- Carbon nanotubes
5- Graphene

By alel ) NOx g a5 B e 40 (el 50

Pohogl (322 s9590 0y (iars sasT i gals” sWojly

.

LYRUFY

P et B b (oS s (551 gl plod e

ORIl 1oy ¥ o o 3 o] e Lo i oS 35l (55 55
S loygige jl odyuS ealawwl (Foster et al., 2017) sl .
3 9 oS il plalidl el Y plgd 5 6y90 00 > 4
3l o plad a1y dmels oDl Cules jd g 2gub oo Waodis Y]
aS Slglay asg Ly (Geng, Cao, Tan, & Wei, 2017)
o8l o oyl a3y 4 ) 5 polao eolitl §1 )5 lwd (lacs g
loalawl j, 0 a S e olad 35 s oy Lz W)
oS STy GBI (3Ll sbaygise 15 (ld slacs g

oSl omoger smodigee 09)5 ¢85 )9liS (ygml 3150 (65 (gl )

Olrl s o9 ply oKl gas g jlaal (lper dd

Olrl lgal loal Gy aaed oK dutupmge (it 09)5 jbdbiwl =Y

Olrl lgal loal (lyez sured oK dutupmger (wdite 095 Hlutils -V

(Email: e.khorasani@scu.ac.ir 1 gune 0Jiunn %)
https://doi.org/10.22067/jam.2021.70608.1042


mailto:e.khorasani@scu.ac.ir
https://doi.org/10.22067/jam.2021.70608.1042
https://www.orcid.org/0000-0003-0448-6581
https://www.orcid.org/0000-0003-3896-5943
https://www.orcid.org/0000-0002-8891-5031
https://jame.um.ac.ir/

1P olim ) oF oyl Y w5559l slacmiilo as s OYA

& 2 095U i pf a9 38lel 5l edlatul 5 p3) slaJlu
S Cunl oais pldl y9590 3 Slos d9 (g0 Pologll I Auios
= d bS5 Polugl SIS (o) p G ol (ol San

W g, g dlge

9 YOPPM oo o s s )3 Jolwgil 5| Limgioy il )
J32d Cogm 4 (958l Cua (LS (53958 St lgie4y YOPPM
A ealaiwl 990 L;J_u\ﬂ 9 d))_iluo& dL&:u»L» N
R 3 e pgpls ol (> &858 15l 3)90 Hgkegil
OB el Sty Car b 4 olhile il gyl
JSs s odlitl (13 g5 Jologil 5 ¢ 5 Cgw > Holusil
g &S am e L5 ] sl Hoboh (5 ) oled
ol 0 43,5 (S5 SN o5ng Sim

e 3,5 LSl s (talafl )90 J5uo Co g digad
9 D100N25 ‘D100N0 L;)L.a.ol w_ﬁ)/l; l_: ‘U] a )]9L~'9)L alisee
Lo LN palls 503 (dse 4y D i 5515 oL DigoNis
Slasslb o Co g d ol a3l Jolwal Hlade ixe 4y calisee
A ool (Sed (cladiges (13,9] Cundds o YC;yobé ol&Kuwd
loj ylag «SSlgn juiles S5 y9390 S5 43 3l 250 (sloyg]]
ety d 53 9 Ll T ) led 08,5 cdle oS8Ty Jledl
Yoo L plot el j3 g B 5 90 YEee o VeeraSer (il
29390 09031 &l ag23

oBisly pinass lags,l iso oliiislej] 3 imgs o)
S=S03lil jolaie ay imgiy cpl 0 .cd)S pll wyde Cny
ol alisee cliaad 5l eygige (SauVl g (60,Slos (sl o]yl
39590 J S i g Lavos VT (61 So5luss olKiws ¢ jiagolind
loosls € g (el baulyd J)2S5 p5ige oo g g 5l walat)
ol yegeliod 5! 1990 &I85L el s eolal (Lgmliwlo)]
e bls s edlatul Lol 5528 il D00 Juas ® s)S
HSUs By cawl VY iSlas piegelun ol bawgs o)lgs (55505100l
bl e yto g Ar jglisS iSTas 9 addy y yg0 Veree g0
MAHA ziwos ¥ olKiwd j ¢ SauV (e (605058l (olp
s5g0 pdlie (5 uSejlaslay B olKtwd (pl .u exlatw] MGTS
9 NOy (59 sawS] CO2 )5 3,815 CO (1 ,Suns|]

2- Ultrasonic

3- Lombardini
4- Full load

5- Eddy Current

(Joshua, 2016; Naik & Kumar, 2018; Ramesh et al.,
2018; Prasada Rao, Victor Babu, Anuradha, & Appa

Cope calieo (6316 slv 33438lsl | Rao, 2017; Devi, 2018)
angi [l Lol .l S solisul jsige (63,Skes (cloyasls dguge
2 Gl 0ad cls 50938150 laisay (o318 508 dlgo 4y ylais
3y Sas lapadld () p Cax )9ige 9y p Bliste Dliyi>s
(Mirbagheri, Safieddin sl Slétxe yo 590 (Sau¥ g

Ardebili, & Kiani Deh Kiani, 2020; Ghafori et al., 2015;
Hosseini,  Taghizadehalisaraei, Ghobadian, &

Ole—eday 316 , . sls o ;| Abbaszadeh mayvan, 2017)
sladgd gl Il gilw Jde o aiios 10 53,5 oolawl  S53938l53L
90, Slos 5 J3d90 — 50 Cogw bgbro 4y oid adlsl oy S
B il 290 (oas 48l oslisl L 3 hg5ge S5 (SanY]
9)9.)9;» DH? ;,o?_.w d)aa.o aS ol UL‘:‘) axJllos U"l CJL} .uﬁ)f
4 i B gud SS90 5 S dmSTsige slaessY]
Olpee &S by b oo ialS 0o 3 ¥F/AA 4 FO/Y - XISV 50
Hosseini et al., ) c.odl iol38l aoyn YYIFA 559505 (slasws]
oozl plSin )3 (38 o)lee ki sladlglgils I )y 5 (2017
Ol Oy 45 b odalie Jidgn —Jpd (S 5 Co g
S sladlgd 5 YeppM g o3 Ve Jidgm 53 glisS 9 548
2y im0 4o G TOA poliiS Jlade 5 2NV )08 jlade oS 3o
o381 31 Gimg iy S o (Ghafori et al., 2015) 54y
3590 J32 9590 o 33 U320 5 Jiose Jpbl S & Jlrgusl
romgl (Rl a5 ol (i adlllae cpl gols 8,5 )18 L))l
29590 S5 G55 5 pRalST AT 390> 09 Co g Brae ke
UHC 5 CO NOx (slaos ¥ oy ioman ol bl Z1V/Y
Mirbagheri et al., ) a8l ials ZYA g Z+/-Y N0 b pa
(2020
S (b Slge oy skl 5 (50 lsl8 51 (S Pk
2 Olelrb g pignaed pls ole G plyisd & Cwl plea
e eobail xuie SO a4 b bad s 0 was dlgs dewgs
Powsb 5l ol merte 9 4y (oL ang (i .l
Sl Jolwgil y bl Jls o wlaidly,y, calises glad )8y
(S ySI plio aile badiaj I gyl 3 328 sl (VL
(Ojala, Sirvio, & Liimatainen, 2016) 5,l> cwMuw 4 il
s Leg 6 el 93l sl by Joks sl yusd 1 ISito Jbugil
il lodyiud o3ga e > (Jg b slul g pogil A=Y+ o,e dlul
; Lima & Brosali, 2004 ) couw! (9, See s L5 jiegils aed
2 a8)S Oyee liadss 4 ang L (Klemm et al., 2011

1- Nano-biochar



OVA o Shas p S © gu 4 Palugil 599381 il (w2 ool 500 3 (531 yomnsr g

A3 o OL.:':J Iy ol )90 u])_..egu o)|9>)loY JS.«:ML;@UHC A g L;L:a&)f”,\tm

Ccllulose Nanococrystal Gel —
(CNC-G)

1]

|

/

T\ﬁ
\:]I i

Test Engine 7 ' 14[ — R —

= —

Dynamometer
|

2550 0903] (gl 0datsl 3,90 g =Y JSd
Fig. 2. Used instruments for engine testing (Hoseini, Najafi, Ghobadian, Yusaf, & Ebadi, 2018)

2990 83 Mdas el )l 1 y5se 590 9 Jolugll palie 3B Luilly 4320 =Y Jga
Table 1-Variance analysis of engine speed and nanocellulose values on engine performance parameters
Olup ofibe Olupe oflbe 5550 019 Cgas e Slazye ik

Oyt 2ile " . . g
Sources of Wroly 199 2gltS Mean squares of
variation Mean squares  Mean squares engine specific fuel
of engine power  of engine torque consumption
Hohoglh e 0.435™ 8.253" 7495.368™
Nanocellulose values
293 29> 1.061" 23.426™ 8770.169"
Engine speed
e {5' 0.018™ 0.746™ 91.589 ™
Interaction
ieiibesl sl 0.004 0.073 63.111
Error
ns unsignificant and ** Significant at 1% level. TN e )3 b gre s g b Jxe e NS

SoS b by gdaw Y55 )55 2 9 (19590 595 9 Joluwgil

: SVl Lo iz (503101 ol sk
5 Uyt 25 )8 ool 30 55 4 il Sl 7 9 2Kes slaile el @ i ol 2

(Syoy o}"_” wH d)_»a.o ;)91“_;.«5 339 0193 J«:Lu )P0
2 059 SlaST g adg s la oy Sg ke op)Spnslgge
Jpd Cogw g Jolwgl iz slacaS i g y9590 aliee (glaygs

1- Completely Randomized Design (CRD)
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Introduction

Seedbed preparation, seeding, and transplanting are usually based on mechanical soil tillage. Tillage by
cutting, mixing, overturning, and loosening the soil can modify the physical, mechanical, and biological
properties of soil. These days, because of soil protection, the use of tillage tools is less and less recommended,
and some implements such as cultivators are preferred to primary tillage tools such as plows.

Experimental study of soil-tool interaction and field measurements of the mechanics of tillage tools are
usually time-consuming and costly. On the other hand, the variety of variables and uncontrolled conditions add
other dimensions to the complexity of this method. Also, the experimental and analytical methods do not have a
comprehensive view of stress distribution and soil deformation in the soil-tool interaction process.

Materials and Methods

The main purpose of this study is to validate the results of numerical simulations in two phases of
experimental tests: in soil bin environment and in finite element computer simulations. Experimental tests were
performed in the soil bin environment of the Department of Mechanical Engineering of Biosystems, Urmia
University, which has a soil bin facility with dimensions of length and width of 24 and 2 m, respectively, and has
clay loam soil.

Before experimental tests, soil preparation was performed by using some special tillage implements (harrow,
leveler, and roller) which were attached to the soil bin (Figure.1).

For experimental tests, a mechanism set consisting of two cultivator blades with a width of 15¢cm, a length of
20cm, and at a spacing of 35cm from each other was prepared and constructed. The relevant mechanism is
designed to have the ability to change the tillage depth. Data were collected at three different soil depth levels of
6, 10, and 14cm in the soil bin with three replications. Data recording was performed using a 10-channel data
logger with load cell connectivity and data storage ability.

Also, in this study, the Drucker-Prager model as a finite element simulation method was used to calculate the
stress during the soil-tool relationship. ABAQUS 6.10.1 software was used to simulate the cultivator tine. To
solve the problem, the soil parameters were defined as presented in Table 1, and then the interaction between the
soil-tool model and the necessary constraints, including boundary conditions, were defined. In the next step,
meshing was applied to the constructed model.

Results and Discussion

In the results section, first, the results related to the amount of traction force required for the tillage tine in the
simulation were calculated and then compared with the soil bin experimental tests. The traction force of the
finite element simulation results for three tillage depths of 6, 10, and 14 cm in three principal directions is shown
in Figure 4. A comparison of simulation and experimental results showed that there is a good agreement between
them. In comparison, the simulation error range of the three depths of 6, 10, and 14 cm has shown 7.3, 5.6, and
4.16% at a speed of 2.5 kmh™, respectively, as the velocity studied in this research.

In the next section, the results of stress distribution contours in the soil and finally the overlap of the blade
effect were discussed. Figure 6 shows the status of stress contours at three depths. By increasing the depth of the
tine at the three depth levels studied, the stress range is shifted from the soil surface to its depth. For this
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purpose, at the maximum depth studied in this study (14 cm), it shows that the stress propagation to the soil
surface is less than at other depths. Also, with decreasing depth, for a depth of 6 cm, the maximum stress was on
the top soil surface, in other words, more deformation was seen on the soil surface.

Conclusion

Comparing the simulation results for predicting traction force with the results of experimental tests has led to
relatively acceptable results and the maximum traction force prediction error at different depths has been about
7.3%.

The distribution of stress in the soil was observed due to the tine depth. The highest intensity of stress
propagation was observed at the soil surface; and the highest soil surface deformation at a depth of 6 cm. With
increasing depth, both parameters of stress and soil surface deformation have decreased.

According to the results of the studied blades, it is better to use these types of tillage tools only at lower
depths. Also, in evaluating the overlap of the soil loosening zone in the side-by-side tines, it proves the
superiority of the tine performance at lower depths.

Keywords: Chisel plow, Finite element method (FEM), Soil bin, Soil- tine interaction
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Table 1- Soil mechanical properties in soil bin for FEM analysis

S el asly slado
Soil parameter Unit  Value
o % 43
Sand
- % 22
Silt
i % 35
Clay
Sk o (MPa) 0,04
Young's modulus
C)?‘“’l% Cu o (__) 32
Poisson's ratio
S (kgm®) 1900
Density
ekl 5 (MPa)  0.035
Yield stress
B Sl 445 (deg) 35
Friction angle of the material (¢)
Flow stress coefficient (K)

Dilatancy angle (y)
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Introduction

The quick deterioration of fruit and vegetables has led researchers to find a solution to increase the shelf life.
Foodstuff packaging is a vital technology to maintain freshness, prevent deterioration, and physiological and
mechanical damages, and increase the shelf life of fresh products. Employing various post-harvest technologies
prevent light, heat, and humidity transmission and control the microorganism activity, thereby reducing the cost
and maintaining the quality of fresh and processed products during storage. Fresh okra has a shelf life of 10 days
and is stored at 1-10 C due to high respiration rate and moisture loss. Today, the use of nanotechnology in the
packaging industry is developed and expanded. The aim of the packaging is to increase the shelf life and prevent
bacterial and shipping damages, as well as control the humidity and gases transmission, thereby reducing food
spoilage. Modified atmospheric packaging (MAP) is one of the famous methods for increasing the shelf life of
fresh products in which the aging process is reduced by increasing CO, and decreasing. Decreasing the
respiration rate, producing ethylene, and metabolic reactions in the modified atmosphere lead to a reduction in
product deterioration. The use of coatings and edible films is being increased in order to maintain sensitive
features like flavors, fragrances, and the appearance of different products and increase the shelf time of fruits and
vegetables. Chitosan edible coating is a non-fragrance and non-flavor polysaccharide with a high molecular
weight that is widely used because of its antifungal, biological, and biochemical properties. Chitosan is a natural
polymer obtained from chitin, which is abundantly found in crustacean shells. The aim of the present study is to
evaluate the effect of packaging films and chitosan coating under the modified atmosphere storage condition on
qualitative and quantitative parameters of okra during storage.

Materials and Methods

The process of present research was performed in the Laboratory of Mechanical Properties and Rheology of
the Biosystem Engineering Department, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, in 2016.
Okra cv. Kano Dwarf was selected due to its short post-harvest life and provided by farms in Kermanshah
Province. Okras were handpicked and they were free of any spots, contamination, or decay, with the almost same
size and shape, without any mechanical and microbial damage. The treatments of the present study were chitosan
covering, modified atmosphere by a gas mixture of 5% O, + 10 CO, + 85% N,, three types of packaging films
including silicone nano-emulsion (Nano Bespar Aytak Co.), nano-polyethylene, and light polyethylene
(LFO200), as well as two temperature levels of 1 + 4 C (refrigerator) and 1 + 25 C (room temperature). The
influence of modified atmospheric treatments, chitosan coatings, and packaging films at two storage
temperatures on chemical factors (pH and TSS) and mechanical properties including shear stress (TB), shear
force (FB), shear modulus (GK) were evaluated at the end of 12 days of storage in a completely randomized
design with a factorial experiment in three replications on Okra.

Results and Discussion

Among the films used, silicon nano emulsion film and chitosan coating were more able to maintain TSS. The
pH value decreased due to the control of respiratory rate and corruption under modified atmospheric conditions.
The mechanical properties of the samples showed that the shear stress changes of the coated sample were
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significantly less than the untreated ones compared to the beginning of the maintenance period. The sample
stored at 4 C had less shear force during the storage period than similar specimens at 25 C. The modified
atmosphere caused the shear modulus to decrease with increasing storage time compared to the beginning of the
storage period.

Conclusion

The results of the present research revealed that silicon nano-emulsion film has a higher capability in
preserving the qualitative and quantitative properties of okra compared to other studied films. Between the two
studied temperatures, 4 C storage temperature had better performance in preserving qualitative and quantitative
properties of the okra compared to 25 C. The controlled atmosphere increases okra's shelf life due to reduced
respiration rate. In general, maintenance of the products in a modified atmosphere package preserves the quality
of the products and extends their shelf life.

Keywords: Chitosan, Modified atmosphere, Nano packaging film, Okra
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Fig. 1. Varner test using axial testing machine
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Fig. 2. The force-displacement curve drawn by an axial testing machine
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Table 1- Variance analysis of qualitative and quantitative properties of okra under modified atmosphere at 25°C until

12th day
o TSS 2
Varlfeltlorxs SOL.JI’CES DF sl g ”PH B (N m|?1.“) FB (N) ' GK (kpa)
e g Qo] i GRS W Sep p doe
Packaging ns . . o x
v 2 0.26 0.13 11785 829.4 145762
Coatin .
uuyg 1 0.79™ 0.00™ 3893 ™ 46™ 30169
Period s o . - -
L 6 0.20 1.70 3342 355.4 20040
W) ey9d
Packaging x Coatin
ui 2&&@ : 2 0.54"™ 0.01" 1291 1195™ 2142™
Packaging x Period - . -
o 12 0.30™ 0.03 3589 152.7™ 10354
093 X (giydiam
Coating x Period o .
9ng s 6 0.217™ 0.07 3331 96.4™ 1313™
[3) 2
Packaging x Coatingx Period o .
oi; ’?My Xd_\im 12 0.24™ 0.04 5548 87.3™ 5727™
Error
s 82 0.23 0.01 1433 107.6 3383

Notes: * Significant at p <0.05, ** Significant at p <0.01, and ns not significant.
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Table 2- Variance analysis of qualitative and quantitative properties of okra under modified atmosphere at 4 °C until

12th day
Variations sources TSS PH TB (N mm?) FB (N) GK (kpa)
ol i 2ol DF b s . f - .
Sl & Jolome dol> dlge Al s NS 9 oy Jge
Packaging - N - - -
o 2 0.323 0.072™ 13882 567.61 19372
(Gl
Coatin o o
g 1 0.005™ 2.608 9620 130.7™ 6548™
U9
Period o ok - o
0 6 0.138 2.401 3212™ 1149.85 11716
Sloj 0y90
Packaging x Coatin
g g L g 2 0.043™ 0.004™ 8™ 125.77™ 823™
gy X (gAdlun
Packaging x Period - -
ging o 12 0.087 0.917 2177™ 940.76™ 2135™
0)9d X (gAdiny
Coating x Period n o . n -
% 6 0.033™ 1.664 5193 262.53™ 14492
0790 7 gy
Packaging x Coatingx Period * -
ding - g . 12 0.044 0.433™ 4018 853.56™ 3058™
093 X gy X (§ipdinn
Error
s 82 0.020 0.265 1619 4245.28 3960

* Significant at p < 0.05, ** Significant at p <0.01, and ns not significant.
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Fig. 3. The changes of TSS during storage at 25 °C
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Introduction

Wheat, is the most important crop in the world. In Iran, wheat is the most important and strategic agricultural
crop, due to its vital role in providing food and feeding livestock. Because wheat harvesting operation has a
significant share of total grain losses, it is considered as the most important and sensitive stage of production.
Recently, in Iran, the need for straw to feed livestock has increased sharply, and since wheat is the main source
of straw production, changes have been made in the configuration of the grain combine harvester so that in
addition to collecting grain, it can crush and collect straw. These combine harvesters are known as straw
collecting combine harvesters. The growing need for straw, along with the high cost and difficulty of straw
collecting, has made straw collecting combine harvesters more popular, especially in areas where animal
husbandry is common alongside agriculture. Despite facilitating and increasing the possibility of straw collection
by this type of combine harvesters, in many cases grain losses have increased. Therefore, it is necessary to
investigate the amount of grain losses in this type of combine harvester and determine the factors affecting its
losses.

Materials and Methods

This study was conducted to investigate the effect of ground speed and wheat yield on grain loss in a straw
collecting combine harvester. The use of this type of harvester was also analyzed economically. Two models of
JD-1055 and JD-1165 combine harvesters were considered for evaluation. The experiments were performed in a
split factorial design in the form of a randomized complete block design. Grain yield (at three yield levels: less
than 2 Ton ha, 2 to 5 Ton ha™, and more than 5 Ton ha™) was the main factor and the other two treatments, the
model of combine harvester and the ground speed (with three levels: 1, 1.5 and 3 km h™) were factorially placed
in subplots. Loss components including head loss, combine harvester body loss, end loss, threshing unit loss,
cleaning unit loss, and quality losses were measured and compared with that of a conventional grain combine
harvester. Field capacity and harvesting cost were also measured for both types of combine harvesters. Finally,
based on cost-benefit analysis, the straw collecting combine harvester was compared with the conventional
combine harvester economically.

Results and Discussion

The results showed that in addition to the main effects, the two-way and three-way interactions were also
significant for the studied factors on head loss, body loss, end loss, threshing unit loss, cleaning unit loss, and
quality losses of straw collecting combine harvester. The losses of the straw collecting combine harvester are
strongly affected by the ground speed and the grain yield. The percentage of grain loss in low yields (less than 2
Ton ha) was significantly higher than that of medium (2 to 5 Ton ha) and high yields (more than 5 Ton ha™).
The average loss of JD-1055 was less than JD-1165, mainly because of more loss in threshing and cleaning
units. The highest total losses, with a rate of 10.54%, were related to JD-1165 in low yields, while the lowest
percentage of total losses, at a rate of 2.54%, was related to JD-1055 in medium grain yield and low speed
(1 km h™). The total grain losses of conventional combine harvesters obtained about 3.22% while the total grain
losses of straw collecting combine harvesters were approximately 5.44%. In general, the losses of straw
collecting combine harvester were about 2.22% more than that of the conventional combine harvester. The
economic evaluation showed that in the region where animal farming is common along with agriculture, the use
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of straw collecting combine harvester is more economical than a conventional combine harvester.

Conclusion

Combine harvester model, grain yield, as well as ground speed of the combine harvester affects the grain
losses in different units of a straw collecting combine harvester as well as total losses. As the grain yield and the
feed rate increase, the total losses of this combine decrease at first but increase again in high yields. Adjusting
the feed rate helps reduce the end losses and total losses of straw collecting combine harvester. In the study area,
using a straw collecting combine harvester is more economical than a conventional combine harvester.

Keywords: Economic evaluation, Quality loss, Straw, Wheat yield
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Fig. 1. Different parts of a conventional combine that are changed in a straw collecting combine, 1: Header, 2: Feeder
conveyor, 3: Threshing unit, 4: Grain pan, 5: Separating unit, 6: Cleaning unit
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Table 2- Analysis of variance related to the effect of wheat yield and combine ground speed on different type losses of
two models of straw collecting combine harvesters
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Table 3- Comparison of the mean effect of grain yield, ground speed and Combine harvester model on losses of straw
collecting combine harvester (%)
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Similar letters indicate no significant difference between treatments based on Duncan test at the level of 5%
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Fig .2. Three-way interactions of grain yield*combine harvester model*ground speed on quality loss
(Columns with at least one similar letter have no statistically significant difference based on Duncan's test at
the 5% level.)
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Table 4- Required time to harvest each hectar and the amount and income of straw collected per hectare

(adaB) S S Candlsys 512 03Y oloj S )3 sdgi o
Required time for harvesting (mine/ha) Collected straw per hectare
5 Slos JD1055 JD1165 Jyone oS @Ol beS
I Conventional combine Straw collecting combine
Grain yiel P T
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Conv::;:)nal Straw Conv:r:;:)nal Straw Amount (Jb, Amount (Ju,
collecting collecting (kg) _Income (kg) _Income
(million Rials) (million Rials)
<1 44 60 38 45 900 45 1000 5
lto2 60 60 to 150 50 100 to 135 1550 7.8 1750 8.8
2to5 60 to 100 180 to 280 50 to 90 135 to 240 5450 273 6070 304
>5 100 to 150 279 to 500 90 to 135 240-420 9500 47.5 10500 52.5
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Fig. 3. Difference between income of harvesting with straw collecting and conventional combine
harvester types in 2020
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