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Feature Value
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Weight
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o W62xD34xH21mm
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The maximum measurement distance
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Measurement resolution
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Resonance frequency
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Measurement cycle
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Command Signal
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Current consumption
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EW-T 59 By 3950 s B! 5lie
Parameter Range Selected values
Al b)meB 0~4
ID
0, ‘ ‘ -
ol Jluosf ooy 7843~2000000 bit ™ 57600 bit 5!
Baud rate
ol Sl b oles 0~508 ps 160ps
Return delay time
Lol s 2~250 PPS 5 PPS
Number of pulses
S S 3~128 ms 64 ms
Cycle
20 b 0~128 ms 800 ms
Dead band
Al gl 0~4095 768
Detect level
Syl glgel
SyoP Ty ey 0~999 ms™! 348 ms!
Sound speed
S aels 4~1000 cm 10~200 cm

Distance range
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Table 1- Dimensions of tree canopy

0L )3 d) 2 3908 b Ol 3, b (5jl90 s iy g s 0o
Canopy diameter perpendicular Canopy diameter parallel Canopy height .
Tree number
to row (m) to row (m) (m)
0.90 0.90 1.85 1
0.10 0.90 1.78 2
1.05 0.93 1.84 3
1.00 1.10 1.76 4
0.55 0.60 1.81 5




YA QbS50 oo windigh (el Cu (ol b Sl S (o)

G FO XD oy pdaw dws jd b yiolojl .8 )5 )5 oolil 5)ge
A slalgs o Candg Jloa 53 9 )15 A )3 4l e Sl 0O
b plol iged p (gl >

SS9 )il g Lasals Gl g

sy g5 el sl (slo S JolS s358 5l
w3 by g 0o e (nSbee en Slastie (U
gL dw > g g el (gl (sl S | jboliie £l
Olyedn €8 by gU eli)l 5 (Jgol b sl ySus b bl
as &b | (2gp plyied (d @7 g (mas 4Sed (6399

sloodls aul)] ples (Sl b s p3 Jidg 2b elas) Sl
A Aol 43l ) sloojl ) Sl ;Kus dw I odel Caundes
U Saolp S o5Vl glddls aolyy G o Wodly Sl
wlolid ) sy Jids gl p o5 Sol S (nomb
4SS ol b Kus i Gy Jols L ud pbl sl 0 )
s 93 oy dold o cawl 00 Slolis ) e o Lidg gU
P B by gl Bl B (el £1) ol (Soolsd
ZU L5, pou S Lo odimd i oyl weu jSle g sl 45l
Gl CB > (e

o Ll laglas)l 3 cé s e gb yoye (1Sl
oz S Lo 03b cutin 1 635 Sk b (Fgeolyd sl J1 S
(V) ataly 5l oolaiol L ons (g pSojlasl bl& jo e by
(a5 JS3) 23,5 pulons
C,=D-X; v)
oibe gL ()l e U (Spold Sus jload (655051
.&ad‘).iu&b)u ).i:tyl w,\l]9)lawa>)g

ISo o L jblise glagla)l p cop Guds gl jlad
908538 sy o650 diged &y 5l oolaiwl b el 8 ola S
ooy Lasis |y coyn b gl Jeold Sue a7 bli sl
(b5 JSs o ¥ dayly) wd dpwle sl

i-1)xV
@D "
(Sr'l)

s (6,040 diged F5 Sp Al e om0l sy V
Iy cspd yidg gl aS bls slaainj 5 o p (Jaolyd
Sool S ojlod Sl Huwasl g cowl 038 ololis
bl g

CD;

S SaSany (Jowd (hy) 4o oLi3 0 iy g e
Awbre S0 s oo sbaclodl loslatul b g (twd yie
L_g(.'«_&).))b M" 9’ )MJU" &L‘ﬁ)] ‘)«39) u.’] ).).(\c &«))—\A)
OleSs laelar)l Ly comd duw 4y 9 A (650310 iy
S5 s xS (sl ol 4 Ineonsd 5 Sy p b s
9 rRala Vo oy (idy gU JS e pow S £ld] 4
lodasg 0 s Gidg gl Gos A (64 puwdl piie Gos
Cé)d by gl (2 ) gdaw jl gl 5l S nl g YL
G il 0y b pladl o oz il (6550510 e
IS i) pows S5 lodl il 9 (oYU (slads g jl ool Caday
e gen Ll Cowddy y e sl Vo oye g by ZU
U iy 2 oo S5 oo aplodl j1 5 yo 1 ool canday
plosl L il dwlowe sy by U lawg 3l ()5 anan
TU 503 deas o by g6 00 Coow p3 028 35 ol
EU G 93 oo ggoome | S 0o 9 035 dpwlne Dy
el Conddy b

CE 3 pre ool b g ySejlul -0 S
Fig.5. Ultrasonic measurement of tree canopy volume

S S G ouldicd) Lo &d jo amaa (5 ymiSo Hla
Syl S
Seol o Sl ooliwl b i )5 w5 S0jlul 4y
YVe alol o oolyil @)goas odliiwl 3)50 sladiges jI S ya
S L )S 3 Seold claSes olr 3 s pte sl
oyt gmd S 3y Syl i S Sl et 055
h bide g ()5 o L abol (055 ©jgo a0 ¥
iyl i €8l > U5 JL) o s SaS
oS J5585,500 3)5 USB 0 oo ) g 039l oy
MATLAB J331 o5 (b JS3) 45 o Jiio 4l ¢ gl
Laodly (5l 5 cluiST Caa (aasud ably g5y p 0dd cuas



IYAF Jal Jlamowi ) 0 Lo O w5559l (sl pmiolo 4 piis Yo

Fig.6. (a) Distance to the external layout of the canopy, (b) Tree canopy diameter
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1- Gradient descent with momentum
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Fig.8. Detection area of ultrasonic sensor; (a) Cylindrical object, (b) Squared plane object
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Fig.9. Output ultrasonic sensors in static and move mode for locating the target position on 150 cm distance
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Table 2- RMS error of ultrasonic sensors on the tested distances
Saa dold
Distance of target (cm)

50 100 50 150 200 250
2.65 239 265 356 437 3.71

s layyo (0o pgdone 276 200 276 3.61 437 3.66
RMSE (cm) 203 212 203 348 435 3.64
b Showe oo sl 08l 5 40 917 248 355 436 3.67
Mean RMSE (cm)
Jhne Bl

o 0.39 0.20 0.39 0.07 0.01 0.04
Standard deviation




TY olis )0 e Wadigh (mestd e (Tl S S (o)

P9 Sool K by Sl clls 1> Bua 05 0> Cumbge =Y Jgaa
Table 3- Detecting position of the target in static mode by second ultrasonic sensor

Bas alold
Distance of target

Bad ol Cordgo
Actual position of the

9ol S bwgi ool Cawddy Cuxdge
The achievement position by ultrasonic

23 4l lal380 (5
Value of increasing of detection

(cm) target (cm) sensors (cm) area (cm)
50 85-165 81-167 6
100 85-165 81-163 2
150 85-165 78-162 4
200 85-165 71-169 18
250 85-165 62-165 23
Slaogas | slacgame i sl mas (BaSs I (B p0,Slee —€ Jgio
Table 4- Performance of ANN models for subsets of features
Slasuie =9 Al L L (oD i g b Olape (ko S
Features Output Topology Cross validation R Cross validation MSE Epochs
CD? (123, + CWP°( 23, + HS® HVRE? 7-10-1 0.923150 0.0040950 1000
CD (123 T CW(123 + HS HVRE 7-8-3-1 0.570500 0.0197350 1000
CD (123 + CW(23 + HS VRE® 7-4-1 0.039905 0.0745540 1000
CD (123 + CW(23 + HS VRE 7-15-1 0.027455 0.0714810 1000
CD (123 + CW(123)¢ + +CD (12,3
& > & VRE 13-15-1 0.862220 0.0070764 1000
CW23p + HS
CD (123 T CW(i 23+ +CD 123
- = i VRE 13-9-5-1 0.928550 0.0129950 1000
CW23p + HS
CD (123 T CWi 23+ +CD (123t
- = i VRE 13-16-7-1 0.983620 0.0027716 1000
CWa 3 + HS

" N - e e . d . . = 1. 1C . .. . . b .. .
CL: JS p.?be sL;l.;.Ia.u.w uLJl O¥9) A S )D [y gy CL: Luas we ‘J}‘OI)S )Sao Ja.«.uy ool Cawddy S D &LOJ)‘C WSS )D | yuandg) CL: OP)E S gy CL: /JaSa
ol £33 ey gl Cudy 9 99 SN e b o F il 5 Sgol Rus olad Sl T il s ibites Gloll 29y 4 €853 by
% Canopy diameter, ® Canopy width,” Canopy height, ¢ The half volume of the tree with rectangular element method, ® The volume of the
tree with rectangular element method, i indicates the number of ultrasonic sensors and f and b represent front and back of the tree canopy.
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et al., 1988; Jeon et al., 2011, Zaman and Salyani,
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i 58 llas (B Jodn) Ml o S o il </« YAYYA diges
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Table 5- Tree volume estimation with selected neural network

Aiged 8 ylowd
Specimen number

2 3 4 5

e e
Manual volume (m”)

S bawg 03] (eSS o>
Estimation volume with ANN (m?)
A (o5 (gl
Error (%)

s Sl je (ke jgdone
RMSE (m’)

0.7572 0.7440 0.9816 1.1196  0.3676

0.724111 0.761003 1.057930 1.106072 0.385506

2.29 7.78 -1.21 4.87

0.039278
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Tablel- Analysis of variance related to studied factors affecting sugar percentage after microwave treatment

i o Slayo ggona &35l 4y Slazpo Sl F SIS (e
Source of variation Sum of Square df Mean of square Sig.
e
o 378.310 2 189.155 396.394%* 0.000
Power
Sle oylej
g 3938.682 2 1969.341 4127.988 0.000
Retention time
Slo gl plgs
137.030 4 34.258 71.808** 0.000

Powerxretention time
s

8.587 18 0.577
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£ 40190.680 27
Total
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** Significant at 5% of probability level
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Table 2- HSD result (Tukey) for means comparison of three retention time in microwave treatment (o = 0.05)
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Fig.1. Effect of retention time on conversion percentage of bagasse to sugar
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Table 3- HSD result (Tukey) for means comparison of three microwave power treatment (o = 0.05)

(@) oly ol 295 1
Power Number Subset
1 2 3
170 9 A31.6800
450 9 B 36.6100
850 9 C 40.8400
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Table 4- Analysis of variance related to studied factors affecting sugar percentage after ozonolysis treatment

R & Slasye ggede @Mjlaayy  Oluye ke F &l Fxe
Source of variation Sum of Square df Mean of square Sig.
e clej 696.591 3 232.197 542.351%* 0.000

Retention time

' Cugby duoyd 283.743 2 141.871 331.374** 0.000
Moisture percentage

Slo ylosXCugby do)yd

Moisture percentage x 12.238 6 2.040 4.764** 0.002
time
ks 10.275 24 0.428
Error
S 127408.297 36
Total
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™ Significant at 5% of probability level
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Table 5- HSD result (Tukey) for means comparison of four ozonolysis treatment (o = 0.05)

(celw) wibo oyl Slasy bs”i 2
Retention time (hr) Number - u2 set .
1.5 9 A53.0835
2.5 9 B 57.1180
35 9 C 63.1827
4.5 EJ C 63.6467
Wodsturs
0 content (34)
B — a0
; — 50
: -=5
2
B3
&h
A
=
B 50

Conversion percent
.
[N
1

T T T r
15 15 5 45

Retention time (hrs)

2B 4 LBL has asp p a3l (b g (Bl cogb pdaw aw 31 -€ JSWS
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Fig.1. The designed electrostatic separator; (1) DC motor, (2) Nylon ribbon, (3) Woolen drum, (4) Rollers, (5) Place of
material tray, (6) Place of impurity tray
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Table 1- Analysis of variance of the effect of the trial factors on separated impurity and stigma losses

Olasyo (ibe
Mean of Square NN St Baio
AW Wl sailas aJBU df Source of variation
Stigma losses Separated impurity
ok ok 41‘0[5
1845.815 1951.272 2 .
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3121.815™ 3492.827" 2 QL"}
Time
744 444 1014.679 2 e
Speed
ek ek OLQ} x 41‘015
83.685 44.494 4 . .
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119.815 " 10.346 ° 4 S dholb
) ' Distance x Speed
* ek w)w x L')LA).
43.481 . 4 .
348 63.568 Time x Speed
39.185 5.346 8
Distance x Time x Speed
s
15.988™ 1.173™ 54
Error
80 £
Total
5.4 el
(%CV)

Dgrast ™ oy Vg0 Jlaisl pdaw 13 5w cedih s

EI

*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Fig.3. Mean comparison of different speeds, ribbon distances and times interaction effect on impurity separation
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Si: Supply and easy usage of tillage machine: Using these
machines are more easily.
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S,: Consistency with farm: It is consistent with the soil class,
the size of land and the lands slope.
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S;: High function: Deducting the time and consumption
energy, increasing the soil supper substances, saving the soil
humidity.
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O,: The existence of companies forgiving services: There are lots of
companies that can help by agricultural services and are supported
by agricultural organization.
S g g 3 39250 5l 5 S S 3 1 Sy Sl 110
Dy go 03> olaid] ol55oliS 4 (gL
O,: Bank’s loan: Beside the lack of job and high expenses of life, the
bank’s loan and services allocated to the farmers.
@595 4 Joled g dlpw g olox (5)5laS Sl ]S 9 4 LS g gl 103
sl a3l 21580
Os: The youth and their tendency to modernity: Increasing the
number of young farmers, their education and their tendency to
modern methods.

Weaknesses Wbz

S o S g 55 5 il b ol :SB il s W,
W1: The soil destruction.
Ao 28l g pgauw ¢ piio il Jud 51305 (o3l as ot oyl 4 :W,
W2: The machine expense: The machines have a lot of
expenses such as stable expense, variant, poisons.
Oygmo (S o LaolKiwd (ol oolitwl 5 wulais :opble mbas 4 5L5 :W3
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W3: Adjusting the machine: It is very hard to adjust and use
the machines.

Threats basagys
L5 9 Shdyly clpplo 1 el (eolaidl jasuie (g3 )aeby pas 1 Jgd Coles pas T
Y gae | ieud
T1: The lack of government support: The lack of exact planning such
as export, import and ensure purchase of crops.
)R dslllao 9= L;’>)L'> LSLQL)WL‘ C)‘D)‘ﬁ ZP)"Y d.a.o.’>u 9 LFQ‘S axlllas pis :Tz
D5 0 Oygo 98 | e Sleds g p3Y Clid (S
T2: The lack of qualitative study: Importing the machine has been
done without the study, qualitative analyzing, after selling services,
SO on.
g o J¥s j Sy cilyy Jole oS L3l g SasS 1ol (Sas 1T
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T3: Small size of land: The tendency to buy a land and doing the
proper agricultural functions has been decreased.

S5l yaol Judos oimd S5 Jalge =Y SIS
Fig.1. SWOT factors
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Table 1- The weight of criteria pair-wise comparisons

ke o9 200 (S Gl ol 5 poye gl om Sledd adle Cueid
Criteria weight Required power Machine width Services Machine prices
Frer }55”5," 0.655 0.208 0.050 0.087
Conventional tillage
Sl bles SinSE 0.522 0.095 0.338 0.045
Local conservation tillage
el Bl sy 0.613 0.048 0.065 0.274
Abroad conservation tillage
5)')’5%0"* 0.653 0.216 0.047 0.085
No-tillage
ok e 0.610 0.141 0.125 0.122

Average of criteria

o3> polaidl slagjg g ¥ Jgi) 45 plsl (olhe dlad 3l o 34805 oty 5 &8 Syl Juloo Jolge 5l 5y el 08 (pme (slajline (g 4 257 L
(Shrestha et al., 2004) cul V b ply alobo ya 15 (¢)lol drals Lawgs o
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Fig.2. SWOT-AHP hierarchy
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Fig.3. An example of comparison between criteria and factors
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Table 2- Final weight of systems

. Il Bl g5y95 B >, B Bl 5,056 . . Lailolw il
. . Local conservation Abroad conservation . Average of
Conventional tillage . . No-tillage
tillage tillage systems
S 0.101 0.080 0.080 0.058 0.080
S, 0.109 0.096 0.075 0.072 0.088
S; 0.135 0.091 0.091 0.053 0.092
< Silo
o 0.345 0.267 0.246 0.183 0.260
Average
W, 0.093 0.043 0.044 0.041 0.055
W, 0.098 0.073 0.094 0.074 0.085
W; 0.070 0.054 0.053 0.057 0.059
< Silo
o 0.261 0.170 0.191 0.172 0.199
Average
0O, 0.040 0.058 0.055 0.077 0.058
0O, 0.062 0.083 0.102 0.105 0.088
(O3 0.036 0.091 0.073 0.096 0.074
< Silo
o 0.138 0.232 0.230 0.278 0.220
Average
T, 0.026 0.066 0.050 0.105 0.062
T, 0.032 0.101 0.084 0.122 0.085
Ts 0.197 0.163 0.201 0.139 0.175
< Silo
o 0.255 0.330 0.335 0.366 0.322
Average
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Fig.4. Graphical interpretation of the results of pairwise comparisons of SWOT groups and factors in conventional
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Fig.5. Graphical interpretation of the results of pairwise comparisons of SWOT groups and factors in local conservation

tillage
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Fig.6. Graphical interpretation of the results of pairwise comparisons of SWOT groups and factors
in abroad conservation tillage
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Table 3- Ranking of tillage systems

Sl CBEL - pgwpe 5598 (Jlal Bl 555958 (28 B g5 g O] Ao
Selection of Conventional Local conservation Abroad conservation .
. . . No-tillage Result
system tillage tillage tillage
S 0.420 0.284 0.208 0.089 P20 5025 ,l’
Conventional tillage
S9SByeds
W 0.167 0.270 0.211 0.352 ]
No-tillage
0 0.036 0.144 0.221 0.599 6309 ,l’u’”‘
No-tillage
Py 535S
T 0.617 0.206 0.130 0.046

Conventional tillage

(18 S L) gl i g o

Synthesis with respect to Goal -select system (overall Inconsistency = 0.09)

Pgire
Conventional

Jab sl slolis
Local conservation

Abroad conservation

iyt sl 0.139 I

No tillage

0.465 |
0.22¢ I

Ls eal, bl

Th L R 167
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Fig.8. Ranking of tillage systems in Khodabandeh city
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Fig.1. Experimental field; (a) After primary plowing, (b) After experiment
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Table 2- ANOVA of the measured parameters affected by the experiment factors and their interaction
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Cud . -4 N B b .
K ,Lre ) 't oo oy TR f""" Syae Gl J&s G’”La: .gM e 131 Source of
K o Machine csol::;cl:fl:lc ﬁl;ll Bulk density asal ) df variation
Criterion Machine efﬁciency p (B.D) Clod mean welght
capacity (S.F.C) diameter (M.W.D)
ek ek ek *k EE3 L_{
0.00009 0.0070 0.03100 2.85 0.016 47.74 " 2 >
Block
*k *k s sk sk A oK, 5
0.00063 0.5520 0.00500 21.67 0.080 28.96 ™ 2 ( ), 2ey
Machine type (A)
(a) b
0.00006 0.0060 0.00800 1.81 0.008 9.30 4
Error (a)
sk sk sk sk sk B L_{ S Co
0.00012 0.0290 0.00400 6.67 0.085 44.08 ™ 2 (, ) l> 5
Soil moisture (B)
0.00004 ™ 0.0080 ™ 0.00040 " 178" 0.000009 ™ 36.37 " 4 BXA
s
0.000005 0.0003 0.00007 0.18 0.000600 39.79 12 )
Error (b)
Ol s g >
8.11 3.01 1.27 3.27 1.78 24.62 - Coefficient of
variation
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*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Table 3- Mean comparison of the measured parameters and K criterion affected by the treatments and their interaction”

GrSoilal sl (Soil moisture, d. b. weight) Swid 39 Sl p SB Cugb, olSid g8
Measured parameter (Mean) (pile  20.8-22.2%  22.2-23.6%  23.6-25.0% Machine type
bl iy Laogin 27.02 : 23.94° 30.92° 26.21°%  (Disk harrow) @Lw e

Clod mean weight 23.60 25.36° 23.01° 22.43% (Power harrow) ,LsslSuw
diameter 26254 29.99° 28.04° 20.73 ¢ (Rotary tiller) ,glss,
(mm) 26.43 A 27.324 23.124 (Mean) ;,Silke
0.65" 0.67"% 0.644¢ 0.64¢ (Disk harrow) _olady e
owile 035 0.63°¢ 0.67 0.61° 0.61° (Power harrow) ,LsslSw
Machine efficiency 0.68 4 0.70* 0.66 ° 0.68° (Rotary tiller) ,5le5s,
0.684 0.64° 0.64° (Mean) Sl
0428 0.39° 0.439 0.44 (Disk harrow) plac, e
owile o 0.85* 0.72° 0.92° 0.92° (Power harrow) L5l
Mac}‘(iﬁ‘aegﬁﬁamy 0.43° 0.39° 0.46° 0.43¢ (Rotary tiller) iy,
0.50® 0.60 4 0.60 4 (Mean) Sk
0.021 ¢ 0.019¢ 0.023 « 0.022°¢  (Disk harrow) sy ey
K )L““’ 0.0374 0.029° 0.041°% 0.042° (Power harrow) ,LsslSw
(h;(h'c‘;l.ziz(fﬁ") 0.025 ® 0.023 0.026 ™ 0.025 (Rotary tiller) ,slsgs,
0.024 B 0.030 * 0.030 * (Mean) S5l
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" Means of each experiment factor followed by the same letters in each row or column are not significantly different according to
Duncan's multiple range test at the 5% level of probability.
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Fig.3. Effects of soil moisture on; (a) Bulk density for each machin, (b) Bulk density
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Table 1- Mean values of gray levels in the images of bulk of paddy cultivars
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Table 2- Mean values of gray levels in the images of bulk of brown rice cultivars
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Table 3- Mean values of gray levels in the images of bulk of white rice cultivars
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" Error reduction in incorrect detection of background as sweet pepper by using algorithm containing texture index in comparison
with algorithm of color analysis
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Fig.2. (a) Original image, (b) Extracted oranges from image, (c) Extracted background from image
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2- Moving average (MA)

3- Multiplicative scatter correction (MSC)
4- Soluble solids content (SSC)

5- Titratable acidity (TA)

6- Tongue’s sensitivity constant

7- Hierarchical cluster analysis (HCA)

8- Euclidean distance
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1- Soft independent modeling of class analogies
(SIMCA)

2- Partial least squares (PLS)

3- Leave-one-out cross validation

4- Latent variables (LVs)

5- Root mean square error of cross validation
(RMSECV)

6- Principal component analysis (PCA)
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Table 1- SIMCA classification results for discrimination of oranges according to their taste based on developed PLS
models of each class

v YA wab ¢d
ks LVs RMSECV r. () ssiasi > False negative False positive
Variety Classification accuracy (%)
Lol 5 0.44 0.86 97.06 0 0
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Thomson
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Table 2- SIMCA classification results for discrimination of oranges having the same taste based on NIR spectra

.l PCs () v o False negative False positive
Variety Classification accuracy (%)

Ll 3 91.67 0 0
Valencia

Oguels 6 100 0 0

Thomson
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Table 1- Gas sensor array of the e-nose
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Fig.3. Sensor array circuit in the e-nose system designed
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Fig.2. (a) Top view of bruised area, (b) Cross-sectional views of the bruised area
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Table 1- ANOVA of main factors and their interaction effects on bruise area and volume of apples

Olay po (pile
BYve iy IV 3 Mean of square
o &3l as = e .
Source of variation L VCIURE S Caluw
df . 3 . 2
Bruise volume (mm”) Bruise area (mm°)
~ 2 61387214417 206201.004™
Variety (A)
295 g 3 11380000.000 635305.179™
Type of level collision (B)
by ?w" 5 13950000.000™ 723750.019™
Drop height (C)
b 3 X X 5 *k *k
255 T i X e 6 464211.080 13907.523
BxA
Jﬁ 2 Lw ‘X 5 *ok *ok
P ERIH S 10 558575.627 7755.627
CxA
b £lis)] x 3,95 : - o
o QWX 295 o i 15 982281.022 27574214
CxB
bgdw 87,1 x 3,43 > X 8
P QX 2255 g e X ) 30 190668.070™ 3264.111™
Cx B xA
(ks 216 9381.524 391.243
Error
S 288
Total

Dgmaps ™ oy V Jlais] pdaw 3 I3 gme
Significant at 1% of probability levels, ™ Non. Significant
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Table 2- The results of compared volume and area bruising for three varieties of apples

o 03 SR Coalue SRS o
Variety of apple Bruise area (mm®) Bruise volume (mm®)
e 190.93° 608.63°
Golden Delicious
Fa ) 242.28° 933.75°
Red Delicious
ol 58
Gl S 149.78° 435.69°
Granny Smith

(Sl (glaels wiz y90]) 35,05 (6l5 dno o9l duo > O g )3y y2 )3 Sy CooMe b (b Silio
Means with the same symbol are not significantly different at 5% level according to Duncan's multiple range test

).) 90.)9_5 )J'Pﬁlﬁa (.$'>)l> Lgl.tb)l) ).)l).) ).) Axma.c J)}A [Svew) W'.é) dw
3 Jrols @l b doeds (pl WS (o0 429 ]y (55068 (S8 40
o it 4l e 4 S (Masoudi et al., 2007) i)l S
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Table 3- The results of compared volume and area bruising for four type of collision

5,95 1 s (g NS Co b S o
Type of level collision Bruise area (mm®) Bruise volume (mm®)
sl 251.55° 946.79°
Wood
0 i S |o8
258 Sl o) lghe 103.30° 151.15°
Cardboard on plastic
Jd B (s e 295.91¢ 1049.58°
Rubber on steel
i 126.57° 389.90°
Apple

0328 Sty (55 2 oo 5 il 5y5 Sy 2 485 )8 dans
P s (Sl Gline 53 35 e e dipei] Jao
o 93 uin 8l a0l sy (KidgS g cunl o a8l
il e
ELB)) 5 s o8y iSen o lie Sl (5:0ke dnlie
VoV sladSd 3 cuifd (K85 v 5 gaw (e 2 bode

FOM YW

ol s 05 2bm] (SBS w0 g o ¥ Jgi Bullae

adang LaS odg jlde b (gyld laio 5 s cogn cdownd
Blg 2 Cuwl a4 g8 BB s cund golaw dwgiwY] Joto polis
WVl Joion (50 b (ol &5 0300 (LS Z9d94 ulis
4GS (SBsS ojlal 5V (65l Cla b )b aomis )5 g S
@ S (6 508 AoV Jodo dousd iz 42 )51 080 0
Aiile S pe pola s Ly alaily o Lol o)y oSl s 9 (29> el



VYV 1ol slacums (SiboS 35595 5 b 9 bgiw g5yl il gy

450 A
400 A
350 -
300 -
250 -

..
200 —fll— Red Delicious

Golden Delicious

== Granny Smith

Bruise area (mm?)
I
(=)

—

(=

(=)
1

W
(=
1

o b

15 25 35 45 55

Drop height (cm)

SIS sy b 6165 5 08y Mo 5 slossSibeo Y S

Fig.3. Means of interaction between varieties and drop height on bruising area
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Fig.4. Means of interaction between varieties and drop height on bruising volume
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Fig.5. Means of interaction between drop height and type of level collision on bruising volume
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Fig.6. Means of interaction between drop height and type of level collision on bruising area
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Table 4- Constant coefficient values for the prediction of area bruising Golden Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
sl -0.0011 1.5169 -65.579 0.966
Wood
0 i S [P
2738 Stdh ) e 0.0040 0.6526 -50.037 0.934
Cardboard on plastic
Sl Gog 59 dod -0.0012 1.6131 -57.380 0.964
Rubber on steel
OFle -0.0009 1.0753 -59.072 0.993
Apple fixed
S e h -0.0007 0.7971 -43.912 0.993
Apple moving
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Table 5- Constant coefficient values for the prediction of area bruising Red Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
sl -0.0012 1.7146 -63.470 0.977
Wood
28 Sl 59 e -0.0060 0.8398 -63.799 0.925
Cardboard on plastic
Sl g (59 s -0.0005 1.2493 53.017 0.980
Rubber on steel
OFle 0.0006 0.4822 33.438 0.961
Apple fixed
S e e 0.0004 0.3744 24.126 0.959

Apple moving
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Table 6- Constant coefficient values for the prediction of area bruising Granny Smith apple on the drop height

2,9 3 ghaw i a b ¢ R?
Type of level collision
Sk -0.0001 1.2205 -43.808 0.982
Wood
o288 Kkl sy e 0.0006 0.1301 -23.779 0.899
Cardboard on plastic
el 39 59 dens -0.0003 0.9414 -18.611 0.946
Rubber on steel
Sl 0.0003 0.6349 -45.375 0.966
Apple fixed
S e o
T e -0.0002 0.4627 -33.421 0.968
Apple moving
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Table 7- Constant coefficient values for the prediction of volume bruising Golden Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
4l 0.00029 2.3846 -147.590 0.995
Wood
033 Setodly (¢, lod
S8 O 9 e 0.00150 0.1748 35.894 0.970
Cardboard on plastic
il Grg sy 4o 0.00310 2.7840 -122.820 0.974
Rubber on steel
o o -0.00170 2.5060 -162.900 0.968
Apple fixed
S o [Evow)
ST e 0.00130 1.8837 -121.990 0.968
Apple moving
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Table 8- Constant coefficient values for the prediction of volume bruising Red Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
4l 0.0106 0.1792 37.248 0.983
Wood
0 pid S |
278 Sl 59, lyie 0.0019 0.7838 99.116 0.955
Cardboard on plastic
N e -0.0026 5.7706 -63.631 0.978
Rubber on steel
o o 0.0050 0.9079 16.781 0.978
Apple fixed
S o [Evow]
o 0.0037 0.6831 12.310 0.978

Apple moving
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Table 9- Constant coefficient values for the prediction of volume bruising Granny Smith apple on the drop height

5,95 ) g (i

a b c R?
Type of level collision
4 0.0015 1.6249 -49.794 0.984
Wood
03 yuid Sw lod
SRS ek 9) 9 0.0023 -0.2257 -14.080 0.953
Cardboard on plastic
. l . .-
Sl Gog 59 dod 0.0023 1.1583 -35.891 0.984
Rubber on steel
oo 0.0019 0.4459 60.024 0.968
Apple fixed
L_fpg.o" [ESew)
o 0.0014 0.4433 -45.018 0.968
Apple moving
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Table 10- Constant coefficient values for the prediction
of volume bruising based on the area of intuition

bruising
~) a b c R?
Variety
)Mbu’ds 0.0082 0.7341 4.7345 0.987
Golden Delicious
s 3,
0.0038 2.7330 -68.818 0.902

Red Delicious

Caoul 51,5
i “’J;, 0.0053 1.6958 -12.895 0.962
Granny Smith

&bo
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Table 1- Analysis of variance of the factors effect on time, energy consumption and solar fraction

Olaspo (pbe
Mean of square sl as ,d 2 A
\—i ES | ‘\Y P ST MW
TN G 9> S e Vel J5 &5 obj df Source of variation
Solar fraction x10 Energy consumption x10" Time
Hok Hk ns o>
58.71 6.87 2166.6 2
Temperature
*ok *x *k o3ll
8.22 20.03 13616.66 2 . I
Size (cm)
sk sk sk 4 u_i..» t.aJl>
56.92 124.19 91266.6 1 UM,
Drying mode
5 Sz o x Jguazeo o3l
0.0018"™ 171" 316.66™ 1 ok - Xpae o
Size x Drying mode
s Sais el xle
6.19™ 0.63™ 116.66™ 2 o .
Temperature x Drying mode
o3l xLe
3.16™ 76.18™ 91.66™ 4 Jyazme ojlal xlo>
Temperature x Size
o3l x s Sis el xlo
472 65.07™ 291.66™ 4 Jyae il o e
Temperature X Drying mode X Size
s
31.99™ 34.15™ 25800™ 36
Error

Digmase ™ oy V Jlais] gdaw 5 5 gme
** Significant at 1% of probability levels, ™ Non. Significant

Brae 55 p Ghalesl laysS1h il gslaw 51-Y Jgaa
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Fig.5. Effect of different drying condition on dryer efficiency
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Table 1- Experimental design for hot air dryer
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70 3
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Table 2- Experimental design for vacuum dryer
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Table 3- ANOVA results for the effect of temperature on shrinkage in hot air dryer

F Olrg o puSilo @3l ey R Je
F-value Mean of square df Source of variation
420 45.63 2 .
Temperature
- 10.85 6 lesl sl
Error
1.80 19.55 8 £
Total

Dgmast ™ oy Vg0 Jlaisl pdaw 13 5 e cudih s

T

*"* Significant at 5% and 1% of probability levels, respectively, " Non. Significant
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Table 4- ANOVA results for the effects of temperature and vacuum on shrinkage in vacuum dryer

F Olagpo (0o Olayo ggome (53151 aa JWE PN
F-value Mean of square Sum of square df Source of variation
2.66° 15.72 31.45 2 L
Temperature
10.86" 64.13 128.26 2 .
Vacuum
x s
0.49™ 2.94 11.76 4 L2k
VacuumxTemperature
s
-- 5.90 106.27 18
Error
-- -- 277.75 26 S
Total

Dgmapt ™ o Vg0 Jlaisl pdaw 13 5 i cudih s

T

*"* Significant at 5% and 1% of probability levels, respectively, " Non. Significant
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Fig.3. The effect of vacuum on shrinkage
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Table 5- Comparison of shrinkage in different
temperature and vacuum levels by LSD method

(30 3) cruSileo (45) L
Means (%) Temperature (Vacuum)
46.83° 50 (30)
44.18% 70 (30)
42.27% 70 (20)
42.18" 60 (30)
41.99% 50 (20)
40.23% 60 (20)
39.77° 50 (10)
39.10° 70 (10)
38.12¢ 60 (10)

b re OS] itk S o By b B> ()b &S oo Sle
Means with the same letter or letters are not significantly
different.
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Table 6- ANOVA results for the effects of tem

perature on dehydration in hot air dryer

F Ol o (Sl ©lagpo Egoore NZJETSE PREFI
F-value Mean of square Sum of square df Source of variation
* LQ
5.64 0.18 0.36 2 >
Temperature
lojl (sllas
- 0.03 0.19 6 el
Error
0.04" - 0.55 8 S
Total

Dgmast ™ o Vg0 Jlaisl pdaw )3 5 e cudih s

T

*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Table 7- Comparison of dehydration in different temperature levels by LSD method

Mean Temperature treatment (°C)
4.94* 70
4.74% 60
4.45° 50

0l ire OS] itk S o By b B ()b &S oo Sbe

Means with the same letter or letters are not significantly different.
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Table 8- ANOVA results for the effects of temperature and vacuum on dehydration in vacuum dryer

F Ol po (ile Sl o g900m0 @33l @y B
F-value Mean of square Sum of square df Source of variation
0.0140° 5.400 0.78 2 -

Temperature

£ 345

0.0001 52.400 7.59 2
Vacuum

. loax s

0.3600 3.220 0.93 4 °
Temperaturex Vacuum
las

- 0.072 1.30 18

Error
0.0001%* — 10.63 26 &
Total

Dgmant ™ oy Vg0 Jlainl pdaw 13 5w cudih s

T

*"* Significant at 5% and 1% of probability levels, respectively, " Non. Significant
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Table 9- ANOVA results for the effect of temperature on energy consumption in hot air dryer
F Slaye (be Slas e ggoine @3l a2y 3 Eio
F-value Mean of square Sum of square df Source of variation
64.66" 66.12 13225 2 >
Temperature
----- 1.02 6.13 6 lesl sl
Error
0.0001** 138.39 8 5
Total
Poigmeps ™ o> Vg 0 Jlis] pdaw 3 I3 ee cuiih g
*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Table10- Comparison of energy consumption in hot air drying by LSD method

el BIY
Means (kW kg'l) Treatment
32.26" 50
30.50° 60
23.77° 70

b e M) itk S o By b B> ()b &S oo Ske
Means with the same letter or letters are not significantly different.
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Table 11- ANOVA results for the effects of temperature and vacuum on energy consumption in vacuum dryer

F Slasye (b ©laspo ggooze &3l a2y 55 Eio
F-value Mean of square Sum of square df Source of variation
28.69" 87.42 174.85 2 >

Temperature
e SA&
28.40 86.55 173.11 2
Vacuum
X M3
41 12.52 50.11 4 L
Temperaturex Vacuum
s
- 3.04 54.58 18
Error
0.00017* — 452.93 26 5
Total

Poigmeps ™ o> Vg 0 Jlois] pdaw 3 3 ee cuiih g
", Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Fig.5. Interaction effects of vacuum and temperature on energy consumption
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Fig.1. Vibro-fluidized bed heat pump dryer; (a) Overall picture, (b) Heat pump system, (c) Vibration system, (1) Fan,
(2) Heater, (3) Control system, (4) Evaporator, (5) Condenser, (6) Plenum, (7) Vibration system
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Fig.2. Variations in moisture ratio with drying time for mint leaves dehydrated by two drying methods at different air-
drying temperatures; (a) Heat pump, (b) Non-heat pump
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Fig.3. Variation in drying rate with moisture content for mint leaves dehydrated by two drying methods at different air-
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Table 1- Values of effective moisture diffusivity of mint leaves dehydrated by two drying methods at different air-
drying temperatures
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Fig.4. Effect of air temperature on moisture diffusivity for mint leaves dehydrated by two methods; (a) Heat pump, (b)
Non-heat pump
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Table 3- Values of the heat pump performance
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Temperature (°C)  Coefficient of performance MER (kg h™") SMER (kg kW' h™
40 232 0.020 0.054
50 2.55 0.030 0.081
60 3.69 0.102 0.273
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Table 4- Values of energy consumption for the dryer system
O Suid oy 5 (A s (6501 Sl
Mean values the total energy consumption of the dryer (W)
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Temperature (°C) Heat pump Non-heat pump
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50 256.6 303.0
60 273.4 3343
& 9 Casby e £ eyl oy (i cdillas (e S oS A

S 5oty 8l 81 Los il b 35 o2y Caghy s

9 2l QLBLS (19,5 St 4 3505 (6 pS e iz Jlye
Jdoan ()l caey bolpen jglid st (b9 & glias jolas jlase
,\J)s O 2 il Gpas Hials el (s Sl loj ials

10.
11.

12.

13.

14.

15.

16.

17.

29U Y () o gl (SladS 1y (b SiS St

2 bies (i s oS s lis Sl e 4 jaome i)
Ol bod Sl38 L 350 585y Bl o 3] Jg5 25 0)90
Do wlieoly o glyyead (555 polis odgamme 3 g0l s

ST o el L 1 6ol gl Sy pmlyiS 55

&bo

AOAC. 1990. Official Method of Analysis. Washington, D. C. Association of Official Analytical
Chemists (No. 934.06).

Colak, N., E. Kuzgunkaya, and A. Hepbasli. 2008. Exergetic assessment of drying of mint leaves in a
heat pump dryer. Journal of Food Processing Engineering 31: 281-298.

Crank, J. 1975. The Mathematics of Diffusion (2nd ed.). UK: Oxford Clarendon Press.

Dimattia, D. G., P. R. Amyotte, and F. Hamdullahpur. 1997. Slugging characteristics of group D
particles in fluidized beds. Canadian Journal of Chemistry Engineering 75: 452-459.

Doymaz, 1. 2004. Convective air drying characteristics of thin layer carrots. Journal of Food
Engineering 61: 359-364.

Doymaz, 1. 2006. Thin layer drying behavior of mint leaves. Journal of Food Engineering 74: 370-375.
Erenturk, S., M. S. Gulaboglu, and S. Gultekin. 2004. The thin layer drying characteristics of rosehip.
Biosystems Engineering 89: 159-166.

Ethmane Kane, C. S., M. A. O. Sid’Ahmed, and M. Kouhila. 2009. Evaluation of drying parameters and
sorption isotherms of mint leaves (M. pulegium). Revue des Energies Renouvelables 12: 449-470.
Fatouh, M., M. N. Metwally, A. B. Helali, and M. H. Shedid. 2006. Herbs drying using a heat pump
dryer. Energy Conversion and Management 47: 2629-2643.

Hodgett, D. L. 1976. Efficient drying using heat pump. Chemistry Engineering 1976: 510-522.

Kadam, D. M., R. K. Goyal, K. K. Singh, and M. K. Gupta. 2011. Thin layer convective drying of mint
leaves. Journal of Medicinal Plants Research 5: 164-170.

Kaymak-Ertekin, F. 2002. Drying and rehydrating kinetics of green and red peppers. Journal of Food
Science 67: 168-175.

Kuzgunkaya, E. H., and A. Hepbasli. 2007. Exergetic performance assessment of a ground-source heat
pump drying system. International Journal of Energy Research 31: 760-777.

Lopez, A., A. Iguaz, A. Esnoz, and P. Virseda. 2000. Thin layer drying behavior of vegetable wastes
from wholesale market. Drying Technology 18: 995-1006.

Maskan, A., S. Kaya, and M. Maskan. 2002. Hot air and sun drying of grape leather (pestil). Journal of
Food Engineering 54: 81-88.

Midilli, A. 2001. Determination of pistachio drying behavior and conditions in solar drying systems.
International Journal of Energy Research 25: 715-725.

Moreno, R., R. Rios, and H. Calbucura. 2000. Batch vibrating fluid bed dryer for sawdust particles:
experimental results. Drying Technology 18: 1481-1493.



WA ol St ) 0 yants B ol c(55y9liS ooomile 4y pis  VFY

18.

19.

20.

21.

22.

23.

Oktay, Z., and A. Hepbasli. 2003. Performance evaluation of a heat pump assisted mechanical opener
dryer. Energy Conversion and Management 44: 1193-1207.

Pahlavanzadeh, H. 1998. Drying: principles, applications and design. By: Strumilp, C., and T. Kudra.
Tarbiat Modarres University, Tehran, Iran. (In Farsi).

Panchariya, P. C., D. Popovic, and A. L. Sharma. 2002. Thin-layer modeling of black tea drying
process. Journal of Food Engineering 52: 349-357.

Park, K. J., Z. Vohnikova, and F. P. R. Brod. 2002. Evaluation of drying parameters and desorption
isotherms of garden mint leaves (Mentha crispa. L.). Journal of Food Engineering 51: 193-199.

Simal, S., A. Mulet, J. Tarrazo, and C. Rosello. 1996. Drying models for green peas. Food Chemistry
55:121-128.

Topuz, A., M. Gur, and M. Z. Gul. 2004. An experimental and numerical study of fluidized bed drying
of hazelnuts. Applied Thermal Engineering 24: 1535-1547.



Journal of Agricultural Machinery
Vol. 5, No. 1, Spring - Summer 2015, p. 163-171

B

RIS s e

639 sl iilo 4y yld

iy PY-IVY (o TAE Jsl Jluans o) 0)leis o sl

G% J'..Li J| ob\.élm‘).\ e.,\JJb;..ﬁez.odLA%Lc}J‘puAﬁ "J‘J 6\.&}}:3 M%LEA

MF399 ; MF285 sl 451 5

0 . . 13 . . Y . #Y \ N
a|‘,:’r.<.:a Cﬁ‘“‘_ 05 S (Ghgs — 6:@“" Cﬁ‘“‘_ ’J”’)ﬁ:“'"ﬁ'ﬁ L dases — f)bu.:....-»
AYVIY rcdlyys o
ay/a/vy u\)).)_\.: @)b'

LRVCES

M rp )90 SIS Pl 815 0aiily posliagd (waildlsS g gl pgestsS s S dlide a2l (598 GBS (w2

92 L 9313 (6508 gy gl g (59 VA 5 Y s oy iS5 nl )3 (6 S @S (sl S5 3090 (59505 485 Dyg0 (slags pSojl]
3 aAliae duw yn )3 6 SEMS 1 e colyiul il £e g SEMS sl £ o ¥l am 5 wiliw] LEalS s s dxe doyd K praw )3 9815
o 9 o 0 Sloj Jolgd den y3 Bl 3)0 wlil (galS ke p 65 @M L5l sl cansay MF399 46815 5l iy MF285 4815
Sl 00)ly g9y ialS (gl g oo dladuiig Ll 3 gy i (S0 dliae g3 3l a1 93 o )3 poylies) gl yleS dlae (5 (6,5 EMS
Ot 9 JUBS] e 398 00 Slaitin ) cnl sl 205 @90 55815 cnl S @S p38le 3 p5Y Mol MEF28S 55815 (65 &S

ol Bd & olas 5 lo LalBl g do s Hlan 5l s Yo
Takala and Niu, 2003; Niu, ) 59, o ;i b g)les g coles
awg Jlo > glo)giS 3 (5)sltS a5l (S 2010
=>hb a8 coul (5sliS la il Slige 5 W55 5> (aio
Solbaxl ()b 1)l Billad )l el b Il 5 mile
Ose (5598 sl ile L)gi (8, (sLad pas 5 (35
St Ly o |y ol 5 6yt sl & S5l 09515
9 $i9itS Loyl (pmasie ()L Sen &S djlo g0 d2lge
el o 3geeS g Mo (l B (gl ) aunagiss )|
S35 0380 (somw 4 &S > LY 5l (S 0jlgen
ol 015 st 6559 bbb o g s tmlS
UiyiwS dsdang b 5o sl oWl . (Almassi et al., 2008)
y3 (255188 Ciliee Sliles 53 g3l g b ppiile glyil 51 oslizl
sbaclan g o2)lse 9 ) (B 4 bgye cladi o o 258
Gl 03, S oy ials i g swwd Gygods I8 ploal 5 b
5 odlaiwl 2y50 (sla puile 5 Clgdl I Sy aS cwl b jo oyl
L L tle ks pis 1wl bl Jy¥5 4y (655l i
3)9 adlate § Joazme ()951l) 00l sba Sy 9 Cluogad

Do a6 S4By e 5l 6 xS NS p5le ;o Sund 5 Iy

alae 0l 5515 1osSl ¢ 05355, 15 0IS” s Ld231g

-

LV R

Wby gl y9iS ) Loyt (St J S ipgliS

Camli o 9y copl 3wl gimiis dawgs s )0 (glaygdS 5 (miuo
slaclad 1o SwgoS )l Gl um g loladl Lo 5,8 &
PLS dag sl ()90 000 (I3l 9 (S0 Ll dgme o] e
P Alo ya LS Ml olojle 3,00y 3o (ILO, 2012) 5
9 b @aly> s ] 093 o ) (gdes YT 2905 (e
0l a3 3T e o s S U sl e
YYV Loy S o dllw yo 45 dad o s Ve o ¥ Jlo cleMb]
e £t i 5o aen 15+ 5 i 43l (ele
Jlo 3 byl e buwgs 0uds plol adlles b &S oyl e

9928 LD gy (poike 095 b)) (i)l il —0 5
hpgk Sy slacl g plamgn (wdine 09)5 il g ol ¥ ¥
e (5009338 oIS ((55ygliS 01l 555l sl pmtle

(Email: abaspour@um.ac.ir 2 e oA — )
e (Sbjy polle oKl (38 b 095 Jlaliwl -F



WAF ol Jlmas ) 0 5lacs B ol c(559lcS oomisle s pis 1 FF

World Bank, 2003; Brian and ) cewl 5l b 35 o)
! (Kienzle, 2006; Saiedirad and Parhizgar, 2011
P NS il o dwejpbl g glp cuSl plaw bauwgio diges
@l 55 >4 .(Nikkhah et al., 2015) cowl LiSa /A dg0e
el plosl 5y Colin o 950 el oly5 S
a5l Gias ool wl pili e cpoj S5 1 j0 15815 b (6,9l
il =8 o ) A4S G (SB a3l gle b g e @S
2 (il 9800 chelie )55l 36 (Sius 5 Sa WSk
0P paTie g ()ge Ay 53 Sliaa nl 5l PS4
By BIF las ol Fho (Bl G2 Mt dbml Jalge
b 000 el 3815 YFOAAR I (65)9liS (gl 551800 dnangs
355135 4 baye Lol o3 BY dads 13 WWYI-AR gla Lo
ME399 ;5815 a0 basyo jlade oyl duoyd> A dgis )5 9 MF285
Elo=l o 3 1) W8 Glise cn i )9S5 93 cal S gy
Agriculture Jahad Mechanization ) u5)l> ol ;3 b, exS1,5
w0l b yS30)lg0 o535 Las 3 L (Development Center, 2012
Ad_aed w0l slagys oy da s )l Gu s
3 (3b 01ly pg)leg) g1 oleS g (wgr ol (gentsS g ymul8
Jghiie (sla 5515 & MF399 5 MF285 (¢la ):S1,5 (4,5 M
a oladaly adl) g imen g liuwd Gl (6)5liS dnols jo
Sty Ly LaygiST5 ol @ (locanlite 5 (lodinge yolate

Cwl o‘ Olf.\.‘dl) @AMM:

L ydg; g 390
SrSasa Ghg)

Wl 0 0315 i (V) dlasly j5 a8 1,868 Sy 5l ealawl b
Cochran, Snedecor and) i s , 45 Ve diged ol 3l slaas

doss )D 34855 pl 2 dog> g Mpuiie I ddlllas 350 31,81 (1980
plodl dputio g yd oKy (gjy5liS 2aisly 3 VYAY Jlo Jsf

~ N(sxty \
TN D EH(sxt) ®)
d:j__s (v)
n

wogdhe Jlomsl cobyd nols jlro CBlysul 50 i s (/A0
.c,wlad%;pqunﬁwl? WN

9 J—iolio )l g bt gy Jplad g i g
2558155 =S Jlag Hl ouldiesl alSha oudil y sladaaals

it Jaol cule) pae g olSiwd gusrs Glogdais pae sl
s Dot rgo o5l O30 5o b Saogisf ) 5
as (S 9040 Do O‘ 38 5l U_M:b slaglbos 9 uo')]}; 9
= Sl SYMB 8565 g 0l (slaan] b b o8y e
oS gles oyidy cws §l Jols o gotas o5 L Ly | SMae
EMane 0,55 550 5 (S g Sl slacaw] daan o i3l
Mohammadi Zeidi ) cul ixio sloysis j3 (glad > cuiligg
b (oM Sl sy o 5 glaie 51 YMeS] ) (et al., 2010
P Ggeben o3 (59, 4 Canl (0355 ) caunlitel ()8 Lol 5l
IS oy 31 g5yl ados | (g)LS sl iy dan jo
Do oo wlus] yol (pl ds a5 g5 pg3) a5 (Niu, 2010)

L poadinne yobody (55)ldS” i 5> &S (plels I (g S
19815 elmos iy ciiuwd bL)l j> calisee lgdl o L puile
g cblS &G el )3 by, ol Mg (gg)y p adllae p> sl o
Olsean (55)sltS glapile Ly (65)5liS SV gasme ety
clacaw! adlae ol 3 as (5155 ol5,0lES cudld oy 5wl p
Siwd gy S joguadds g b S ol el ol 5l sl
» laddlas y> . (Fathallah, 2010) 65405 pMel (g yms g 0508
aw p GBaly Glul 4 63815 45l SB35 5T g,
e AV bwgio e 4 ) abul 4 ol diws Cles plos
S-Sy Cunsg aS oy il odg Dy bylyils o Ve IS
Olise adlys Sl (Sl sloo oy 4nsd g 5b s 5 o> L SSEU]
ol b )8 el 1y p )5 bl jo Ve SIVIVD oy s lawsio
353 yoS slagylon (glaslles > .(Bhoi et al., 2007) s8
Ghird i 3 55 B e sipaliS (sla g1y
A Glts gl (855 )3 (g 390 LiS 5 Cumdg 9 o4 S
ol 5503 05,8 5 sy I, ot 39 08 355 ol
.(Bovenzi and Betta, 1994) 35 «aisls o3 pbol 1y cllad

25515 (BAly (o955 )| Cunadg g5y 2 SWlae a2 )51
U bl s ddon 3l (03)lge oy Lol ol a8 )8 ¢y
8 oM culiol bins Cundy 3 drols j pid oyl licen
U coss sl oyl L sew Ll g o opl Blas )l
el el 235 5 52,5 b Sis ool (Ll iy
53 S8l ol ()8 bl Al oy (IS5 L Gl 550
o adllas 50 ldlyin cilises bl )3 5 cilies clapypile
90 3l yieS vl Lid gl50 IS 51 ao o AD Dgas (3 0,5 18
Bl st > Slae Sl iy bl o5 5 LS
1 ShogsS oy crSlle pla s bawgio NS 0 )8 S sS

1- Musculoskeletal disorders (MSDs)



VPO sl yesSTy @S Jloy 31 ool 43 susily coiin (gazmalo g Juolio 10 lg (Lo g i Ao

o3 LS e 53 wliwl ialS g conl 4Lild awyp 390 dlae
ool dod 53 391 45815 oaidly alae (6,52 MS Somb b
Og—o3l 3y9—o (ZIS o) Cn oo yd cstiie s
o clio Loy olss culey b g pSojll o wlas S 13
25515 @ &Sl arg b CdS O ppe iz (slaiole]]
5l u“"l‘ ‘_;Ilo.bl sles dﬁf}b L;I)_; Caw d]d‘b)" 99 MF285
b ol (PTO) 3015 e &t by o5 g3 g el e Jlc!
o (53, 5 il gy Jloel 1 Ly 5 6 gl s 5
e 3 2y50 09565 503l Gl Ad 6y 5l 5@ Py
90910l b S (oS o e OO sl Jobo 4 Lanly 28 S
A oslil by )lth v b b LialS 28,8 8 g
3ys0 y& HTE-5000 Jao jlid — S cond ol&uwd jl ookl b
SIS S35 Gaso 2} 5 1205 (o) iy
Jdod 5 a4 o0 IMPA 581 6 35 il eolaiiwl b bosls ads yasuiie
lowm colpwla b Fe jla s g o Sed s a b s &
t oyo—esl 5l eoliial b 95815 93,5 &l5 aw Mae j> (6 SEWS

A5 gyt oad Cs Slaalie Jhey 4 b pSile duglie

i adlllae cpl 53 S BMI (adli 9 48 (59 (nSlee
b yo gulis i duwlxe YV/A) kg m™ AVY/FY cm SY/VY kg
Ol 55815 93 (] )3 6 RS e Sl 2)90 S90S xSl 4
Iy ME285 9815 5L 3)90 605 g S (905 &5 31
i 4 5555155 95 ol > S ENS el &S s ysbods 35 MF399
Sk o Sl laddllas )3 59 Lo 5y (gs YA+ 5 VY
W dogl 9 A IS e FIY 9 SO iy ca g cul,
VA 9V cian 1ol @ g oy sl S oo g0 ST
s MF285 ;55815 o5 , » (Mehta et al., 2007) o il ys
SlEe ()15 53 0ad aogi Glise I sy 590 MF399
LaygiS1y ol amd oo (Ui & cdilel o Bpan (5SS sl
LeMbl Y Jain 53 S e Jlasl o5, 4 b yliel Lz
255515 95 L e 5 0l 95l 62518 gl avalie 4 by
5315 eS8 sl slee -l 005 03,51 MF399 5 MF285
5 0 duwbxo 4 3 YFA/AY o AWY/AY i s b yeiSTys opl )
oo yd S s 53 5958155 93 3 95 gl 665518 agly glas
A Al > bxe

8- Paired observations

o3 ld @uln Jdoo 5 4500 4 S8 jslatedy adlllas (pl 5o
81l o 5 o s g3 5 5 seSeslal 331 g 5 25 SBMI
2,8 S5 08 g (59 dunlie (gl iomiw BMI 23 ll .08 )3 )18
j S dae ol (8T 06 oo Al (V) )y 34k 5l aS cl
O BMI s L el ouds a5l 208 5,8 50 csl YA/
YO 5l i BMI (23l ol sds 59 (slize 40 YF/A YA/
Sl (Bla 5 0jg Ll Sl cspa Ve 5l Gla— g
& 9 )y «o5lj sladsl; (Jaworowska and Bazylak, 2009)
haldls i Sl s il eolar wl b WSS pKin o By b

A g S ol

)

BMI= — (v)

A9

ol o s 2 38 9 SS9 (V) by 3 oS
0903l 2590 2,8 2 sl i) (Jaio Cunsg ISl Bl jolateas
sloialy 5l o3liul Uy g g (ol ol Jiio (53505 4lols
Sl olwlyy (8l alols g oaiily Juio ety 3 00d gy
oS 13,3 aliwl e (gl S iy 3131 TS ytagag 5l
g 5 355 1) iglgsy LEG-5005 Jao 5550 o b oS
dw Gy Loy ad 03litul e yio Jeo ¥F/VD gy alaie
Tpssbang) Lo linlsS Ly Bl 4l 13) ugeriaS g ulS abiae
B oy s slaigd dlse) " egly g (508 40 )
39 45 039 Js (s dlids pogeatSs ulS 43 plosl (3
p3slens) g IS el d BB o cils 5o Sl s (] s
5 ol IS 53 5l (508 Jolho 5 )3 oo gldliae
a5 3) iz ol 4 o 03) S sl
by sllae sl )l b 8 ol (A5 o8 g (e
Caomd 59y ot dalllan 45 o] Cand dus ) &S 5o iy YL
Kendall, 1993; McGill, ) cusl 48,5 &0 upper trapezius

.(1996; Simons et al., 1999; Bull et al., 1989
Fog S oliws b dlae jo 55y 52 )85 o ln g S ojlu]
N am agb £e (o SEIS Sl am 4l ¥ (SN )
Gl () JS) €855 el col il 4 £ jlan g 6 SENS
9y Syt 7B S pSEMS oS dle L i 0, il

1- Body mass index

2- Anthropometrics

3- Gastrocnemius muscle

4- Quadratus lumborum muscle
5- Trapezius muscle

6- Flexion

7- Extension
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Fig.1. Using the algometer in muscles; (a) Gastrocnemius, (b) Quadratus lumborum (c) Trapezius, to determine the
decrease of pain threshold
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Table 1- Means comparison of knee location, thigh and ankle angles of MF399 and MF285 tractors
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In degrees (standard deviation) In degrees (standard deviation)
o5 sl 127.83 (10.78) 148.83 (8.36) 867" 0.0001
Knee angle
ol s 94.70 (13.14) 93.70 (10.88) 0.31™  0.7590
Thigh angle
l’. & 4"5‘) ns
: 108.77 (12.40) 112.57 (8.62) -1.53 0.1360

Ankle angle

Dgmayt ™ oy Vg0 Jlainl pdaw 13 5w el ih s

T

*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Table 2- Means comparison of the decrease of pain threshold after 30 seconds and 60 seconds clutching and 60 seconds
rest after clutching of MF399 and MF285 tractors

dis 3 am dlae 33 ] ials MF285 .Sl MF399 .Sk ool o
The decrease of pain . e
Muscle threshold in muscle after Average MF285 (N) Average MF399 (N) t Statistics
¥+ .
4,,, 3.87 3.23 -2.52 0.018
30 seconds
Gastrocnemius - 6.30 4.27 -7.68 0.000
60 seconds
sl il 4l 5+ .
colyl o7 4.20 3.07 -2.70 0.011
60 seconds rest
LY.
4t 3.50 2.73 -2.02™ 0.053
30 seconds
. l .- R e .
SRR L w7 5.20 4.60 -1.50™  0.144
Trapezius 60 seconds
ol agls 5+
celle 3.33 2.73 -1.34™ 0.189
60 seconds rest
LY.
4t 4.30 3.53 -1.60™ 0.118
30 seconds
posled ogilylsS sl 5 )
Quadratus - 8.47 6.83 -2.56 0.016
60 seconds
lumborum
SNFWPR T
colyl o7 5.63 4.77 -1.47™ 0.153

60 seconds rest
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*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Table 3- The average decrease of pain threshold after 30 seconds and 60 seconds clutching and 60 seconds rest after
clutching of MF399 and MF285 tractors

das 5o dlas 3,5 ailiwl lals (5lre B4251) (o3 g3 o> 3 puSilno
Muscle The decrease of pain threshold in muscle after Average (N) (Standard deviation)
LY.
4t 3.55 (3.10)
30 seconds
oS 5 ylS s
Gastrocnemius ) 5.30(3.41)
60 seconds
sl il 4l 5+
ol 4t ? 3.63 (2.50)
60 seconds rest
ALY 3.12 (1.54)
30 seconds
o3y 4l 7 4.90 (1.75)
Trapezius 60 seconds
sl il 4l 5+
ol 4t ? 3.03 (1.71)
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LY.
4t 3.92 (2.40)
30 seconds
poslegd gl dles w s
Quadratus ) 7.65(3.16)
60 seconds
lumborum
colpd 47 5.20 (2.74)
60 seconds rest
9
8
2
27
2
140
3 = =—&— Gastrocnemius
3 Lg‘ . ogeinS g sl
b 2 —— Trapezius
g3 ool
5 :
jo)
A 2 Quadratus lumborum
1 poslag) oilyolsS
0 T T )
30seconds 60seconds 60seconds rest
clutching clutching after clutching
oles
Time
9 MF285 (ol )9S 15 )3 (6,5 eMS 5| o oyl 4l £+ 5l dmy 9 (6, SEMS Al £ Fe 5l amy 30 wilil zalS 5, Silke ¥ JSW
MF399

Fig.2. The average decrease of pain threshold after 30 seconds and 60 seconds clutching and 60 seconds rest after
clutching of MF399 and MF285 tractors
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Fig.3. Joint transmission between the pedal and the disc
in clutching mechanism of MF285 tractor
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Table 1- Parameters utilized in simulation of the developed model

Parameter Value Unit Parameter Value Unit
[ 30000 Nm’' t; 0.87 m
ce 1000 Nsm” I, 0.91 m
Ky 30000 Nm’ g 1.35 m
Cu 2000 N sm’ - 1800  kgm’ . )
. 087 m Lys 750 kem’ 29515 Je slayiasl
¢ 1.10 m Loc 100 kgm2 Parameters of tractor model
Cw-seat base 0.00 m I}’)’C 85 kgm2
Clswat base 0 m IyyA 10 kgm2
mp 3000 kg mc 400 kg
A 1200 mm’ A, 600  mm
Acph 27.5 mm?> Agpr 22.5 mm?>
Auh 25 mm’ Ave 20 mm’ iy 205 e clo ol b
Poon 100 kPa Puor 50  kPa Jbtes Bl Jio ol
P 550 kPa P, 180 kPa Parameters of semi-active suspension model
Vaoh 800  cm’ Vaor 500  om’
w 750 N p 09 gem®

19515 (Jaio a0l 4 5)ly Slils,] ot alebe =¥ JSW0
Fig.3. Tractor seat base vibration measuring apparatus
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Cled gilwand slos wid (gjlodns § (bly solus RMS
A dwlrs (YO) alayly SoSay
RMS error of simulation= (v0)

((RMS of simulated acceleration-RMS of real
acceleration) /RMS of real acceleration)x100
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1- Root mean square
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Table 2- Effect of variation of parameters of the model on the value of acceleration RMS and resonance frequency of
tractor driver vibrations

(ems?) GLS RMS  (Hz) sysuis wils ,8 Slow Ol 230 o
Acceleration RMS  Resonance frequency  Tolerance of treatment variation Treatment
42 2.12 500 oylil olop dlaises woe
37 1.45 1050 Accumulator volume (cm®)
84 1.43 800 5 chaite s
7 2.00 1600 Piston area (cm®)
12 1.77 350 o bl adg) (clon Lté
78 1.68 750 Initial air pressure of accumulator (kPa)
43 1.7 40 FESRCINE N
39 1.6 100 Throttle area (cm?)
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1- Power spectral density analysis
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Fig.4. (a) RMS value of acceleration of transmitted vibrations as affected by piston area and initial air pressure of
accumulator, (b) and (c) Resonance frequency of transmitted vibrations as affected by piston area and accumulator
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Fig.5. Output of the model; (a) With activation of semi-active cabin suspension, (b) Without activation of semi-active
cabin suspension
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Zaii
ZRjj
Zcgpand Zege
05 and 6,
¢p and @
mg and m,
Lys and Ijyc
Lip and Lic

t 5 1, and lf

Zpck and Zeck

Zafe

I

YA

cand ¢,

Closeat base and

25515 Rl ey
Tire stiffness
29515 b (ol
Tire damping ratio
29515 s Gl 5T g gl (ol 151459815 Cle b gl 008 ezt ol
A parameter to indicate front or rear of tractor: i=f for front and i=r for raer
25515 e (@l J72 g sl JT1 815 o b el oailS asie il
A parameter to indicate left or right side of tractor: j=1 for left and j=2 for right side
35515 Slag e JuS] Sads 31 Ko o 53905 ool
Vertical displacement of each corner of tractor wheel axle
29515 gz I S 2 (032) (o) 53900 alrail>
Vertical displacement of the ground (road) beneath each of the tractor wheels
29515 0l g (ld JB 550 by cipa
Linear displacement of center of gravity of tractor chassis and cabin respectively
Xope Jp 55815 0nlS g (old logly bl e
Angular displacement of the tractor chassis and cabin about X axis respectively
Y sme Js> 05815 0l g (ool sl 2loale cosie
Angular displacement of the tractor chassis and cabin about Y axis respectively
9515 ol P g oeld p e
Mass of the tractor chassis and cabin respectively
Y e Jg 595815 0l g (il (o eyl oo e
Mass moment of inertia of the tractor chassis and cabin about Y axis respectively
Xy Jo 09815 0nlS g (ol (o2 (o] Olow a5y
Mass moment of inertia of the tractor chassis and cabin about X axis respectively
(ol J8 59 50 0aiiS paseie sla oo
Lengths which determine the center of gravity of chassis
Wlors oo bl 4y (Slogisg tem (slasoly & S g (ol cloadsS | S o 0allS e ol
“& 9 51> 4.u9§ dl)-.’ k=4 n.';.wl)j 51> 4,\.:; dl)é k=3 n.';.wl) 9 s M; dl)-.’ k=2 w9 s Mﬁ dl)-.’ k=1
Parameter which indicates each of the corners of tractor chassis and cabin which a hydro-

pneumatic unit is attached. k=1 for rear-left corner, k=2 for rear —rigth corner, k=3 for front-
rigth corner, and k=4 for front-left corner

5515 0l g (ol & b STpee Ll bl 38 1S i o ey
Vertical displacement of each point of chassis and cabin where a hydro-pneumatic unit is
attached respectively

515 g JuS1 Y 55 0 (ool Lt oo (5390 (IS0

Vertical displacement of the pivot point of the front axle
S b sle JusT 4l
Angle of the front axle relative to horizontal line
Yoo Js> sl JuS (o eyl loe
Mass moment of inertia of the front axle about Y axis
Ol B S e oS et sla b

Lengths which determine the center of gravity of cabin

515 oIS B 3550 5 s s Lol s 0025 e slo oo
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Cuv-scat-base Lengths which determine the location of the seat base from the center of gravity of cabin

Sloghg i Galai dilolw (i ;3 e3lkwl 3,90 M S
Oy Ad SIS Bl =2 gy o Gy )b 1 Sdgyies Sa o j 008 ez el
Parameter which determines each side of jack: i=1 for head side, i=2 for rod side
S S )b 5 (Slgyae Sl L8

P
¢ Hydraulic oil pressure on each side of the hydraulic jack
A Sdayi Sa Bl pn ) gty glae g
' Piston area of each side of jack
v (Sayion S 38 b Sl S
Raise or retraction velocity of the hydraulic jack
AV, Sl S ot | S o i
1 Volume alternation of each side of jack
Displacement of the piston arm of the hydraulic jack
Q, Sdapie S G o b ol (23
1 Volumetric oil flow rate of each side of jack
j )15 Pli.}.h d)yb dl>).o_]:2 9 )15 Pli}.h d.le 41>).a_]:1 cilolus &9 us )l Ju& d.1>).o_]:O Zﬂj)‘)ﬂ.& b)LgJ‘ d)L{ cdls o,\u.fuw ).a.o‘)L\
Determines the operation mode of accumulator: j=0 pre-installation mode, j=1 initial mode, and j=2 final mode
P il Jolpe )3 (Silgyam o)ll e > lgn L2
Y Air pressure of hydraulic accumulator air chamber in different operation modes
V. iz () Jolpe > (Sgrdn o)l plgp daiee oo
Y Volume of hydraulic accumulator air chamber in different operation modes
Acr Sgen So B jajl (295 Ay glalio
1 Cross sectional area of outlet pipe of each side of jack
A S B o eite 5lS oo gl
‘ Cross sectional area of the variable throttle of each side of jack
AP So (29 S o) S pa jl (2gp A e g L8 B
o Pressure variation across the outlet port of each side of jack
1 Pressure variation across the variable throttle of each side of jack
Matlab )33l p 5 g doly baes 45 453815 0aly & il Gl RMS Slaslbre doby a8 (3
fs=; %Sampling frequency
aw=[]; %Measured data must be entered in this vector
N=numel(aw);
aw=[aw."2];
AW=0;
for i=1:N
AW=AW-+aw(i);
end
AW=AW/N;

Arms=AW~"(1/2)

Matlab 133l p 5 aw g doliys laee ;3 PSD Sluslos ol y o5 (Y

Heave=awa; %Acceleration data awa is from "for RMS calculation section"
fs = 10; % Sampling frequency

T=1/fs; % Sample time

L = size(Heave,1); % Length of the signal

NFFT = 2"nextpow2(L); % Next power of 2 from length of y
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10.

11.

12.

Win = hann(NFFT); % Window is a Hanning window of the length NFFT

f= fs/2*linspace(0,1,NFFT/2);

[mpsd f] = psd(Heave, NFFT, fs, Win, 0);

PSD = [2*mpsd/NFFT]; %Plot PSD Graph

figure (3), plot(f,PSD,'d','LineWidth',2)

aro2=0.2*max(PSD); axis([0 20 0 aro2]), grid minor

title('c) PSD chart obtained from high piston area & low accumulator volume'), xlabel('Frequency (Hz)"),

label('PSD (m2/ s4/ Hz)")
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Table 1- Analysis of variance on quality parameters of threshed wheat grain

Mean of square

Source df  Broken Invisible Visual Propositional EC
kernel% damage% germination%%  germination% pmho g
Moisture% 2 80.37 75.8" 4337 11.8 30.5
Drum speed 2 56.1" 27.6" 933" 9.8 484
Feed rate 2 455" 32.0™ 28.7 18.6™ 168.6™
MoisturexDrum speed 4 3.1 5.2 1517 0.7 3.1
MoisturexFeed rate 4 9.6" 56 4.4 1.8™ 214
Drum speedxFeed rate 4 5.30 29 13.3" 1.7 56
MoisturexDrum speedxFeed rate 8 2.7 4.1m™ 2.9 1.6™ 1.6™
Total 243

Dgnast ™ o Vg0 Jloin) maw 3 3 ine caiyidy
*"* Significant at 5% and 1% of probability levels, respectively, ™ Non.

T

9
Significant
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Table 2- Effect of drum speed and feed rate on quality of threshed wheat grain

Characters Broken Invisible Visual Propositional EC )
kernel% damage% germination% germination% pmho g’
11 0.01 2.13 94.37 94.35 36.46
Drum speed (ms™) 20 1.95 16.57 72.85 71.77 53.41
36.7 24.30 36.85 46.74 38.85 94.94
L.S.D. 0.51 1.58 1.85 1.74 1.02
0.013 10.63 18.61 70.33 66.89 66.19
Feed rate (kg s™) 0.025 8.38 19.17 72.33 69.40 59.75
0.05 7.25 17.78 71.30 68.67 58.88
L.S.D. 5% ns ns ns ns 1.02
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Table 3- Interaction effects of drum speed and feed rate on quality of threshed wheat grain

Interaction between drum speed Broken Invisible Visual Propositional EC
and feed rate kernel% damage% germination%  germination%  pmho g

Drum speed 0.013 (kg s':) 0.017 3.33 94.22 94.30 37.80
11 (ms™) 0.025 (kg s‘l) 0.00 1.11 93.88 93.88 36.19
0.050 (kg s™) 0.00 1.94 95.00 94.97 35.38
Drum speed 0.013 (kg s':) 2.41 16.11 71.33 70.06 53.97
20 (ms) 0.025 (kg s'l) 1.61 18.61 75.44 74.67 53.90
0.050 (kgs™) 1.76 15.00 71.77 70.56 50.52
Drum speed 0.013 (kgs™) 29.38 36.38 45.44 35.09 104.53
36.7(ms™) 0.025 (kgs™) 23.53 37.71 50.66 39.65 89.55
0.050 (kg s™) 20.03 36.38 47.11 40.47 90.70

L.S.D 5% ns 8.22 9.60 9.06 5.31

Gl Gaiod opl yd Eel diwgs g olS 005 0lS ol jards laadigs oL polie 295

gosaluio Juld 5340 ga ws yu ys Lo, gisls JuslEEs i
Salgdig (2500 9

Uil oaaliie blB e g odalie bB clacuwwl & o
Aol pRalS (oolid g odalide JHB (Sjalee o) by
il al 3 ol B it gl 45 a3 ¥ Jpir cul (bl
Olyass o g ploso BMS] 04 0 oS (eolgiudny (Jjdiles duo)yd
Olyass cpl o) de g (olpiuin Sjdles g odalie LB Sjale
BMS] S )y (S diges ;> oid odalive ool polde 4
Laasly aS sel canday Sloj Sjailes g9 93 ol o a9 B
Al o 0 YEIV S gl ity b 0gSinys bl by
g @ad a4 S Wb LS Sjale 90 90 b A oS
428 gy ol plad 3 ogSia )3 ible a3l
w8y 99 53 oyme Sl ol i ogMe S o )15 b oS
YU usby (s9imme 0 (09Sioys LojSohagl 4Sids10
9 ity (9 L) (s gy o s o> (/3 Ty )
| o3Sie o A8T,8 ploaly g ceble sy el 4251
YL ol ey oty s cov laaily cusS aas iljl
A0l FyS e b o pS Db A ¢ iugS b Ce w3 03y 7y
&S Gxe cpl 4 ol 4l (o) bz B ingS dilgiwl cas s du
Ol 40l £ b b gne Fly Sl laroyd £ 9 2
Ll

iy oS S0 il y 4 Lo g3SE Jaldie il
0l plsl 9S> al b o o o Ui ¥ Jads (slaosls
» Laasily oelys (Ko SI obloy (VW m 87 wlgial ey 5
(Al yo y 2 YOIV g ¥4 ) 0L 5 bawgio dlgiwl e yus by duanldo
o5 Jolw 0,125 ol sl wus o oyl o Canol aBlS i3l
= e Yo gl cas g 53 clié Canl Sohagl anlg )3 .l

2 ASS gl do )y il g S 4o oy gl ol
s L5 S i 4l gl 35,5 pSinss s (n
A0 Fy0 A ud 4 puiS cladild o)y (Sole oyl oS
35 55 G5 Ly S cl o g5 el ol

(Helmy, 1988) ub o Lials

BRI £ 54 9 i oS @l gl s e Jallie il
QA5 £y g plagS Wlginl S pur (slaygiSs Jlite Ol gl ol
ol 0 ST gt 55 00 oSinys phiS i (sl yielyl

Jl g g oualdie Juld cul jola, i3Sl JulEis il
oualiis
0 Az gladil Mo pd (1Sl o ¥ ol ol bl
A Fy0 g dilgwl ey i 3151 SU (gylo sme OS]
2 2SN e 50 ol () Son Ladily 09 o oanliie dlge
lac bl iyS 18 sanliie J4B 1 d 5 (S5 ol (0500
5 i3 SV lin Jeboa STy @y G2 Ygoman 00 sl
ey Aimd o LS 1y 010 ol (sCBl 4 9,50 dles |
1 o glalan Mo BB col el (VW m s™) b iugS 4l
SV @A Fy 0L g lewsie ek (sgixe > Sohagl o8,
slaanly 3 (B Conl gun yous 1 035 4l pSolS
i 0dd (W m 87 &lgiwl ey cov Sids10 4 Gizal63
3 ol el 4l o 1 me YEIV B lginl ey i)l
SEVIO G ZXYIO 5 el (039350 oS ooty 13,5 (¢,l> ixe
Sy lys a5y AV B LFYID 5l ZXV/I0 b 70 5
ol polas ol.ccsl isls 8l Sohagl 4 Sids10 (Gizal63
sy oy piing 45 Cowl o8y o Spladl SidS10 8, oS dad 0
asdy K4y o8, p Jcams Sohagl o8, 5 LS o oo |y ailgiwl



A4

u.ﬁul&o ‘SLQMT » Ao Ty godagS 4;'9-.«.&' sﬁ')sé CaE g )3|

9 Sohagl Sidsl0 pasS clap 3, oo Glles j»

clacanl @il 5 e YEIV U alginl cae o iol33l L Gizal63
TYSIAD 4 oanlie b8 1t slacuwl 9 VY & sanlin B
L oolpiiiy 5 oamliio JoB Siales sladsys .l il38l
olagS dlgnl Ce g cplply b o (B GlgS Cae o al
Mg il GlagS Gy 4 Cund yip CudS b ol S
Ol dlwss sladily do bl i85 F 5 ]38l L WS e
) (S5l g9 9 o a8 3 i il gl il
Oiali bl L g ials algol cas o iol381 b (ool 5 odnlie
A5 ol 8y 2 5plpl SIS 10 03, by o el s ¢
Oy Sohagl 18, ¢ S o Jeod |y dilgin] cus yur oy s

ey 4 o ] ) 5 A5 o0 (slalinMo L ] 4l
5 99 ) 42,51 A8 S pSeda ) 4l p pe YAIV 4 ailgial
bl g S alsitol S pus oy )3 1y (35 ol 5,00
5 g atalie 1) (Sl ol ol b bate ol )
by a4y Sohagl v 8, 458 o cpeud oS Cawl (sdalie
S S 25 o )8 8T o5 g sl (VL ey
) oacel Ly ol (ALY dgd) gb, (sgime inlS cax il
Gl a8 dlgiul (YU e o 5 42 igb) (sgime b duglio
ey BB Sl s g amo e ShalS 0gd o (6 pSada ]
U asdes £y Giul8l s Jbs o 5,00 dilgiw] sV cs s )0 03040

A3 o ialS 1y dlginl Cae s ysre Sl Al p,SelS /00

Gl Gaiod cpl jd diby e o8,
S 55 4

&bo

1. Arnold, R. E., and J. R. Rake. 1964. Experiments with rasp-bar threshing drum: some factors affecting
performance. Journal of Agricultural Engineering Research 9 (4): 348-355.

2. Ajav, E. A, and B. A. Adejumo. 2005. Performance evaluation of a thresher. Agricultural Engineering
International: the CIGR EJournal 3: 1-8.

3. Catteral, P. 1998. Flour milling. Pp 269-329 in P. S. Cauvian, and L. S. Young eds. Technology of
Bread Making. Blackie Academic and Professional. UK.

4. Chung, C. J., S. J. Clark, J. C. Lindholm, R. J. McGinty, and C. A. Watson. 1975. The pearlograph
technique for measuring wheat hardness. Transactions of The ASAE 17: 185-189.

5. Helmy, M. A. 1988. Threshing parameters affecting the performance of local and foreign wheat
threshing machines. Misr Journal of Agriculture Engineering 5 (4): 329-343.

6. ISTA. 1996. International rules for seed testing association. Seed Science and Technology 24: 29-34.

7. Khazaee, J. 2002. Force requirement for pulling off chick pea pods as well as fracture resistance of
chick pea pods and grains. PhD Thesis, Power and Machinery Department. Tehran University. Iran. (In
Farsi).

8. Kuhlman, D. K., D. S. Chung, R. McGinty, and C. A. Watson. 1979. Modification of the pearler for
wheat-hardness test. Transactions of ASAE 22: 881-885.

9. Mc-Donald, M. B. 1985. Physical seed quality of soybean. Seed science and technology 13: 600-628.

10. Obuchowaski, W., and W. Bushuk. 1980. Wheat hardness: comparison of methods of its evaluation.
Cereal Chemistry 57 (6): 421-425.

11. Oliveira, M. D., S. Matthews, and A. A. Powell. 1984. The role of spilt seed coats in determining seed
vigour in commercial seed lots of soybean as measured by electrical conductivity test. Seed Science and
Technology 12: 659-668.

12. Rani, M., N. K. Bansal, B. S. Dahiya, and R. K. Kashyap. 2001. Optimization of machine-crop
parameters to thresh seed crop of chickpea. Agricultural Engineering Journal 10: 151-164.

13. Saiedirad, M. H., and A. Javadi. 2011. Study on machine-crop parameters of cylinder threshers for
cumin threshing. Agricultural Engineering International: CIGR Journal, 13 (2): 1-5.

14. Spokas, L., D. Steponavicius, and S. Petkevicius. 2008. Impact of technological parameters of threshing
apparatus on grain damage. Agronomy Research 6: 367-376.

15. Vejasit, A., and V. Salokhe. 2006. Studies on machine-crop parameters of an axial flow thresher for
threshing soybean. Agricultural Mechanization in Asia, Africa and Latin America 37 (3): 32-38.

16. Wacker, P. 2003. Influence of crop properties on the threshability of cereal crops. Proceeding of

International Conference on Crop Harvesting and Processing, Louisville, Kentucky, USA.



WAF gl Jlusos ) 05lois o a> c(g)yslisS (cloopmislo 4y o V4

17. Wu, Y. V., and T. C. Nelsen. 1991. A simple, rapid method to measure wheat hardness by grinding time
and speed reduction in a micro hammer-cutter mill. Cereal Chemistry 68: 343-346.



Journal of Agricultural Machinery
Vol. 5, No. 1, Spring - Summer 2015, p. 191-198

B

IS o et

639 sl iilo 4y yld

At V-1AA 0o ATRF gl Sl ) 0500 o il

OS5 3 = dlS e dors — oS Cin gy
RATAVAVRT R I

AV/EIY 2o pds g,

LRVCES

o 5yglaS b (o) sl Ozmen 5 laplusl oM (gl 1y (Shlud & (alond sladsS gl (SR Olgisdr CusgeeS 355 5l o) 50l

de 30 40 298 cpl W1 )3 ((o)l)ll g Jlé 50,8 e 53398 @i by Cagbo) 3b; p) JB g Joo taile (SHShe 29880 3L 2l 0 5l
25 95 sl yielyly 5B a0 ol 5 29 00 ey Sy gy g able (gl ytd AT)5 0 g lae ©MSe o (s )1 392
oS 3l Ui guls 8,5 8 Ly y9e aKinle] wlidie ;3 3 wilgiul olKiwd 3 ookl b o g5 sude Jgil,5 Aoyd (g9, pr CavgaaS 365

Gy ol 2 & 398 00 ol Sloj Jol)S g5 sl e bl b 29 00 s Sl dude jlade (S cnge 12,5 S oo Al
oy ¥ /AY oMs odiluws duopd g dilgin] pox | do)d Vo Sy doyd «adBd VO 0, Joil)S loj cadids yy yo0 Fo/VA wilginl s o

W03} (ppesd Mo pd AVE sude (slo Jil)S jlade gl byl opl 4y dsgi b a5

Ol 3 Mee ape lil 4 JglS et S8 4 olend sadgS
92,5 9 MBS o0 395 4 (o Kb )Ll dlge By Sl
S s Jel,S (Hicks et al., 1997) 1655 o M5 55 5 5le
L 0,5 IS 4 0,0 0 3l 0 530 03l (sl gagas Mo
St ) 5 e 5355 S8 (sblja ] opllan i
5 390 Sl adg ke bS] s ol JSi
Se @ Gy SB 535 alS wud St cilisea dlge | 45
o Sy o S g5l 3131 w3 5 5 5,90 ol 5 S5
by J95lS sl iy (LSl ppizmen 5 oLS Sl 290
Reddy et al., 1997; Moursy ) a5 )00 5 50368 slaolSiws
Jsl,5 oyl o Jshice 5l (o s> ,5YslS et al., 2002
Sy e Gl ol o aS el il Jgil)S Caio )
Ab)y 903, 2)95 p e Ly Cgbye s 53 6lgd wlgial Slhgd
i Jssl,S Adg s ) (Sherrington ef al., 1981) uuS'
25193 55595l esliil L (mamliy § Slinud (59 13) 395
5 s 535 ot o) 3 3,5y ] ol
OS2 Gy g 0dils ple djsSung le 4 ol e

01 )18 )y 990 0 Ag5 95 (595 )l Al

055 U315 oS 355 (ks s b9, 158 (50315

-

LV R

g Ghali8l s jLs s ) Cumar (938l55) Rl L

ool adl oyl Gy s olie calisi dlge i e dles 5l olie
Lol 5 Gy ooy dle Olad 355 05 & A5 il 38
Sloul il g 2,8 dlge calises gloil ¢ 13 dlge ags i3l
(!> 48 3l50 ¢ alS ity sLlay Jolds dlge oyl aS 25,5 o
295 40 s sl (b > Wlg oo &5 Al 00 g olage
odlawl £l5 0 (glym (6355 (gdxe dlgo lgicds 45 205 CunvgueS
2 WS 5l aalatwl diej ;5  SMSse Lol (Rezaeifar, 2008) 24
cde sy JB 5 Jo> 15 a55ke o] (ke o8 35 3925 3o
oy 533l g et 93,5 o503 355 @8 asb b e
Sloslat wl g b o 48,8 Ja5 5 Mo (pl 28, 1y &S L
Al (55 JolS g oy il (6339 dlge (jluos pid
La gy oyt 5l S 02,5 Joil )5 (Ghasemi et al., 2013)
A0l 3l |8 Ul plowd (g5l 355 Caio )

‘uL"U)}" o ng)")jLiS dLDau.wJLo L_i.ulS\o J.u))‘ ouLwJ)K w}o"w‘b -\
ub.e; olKuisls

(Email: kianmehr@ut.ac.ir 1 ghme oXingp — )



AP gl oo ) 05lois o > c(0)yslisS cloomislo 4y VA

v1—_l
r
——— ]
Granuvlation drum
it

Ecreens

-

Reevele seed pranules

| Wet granule

Undersize

1 v

(Salman et al., 2007) 38 3,5 Jgl,5 a8 5 (Ssles sl =Y S50

Fig.1. A schematic of granulation fertilizer process (Salman et al., 2007).

A g 2l odd y ye Dbl wdg e &S Sla Jeil,S 00,8
Salman ) 358 .0 0ol uto Jgil,5 e Colia (sdbdiug Cuoww
9 S8yl (6)09 sladeS 0,5 9IS cae (et al., 2007
sl @)l g )i 5SS gy 3 ) g2y SiS 5 5 )
u9_1o)n uw\/y‘)f .)9_»)‘50 odlaswl )i;—\.o.tb 2 .)]9A qu: U9.)
e L adg] S5 o yogy Jf g (3905 s ye o

(Pozin, 1986) il o a4l 5

5 solel slo ) j) slasseze (RSM) sy s (35,

i S slngnly sl o (sl ol L,
o)l 40138 oile aigo ol Bua Coles > 45 395 0 o3l
lygsh as a il e o)lel (Bl (35) So ly > b
S op D9 sy Sl Ly S Jolye jlend sl
il dlusly X3 5 Xp X i dw &Y U aSL1 158 L0 yS e
X3 9 X2 ,X1 45 Y= (X1,X,X3) Cdigh g5 0 ygo (pl o
Elose gl s 398 g b 8 Gy Y i sl
ISl e candas Y= (X,X0,X3) oy b &5 (oxdaws 5
Myers e ) cowla jiolojl sl Lials gl aaw 59, sblje
g it 25 4015 (S, (gl it 315 & (53,lgo 5 (al,, 1995
RSM iy bausgs )i S99 oz ysiS1h gy ko 5l oslisl 1Sl
oteleil St g8 L |y Lagesly Sl oMbl ity (g8 oe
a5 S Sl 655 0 S pe slasgy gl sy

1- Central composite
2- Box behnken (BBD)
3- Dohlert

Ol 38l oy o @l 4 ol s ySTas oS ol LS gl

(Walker ez al., 2000) 5,5 5L ¢ \lsj ds conss Joil 5 01
035 SIS Anlb sl sty 51 o5 (A )3 pgen
9 CB)S )15 (o 2y90 00d Mg sl JPIS sl 4 Canglia
Loy g lyd ajlasl g JasyS sl 4y cinglio o (bl
adlas ol o dod g 4350 5 )00 oy b Cél Cugbs,
obite 53,5 laJgliS Yl el 4 ole 5 )3 o8 am o
9 5698 aisen SIS g9y Cougb) 1o 9 Nsd o Mg
Walker et al., ) 5 i85 s U Jgil,5 JLSs (so) cpizxon
3 oyt 350 Oslite )3 o)1l S 3 b 3,8 Jsil,S (2003
e s La o], ojlasl 48 0 asein 505 ol o .S
(Gluba, 2003) 5l _ Kiwy alsl Slga 1,3 83105] a5 5 Cagho,
oas ol s V JSs p 09,8 Joil,5 anlp Kl (Soles
Sis il 5 03,8 S5 1) ,5YslS Jgil,S anld ol 5 ol
Jlst oo il Ls JyS 0058 13 sl s 3 395050
lojlil g colin g g Cuw 4 odd e Joil )5 000 0
Cbil ;S asS slojlul g 3550 35 5 0nd Sl 555
Ol 3Gl e ) () JS) 93,5 (o 452y 0)ligd 5 0
Lags a8l Jgl )0 5929 0aas JSiie 93 (g3l Joil,S sl 8
P A o S5y s sl o G5 5l (S8 i
Sy Hlade a8 L3l e pod JSuie g Cuwl Hlai )50 (slojlul
e an laain] b5l (B 53 2580 S 5 A6 4y (IS
Bl (403 V0V e () o5 e 53 el Ll sy o (oYL
i oSl el (5 g )8 S el g e
STETPET SARCENE SIS R
alys as 0)lugd anb aS 3yl 3939 3,8 Jgil,S slaanl sy



VAY Gl el gy 31 ool b CamgpoS 395 33,5 Sl slo yiolyly i (w2

b9y gl Slge (alend S 53 50 pas 9355 (3,5 JoilS
S5 JolsS w3 45 3,8 bl g wlsial b 03,8 Jgi S
Lo oS dsie S5, 20y5 5 8 sl el b o Gsbye
Wlgl (i o ey 9,38 o 13l e dilgal 3 50 Mg
9 4yl dlgo Sl lgs ailgul (Swdp a0 ¢3S Joil S (o ol

il go oailws clale

W g, 9 lgo

Ol s )3 @Bl 58 oyl GBS I g5 5l JolS CumguaS 348
polie g 355 @S5 €5 5 ) IS b 13 4 &
g aizel g S Sogen (gloduusl qoanslty yind gyt {213
O 9 (gl cleay 45 jaise oo il e e 1)
s e oo Ly saiilws ()L 5 (35 SGB)
A5k oL (Sailuws g9y b plbodisluwe ub Gl sailue
Sl byl 5 @l pdaw 4 e b eyl Sis lae o
Nalladurai et al., ) 455 o o) lyd o dol> o Lo (568
(2010

393 lgal o&iwd 5l JolS” CawguaS 558 3,5 Joil )5 (6l
Jelis o&uwd y) (Ghanbari, 2008) 4 sdlawl (Y JS i)
sy @ ang b aS ail o Ver g Ver A00 jhad 4 yladlgiul
Yoo 25, hd U wlarwl 5l s plodl ae) opl o a8 LS
Andrzej et al., ) 355)5 odlawl ;3,5 Jo3l,5 (gl o oo
(2006

Ol ¥ JSs o Hled wlgiwl jl edlaiwl b Jgil,S adgs Jolye
21y sl Jeloro Comd 1l (0,87 Joil )8 (gl ol 0 00l
wlgzal J315 55 g0l 59 ylas 390 395 ke g 03,5 oolel Lol
O I paB35 00 (a8 590 b lgi] e A5 000> )8
Sl BB (535 5248 sio gl & ab & Slyzm oo a2l
(Y USE) b gyl 295 005

WIV G FIVO s 08 fyuasd Mo J93l,S (slys &S (slojll
y B8 b b iy W6 o3l () o 2l s Lo
03ll ol oo Wil o S e 15 L L lejen cuilS
Sl 2Bl dome iy o5 g s BB Ll 5 5l g s
Mangwandi ) . sslazwl (¥) dlayly 5l dde Joil )5 jlade duwls
(et al, 2012

MTarget
n= (—) x100 ¥
MTotal ( )

slagalle oSir 5l 28l e Gl o (o ol )
5 SL g2 by 48 Albb e Gl v b9y lp (278
(Box and Behnken, 1960) . glul (S dbgs
Cge 5S4 S ik o 3 5l 20 slaialejl S sl
el (1) ey bl 1,3 S S
n=2k(k-1)+cy+1 (")
Co 5 Jime sla pusio 3o b cawl plpk V) dlayly j5 &S
it 5Sir S gy 3 Ygane sl (35 5o a3 1S5 Sl
D93 Jao (V) ablas Laugs (y) ol

y=BO+Z Bixi-irz Bijxixj +Z [31.1.)(i2 (v)
1 1

i<

Sl e e Bij o Bii Bi Po Xi an (Y) atlaly > 4

Sy s L it ol o Jo s o it A i
el alp o ilos )3l byl B o s g 90 42
s titg Jras Yyoms 5 s 4ol S e 5 |
g i (AL 3 S S LU 33 Glaal ity o an i
Gl adun s Pl o slahg) J (S 85l (S dal,
A (g (ime Casl (SBIS hgy e b gl zolaw
o5 Uba) ol ieels (sl iaculy |y ] 5 60,8 b yma doaly
5 315 6 (¥ el (D) sicincal s, g 8 3a o b
0353 0 . (di) ol Fuwl o (gl (gaecols)y 6dgame 0018 o
A S0l S 2de &5 WS o0 gl SO U i I gtecyls,

(Myers et al., 1995) cul giacols,
1

D=(d, xdyx .. xd, Ji= (ﬂ di>n ()

=i
U Lagewl 5l plas o, ST.ccwl awl shss saslein &
Suo 2l 6,8 51,8 chieculs) edgioe g )b Jde (sl yuaie
9 ;e yb Sl griacalsy @l eloly gjlodine ) 298
b Cgllao ololoss Jlio jobods 2905 (sl (B (o0 Gl 2
e 3 Yy gl g 355 iy e oY1 gl ol 0 &S
(elB oo Sy X paie &S by pl b adl 25 dieS
ib 093y PO X3 yakie g (aSude dAs ﬂlﬂkﬁésxz Jresos
(Myers et al, 1995)
255 IS sl el 5 s 355 ol ol 3] oo
Sleolawl b ase (sla Josl,S oy (g9) p JolS CunvgpaS 358
Sl 48 Ao 4y drgs Ly il o el glaw gy
ol Az Gl S5 ol osle Lo nasle 3,5 g5
e 3 (B wldie cla)l5 loj w31y 3 Yl s (Joil,S W5



IWAF Jgl Jlmmows o) 05loud & w5555l gamiilo 4y pis V¥

(Ghanbari, 2008) ,lg> &lgiwl oS> =Y JSws
Fig.2. Rotating drum (Ghanbari, 2008)
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Fig.3. Granule production process using a rotating drum; (a) Placing the specified amount of fertilizer in the drum, (b)
Spraying the binder in to the drum, (c) Growth and enlargement of fertilizer particles within the specified time,
(d) Produced granule
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Table 1- Independent variables in granulation process
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Table 2- Variance analysis (ANOVA) of four independent variables on useful granules
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Table 1- Energy equivalent of inputs and outputs in peach production

29> 18399 S5 Jolee &
Input/output Energy equivalent (MJ ha™) Reference
b s39)9
Inputs
o g
Fuel (L)
2 35.00 (Keyhani, 2008)
Gasoline
dw 56.30 (Omid et al., 2010)
Diesel fuel
bS]
oo 51 11.93 (Kitani, 1999)
Electricity (kWh)
&lgal gy
925 laorile 64.80 (Hatirli ef al., 2006)
Machinery (h)
|
et 0.30 (Ozkan et al., 2004)
Animal manure (kg)
losd 355
Chemical fertilizers (kg)
o5l .o
7 66.14 (Hatirli et al.,, 2006)
Nitrogen
A 12.44 (Ozkan et al., 2011)
Phosphate (P,0s)
?’*“L"’v 11.15 (Ozkan et al., 2011)
Potassium (K,0)
 giao .
e 120.00 (Banaeian ef al., 2011)
Micro elements
o S ed]
Pesticides (kg)
58 cale .
w—? . 238.00 (Banaeian and Zangeneh, 2011)
Herbicides
meSb).“o 101.20 (Banaeian and Zangeneh, 2011)
Insecticides
mes Ob 216.00 (Banaeian and Zangeneh, 2011)
Fungicides
e sleoss, 43.20 (Rafice et al., 2010)
Mineral oil
il
d,) L"'J‘, T 3 1.02 (Acaroglu, 1998)
Water for irrigation (m”°)
s .
© 1.96 (Hatirli et al., 2006)
Human labor (h)
(o) Jgaee sco25% 1.90 (Singh and Mittal, 1992)

Output: Peach fruit (kg)
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Table 2- Amounts of inputs and output in peach production

. (WS 415 ..
95 155959 ) Q’ nt.: ’:':1 "t’ ’: Jalze (5,51 e
Input/output Unit uantity (l:lea)u 16ared  rotal energy equivalent (MJ ha™)  Percentage (7/)
Lo 63959
Inputs
Sy L 40.27
Fuel
o 1364.67 47763.45 37.48
Gasoline
dw 63.33 3565.48 2.79
Diesel fuel
= kWh 3672.86 43817.22 34.39
Electricity
gl Lagile h 30.00 1944 153
Machinery
L;o‘) 58
, kg 12483.33 3744.99 2.94
Animal manure
oo 355 ke 11.27
Chemical fertilizers
< 147.46 9753 7.65
Nitrogen
lnd 83.83 1042.84 0.82
Phosphate (P,0s)
?””L""' 48.80 544.12 0.43
Potassium (K,0)
aga, 25.18 3021.6 237
Micro elements
Lsed] kg 3.06
Pesticides
L"’u:“? ““L° 2.67 635.46 0.49
Herbicides
oS ol 3.22 325.86 0.25
Insecticides
oS 9.17 1980.72 1.55
Fungicides
e ooty 22.67 979.34 0.77
Mineral oil
J)L"’:' “f‘ , m’ 5403.33 5511.39 432
Water for irrigation
ol h 1428.00 2798.88 2.19
Human labor
S s 5,5’5' MJ ha 127428.35 100.00
Total energy input
(s2) Jyazee 129 11466.67 21786.67

Output: Peach fruit (kg) kg
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Table 3- Energy indices in peach production

Peach Unit Percentage
sylesil 0.17 - -
Energy ratio
I3 559!
29 55 11.11 MJ ha'
Specific energy
S35 o kg MJ !
Energy productivity
($5559) 06 5510564168 M ha”
Net energy gain
. - - .‘
R AT )P 831027  MJha’ 6.52
Renewable energy
.. - - .‘
PRVLIEEE S B35 119118.08  MJ ha™ 93.48
Non-renewable energy
a ‘
85 %955 &35 127428.35 MJha' 100.00

Total energy input
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Table 4- Primary and target amounts of input energy for inefficient farmers in peach production (based on BCC model)

gl 5551 polae Saa b e (6555 ale
Actual energy use (MJ ha™) Optimum energy requirement (MJ ha™)
. 3¢5 . UL
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DMU Cégw ot ol Soe EVWRV | Cégw « ] ¥ o= EVWRV | L
Fuel eal  vaterfor gy tricity  Fuel  Chemical - Waterfor g ity PTE
Chemical ;. rjoation y fertilizers  irrigation y
fertilizers
2 30815.0 5777.84 3098.25 52611.30  29015.92 5440.51 2669.19 43491.81 0.94
3 50445.0 8851.35 6196.50 105222.60  38955.61 6835.36 3442.42 33844.86 0.77
4 47198.0 10808.10 6196.50 105222.60  38521.63 8822.94 3720.35 4050.84 0.82
5 65130.0 14837.80 9294.75 157833.90  53395.70 12164.51 5455.05 5284.54 0.82
6 76756.0 17634.62 12393.00 210445.20 65580.65 15068.09 7015.90 6420.66 0.85
7 54864.6 23421.50 6196.00 105222.60  45047.29 11005.29 5087.72 5136.35 0.82
8 71568.5 17097.28 7745.62 98422.50  47881.34 11362.93 5182.04 5159.39 0.67
11 30252.0 7818.60 3098.25 26305.65  23789.69 6148.42 2308.46 20686.34 0.79
12 83540.2 13945.50 6196.50 52611.00 44246.83 8614.28 3827.64 1877.33 0.62
13 69715.8 19512.80 8262.00 78916.95  32468.86 8846.02 3847.88 11946.90 0.47
14 49812.2 18709.45 3825.00 52611.30  32877.97 9757.56 2524.65 4843.31 0.66
16 65156.0 22661.50 6885.00 13421.25  37986.39 9123.37 4014.00 4326.08 0.58
18 81504.0 23026.20 11016.00 42948.00  68602.95 17586.02 8720.46 12563.47 0.84
19 45265.0 13033.00 5508.00 21474.00  27595.99 7792.28 3244.64 13091.60 0.61
20 30191.0 10816.10 2754.00 10737.00  23879.76 7243.83 2178.29 6587.97 0.79
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28 54067.0 16035.25 5100.00 4473.75 49477.76 10544.25 4115.93 4094.02 0.92
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)L{b, 56725.56 16456.19 6163.92 56890.46  40807.13 9717.58 4204.05 10129.98 0.74
Inefficient
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Table 5- The average of the use more than the need of each input (MJ ha™)
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Table 1- Energy equivalents of inputs and outputs in peanut production
$i Jolre

Energy equivalent Reference
(MJ Unit™)

5399
Inputs
»
Seed (kg)
Sl 590
Human labor

3.60 (Ozkan et al., 2004)

> 1.96 (Singh et al., 1994)
Male (h)

@ 1.57 (Singh et al., 1994)
Female (h)
o yeilo
Machinery (h)
losd sdgS
Chemical fertilizer

62.70 (Singh and Mittal, 1992)

OFar 35
N (kg)
s 355
P,0s (kg)
oy 355
Ky0 (kg)
Jpd cogm
Diesel (L)
Wiy S|
Electricity (kWh)
stlosd pyans
Biocide
oS gl
Fungicide (kg)
OIS ile
Herbicide (kg)
S oy
Insecticide (kg)
b 29,5
Outputs
sweiphl by
Peanut grain (kg)
el oy 19.93
Peanut hull (kg)

66.14 (Ozkan et al., 2011)
12.44 (Ozkan et al., 2011)
11.15 (Ozkan et al., 2011)
56.31 (Mobtaker et al., 2010)

11.93 (Mobtaker et al., 2010)

216.00 (Rafiee et al., 2010)
238.00 (Rafiee et al., 2010)

101.20 (Rafiee et al., 2010)

25.00 (Ozkan et al., 2004)

(Fasina, 2008)
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Table 2- The average human labour and diesel fuel consumption for different operations in peanut production in Guilan

province
. . - S Wilss, o9 s . Swis
Sllos g4 e v g Cwils’ (Lb 4w U 93) Cowld g J% g Joo
. . (5L 99) Rotary ) - . . a0
Operation Plowing . Planting i Harvesting Transporting
Disc (2 times) ~ tiller Weeding Drying
(2 to 3 times)
Sl
Human labor 10 8 6 44 269 323 10 28
(hha™
Diesel 28.0 20.0 14.7 8.5 15.5 0 6.8 78.9
consumption

(Litha™)
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Samavatean et al., 2011; Mohammadi et al., 2010)
9> (Agha-Alikhani et al., 2013; Banaeian et al., 2011;
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9 VASYEID e 0 bdS liwl (6653,5 13 Lgw WJgs )
Ramedani ez al., ) 3d (5,135 LS 15 Jo5lSe VIYYA/AS
3 o3 Pl A5 (sl 3559 8551 45 anl 55 ol (2011
sy sl yide QLS (69535 )3 bgw g el (63959 5551
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Table 3- Energy inputs and outputs in peanut production (MJ ha™)

a0 Sl
Farm size (ha)
39 Obe
L"’@SFSL"&S"%S <0.5 0.5-1 >1 ()Lg&o h.é‘)}d‘) M)':
Inputs and outputs Weighted average ~ Percentage
(Standard deviation)
> 319.33 32801  349.12 331.08 (53.46) 1.71
Seed
Ll S
e 122926 1209.09  1081.87 1179.03 (311.39) 6.07
Labor
ooz dle 2329.19°  2215.00° 196821  2183.72 (313.44) 11.25
Machinery
Lo sla
st Slods 336544 367529 419254  3715.47 (2200.37) 19.14
Chemical fertilizer
o g 10087.83% 9644.47° 9312.91°  9713.85 (416.80) 50.05
Diesel fuel
g S
G 750 1998.50* 2071.69° 2140.35°  2065.48 (118.52) 10.64
Electricity
tons pye 170.34 276.11 21030 218.73 (400.72) 1.13
Biocide
:.~|
S99 SPERTE 1949989 19439.93 1925531 19407.36 (2186.25) 100.00
Total energy input
. .‘b .‘
i 5659575  61687.90 62742.55  60164.00 (543.71)
Peanut grain
taspbl
i gy 15039.38  16392.53 16672.79  15987.60 (181.24)
Peanut hull
. e
I EPIERT 7163513 78080.44  79415.34  76151.70 (17204.77)

Total energy output

oo oD i 5“"" PN LMUSJLA )‘DL;Lu u5Lw alisc 5b a ujl&w d5)>
Different letters a, b and ¢ show significant difference of averages at 5% level.
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Fig.1. The percentage of energy inputs for peanut production in Guilan province
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Table 4- Energy indices in peanut production

.\5‘9 ac 4o Coluw
Unit Farm size (ha)
<0.5 0.5-1 >1 w9 oo e
Weighted average Percentage
i b8 - 3.67 4.02 4.12 3.92
Energy ratio
@il eSS s 0.169 0.174 0.165
Energy productivity kg MJ
o5 53 P 2 e sy 5.91 5.75 6.06
Specific energy MIJ kg
& .‘ ® "‘ s =&
i K2 i 5513503 5864050 60160.03 56744.34
Net energy MJ ha
s S07 e J’_’l 1331559 12945.52° 12535.13° 12958.36 66.77
Direct energy MJ ha
e 555 Ko 618430 649441 672018 6494.00 33.23
Indirect energy MIJ ha’
w53 e 5860 153710 1430.99 1510.11 7.78
Renewable energy MJ ha
s ) K2 i 1705130 1790283 17824.32 17897.25 92.22
Non-renewable energy M]J ha

oo oD iy 5“"" PN LMUSJLA )‘DL;Lu u5Lw alisc 5b a ujl&w d5)>
Different letters a, b and ¢ show significant difference of averages at 5% level.



WAF gl Jlusons ) 05lois o a> c(g)yslisS (cloopmislo 4y o YYF

S il > (e ipbl 3 )Slas 9 (939)9 sl o dlasly 0055 =0 Jga
Table 5- Estimate the relationship between energy inputs and yield of peanut in Guilan province

S (5 yuitio Sy ol Pvalue Nl B
Independent variables Coefficient t-ratio Standard beta
- -0.203 -2.00  0.0542 -0.195
Seed
HIWR ALY
S 0.085 1.60 0.1180 0.160
Human labor
TRW-R
i 0.331 2.26 0.0310 0.316
Machinery
dw dm?’,s 0.025 1.42 0.1640 0.131
Chemical fertilizers
i o -1.149 277 0.0090 -0.384
Diesel fuel
bS]
w’“g 0.122 0.54 0.5930 0.057
Electricity
(st e pye -0.068 2726 0.0010 -0.673
Chemicals
R? 0.750
uﬁ“‘"‘ﬁ Os09° 2.030
Durbine watson

Return to scale

S YWY VAY ply iy S 00 (YL 5, 00 U ey )i
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Table 6- Economic analysis of peanut production in different sizes of farm

=1y <05ha  0.5-1ha >1 ha ol
Unit Average
” PR
> i S P’_SI’J"S 3018.44 3290.02 3346.27 3218.24
Yield kg ha
E z L\
923 e Pk 2 b 40,000 40,000 40,000 40,000
Sale price Rial kg
Mg LAl i) by Jb
J7 LB s ) - X‘J_i') 120,737,600 131,600,862 133,850,782 128,729,748
Gross value of production Rial ha
e wiie A ke, b
) e e 425 ) e X‘J_i') 55,640,400 54,423,600 50,459,329 53,507,776
Variable cost of production Rial ha
Mg el anj by Jb
) S i e X‘J_i') 17,980,088 17,884,566 16,043,100 17,302,585
Fixed cost of production Rial ha
Mg 4y ke Jb
Iy o J5 ) e X‘J_i') 73,620,488 72,308,166 66,502,429 70,810,361
Total cost of production Rial ha
.LJ e P>
dpam S PrS _Jll“ 24,390 21,978 19,878 22,082
Total cost of production Rial kg
134 el (ReS N
LAl el - X‘J_i') 65,097,200 77,177,261 83,391,453 75,221,971
Gross return Rial ha
15 el (R
ol 2> Baxdu g 17112 59292696 67348353 57,919,387
Net return Rial ha
el - 1.64 1.82 2.01 1.82
Benefit to cost ratio
el s JoliazeSs g o) 0.045 0.050 0.045

Economic productivity kg 1000rial”’
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Effect of farm size on energy consumption and input costs of peanut production
in Guilan province of Iran
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Abstract

In this study, the energy and economic analysis of peanut production in Guilan province of Iran was studied.
Data were collected from questionnaires of 75 farmers. The data were collected from three farm size categories
namely: 0.1-0.5 ha, 0.5-1 ha and larger than 1 ha. The results revealed that 19407.36 MJ ha™ energy input was
totally consumed. The highest share of energy consumption belonged to diesel fuel (50.05%) followed by
chemical fertilizers (19.14%). The mean difference of energy inputs including machinery, diesel fuel and
electricity among different sizes of farms was significant at the 5% level. The average energy efficiency in
different farm size categories including less than 0.5 ha, 0.5-1 ha and more than 1 ha were 3.67, 4.02 and 4.12,
respectively. The energy productivity of these sizes was calculated as 0.155, 0.169 and 0.174 kg MJ?,
respectively. The Cobb-Douglas model results showed that the effects of inputs including human labor,
machinery, chemical fertilizers and electricity on the yield were positive, while the effect of inputs including
seed, diesel fuel and chemicals on peanut yield were negative. The benefit-cost ratio was calculated as 1.82.
Farmers with a farm larger than 1 ha used the least amount of energy and input costs.

Keywords: Guilan province, Peanut, Cost analysis, Energy efficiency, Farm size

1, 3- Associate Professor of Biosystems Engineering and Member of Research Center for Agricultural Machines,
College of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.

2- MSc Student of Biosystems Engineering, Ferdowsi University of Mashhad, Mashhad, Iran.

4- Assistant Professor, Department of Agricultural Machinery, University of Guilan, Rasht, Iran.

(*- Corresponding Author Email; emadi-b@um.ac.ir)



=l
Journal of Agricultural Machinery I= $309WS sbapiilo 4y s

Vol. 5, No. 1, Spring - Summer 2015, p. 22 S 177 T YY i APRF s e ) ol b o

Investigation of energy indices and energy consumption optimization for peach
production—case study: Saman region in Chaharmahal va Bakhtiari province
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Abstract

As one of the most important conditions in sustainable agriculture, optimization of energy consumption in
agriculture is necessary in order to reduce the production cost and saving non renewable resources as well as
reduction of air pollutants. In this regard, this study was conducted in Saman region, Chaharmahal va Bakhtiari
province. A linear programming based on Data Envelopment Analysis (DEA) was used for optimization of
energy consumption in peach production in order to increase the technical efficiency. By performing a linear
regression analysis, some inputs including animal fertilizer, pesticide, human labor and machinery had no
significant influence on product yield, while some other inputs including fuel, electricity, water and chemical
fertilizer showed a significant effect on the product yield. Therefore, the latter inputs and the product yield were
considered as the inputs and output, respectively. Selecting the BCC model (efficiency to variable scale model of
input nature) and using DEA Solver software, efficient and inefficient farmers were determined. The efficient
farmers had the technical efficiency of unit (one) and the inefficient farmers had this value within 0.47-0.94.
Also, the technical efficiency of inefficient farmers was computed as 0.74. This means that using 74% of the
inputs and keeping the current yield, the inefficient farmers can approach to the efficiency limit. Total technical
efficiency of all farmers was found to be 0.82. Based on the results, the maximum value of inefficiency belonged
to electricity energy with 65.32%.

Keywords: Technical efficiency, Peach, Saman region

1, 2- Assistant Professor and BSc Student, respectively, Department of Mechanical Engineering of Biosystems,
Shahrekord University, Shahrekord. Iran.

3- MSc Grduated Student, Faculty of Science, Islamic Azad University- Central Tehran Branch, Tehran. Iran.

(*- Corresponding Author Email: ghasemymahdi@gmail.com)



Journal of Agricultural Machinery @ b 329U sl ppadilo 4y yibd

Vol. 5, No. 1, Spring - Summer 2015, p. 21 S 177 T YY) o IFRF ol Jlaass o ojbas b alor

Mapping alfalfa yield using an energy monitoring system on a rectangular hay
baler
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Abstract

The most advanced part of precision agriculture technology is yield monitoring of grain and non-grain crops.
In this study, the horizontal pressing force of baling plunger and the angular position of the plunger connecting
rod were simultaneously measured by installing a load cell and a shaft encoder on the connecting rod and
plunger flywheel of a small rectangular baler, respectively. The signals of these sensors were processed in an
electronic board and the output data were recorded on a portable computer for monitoring and further analysis.
Before baling the harvested alfalfa from the test field, random samples were collected and weighted to obtain a
referenced measure of the yield variation along the entire field. Comparing the yield data with the pressing
energy and angular position data indicated a good correlation between the throughput rate of the baler and the
horizontal force imparted on the baler plunger. The estimated crop yield variations were geo-referenced by using
a GPS receiver. By combining the output data of the installed sensors and the positioning data, the yield map of
the test field was prepared.
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Investigation of compost fertilizer granulation parameters using response
surface methodology
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Abstract

Nowadays compost fertilizers are suitable alternative to chemical fertilizers, due to the threats for human
health and agriculture products. The most important problems for applying the compost fertilizer in the farm are:
transportation (high volume), high moisture content, spreading problem, impurity such as dust and storage. To
solve the problems mentioned, pressing process such as converting the compost to pellets and granules are
suggested. In this research the effects of some granulation parameters on the percent of useful granules in a
laboratory scale rotating drum was evaluated. The percentage of useful granules decreased by increasing the
granulation time and increased by increasing the percentage of drum filling. The optimal conditions for granules
production was achieved at drum rotational speed of 40.38 rpm, granulation time of 15 min, drum filling of 10%
and molasse percentage of 40.97. According to these conditions, the response for useful granule was estimated as
81.6% with R? of 0.924.
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Effects of drum speed and feed rate on damaged wheat grain during threshing
operation
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Abstract

In this research the effects of drum speed and feed rate on the amount of wheat grain damages during
threshing operation were investigated. A local flail type threshing machine for threshing wheat at three different
drum speeds (11, 20 and 36.7 m s™) and at three different feed rates (0.013, 0.025 and 0.05 kg s™) was used.
Increasing drum peripheral speed from 11 to 20 m s™ has been resulted in increasing visible and invisible
damages from 0.01% to 1.95% and from 2.13% to 16.5%, respectively. Increasing drum peripheral speed up to
36.7 m/s the visible and invisible damages observed as 24.3% and 36.85%, respectively. On the other hand,
increasing the machine feed rate from 0.013 to 0.025 kg s™ and then to 0.05 kg s, the percent of broken seeds
were decreased by 21.17% and 31.8%, respectively. The germination test showed that the both type of
germinations (visible and propositional) decreased with increasing drum speed and increased with increasing
feed rate. The electrical conductivity of the threshed seeds had a direct relationship with increasing the drum
speed and decreasing the feed rate. The Slids10 and Sohag10 varieties were the toughest and the most weakened
varieties, respectively in this investigation.
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Design and performance assessment of a semi-active suspension model of tractor
cabin
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Abstract

Cumulative effect of transmitted vibrations to the tractor driver not only leads to driver health problems, but
also reduces the driver working efficiency. Tractor suspension system is one of the methods which is employed
to lower the level of transmitted vibrations to the driver. In this study the design and performance assessment of
a semi-active suspension model of tractor cabin was considered. Tractor full vibration model was developed
first, and subsequently a semi-active ON-OFF damper model was designed. The examination of the model
indicated that doubling the piston area and the volume of hydraulic accumulator air chamber, led to 39%
increase and 31% reduction of the resonance frequency of transmitted vibrations to the driver, respectively. On
the other hand doubling the piston area and the primary air pressure of the accumulator, affected the RMS of
transmitted vibration to the driver by 77 cm s reduction and 66 cm s increase, respectively. Moreover, the
numerical comparison of the model outputs with and without activation of semi-active cabin suspension, while
the model was stimulated with the same input function, led to 43% improvement in RMS acceleration of the
transmitted vibrations to the tractor seat. Therefore, the designed semi-active suspension model of cabin was able
to attenuate the level of transmitted vibrations to the tractor driver.
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Comparison of applied forces on selective joints and muscles of drivers during
clutching of MF285 and MF399 tractors
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Abstract

In this research, the imposed forces on three muscles including: Gastrocnemius muscle, Trapezius muscle
and Quadratus lumborum of the tractor drivers during clutching have been studied. The sample included 30
persons and the research was conducted on two domestic tractors including: MF285 and MF399 models. The
clutching forces for these tractors were measured as 340 N and 290 N, respectively. The difference between
drivers’ knee angle of the two tractors was proved significant at the one percent level. The decrease of pain
threshold after 30 seconds and 60 seconds clutching and 60 seconds rest after clutching in MF285 tractor in all
three muscles were more than that of MF399 tractor. The impact of clutching on the average decrease of pain
threshold, among all the drivers, and for all time intervals, during and after clutching in the Quadratus lumborum
muscle for both tractors was more than the other two muscles. In order to reduce the imposed force of clutching
for MF285 tractor, some modifications is suggested. In this regard the force transfer joint between the pedal and
the disc in the mechanism of clutching can be replaced with one made of cast iron.
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Energy analysis and kinetics of mint leaves dehydration using vibro-fluidized
bed heat pump dryer
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Abstract
Fluidized bed dryers have not yet been used for drying products such as mint leaves. This could be due to
high porosity and low mechanical resistance resulting in poor quality of fluidization. Applying vibration has
been recommended to overcome problems such as channeling and defluidization, and hence improving the
fluidization quality. In this research, a laboratory scale vibro-fluidized bed heat pump dryer was designed and
constructed for drying mint leaves. The experiments were conducted at vibration frequency of 80 Hz and
amplitude of 3 mm. The velocity and temperature of the inlet air was controlled by an automatic control system.

Experiments were carried out at 40, 50 and 60 °C, and two methods: heat pump drying (HPD) and non-heat
pump drying (NHPD). The results revealed that drying process primarily occurred in the falling rate period.
Effective moisture diffusivity of the samples increased with increase in drying air temperature and varied from
4.26656x10™ to 2.95872x10™ m® s for the HPD method, and 3.71918x10™"* to 1.29196x107'° m* s™ for the
NHPD method and was within the reported range of 10° to 10™ m?s™ for drying of food materials. The
activation energy was determined to be 84 kJ mol™ for the HPD and 54.34 kJ mol™ for the NHPD, both have
very good agreement with the results of other investigators. The coefficient of performance and specific moisture
evaporation rate showed the acceptable performance of the heat pump system. Moreover, the energy
consumption of the dryer for the NHPD method was more than the HPD method.
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Abstract

Drying is one of the oldest methods to preserve agricultural products and hence expanding the food market. By
drying, the agricultural products can be stored and transferred to the market throughout the year. One of the most
important and nutritious vegetables is turnip which can be used by drying in out of season. In this research, the
hot air and vacuum drying methods of turnip were compared. The effect of independent factors including
temperature and vacuum, on dependent factors such as the shrinkage, rehydration and rate of electric energy
consumption on final products of turnip were investigated. A randomized completely design for hot air dryer and
a factorial experiment based on completely randomized design for drying under vacuum condition were used.
Results showed that the temperature and vacuum have affected the shrinkage, rehydration and electricity
consumption. Shrinkage parameter is more depend on the final humidity of product and the energy consumption
of the devices depends on time. The best quality of dried turnip was achieved from hot air drying device with
final humidity of 14+1%, shrinkage of 39.98%, rehydration of 4.45 and consumed electricity of 32.36 kWh kg™
of DM in 60°C. For the vacuum drying device the best quality of produce achieved with shrinkage of 38.12%,
rehydration of 4.87 and consumed electricity of 30.58 kWh kg™ of DM in vacuum condition of 10 kPa in 60°C.
Comparison of results showed that the vacuum dryer is more appropriate than the hot air dryers for drying turnip
with better quality and lower power consumption.
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Abstract

Dill is one of the most important plants in the world because of its medicinal properties and it is widely used
as a vegetable in the most parts of Iran. In the present study a new solar dryer with finny, perforated absorber
plate collector was utilized to dry fresh dill. The dryer was comprised of a solar collector, a product container, a
fan and a drying air temperature controller. The temperature controller was used as a control system to regulate
the drying air temperature. Thermal performance of the dryer with finny, perforated solar collector was
compared with that of a simple flat plate solar collector at different airflow rates. The effect of drying air
temperature at three levels (45, 55 and 65 °C), the product size at three lengths (3, 5 and 7 cm) and two different
modes of drying (mixed and indirect) on the dryer performance was investigated. The results showed that the
finny, perforated absorber plate solar collector could improve the thermal efficiency about 11% in comparison
with the flat plate collector and the highest thermal efficiency was achieved at the maximum airflow rate.
Meanwhile, increasing the air temperature and decreasing the product size caused a significant reduction in
energy consumption. Solar fraction reduced by increasing the air temperature. Finally a maximum dryer
efficiency of 70% was observed at air temperature of 65 °C, product size of 3 cm with mixed mode drying.
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The effects of drop height and padding surface on bruising of exportable apple
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Abstract

Unfortunately despite the great ranking of Iran for apple production around the world, the export potential is
not suitable. It seems that one of the major causes of poor quality for Iranian apple varieties is bruising damage
of this product. Therefore, in this study, some factors affecting the apple bruising were addressed. For this
purpose, factorial experiment in a completely randomized design with 72 treatments, including variety factor in
three levels (Golden Delicious, Red Delicious and Granny Smith), type of padding surface in four levels
(Cardboard on plastic, wood, Rubber on steel and apple) and the drop height in six levels (5, 15, 25, 35, 45 and
55 cm) with four replications were considered. Moreover, the maximum allowable drop heights of apples along
with bruising volume estimation models were studied. Analysis of variance (ANOVA) showed that bruising area
and volume were significantly affected by all experimental parameters at the 1% level. The comparison test
revealed that Granny Smith has tougher tissues and is less prone to vulnerability. Based on the results of this
study, the maximum allowable drop heights for the Red Delicious, Golden Delicious and Granny Smith varieties
were found to be 12, 15 and 20 cm, respectively. In addition, the effect of apple variety on the dependent
parameters was significant. Based on the findings of this study, the bruising due to the impact of apple and apple
was lower for the moving apples compared with the stationary apples.
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semiconductor (MOS) based machine olfaction (Electronic nose) for monitoring
of banana ripeness
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Abstract

Aroma is one of the most important sensory properties of fruits and is particularly sensitive to the changes in
fruit compounds. Gases involved in aroma of fruits are produced from the metabolic activities during ripening,
harvest, post-harvest and storage stages. Therefore, the emitted aroma of fruits changes during the shelf-life
period. The electronic nose (machine olfaction) would simulate the human sense of smell to identify and realize
the complex aromas by using an array of chemical sensors. In this research, a low cost electronic nose based on
six metal oxide semiconductor (MOS) sensors were designed, developed and implemented and its ability for
monitoring changes in aroma fingerprint during ripening of banana was studied. The main components are used
in the e-nose system include sampling system, an array of gas sensors, data acquisition system and an
appropriate pattern recognition algorithm. Linear Discriminant Analysis (LDA) technique was used for
classification of the extracted features of e-nose signals. Based on the results, the classification accuracy of
97/3% was obtained. Results showed the high ability of e-nose for distinguishing between the stages of ripening.
It is concluded that the system can be considered as a nondestructive tool for quality control during banana shelf-
life.
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Abstract

In recent years, application of near-infrared spectroscopy (NIR) as a non-destructive technique combined
with chemometric methods has been widely noticed for quality assessment of food and agricultural products. In
chemometric methods, quality analyses are important issues which could be related to pattern recognition. In this
research, the feasibility of pattern recognition methods combined with reflectance NIR spectroscopy for non-
destructive discrimination of oranges based on their tastes was investigated. To this end, both unsupervised and
supervised pattern recognition techniques, hierarchical cluster analysis (HCA) and soft independent modeling of
class analogies (SIMCA) were used for assessing the feasibility of variety discrimination and classification
(according to their taste), respectively, based on the spectral information of 930-1650nm range. Qualitative
analyses indicated that NIR spectra of orange varieties were correctly clustered using unsupervised pattern
recognition of HCA. It was also concluded that supervised pattern recognition of SIMCA for NIR spectra of
oranges provided excellent results of variety classification based on BrimA index at 5% significance level
(classification accuracy of 98.57%). Moreover, wavelengths of 1047.5nm, 1502nm, and 1475nm contributed
more than other wavelengths in discriminating two classes. Samples having the same BrimA index were also
correctly classified with the high classification accuracy (95.45%) at 5% significance level. The discrimination
power of wavelengths of 1475nm, 1583nm, and 1436.75nm were more than those for other wavelengths to
achieve this classification. Therefore, reflectance NIR spectroscopy combined with pattern recognition methods
can be utilized for determination of other attributes related to taste.
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density pattern

H. R. Ahmadi- J. Amiri Parian®
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Abstract

Within the last few years, a new tendency has been created towards robotic harvesting of oranges and some
of citrus fruits. The first step in robotic harvesting is accurate recognition and positioning of fruits. Detection
through image processing by color cameras and computer is currently the most common method. Obviously, a
harvesting robot faces with natural conditions and, therefore, detection must be done in various light conditions
and environments. In this study, it was attempted to provide a suitable algorithm for recognizing the orange fruits
on tree. In order to evaluate the proposed algorithm, 500 images were taken in different conditions of canopy,
lighting and the distance to the tree. The algorithm included sub-routines for optimization, segmentation, size
filtering, separation of fruits based on lighting density method and coordinates determination. In this study, MLP
neural network (with 3 hidden layers) was used for segmentation that was found to be successful with an
accuracy of 88.2% in correct detection. As there exist a high percentage of the clustered oranges in images, any
algorithm aiming to detect oranges on the trees successfully should offer a solution to separate these oranges
first. A new method based on the light and shade density method was applied and evaluated in this research.
Finally, the accuracies for differentiation and recognition were obtained to be 89.5% and 88.2%, respectively.

Keywords: Orange harvesting, Image processing, Separation, Harvesting robot, Machine vision, Regional
maxima
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Desigining of computer vision algorithm to detect sweet pepper for robotic
harvesting under natural light

A. Moghimi'- M. H. Aghkhani®- M. R. Golzarian®"
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Abstract

In recent years, automation in agricultural field has attracted more attention of researchers and greenhouse
producers. The main reasons are to reduce the cost including labor cost and to reduce the hard working
conditions in greenhouse. In present research, a vision system of harvesting robot was developed for recognition
of green sweet pepper on plant under natural light. The major challenge of this study was noticeable color
similarity between sweet pepper and plant leaves. To overcome this challenge, a new texture index based on
edge density approximation (EDA) has been defined and utilized in combination with color indices such as Hue,
Saturation and excessive green index (EGI). Fifty images were captured from fifty sweet pepper plants to
evaluate the algorithm. The algorithm could recognize 92 out of 107 (i. e., the detection accuracy of 86%) sweet
peppers located within the workspace of robot. The error of system in recognition of background, mostly leaves,
as a green sweet pepper, decreased 92.98% by using the new defined texture index in comparison with color
analysis. This showed the importance of integration of texture with color features when used for recognizing
sweet peppers. The main reasons of errors, besides color similarity, were waxy and rough surface of sweet
pepper that cause higher reflectance and non-uniform lighting on surface, respectively.

Keywords: Automatic harvesting, Computer vision, Image processing, Robot, Texture index
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Recognition of paddy, brown rice and white rice cultivars based on textural
features of images and artificial neural network
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Abstract

Identification of rice cultivars is very important in modern agriculture. Texture properties could be used to
identify of rice cultivars among of the various factors. The digital images processing can be used as a new
approach to extract texture features. The objective of this research was to identify rice cultivars using of texture
features with using image processing and back propagation artificial neural networks. To identify rice cultivars,
five rice cultivars Fajr, Shiroodi, Neda, Tarom mahalli and Khazar were selected. Finally, 108 textural features
were extracted from rice images using gray level co-occurrence matrix. Then cultivar identification was carried
out using Back Propagation Artificial Neural Network. After evaluation of the network with one hidden layer
using texture features, the highest classification accuracy for paddy cultivars, brown rice and white rice were
obtained 92.2%, 97.8% and 98.9%, respectively. After evaluation of the network with two hidden layers, the
average accuracy for classification of paddy cultivars was obtained to be 96.67%, for brown rice it was 97.78%
and for white rice the classification accuracy was 98.88%. The highest mean classification accuracy acquired for
paddy cultivars with 45 features was achieved to be 98.9%, for brown rice cultivars with 11 selected features it
was 93.3% and it was 96.7% with 18 selected features for rice cultivars.

Keywords: Rice, Image processing, Artificial neural networks, Textural features
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Field performance of the disk harrow, power harrow and rotary tiller at
different soil moisture contents on a clay loam soil in Mazandaran
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Abstract

About 60% of the mechanical energy consumed in mechanized agriculture is used for tillage operations and
seedbed preparation. On the other hand, unsuitable tillage system resulted in soil degradation, affecting soil
physical properties and destroying soil structure. The objective of this research was to compare the effects of
three types of secondary tillage machines on soil physical properties and their field performances. An experiment
was conducted in a wheat farm in Jouybar area of Mazandaran as split plots based on randomized complete
block design with three replications. The main independent variable (plot) was soil moisture with three levels
(23.6-25, 22.2-23.6 and 20.8-22.2 percent based on dry weight) and the subplot was three types of machine (two-
disk perpendicular passing harrow, Power harrow and Rotary tiller). The measured parameters included: clod
mean weight diameter, soil bulk density, specific fuel consumption, machine efficiency and machine capacity.
The effects of treatments and their interactions on the specific fuel consumption, machine efficiency and
machine capacity and also the effects of treatments on bulk density were significant (P<0.01). The bulk density
decreased 15.3%, the specific fuel consumption increased 11.8%, whereas the machine efficiency and machine
capacity increased and decreased with the decrease in soil moisture, respectively. The maximum value of the
bulk density and machine efficiency were obtained by the use of rotary tiller and the maximum value of the
specific fuel consumption and machine capacity were obtained by the use of power harrow. A criterion was
defined for selecting machine type and moisture content for optimum condition. The results suggested power
harrow working at soil moisture condition of 24.3% (based on dry weight).

Keywords: Energy, Soil physical properties, Secondary tillage machinery, Soil moisture, Specific fuel
consumption
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Introducing a strategy for selection of plowing systems using hybrid SWOT-
AHP method (Khodabandeh, Zanjan)
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Abstract

For improvement or change in a plowing system, it is crucial that all important parameters to be taken in
account. Recommendation of a tillage system should receive supports from research data as well as from skilled
farmers in order to find a resolution to problems of that system. In this study, strengths, weaknesses,
opportunities and threats (SWOT) of different tillage systems for wheat cultivation in the Khodabandeh region
(Zanjan province, Iran) were identified and ranked using Analytic Hierarchy Process (AHP). Based on the
viewpoints of skilled farmers, the main threats in tillage systems, which include small farm lands in the region,
lack of qualitative research on new tillage systems and lack of government support, affected the system selection
(32 percent), relative strengths (26 percent), opportunities (22 percent), and weakness (20 percent). Because of
these threats, farmers keep using conventional tillage method (with the value of 47 percent) in spite of their
awareness about the benefits of conservation tillage and no-tillage methods. In this situation, the recommended
measures are; making new policies for the land integration, performing qualitative research specially on new
machinery, clarifying the government's policies on exporting and importing agricultural products and on the
amount of guaranteed prices of products before starting the growing season. By these activities the threats can be
replaced by opportunities and strengths.
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An investigation into separation of impurity from saffron stigma using an
electrostatic separator
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Abstract

In the present study, a laboratory electrostatic separator was constructed and its separation potential of white
saffron impurities from stigma was investigated. The device was comprised of a nylon ribbon which moves in
contact with a woolen brush and was charged by the triboelectric effect. The charged ribbon, then, moved over
the material pan. Since the electrostatic behavior vary from various materials, their attraction to the ribbon differ.
The separation tests were conducted at three levels of ribbon position (with 1.5, 2.5 and 3.5 cm from the material
pan), three drum speeds (50, 60 and 70 rpm) and three working times (120, 18 and 240 seconds). The results
showed that material absorption increased as working time increased and the ribbon distance decreased.
Meanwhile, rising the speed from 50 to 60 rpm improved material absorption while, more increasing from 60 to
70 rpm reduced the absorption. A maximum impurity separation of 97% was observed with ribbon distance of
1.5 cm, ribbon speed of 60 rpm and working for 240 seconds. The minimum stigma losses were found to be
about 2% when the ribbon distance and speed were 3.5 cm and 70 rpm, respectively, and the separator worked
for 120 seconds.

Keywords: Electrostatic, Saffron, Separation
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Comparison of microwave and ozonolysis effect as pretreatment on sugarcane
bagasse enzymatic hydrolysis
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Abstract

Bioethanol production from agricultural residues is one of the promising methods. Pretreatment is the most
important step in this type of bioethanol production. In this study, the saccharification percentage of sugarcane
bagasse was investigated after two types of pretreatments including ozone steaming and microwave. Microwave
pretreatment was studied with two factors of microwave radiation (170, 450, and 850 W) and microwave
duration (2, 6, and 10 min). The ozonolysis (0zone steaming) pretreatment was surveyed with two factors of
moisture content of bagasse (30, 40, and 50%) and ozonolysis time (1.5, 2.5, 3.5, and 4.5 hr). After hydrolysis,
the Saccharification percentage of sugarcane bagasse increased to 57.2% and 67.06% with microwave and
ozonolysis pretreatments, respectively; compare to 20.85% in non-ozonated bagasse. It can be concluded that the
ozonolysis is the most effective pretreatment regarding to saccharification percentage of sugarcane bagasse.

Keywords: Enzymatic hydrolysis, Microwave, Ozonolysis, Sugarcane bagasse
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A study of ultrasonic sensors to intelligent estimation of tree canopy volumes
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Abstract

Many research projects have been conducted about using ultrasonic sensors to estimate canopy volume. This
study investigates using software applications such as artificial neural network (ANN) to improve the estimation
of canopy volume by using ultrasonic sensors. A special experimental system was built. The system had three
ultrasonic sensors mounted vertically on a wooden pole with an equal distance of 0.6 m. As the wooden pole
moves with a constant speed, the ultrasonic sensors measure the thickness of tree canopy with sampling rate of 4
Hz. Experiments were conducted on 5 samples of Benjamin tree at three speed levels of 35, 45 and 55 cm s™ in
three replications. The real volume of trees was measured manually with rectangular elements method. After a
full passing of ultrasonic sensors, potential features such as canopy diameter, average width of tree canopy and
height of the tree canopy were considered as the inputs to the ANN model and the manually volume as the
output of the model. Optimal ANN model was selected based on mean square error and correlation coefficient.
The results showed that 13-16-7-1 was the optimal neuron numbers in ANN topology for estimating canopy
volume.

Keywords: Precision agriculture, Variable rate technology, Ultrasonic sensor, Artificial neural network, Tree
canopy
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non-contact measurement of pistachio canopy structure
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Abstract

Electronic canopy characterization to determine structural properties is an important issue in tree crop
management. Ultrasonic and optical sensors are the most used sensors for this purpose. The objective of this
work was to assess the performance of an ultrasonic sensor under laboratory and field conditions in order to
provide reliable estimations of distance measurements to apple tree canopies. To achieve this purpose, a
methodology has been designed to analyze sensor performance in relation to foliage distance and to the effects of
interference with adjacent sensors when working simultaneously. Results showed that the average error in
distance measurement using the ultrasonic sensor in laboratory conditions was 0.64 cm. However, the increase of
variability in field conditions reduced the accuracy of this kind of sensors when estimating distances to canopies.
The average error in such situations was 3.19 cm. When analyzing interferences of adjacent sensors 30 cm apart,
the average error was £14.65 cm. When adjacent sensors were placed apart by 60 cm, the average error became
6.73 cm. The ultrasonic sensor tested has been proven to be suitable to estimate distances to the canopy in
pistachio garden conditions when sensors are 60 cm apart or more and can, therefore, be used in a system to
estimate structural canopy parameters in precision horticulture.

Keywords: Ultrasonic sensor, Distance measurements, Ultrasonic interferences, Tree canopy

1- Graduated PhD in Biosystems Engineering, Tarbiat Modares University, Tehran, Iran.

2- Associate Professor, Department of Biosystems Engineering, Tarbiat Modares University, Tehran, Iran.
3- Associate Professor, Department of Biosystems Engineering, Tarbiat Modares University, Tehran, Iran.
4- Assistant Professor, Department of Biosystems Engineering, Shahid Chamran University, Ahwaz, Iran.
(*- Corresponding Author Email: minaee@modares.ac.ir)



Journal of Agricultural Machinery @ b 39U sl pilo &gyl

Vol. 5, No. 1, Spring - Summer 2015, p. 1 S 177 T Y op TR sl Jloaass o) 0l b ke

Detection of pistachio Aflatoxin using Raman spectroscopy and artificial neural
networks
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Abstract

Pistachio contamination to aflatoxin has been known as a serious problem for pistachio exportation. With
regards to the increasing demand for Raman spectroscopy to detect and classify different materials and also the
current experimental and technical problems for measuring toxin (such as being expensive and time-consuming),
the main objective of this study was to detect aflatoxin contamination in pistachio by using Raman spectroscopy
technique and artificial neural networks. Three sets of samples were prepared: non-contaminated (healthy) and
contaminated samples with 20 and 100 ppb of the total aflatoxins (B1+B2+G1+G2). After spectral acquisition,
considering to the results, spectral data were normalized and then principal components (PCs) were extracted to
reduce the data dimensions. For classification of the samples spectra, an artificial neural network was used with a
feed forward back propagation algorithm for 4 inputs and 3 neurons in hidden layer. Mean overall accuracy was
achieved to be 98 percent; therefore, non-liner Raman spectra data modeling by ANN for samples classification
was successful.

Keywords: Aflatoxin, ANN, PCA, Pistachio, Raman spectroscopy
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Table 1- Consumption of inputs during the first year of saffron cultivation
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* The annual water consumption for saffron cultivation was considered equal to 3000 m’® (Mahdavi, 1999).
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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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