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Introduction

Adopting new technologies for crop growth has the characteristics of improving disaster resistance and stress
tolerance, ensuring stable yields, and improving product quality. Currently, the cultivation of seed trays relies on
huge labor power, and further mechanization is needed to increase production. However, there are some
problems in this operation, such as the difficulty of improving the speed of a single machine, seedling deficiency
detection, automatic planting, and controlling the quality, which need to be solved urgently. To solve these
problems, there are already some meaningful attempts. Si et al. (2012) applied a photoelectric sensor to a
vegetable transplanter, which can measure the distance between seedlings and the movement speed of seedlings
in a seedling guide tube, to prevent omission transplantation. Yang et al. (2018) designed a seedling separation
device with reciprocating movement of the seedling cup for rice transplanting. Tests show that the structure of
the mechanical parts of the seedling separation device meets the requirements of seed movement. The
optimization of the control system can improve the positioning accuracy according to requirements and achieve
the purpose of automatic seedling division. Chen et al. (2020) designed and tested of soft-pot-tray automatic
embedding system for a light-economical pot seedling nursery machine. The experimental results showed that
the embedded-hard-tray automatic lowering mechanism was reliable and stable as the tray placement success
rate was greater than 99%. The successful tray embedding rate was 100% and the seed exposure rate was less
than 1% with a linear velocity of the conveyor belt of 0.92 m s™. The experiment findings agreed well with the
analytical results.

Despite the sharp decline in Iran's water resources and growing population, the need to produce food and
agricultural products is greater than ever. In the past, most seeds were planted directly into the soil, and many
water resources, especially groundwater, were used for direct seed sowing and plant germination. One way to
reduce the consumption of water, fertilizers, and pesticides is to plant seedlings instead of direct seed sowing.
Therefore, the purpose of this study was dynamic modeling and fabrication of seed planting systems in seedling
trays.

Material and Methods

In this experiment, Flores sugar beet seeds (Maribo company, Denmark) were used. The seedling trays had
dimensions of 29.5*60 cm with openings and holes of 5.5 and 4 cm, respectively. To plant seeds in seedling
trays, first, a planter arm was modeled and its position was obtained at any time. Then, based on dynamic
modeling, the arm was constructed and a capacitive proximity sensor (CR30-15AC, China) and IR infrared
proximity sensor (E18-D80NK, China) were used to find the location of seedling trays on the input conveyor and
position of discharging arm, respectively. To achieve a stable and effective control system, a micro-controller-
based circuit was developed to signal the planting system. The seed planting operation was performed in the
seedling tray according to the coordinates which were provided through the image processing method. The
planting system was evaluated at two levels of forward speed (5 and 10 cm s™). Moreover, a smartphone
program was implemented to monitor the operation of the planting system.
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Results and Discussion

The planting system was assessed for sugar beet seeds using two levels of forward speed (5 and 10
cm s™). The nominal capacity of this planter ranged from 3579 to 4613 cells per hour, with a miss and multiple
implantation indices of 0.03% and 8.17%, respectively, in 3000 cells. Due to its planting accuracy, speed, and
low energy consumption (25.56 watt-hours), this system has the potential to replace manual seeding in seedling
trays.

Conclusion

In the present study, a seed-sowing system for planting seedling trays was designed, constructed, and
evaluated based on dynamic modeling. In the developed system, unlike previous research, planting location
detection was conducted through image processing. Additionally, a smartphone program was established to
monitor the operation of the planting system without interfering with its performance. This study demonstrates
that image processing can successfully detect planting locations and can effectively improve efficiency over time
for major producers.

Keywords: Image processing, Modeling, Planter system, Seedling tray
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1- Grashof’s theorem
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1- Polylactic Acid
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Range of dimensions bination N

Stage L L, L, L, L % Combination No.
1-10 1-100 1-50 1-50 1-100 0-360 8400
1 1-10 1-19.99 1-8.08 1-8.08 2.18-38.39 180-360 23500
5-9 21-37.17 1-8.08 2.33-19.90 1-35.71 270-360, 0-120 36592
5-9 17.11-20.53 1-8.08 8.08-50 18.80-100 300-360, 0-120 12350
5-8.81 48.80-57.91 1-8.08 19.90-50 10-100 330-360, 0-120 7640
2 5,5-9 3.79-1593 2.66-16.90 2.66-16.90 1-35.71 240-360, 0-30 45800
6-9 12.35-20.53 2.66-16.90 8.08-50 3.16-100 30-140 28530
6-9 12-18.7 8.08-50 8.08-50 1-21 300-360, 0-120 14900
3 5-8.6 13.7-20.1 2.99-4.88 2.99-488 12.81-18.8 300-340 7500

4 5-8.6 15.7-20.1 3.21-488 3.21-4.88 13.35-17.2 310-330 45000
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Introduction

The world today is facing the issue of population growth, which will result in food shortages. One way to
supply food to this growing population is to facilitate the production of agricultural products to meet the growing
demand. Medicinal plants are an important product of the agricultural sector. In Iran, manual harvesting reduces
the productivity of these crops, and the use of manual harvesting poses challenges related to available
manpower. The costs and time required for manual harvesting are additional obstacles. Given the importance of
developing medicinal plants, designing and constructing a mechanized machine for harvesting them could
improve the harvesting process.

Material and Methods

In designing the machine for harvesting medicinal plants in cultivation rows, different scenarios were
examined regarding the position of the machine relative to the tractor. The advantages and disadvantages of each
scenario were listed separately, and finally, the continuous placement of tractors, harvesters, and trailers was
defined. One of the goals of designing this machine is to perform harvesting operations for two row spacing’s -
80 and 160 cm. To achieve this goal, mechanisms were added to the machine that allow for changing the
position of the harvesting head, as well as the cutting height. Moreover, due to the sensitivity of the harvested
product to soil contact, the plants should be transferred immediately after cutting. Therefore, a transfer
mechanism was designed and built to move the cut products to the trailer. Independent variables, including
forward speed at two levels, type of reel in two types, and cutting blade in two types, were considered.
Dependent variables also included harvesting efficiency, percentage of damaged plants, and harvesting capacity.

Results and Discussion

The results of variance analysis for different treatments show that the forward speed, type of reel, and cutting
blade type have an effect on harvest efficiency. The difference in harvest efficiency is significant at a 1%
probability level. A star cutting blade provides higher efficiency than a 40-teeth cutting blade. The rubber reel
prevents plants from falling to the ground by creating a closed space in front of the blade. However, the inner
parts of the rods reel are empty, and the plant can fall to the ground. Additionally, the plant may get wrapped
around the rods, causing a decrease in harvesting efficiency. Another essential parameter when identifying and
evaluating a harvesting machine is crop damage. Some plants get crushed and torn due to the impact on metal
components. This situation reduces the quality of the harvested product, leading to a decline in the final product's
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price. The star-cutting blade causes more leaf rupture. In contrast, the teeth in the 40-teeth blade are continuous,
making it unlikely for the leaf to get caught between the two teeth. However, with the star blade, the distance
between the two blades is large, allowing the plant to get stuck in between and re-cut.

Conclusion

Based on tests conducted for eight different positions of the harvester, it was observed that the G test
outperformed the other tests with 85.88% harvesting efficiency, a capacity of 344.8 kg h™, and only 1.34%
peppermint leaf damage. Therefore, for harvesting similar peppermint products, we recommend using a
combination of a star blade, rubber carousel, and a forward speed of 1.2 meters per second. However, new tests
should be conducted on other products like lavender and those with strong stems.

Keyword: Design, Field efficiency, Harvesting efficiency, Mechanization, Optimization



B

SISl i

S 39l (sl iblo 4y s
https://jame.um.ac.ir

i

YW-YAL Lo V60T 50l F ojled Yl

op 3 S sk, 53 B olsr Il sl 65 5SSty dbls p oKy (b

‘_;Ldﬁtl.au 550 5 01 5 Shas

VoL, . : N ¢ Y. .Y R #) "
A (e ‘ogs-‘w,x, P38 el o s des (O g L2, ¢ b Slge O il (“Jv‘-;

Ve NS el )b

VN ¥ A b dy Fo)b

daSe

oS 9 iyl SV gmame (i 03lSe Canl 5 033K e S35 oai] Jd (65y9liS i sla it Cullad dels] cus

5 >k ol Gl o5l suiSeudlyy ol o Gimgk (il 3 yglse eyl & s i M g s ISl g wal3 1) (55l g )
hoslawl (Y o3y Oygods cutS (V iplss ol SheaS A8 by 1y o9l lS Wlgn a8 cusl opl olKuss opl (b Claal as asle
céyS 8 byl ayee Jald sl as e 10 oSiwd bl (pl o bl aisld go Sl 0 JIVe oy oy gyl 4 5l (Vg ol olsn pluil S
Hie (gloyiel)ly b 4385 jL5)> dtnly piel)l dw g Jitwe yiohl dw b5yl slp a8 S Jpame (ol cuslio cuilsy sl cuslio oS 5
ol 203 g (glas 5o b o wcidlay 033l 2 Jols sl (slayially o I g 22 55 99 5 Lo 435 £ 90 ke 93 10 (So ey S 1 Jold
d_w )_lb dl).: ).u U’“‘i’L‘A L;melm W )I.)L;xo Z\ JL:M>‘ C.Lzm ).) Mla ).m‘)l; dw ).m » Jﬂ.a.uuo L;Ltb)yslﬁ )Jl .\mbL;c b,\mw‘.)).: J}M
AOIAA 5 1y cils 033l Wlgs oo (S S g &40 5 (slojliw £o5 axs il o VY (4o ity s puo aS” 0l (LS ol .05 plowsl el )by

W dwlee duo )3 VY'Y oo )l g d oSy doyd g celu o £, SS YFF/A Lyl s ol )3 olSiwd cudld g Cud b pioad a3 iol38] oy

.wauo CA.J:I.)); elals uj)gwad‘d&))o uﬁ)baw].))) b.))'l;. u.));wu»ul);ujlp Q"I ul.’xul

gl 5080 (b ¢ ilwdigg (glde o 035l wusl y 035l 1 gulS” (gW2j1g

|y o GLBLS Gy (S psbas 355 o )5 s il
(i) 9y (> LS slreg)S 5> odliatul ogo pululyy
Krishnaiah, Sarbatly, & ) sl ,I, 8 ¢ pass ¢ (glauolis (gaid
Sgd o atdS SalS & gyl LS (Nithyanandam, 2011
01553913 Ly St o] g0ty o (s b plos oS
Jlesl a SaS' Ly (g5l 605iin b plopd ¢ g
iy 3 39y LS e sl (s i bads 5 (Sfgle 5
o5 ool (51)1> oS 35300 45 LS & 29, (LS S0
S b silow loyd 53 Ao o3lo (pl &S A3l pasuie
[(Jassim & Naji, 2003) 5,5 ,l, 8 osliwl 5y50 )] 9, 5|
o Sl (g plals (sl il (slagaidins (pizxen
iy 04 3l eolatnl Bua b cutS 4 wdlitul ogzs bl p .ol
0955 ol y Bgd o (slaiwd slga plil IS 5 a5y (5
Ngd oo Slumendll 4dy 9 S92 5 (55 oS () 4 CuiS
(Hald el plai alise olalS (Caniago & Stephen, 1998)

.

LYRUFY

Duque-) cul gxiuo LS «(5550liS iy whe clides |
Acevedo, Belmonte-Urena, Cortés-Garcia, & Camacho-
oS el slals  axio lals ;| s L (Ferre, 2020

390 siaino Aial b (b ) ey g psboar ] &Y e

O oot Sy oK (5)5liS 0IS (ptmgn Sl 05,5 )

ol ol 1 Glojls ()90l 9 (65,9l Sipale Clisiod e —¥

IR QWlnl cng de)ie 8 b Lot g CulS 09)h LS iy pte -

ol

Ol ol Ol (g 430 8 58 Cato g S Sl 00 —F

Oledol (ool ixio oKl (655liS oAU (pigge SlSe 09,5 —0

(Email: p.ghiasi@modares.ac.ir 2 e 0Xa g3 — )
https://doi.org/10.22067/jam.2022.75134.1089


mailto:p.ghiasi@modares.ac.ir
https://doi.org/10.22067/jam.2022.75134.1089
https://orcid.org/0000-0002-0864-1430
https://jame.um.ac.ir/

1Y 50l ¥ o yleds AY al (6559l slaopmilo 4 s YV

Jols) il an lils gy oS ol Lalos 51 S g & s puo
2 Jie Lo pite ol S5 Ly (siicuily lals
w9 Colo y yloghS F 90 F (goyy ooy prlaws A (dmg
b iy S plie el Sy 52 el g0 e
C s A (Ggyidiy C8 o Cna &S (5y900 3 45 3> (LS ol
oidlS as olals olie AL VEY I /AN SL8 g 2 s
Uibgis (Abdalla, Dahab, Musa, & Eltayeb, 2021) sl .
ol g5y (s 4 pladl oalal Jo ekl b (%00
MO ANV 2l cowlio gy 0, SLb g 5y (adls
Sl o Jlog b ¥ gyl Sy 53 3 )Sdos (ke 9 M3b(e
(Chaab, Karparvarfard, Rahmanian-Koushkaki, sl> s,
L aS ol o oy da>e Mortezaei, & Mohammadi, 2020)
2 gy Gy 4 045 dudd (ad Cas s s il
S g 08w 5, Shae VE a0 ) 3l Hlp diiion S by opudilo
(Hante, 2019) b,
P85 5 omb Cagby 20 b (id (LS S
A s glis )5 )8 (wyp 090 (b g )lgd (o Jie 9

3y Sloe Wilgh o 4l9d Jao Vb cugby dopd b (lalS caslio oy
SIPl R o pde x5 Gy g gl S Cpiomen AL andly gy
2 45 49lj LB B (g 3y90 0lS Bl S sl 8 259
\VJ]V)]W#C}&)MSML@b));' 5\”' o CL&»M
Axg dpd e gdugly 4 S ol L pls )8 )8 4l e
Mathanker, ) 3,5 Lo oy slp 1y (6558 (65,50 dBlo 4y Cos
Oz bawgi galS cuily uile (Grift, & Hansen, 2015
60 S opmali i e85 oS Wb adle g b cudl Ojg0a
Cadybs e bl gl gyl 5l S ecah | OT Oles
s 00 plomil (o) (b oS Sl (g9 play Cas s slae 50
033 a b o e Bl A/A L5 Al dcgazme (05 iy s puo
Hachiya, ) ol juss 3o)d AF/Y @ YEIY I, glasy50 cuild
&> 30y (Amano, Yamagata, & Kojima, 2004
)Lw.u J9_.a.‘>m d“).» w]b).» )‘ o..\JLouﬁL 4l L ol .))|5 wi
L Slo axs g (agle gl b g (e 435 cgl) g 9 e
el (a3 Egetne 3 NS L)l e pArs CullE
bugle g Blo sladag | it (o pae loass )3 olS el
O35 Blo laass | 1S o pae gadsis lp o EB)]
Loy imgs 5> (Toledo, Silva, & Furlani, 2013) .

1- Claas Combine Harvester

oSN L S dud jd opl g opuingl (wgdeolawl s gu ol
S5 095 o odlil ayl len plail IS 51 a8 w5yl 5,8 s,
odile Bl d8lw g ddiyy 4 Byl 5 g abls Luled jo S L g Wigi
9 .)9.“:@ (:L?u] Cawd l.: b UYM L)ﬁ‘ wl.)ﬁ S u&.w] °“.‘5
g2 o ialS |y Y game cpl Cely; (gy50,00 (gwd Cudld
»500 5l Sl g9y (el slacudgisme S5 wlide
09 0l g 4 3e D9 o Cguie Cubly g (pl OASLa
s by 35l ln Sy 5500 3 35 g ety
2l bl Ll o olS g Jpamo 4 00 3l gl 5 ol
9 3Sboie (Bl o) 59y 2 U0l o Jgpae oS 55k
BB 5 oy i) iy 3 a9 e o] S €8l Jole e
oS damme uiy U bl andly pudais CulslB b ol o)Ll gl
O ELaryl oolitul 550 ddsle (gln)Tg00 y5 Lol dguis MBI o
oo g 4y Cond 5] 0S50 Ygane g sl 0B ole
uo9.;a.>m uls.}l 9 L.mu.::w‘.n )] odlaswl .L.BIL;O ‘jbu] uu).: uu.o&
9y u,..ol_s L;La:c;\ias.x_xa 2 ale ¢J9.4.'>oo 2 o>)|9 dl-‘”wi
Mirmajidi ) asb o cuilbyp 4 by yo slaasja yials 5 Sl
Cosly; dewg Cuodl 4 d5g b 8k ;| (& Pardiskian, 2016
sledoin u»lzaLf &y oais sl u..;lﬁ) slas 9 659)13 Olm‘.zf
..\_:]yu_n u..{a)].) ulmhf w‘.))a o}é&n olKiwd ;Jya}u D..\M:Fl.o.)
9l glseyl e Jgame cocl)j a5 dmgi 3 1) g8 i
olals C;Jlaﬁ aldes 0,5 a)‘,..il_gm 0)9-> ) Sl oladss
OMzed |y aue) nl ) oy g Al ©gp5 ol 53 (29l
D)J..)Ka wl.)); 9 us.wu‘)u&a Ls IQJJ)A Sldlao LY dald| 2 .ASL;Q
u—iﬁ)b 01_35 03 FLAJ u._a.:ﬁ » C;..ﬁl.)).g J.\a ).sl L;Q.:.Q?U 2

Jace 99 g s el cwusls g, dw o] ;3 0D wyp gl
o)'.:JLSA CA._«:B].))_) 4SSl ULAAJ CJLJ LJLQ(v FURRW W)y ;9).)
(Ivanovic, s> e ialS 7V b1y 4l Jgame oddpled Cuosd
oddplosl sla —wyp b Paji¢, & Markovi¢, 2014)
S90Sl oo Culldy ogate ofilSe lagudle 55 4
;1 (Quinlan & Quinlan, 2007) a_a> Lil;8l1, ol il
s gedme cowll g (gl Sy « S g 22 Cas g iGhp Je



YV cws gldys, o oL (1en plusl 6l (6,58 5 Caly Clild y oiwd (21 5b oyl Kop g (il

a o=l Blg e85 )8 obj)l 090 I g Ey2 g9 9 S 435
olalS 4 by ol 5 culbyy cd b il o)l 2 el
.9«5; )1)5 axlllas d)y90

W g, g dlge

oKLy al b
Jos j581y5 aS wiby cpile S Ak jo cuss pl8
sy 5358 Cprgo (s O mlgs plowl 1) ] g5 el
hb 4 plal ol8iwd CouxBas yand 51w ol Gimgdy 50 .l
Aold g ela)] s slap 3l (ol z ol o&ws (glial 500
Jsl p 3ol g (Sdgyien i (b aas S g 32 o2
Slialojloz b V S s e85 Cudy Hh 5 a4 sddbiody  dlge
A3 e ol 1y cudS Cardy jd og)h LS cuil p oKy Lol

Do oo &3y il opl (Sl b 4 bl 3 &S

(Rezahosseini, Jafarinaeimi, & Mortezapour, ), Ses o
B8 1B g 3y80 g oIS 0d)bp daly S 5 Slee 2019)
oKiwd o 3)Slos y olKiod (g9 by s puo &S 2 (LS ol
Y0 (Y sopia cop Gl o it 9 Sl S 31 s
Ab ol celw o yiogls
SaIL 9395 5 ol 3 2g)h oblS celyj a8 Sl
2 oy g a0y o0 gy Cudly pogasie clamdle (o9
Ol S (b 9y 00 Jloday el (s g i
S5 yp &S Canl alisee gla yisu Jebi 6501806 MolS” cuisly
55 053 0bml p5Y (gl 5 ) Jas il iz ool
il g (b @ adlas cpl ol aush e 3 Sles piugw
CdS Gy 0 ()b plls cuiby cpile i sl iy
Pyl B g 32 i Jeld adlllan 3)90 (sl jisu )13
p3Y lahad 5 e b5 oo b )3 &) ool Slge JUas!
&9: ‘69)‘“‘“’ Cie puw J.Q.uwo )u:l)l.) A oSl 9 L$'>|)JD olKiwd

Joo B 0diiS zen slagil ¥ S8 g x> ¥ il Y coidaus )t el og)h lalS cuslyy peile o395 45y 6)lez b —) JS

Fig.1. Section of medicinal plant harvester: 1. Gear box, 2. Hitch, 3. Reel, 4. Collector arms, 5. Transfer location to
trailer, 6. Holder arm, 7. Height adjustment, 8. Cutter blade
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Fig.3. Position of tractor, harvester and trailer in 160 cm
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The height of the reel relative to the blade
Longitudinal distance between the reel and the blade
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Angular velocity
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Fig.8. Rubber reel

A £9990 Lol ol 50 bl 3) 3529 lalS (gl wsline 3
Sl lojliw axs 2,8 .8 )8 S8 b5yl dyg0 0y ¥ g (loli
olals oy Fr dad g ol i j3lw b g py LS
S 09y bl oyl o ass o5 Ol oyly (g5 3 S i
9 it gddle S5 Jold 2bj)l 3)50 (Jalb gliss olS
oS (2l 3 (oS 3 g oy Sl Cons Mz ja Ll s
oo claps 55 aS ol aslow 5l Lisu o] Lal ol i

sl SIb g &2~V JS
Fig.7. Rods reel

O 4as
bl gy plalS iy ol ol sla Shs
Sliles ol (gl (LS elgl (gl ol wilats 5 (6l ks
5 o3lizal g el 505k olS ilo (gla S5 b clito b ¢ b
OlalS L oy mr ol e (amlio )15 Jlgd (B pilSe
o 1y calises slaaxs o o lad oy 5o bl Wilgh o s
Glial b Libsee cloazg il 3 98 Lol cuslio o b 3,y



1Y 50l ¥ o yleds IY al (6550l s omilo 4 pis YVF

Sl 3L 5yae dibo (0 e Ml o g ol el 4y 2B
alolw LgL.a:bJ_.uSd)_Am D &> )g‘ﬁ &Jg)m [ ) u‘.x.u]
$9) 514 bygigeg i plaals e 4 dagi bl Sgyan
I 29 (Shgd Co e (pizmen 9 Sl Jpax B bl SHIUIS
2y] Cunddy Iy yg3g09,dun
Q=D.N (OY)
)9-ge Aol Cwdd aids 4 ) V8 (=o)h olals cub
s9990 9 Sy £y g JUiml aoly (ol CIIT1T Juo (Sg)am
@ B oselcansdy 23 50 (b w5y ol GDS12.5 Sgyun
) Bl o 5L 390 ygltS g (Hlgd S (054 oml
Lol 58 bl MES ()la <8 35 SPIST 51 laygigeg,un
s g ol Jlw Loy 2 dge Laid 5 03,5 Mg )Lis oy oS
e JS,Lid ] o 393980 Jlw oly po p osizlo] @ile alawlgay
aS Cowl Sdgyan wilolu ;3 03,lg jlid aid plyp 10 SJgyun
olals ey olSiws Sgyid alobuw jlid aiw b opl jo
Cwddy 5l Voo ply 0ad bl sl )gigeg)ud & a2 g5 b (o9,
ol

g ddip )L WY+ 93 )3 )L 53 39290 (slaceay 5]
23)5 I )8 e 8 Jlw (b slayg 13 9 Wad e |) 395 Ao
o 5 Uiy | (it 50 e Ol ooy o 3,8kes
ey 9 Vere 5l a8 Ly )3 (P )LS) oy slacaey
248 39 olowl 1ol (e 1 a0 o cand ) 095 LK
253 OF e = Feeodgame 3 gl (o)l 590 g At y5515 0,
939 Cudgdime ooy 45 opl ad &S ol ) el aids
BI0IP s97e 593 b e 9 YL 93 b ey B L )
NmSode Gl i By by IS o (ol 4885 5y y92 VFe e 4
90 Cas w3 i & e &S by > 3 SU oM.
iome (23 (el 2l 93 b (Sdg)ied oy jl 258 o0 12590900
J_gﬁ.) () PL’ LJ )1)1; P Ltbw OJI A5 ealal L{)Mm )90 9
sloasly 1 S o 5l 3y90 Glg N o0 035 pb (o]l S L)
P9 s oo (V) datly 5l (Sg)dd oy
Poump = 2Q.Pr (V¥)

Fogdd I nygigen i (ihgd oy Cladats plsl cax

059y =0 2 e b by date pew )0 4w b a8 wb oolat!
Eb 5l b Mol (685l Can 8 S o o HS oyl
Mo Sl S5 pln ¥ Sgpd (189) 5% IS e 0E9) oM

SYL S by ad dalgs Jas auds bl 4 Cusl sduiiod y
Lol ad amled and yipe 3 Slas Cgo and Jlyed Caepus (0 p
20le 5 yeme e piwd ol Slyed sy 0aiS 3500 Jale
Sl 3L yee g Jlade dple Cgs sl Glles 51 PTO
b odlazwl (V+) dayly 5l olS ol ds iS >
+P. +P; (V)
Ol Jolds axs i3 2 el Sl 090 JS ol (V1) a5
L4 oasb g Sl 0,90 ol <Py olS (o el p3Y
Pr Slacl 56 2 e i oY ol 5 Po iyl oo

=P

cut

olS oy sl 58 2590 Ol8 sl (V) dlasly oo (02 555
s o ol
Cf l:XMAX Xbua)cut %
Pt = ()
60000

p3Y (s9p8 diminr 4 (pSbe s G ops (V) by 5
51 aS s ooliul +/FF ] jlade adllae ol 55 oS sl 3l
Srivastava, Goering, ) kg ol dall)l olacls gy jlagel
aayly S5 235 b eolawwl (Rohrbach, & Buckmaster, 2013

holis e g adgl llasd 4 bgyyo a5 cul P ol (V1)

o an baoye el o cowdts (VY) dlal,y 1 g ol ais
o 9 demd Olo Sl g A (g S a5 Sl
sl 1l (o8Bl 5 ooslizd
P.=la, (WY)
L CloghS 0 g (o i sl Sl 2y90 ol ol zex L
b a8)S jlaiyy by dnly sl AlBS 2 93 YO+ Slye Cas

SH g s plenic
oiws (glaslely g piY HglidS g (Slyed> Cas s ol
ol e el ccwdas i Jolpe (b (o9l lalS cuily
g5 jl olg JWl can il y5S1 (23095 jeme 38 ol
b oMl (Sdg)dd i S| S yxe s9590 93 4 (B9
A yoliniS g (48> j 593 VO -0+ ) yidin 593 b gl y959e
293 L (o9 9 48 (S 2 slp (Hhegigs Vo)) a8 Connd
2 (Fegyigs Ar=Fe) judin )oliiS g (4835 52 )95 YO =) 1 1) yiaS
295 09> L 9815 gl Clawlons 4 rgi L b 485 )l
Jolis g0, 5celw Lidy s cas b @dds 90 0F+ oI PTO
Cdld o8 yialasl oy 4 L8 )by cl YO (395 oly
Olml 3 39250 GlaygiS15 I (g il Bl 29y GlalS



YV el gldys, yo oL (1en plusl 6l (6,58 5 Caly Clild y oiwd (21 5b oyl Kop g (il

S L oled pis glps o ol 4y dogi b 05k o
Higd Jie p b5 4 bk eddors LS By 5l ey alolM
=hb by 4 eaders Y pane plrale lp Jisl pilse
5 il p3lSo el ononlsyl5 St (sladly 05 a5l
eLis)) s 4 olge JUaml (gl S o (65l Jguamo 4y sl
Job gl s ad)S e )5 lpl 3 S92 (ogee slajk
Ve g W 0P cosian oad 4 Sl 3 b5 joye g aille
S spia il YV lasyl B 1y slge JWsl g5l bl oo o Sl
JUE Gl 51 il ol o siloley 5l g g 300 YU (e e
chie ghaw b Jlasl JUI b aalss Jatie Jb5 4 dbgye
9 o sl Vo SawoY aold g o lo VWWadA Dol b Llaties
Sk B sl Jnl b )b 4l e +/7 b sy
ol 1y Uil pslSe Solas & UK 45 a3l o olb agh
2 9 03 (G (S 205 by (S (dlipl e

ol 005 souol J5] p 580 sl (55,

oy )Lid cod Sgyam (g, b ad bl g (S jli 35

A 0aldyly8 S s e

ol pld ) uais g JUEEH 8 Juilso
Sad ()b plals Sojgledyee sl Shy am e L

aS Sygao 5> 45 Lime oyl 4 9 0 ol Lol jlid b 4y ol
dals (SYob olS daome Al Jobo wiin 31 a8 £lE)) > 3
el JBlas jiamgh cpl )0 1 5,8 dnled il acyje 0d3L 4 A
o ol (e el 05 S 5 5 sie Sl V¢ iy
S 3 53 gl el g e CublB A o)lil oSy len

o Bl Ve iy pilSe ubye Clyoss o3h )b 00 S5

| ,,

(]

A5G dats pone )3 b SiwoY Y Jolis sl p 518 0 gz b =% JS
Fig.9. Schematic of transmission mechanism with 7 rubbers
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Table 2- Combination of tests related to the harvester
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1 A T D 1.2 1.30

2 B T D 1.8 0.87

3 C T R 12 1.60

4 D T R 18 1.06

5 E S D 12 1.30

6 F S D 1.8 0.87

7 G S R 1.2 1.60

8 H S R 1.8 1.06

oy sulbﬁ a.))'l_g JALM) ).u 41‘.;.«...»‘5 Lgl.lb)..a’;.n W) d.d)f )Ja.t
dw ) U?“)] R ) u,u.v C;.;.f)l.)).g AA:S)Jo 9 °'\:’.')‘."".:“’] uLast
Sl 9ol Y Jits (sl puiie ggbaw 4 4295 b g 00 plos 1S5
905l (sl das g9 93 9 S g 202> €55 93 (S iy Sy 9
Az Sds—:Jl))’)»A VY 9 VA Cja,w 90 69)»..:9 s A oolaw]
YOO ki Ly (VY JSa) Taslos Fe g (Ve JST3) | sloylis i
Fhd b cwpa (SowY g lale S > g9 939 yio e
Sl Jale LacSls 5 ¢ a8 glis (ko 31 9 (s s e
5 oaliwl g )al 3T (el 83las MalS o b 5l il s
B Oy ,pl_?ol ind Jdo bwgy 5 (6o sladuslis
¥ s i Jubo 4y 2l Minitab 53le 5 L ool (¢ )glaes

A3 o Hlis Cudlyy cptle gl 1y Cilisee (gl ygesl S )3
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2- 40 teeth (T)

3- Rod Reel (D)

4- Rubber Reel (R)
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Table 3- Variance analysis of harvesting efficiency in medicinal plant harvester

e Df  Ss Ms F
Treatment
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Table 4- Mean comparisons of treatments
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Fig.12. Harvesting efficiency in various situations of harvester
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Table 5- Variance analysis of capacity
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Table 6- Mean comparisons of treatments
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Fig.13. Capacity in various situations of harvester
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Table 7- Variance analysis of leaf damage in medicinal plant harvester
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Table 8- Mean comparisons of treatments
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Introduction

In the poultry industry, reducing energy consumption is essential for reducing costs. Energy requirements in
the poultry industry include heating, cooling, lighting, and power line energy. Identifying factors that increase
energy usage is crucial, and providing appropriate solutions to reduce costs and energy consumption is
inevitable. One of the major and expensive factors in the poultry industry is the use of fossil fuels, which also
causes pollution. Energy costs directly impact the cost of production and increase the per capita cost of
production in the meat and egg sectors. In lIran, poultry farms are among the most widely used energy
consumers, especially for heating breeding halls, making them a significant subset of the agricultural sector.

Materials and Methods

The problem under study is the thermal simulation of a meat poultry farm located in Ardestan city, Isfahan
province. Ardestan city is situated in a desert region in the north of Isfahan province, at a latitude of 33 degrees
and 23 minutes north, and a longitude of 52 degrees and 22 minutes east. The dimensions of the poultry hall
floor are 5 meters by 8 meters, and it has a capacity of 300 poultry pieces. There are two inlet air vents
(windows), each with dimensions of 1.90 by 1.6 meters. The roof has an average height of 2.5 meters and is
sloping, made from a combination of plastic carton, fiberglass, and sheet metal.

To reduce energy consumption in this poultry farm, a solar heating system is designed and studied in this
research. The farm is one of the functions of Isfahan province, with dimensions of 8 meters in length and 5
meters in width. The simulation is performed using TRNSYSS software.

Results and Discussion

The results demonstrate that a collector surface area of 26 m? is necessary to reach the technically optimal
point, where the sun's maximum production is achieved with no energy dissipation. Furthermore, the findings
indicate that a balance of 16 m? is required to align the solar system with the auxiliary system.

Conclusion
By installing 2 square meters of solar collectors, 5.2% of the total energy demand can be met with solar
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energy. To fully meet the energy demand using solar energy, a collector area of 30 square meters is required. As
the solar fraction increases, the system's ability to extract solar energy also increases. The maximum production
of solar energy without any wastage is achievable with a collector area of 26 square meters. Moreover, to
maintain a balance between the use of solar energy and the auxiliary system, a collector area of 16 square meters
is needed.

Keywords: Energy, Numerical modeling, Poultry, Solar collector
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Fig.1. Schematic of the poultry hall (the unit of numbers shown in the figure is the meter)

Table 1- Specifications of different parts of poultry

awctiidia Jsb s £lis ) s o JS g
Property Length (m) Width (m) Height (m) Surface (m*) Number Area(m?)
> 9 5 65 - 65
Walls
too 24 1.9 1.6 3.04 2 6.08
Windows
L"".“)D 2 2 4 1 4
Doors
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Table 2- Characteristics of poultry hall heating system based on license plate on jet heater made in Iran (Damavand
Niroo Tahvieh Co)

dasuiv slado
Property Value
Sl oy 116.3kW
Thermal power
LSS 99%
Efficiency
Fran Sy Natural gas
Fuel
e &5 Hybrid
Torch type
loa 15
3lgh Ol 7000 m*h't
The amount of aeration
Maximum covered space
2909 pSI )35 550 W
Electromotor power
)9:"5"5):“&” )9° 1450 R.P.M
Electromotor speed
ol 29A
Electric current
ol e 0.97
Power factor
s 220V
Voltage
oA 50 Hz
Frequency
56 1
Phase
25 s1
Duty
Enclosure
Sl b 100000 kCal
Heat capacity
Maximum fuel consumption
et 80-90 kg
Weight
[PEYIREITN

Standards

1SO 10002-2004, CE, I1SO 9001-2008
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Table 3- Collector specifications

WL Olousgi/ ylado
Property Value/Description
0liiS x> £ sldg) axan
Type of collector Tube plate
o > poinsl]
Plate material Aluminum
dxiio iy, ) <lo olw
Cover color of plate Matte black
Ao j9ho o pb 0.9
Emission coefficient of the plate
rio Gl el oyl 211 W.mLK?
Thermal conductivity of the plate
.. 2x1 m?
o.\Mfé‘o:} slal - 3x2 m?
Collector dimensions 3.2%2.5 m?
Emission coefficient of the cover
‘_?I)Jol ‘_ch Caols 0.02m
Insulation thickness around
Ll Gl el ey 0.05 W.m™ K
Thermal conductivity of insulators
Jele Jlws <l
Working fluid Water
oanli 5L yuis Yof el
The material of the reflectors Steel 304
A8 rox (635 )15 d 45°
Slope of the collector
O 40
<
o 30
|-
32 2
9 8
- 2 10
3 €
3 2 0
£
S -10
g -20 O A0 ANDOMONNTHOLULANDDONONNTHOLLNDOMONS 1000 N
@) ARSI ET B S 8I N RS BRSNS amBn s BI3Mm
TATAATAANNANANDOOMNMETTTTTOOOL OO OOMNDMNDNMNSO 0 O
Simulation time (h) g twamis ;b

Lo s> (s &) Canmd (650850 Lo )3 gllas (slod (SisTy, -F S5
Fig.2. Distribution of the desired temperature in the poultry house in relation to the age of the chickens
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Table 4- Characteristics of climate and solar radiation in the place based on the data of Metronorm software

o i woan S
Temperature Relative humidity (%) Wind velocity (m.s™) Wlndarc]igigctlon
S -8.88 9.89 0 7.62
Minimum
'“5 b 44.33 98.45 7.9 358.15
Maximum
381 gelans 43 o yod il Coad S 405 33] du gl T PO .
s N ”f o= Sns9> 531 495 Sy EW )l argly (w8 Coow gl
Intensity of sunlight on the The angle of the solar .
- - Solar elevation angle Solar angle
horizon horizon
_J%I» 378.15 10.06 59.72 10.03
Minimum
).i'fi.b
. 639.3 89.82 116.047 98.98
Maximum
(Zelzouli et al., 2012) 545 0 (2l (7) alasly 51 008 o> alleus (55l uo

Ir(ta)
U
395 b (V) Sl 035 g JS (5551 Ui
(Klein et al., 2007)
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Tpj" Ng+f hw
S
h,,
f= (1 —0.04h,, mk 0005h2)(1 + 0.091N,) Q)

¢ =365.9(1 — 0.008833 + 0.0001298%)

i3 4 3550 45 55 ¢ % (IRR) sl ensl 63
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(Kim, 2018) 2,5 .~
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03 Jly8 ply yao L1y NPV ol oY IRR duslee jolaiods
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«(Kim, 2018)

Ct

0 _Zt 1(1+IRR)t (\.)

395 oo dpwlee (VY) alal, 5l (sOlar fraction) (gaus;es sus
(Flynn & Siren, 2013)
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Table 5- Assumptions to solve the solar heating system problem

Property Value Unit
e 5 Type 1b -
Component Type
oS 5
E> &y Flat Plate Collector -
Collector Type
oS “ o lwo .
gox == Variable m?
Collector area
Sl 03z sle)s 4.19 KlkgLK?
Fluid specific heat
o Cund (4l s oo 40 kg.h'l.m'z
Tested flow rate
ey ) 0.8 .
Intercept efficiency
S0 13 kihtm2K?
Efficiency slope
22k st 0.05 KL m2.K?
Efficiency curvature
ARTSTY b 2 -
Optical mode 2
IAM) 450 0.2 i
1st-order IAM '
IAMY 450 0 i
2nd-order IAM
$3529 slod Variable °C
Inlet temperature
3923 ok €5 Variable kg.h
Inlet flow rate
) ke lod Variable °C
Ambient temperature
el Variable kJ.ht.m?
Incident radiation
53| Wb .
«* &5 o o Variable kJ.ht.m?
Total horizontal radiation
e b Variable ka.htm?2
Horizontal diffuse radiation
o) U3k 0.2 i
Ground reflectance
2 gar el 45 degree

Collector slope

O el Oyguodn Jlo Job 3 cuiy opd Cal otel Cawday
S e s g daslone S0 yod | &bl Jlassl (655 sl
4 iy opl  (Duffie et al., 2020) 546 0 (b5, (saudyo>
aBly ad)yph ilie slaosiSger chie gaw ()
L (sdedygd (Sl wioms (5ladand 2005 ¥ S5 29 o0
gsSie Jie 5 a3 e Lisles |, TRNSYS l53ls 5 51 aslizl

Sl 93 pleusea ) 5 S IS4 9 (5 jleudings
099y 3 shdygs 00 S ge glalle s (giluwaigy jglaied;
(Duffie, g 0 odlaisl (Barley & Balcomb) cwlsIl 5 J)b
Ol g duwlbre (sudiyen S laul .Beckman, & Blair, 2020)
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Fig.4. Extracted solar energy relative to the energy required for the collector to a area of 2 m?
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Fig.5. Extracted solar energy relative to the energy required for the collector to a area of 6 m?
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Fig.6. Extracted solar energy relative to the energy required for the collector to a area of 8 m?
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Fig.7. The amount of solar energy storage in the tank for the collector to the area of 2 m?
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Fig.8. The amount of solar energy storage in the tank for the collector to the area of 6 m?
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Fig.9. The amount of solar energy storage in the tank for the collector to the area of 8 m?
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Fig.10. Daily solar fraction for the collector to the area of 2 m?
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Fig.11. Daily solar fraction for the collector to the area of 6 m?
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Fig.12. Daily solar fraction for the collector to the area of 8 m?
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Table 6- Results from the use of surface of 2, 6, 8 m?

Aaduwiv slado slado slado asly
Property Value Value Value Unit
o,\;;f@? N WY 2 6 8 mz
Collector area
L“‘%l"s k 04671628 94671628 94671628  kl.yrt
Heating load
Syt ko 030 4786686 14360407 19147267  kl.yr!
Solar useful gain
’L“ 250 eSS ) 89884942 80311221 75524361 kd.yr?
Auxiliary heating required
S 2 (sl oS 154847 1384689 2622029  klyr!
Energy reservoir in tank
<55 ohleS sl o9y sled 106.4 106.4 106.4 F
Inlet temperature for under floor heating
< et sl 2 e 91.4 91.4 91.4 F
Outlet temperature for under floor heating
> S 15 15 15 F
Temperature difference
S 2 0.03 0.1 0.13 m?
Tank volume
e b bt IS oo 4941533.1 157450955 217692959  ki.yr!
Total solar gain with reservoir
Sebyg S 5.2 16.6 23 %
Solar fraction
Sras SNG ) 11834 11834 11834 m3.yr?
Total NG consumption
253 JENG 22y Loy 618 1968 2721 ml.yr
Total NG saving by solar
Srae SNG S 11216 9866 9113 me.yr
Total auxiliary heater ng consumption
WN_G 4920 4920 4920 Rial
Ng price
eyt § Op L i 58223050 58223050 58223050  Rial.yr
Annual cost without solar heater
S e Al digjo 55184010 48539820 44834930  Rial.yr®
Annual auxiliary heater cost
syt b Vo g2l 3039040 9683230 13388120  Rial.yr®

Annual solar heater saving
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Fig.13. Solar fraction curve for different collectors
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Fig.14. Amount of energy produced and the amount of auxiliary energy required for different collectors
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Fig.15. Amount of annual cost (in terms of Million Rials) for different area of collectors
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Table 7- Comparison of air temperature in Ardestan and Bekaa in different months of a year

olo (S Ol lod SYA !
Month  Bekka (°C)  Ardestan (°C)  Temperature difference
w5l 133 2.1 112
January
499 13.7 4 9.7
February
ke 15.2 8.4 6.8
March
J"”_' 18 14.8 3.2
April
«* 20.7 20.5 0.2
May
93 235 255 2
June
Vg 25.7 27.6 -1.9
July
s 26.6 26.4 0.2
August
b 25.5 22.4 3.1
September
5] 22.7 16.3 6.4
October
ey 18.7 9 9.7
November
).:.Al.u))
15.1 3 12.1
December
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Collector heat transfer coefficient (Efficiency factor)
O Y8 s @lo ()l b b
Heat capacity of circulating fluid (kJ kg=* °C™1)
oS gz JS (55 il oo

oy A% ulyu.o ‘LSM)? DAMS@D- &0 yo Y cual l.s A
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Frj
Cpc

Uy

Total collector energy loss coefficient

b.)wfcob dl..o&\au Colwe

A

The flat surface area of the collector (m?)

(Adiped) Bl yidoy 4 dlaws

N

The number of layers of transparent coating (glass)
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m
Volume flow rate of circulating liquid (m®s™) ¢
oS g 4 (639)9 Jhw slo T
The temperature of the inlet fluid to the collector (°C) H
oA e 4y 0 3)lg (gdnd ot aadind )LD I
Solar radiation flux entered into the collector (W m™®) T
e slod T
Environment temperature (°C) @
oMiS ge 033l Gy FULj
Collector efficiency
OO dis 4 ady) saims Juasl eale ulia Cuglis 1
Conductive resistance of the material connecting the pipes to the absorbent plate (W m~2 K=1) E;
Loyl 3 5o b 5550 alols W
Center-to-center distance of pipes (m)
laly) kb b
The diameter of the pipes (m)
g J5b o gloale &yl sl copd o
Heat transfer coefficient of fluid displacement inside pipes (W m=2°C™1) T
oABCdl ) (s yo> (6551 JS E
Total solar energy received (kWh) g
3 2,90 5551 JS E
Total energy required (kWh) ’
0)9> (b oAl a8 b C
Net cash flow during the period ‘
gl )l alep sladiyjo g c
Total initial investment costs 0
keS8 R
Discount rate
Sloj slroygd dluws "
Number of time periods
S Cowgn
liseo glaole > Joro (slg o ;,j Olasuio — Jg.\é
Table A. Climate profile of the place in different months
.. . e @ (ke agl; EW )l ile s S 43915
ol oSbe sl (s Cagb, S Sibe b s i
h Temperature Relative Wind Sl S0P SHiem9>
Mont C) humidity (%) velocit The angle of the Solar elevation Solar Zenith
_1y solar horizon () angle (°) angle (°)
(m.s™)
45 3.14 62.19 2 44.16 32.61 771
January
49 8.22 57.87 2.74 44.72 39.53 69.85
February
ooke 13.92 45.94 291 44.92 45.83 63.72
March
J“¥ 18.18 47.80 3.22 44.94 53.65 58.10
April
«* 24.60 47.26 3.95 44.40 57.41 54.91
May
053 29.90 4159 2.95 4355 57.93 54.48

June
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ﬁ; 3273 33.82 3.46 44,61 57.66 54.75
d 30.95 29.94 2.66 44.80 54.90 57.79
August
b 26.52 32.47 2.57 44.55 42.56 62.50
September
81
20.64 47.39 2.37 44.80 42.26 68.61
October
9 13.06 55.88 2.09 44.20 34.73 74.13
November
ol 6.12 64.31 1.84 44.05 31.13 77.86

December
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Introduction

In conventional combine harvesters, wheat chaff is typically removed from the end of the machine and
deposited on the field surface. Depending on the wheat cultivar, cultivation method, and growing conditions, the
amount of chaff produced can range from 0.8 to 1.5 times the amount of grain harvested per hectare (Tavakoli,
2012). On average, this translates to an annual production of approximately 14 million tons of chaff, which is
valued at around $240000000 based on regional prices in 2018-2019 ($1000 per kilogram). If collected, these
chaff residues could be used as animal feed for livestock. Additionally, the long stems protruding from the back
of conventional combine harvesters can interfere with subsequent cultivation efforts. Chaff combine harvesters
have a similar structure to conventional machines, but feature a modified end that includes a tank and blower for
collecting and depositing crushed chaff. Apart from the threshing unit, all other components of the harvester
remain unchanged.

Materials and Methods

This study was conducted in 2019 in dryland wheat fields to determine the performance of Chaff combine
harvesters in Kurdistan province. The study used 15 combine harvesters, including John Deere models equipped
with chaff threshers from Shiraz, Bookan, and Hamedan, as well as the Hamedan Barzegar specific chaff
collector combine. These combines were evaluated and compared based on natural losses, head and chaff storage
losses, field capacity, purity percentage, and yield in field conditions in Kurdistan province. The total number of
combines evaluated was 15, using a completely randomized design. Among these, 33% belonged to Shiraz
company (5 samples), 33% to Bookan (5 samples), 20% to Hamedan (3 samples), and 14% to Hamedan
Barzegar (2 samples). Sampling included measurement of natural losses, header losses, threshing tank losses
(losses of the threshing unit, separating unit, and cleaning unit), and quality losses (broken grains and impurities)
in the combine tank.

Results and Discussion

The results showed that the average yield, natural loss, and combine loss were 1,698.14 kg.ha™, 2.39%, and
4.92%, respectively. In terms of the loss rates in different parts of the combine, 43.49% was related to the chaff
storage of the combine, and 56.50% was related to the combine head.

The natural loss rate in this province was 2.39%. The total combine loss was 5.18%, with 40.44% of that
related to chaff storage and the rest related to the combine head. The results also showed a significant difference
between the treatments in terms of field capacity, chaff storage loss, and purity percentage at a probability level
of 5%.

The total loss of the Hamedan Barzegar combine was 6.67%, which was higher than the other combines. The
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chaff storage loss of the Shiraz, Bookan, Hamedan, and Hamedan Barzegar combines were 0.87%, 2.64%,
0.78%, and 4.28%, respectively, showing a significant difference at a 5% level. There was also a significant
difference between the treatments in terms of total grain loss.

Based on these results, it is recommended to use the Hamedan, Bookan, Shiraz, and Hamedan Barzegar
combines, with total losses of 4.33%, 4.33%, 4.52%, and 6.56%, respectively.

Conclusion

1. The average purity of harvested grains was 96.62%, and there was no significant difference between the
combine harvesters in this regard.

2. There was a significant difference between the combines in terms of field capacity at a probability level of
5%. The field capacity of the Bookan, Hamedan Barzegar, Hamedan, and Shiraz combine harvesters were
0.83, 0.87, 0.83, and 0.73 hectares per hour, respectively.

3. In Kurdistan province, the average grain combine loss in dryland wheat harvesting with chaff combine
harvesters was 4.92%, which is higher than in other provinces.

4. The loss in the chaff tank of the Shiraz, Bookan, Hamedan, and Hamedan Barzegar combine harvesters was
0.87%, 2.64%, 0.78%, and 4.28%, respectively. Regardless of head losses, the loss in the Hamedan combine
was less than other combine harvesters.

5. The total losses of the Hamedan Barzegar, Bookan, Shiraz, and Hamedan combine harvesters were 6.56%,
4.32%, 4.52%, and 4.30%, respectively, with the Hamedan Barzegar and Hamedan combine harvesters
having the highest and lowest losses, respectively.

Based on the results obtained from this study, using the Hamedan combine is recommended in the dryland
conditions of Kurdistan due to its low losses, high purity, and field capacity.
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Introduction

Cotton, as one of the most widely used products in various industries, has always been considered by leading
countries in agriculture. The applications of this plant range from the food industry to the military industry, as
well as the textile and animal nutrition industry. It is predicted that by 2025, the area under cotton cultivation in
the world will reach more than 33 million hectares (FAO, 2017). Based on the growing population, it is
necessary to use machines in industries and other sectors to accelerate production and increase efficiency. Cotton
is no exception to this rule. The use of a machine can play an effective role in reducing harvest costs and
decreasing losses from frost and early fall rainfall by enabling timely harvesting.

Material and Methods

Armaghan cultivar is an early-maturing cotton cultivar with high yield potential and good compatibility,
introduced for conventional and secondary crops in Golestan, North Khorasan, Ardabil, and the central regions
of Iran. The early maturity of this cultivar provides the possibility of cotton cultivation after wheat harvest in
different regions of Iran. It reduces pests and diseases through the escape mechanism and completes the growth
period in delayed planting. In this research, two types of picker machines were compared. One of the harvesting
machines used in this study is a two-row self-propelled spindle picker machine, and the other picking machine is
a two-row tractor semi-mounted dentate picker. Before harvesting with a machine, it is necessary to use a
defoliator. This allows for seed cotton harvest with less trash and more cleanliness. About ten to fifteen days
after spraying the defoliator, the leafless plants are ready for machine harvesting. In this study, the number of
leaves was counted before spraying and before harvest, and the percentage of defoliation in each treatment was
calculated and evaluated. The harvesting efficiency of machines, machine losses, and fiber qualities for each
harvester was measured.

Results and Discussions

The results showed that the type of machine has a significant effect on plant residues and machine
performance. However, the loss on the ground is not affected by the type of machine and remains almost the
same for both machines. The mean comparisons revealed that the spindle harvesting machine leaves more than
twice the amount of residues on the plant compared to the dentate harvesting machine. In terms of fiber quality,
no significant difference was observed in any of the qualitative properties, and both machines perform at the
same level.

Conclusion
The results of this research on the functional characteristics of picker machines and the cultivar and field
conditions demonstrate that a higher percentage of leaves on the plant yields better performance from dentate
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picker machines compared to spindle pickers. Spindle pickers are sensitive to leaves due to the teeth on their
needles, causing reduced efficiency in such fields. In contrast, dentate picker machines work well and perform
better under these conditions. Based on this study, the dentate harvesting machine is more suitable than the
spindle picker machine for harvesting Armaghan cotton cultivars.

Keywords: Armaghan, Cotton harvester, Defoliator, Fiber length
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Introduction

Sugarcane is one of the strategic products of Khuzestan province, which is cultivated in 10 active agro-
industrial sites and covers an area of about 110,000 hectares of irrigated farms in the province. Sugarcane
harvesting, like most crops, is done by special sugarcane harvesters. Due to the life of machines and also the
amount of heavy machine operations in each season of sugarcane harvest, the loss is inevitable. On the other
hand, in Khuzestan province, due to lack of studies, there is little information in this area. Therefore, the aim of
this study is to investigate the extent of losses during sugarcane harvesting operations, taking into account factors
such as cultivars, age of sugarcane, and reaping speed of the Astaf 7000 model. The study will be conducted at
the sugarcane agro-industrial site of Dehkhoda in 2021.

Materials and Methods

The experiment was conducted as a factorial split-plot design based on randomized complete blocks (RCBD)
with three replications. The first factor included four levels of cultivars (IRC-12, CP48-103, CP 73-21, and
CP69-1062), the second factor included three levels of harvest age (plant, Ratoon 1, Ratoon 2), and the third
factor included three levels of speed (3, 5, and 7 km h™). Sampling was carried out under the same and constant
conditions with respect to soil moisture content, harvester operator, harvester characteristics, harvester settings,
and crop density in each field.

Results and Discussion

The results of analysis of variance of the data obtained from measuring sugarcane losses showed that the
effect of cultivar on yield, full-length sugarcane, chopped sugarcane and splinter sugarcane had a significant
effect at a probability level of one percent. The effect of age had a significant effect on yield, full-length
sugarcane, chopped sugarcane with a probability level of one percent, but had no significant effect on the amount
of splinter sugarcane. The interaction between cultivar and age had a significant effect on yield, chopped
sugarcane, and full-length sugarcane with a probability level of one percent and on splinter sugarcane with a
probability level of five percent. The effect of machine speed had a significant effect on full-length sugarcane,
chopped sugarcane and splinter sugarcane with a probability level of one percent, but had no significant effect on
yield. The interaction of cultivar and machine speed had a significant effect on yield, full-length sugarcane,
chopped sugarcane and splinter sugarcane with a probability level of one percent. The interaction effect of age
and machine speed on yield had a significant effect on full-length sugarcane and splinter sugarcane with a
probability level of one percent and on the amount of splinter sugarcane with a probability level of five but had
no significant effect on yield. Also, the interaction of cultivar, age and machine speed had a significant effect on
yield, full-length sugarcane and chopped sugarcane with a probability level of one percent, but had no significant
effect on the amount of splinter sugarcane. The results showed that the highest yield in CP69-1062 variety was
observed in the plant farm with average machine speed (144.33 tons per hectare). Also, the highest amount of
sugarcane losses in cultivar CP48-103 in Raton Il and with 7 km h™ machine speed (3.32 tons per hectare), the
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highest amount of chopped sugarcane losses in cultivar CP48-103 in plant farm and with average speed (1.78
tons per hectare) was observed. According to the results under the interaction of cultivar and device speed, the
highest amount of sugarcane losses in CP69-1062 cultivar and high speed (0.314 tons per hectare) as well as
IRC-12 cultivar and high speed (0.308 tons in Hectares), and under the interaction of farm age and speed of the
harvester, the highest amount of sugarcane losses was observed in Ratoon farm and the high speed of the
harvester (0.300 tons per hectare).

Conclusion

Therefore, in order to reduce the amount of losses in sugarcane fields, it is recommended to use resistant and
somewhat later cultivars for cultivation, because early cultivars are more fragile during harvest due to stem
fragility and the rate of losses increases. Also, Harvester speed optimization reduces the amount of losses, and
due to the increase in the rate of losses in reclaimed farms, it is recommended to create more resistant stem tissue
by proper plant nutrition and more care to reduce the rate of losses in ratoon farms.

Keywords: Austoft 7000, Harvester, Losse, Sugarecane
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3- Austoft Sugarcane Harvester case 7000
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Table 1- Technical specifications of harvester
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Machine name Austoft Sugarcane Harvester case 7000
oKws Jdo 2003
Machine model
=2 300 hp
Power
2Py 09 2000 rpm
Motor speed
0?9 800 rpm
Fan speed
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The length of chopped cuttings
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Table 2- Analysis of variance of sugarcane losses under the influence of age, sugarcane cultivar and harvester speed
Mean of squares b po  wSibo

@33l p

Sources &l puii asbio & I P PO
i df. Yield s,Slos | e
Full Chopped splinter
length PP P
Replication s\, 2 33.49™ 0.03™ 0.05" 0.0004"™
Cultivar 43, 3 1595.88™" 3.85" 0.42" 0.02"
Age e 2 3356.13" 0.62" 0.14" 0.00005™
CultivartAge ;usos, 2 1504.43" 086" 0.27" 0.007°
Main error Lol ¢l 22 53.18 0.04 0.01 0.001
Speed oSz s o 2 118.21™ 559" 146" 002"
CultivarSpeed oSz e it o5, 6 157.19" 070" 0.28" 001"
Age*Speed oKz ey # o 4 65.91" 019" 0.13" 0.004°
> ek 12 233.54” 060" 0.26" 0.003"
Cultivar*Age*Speed
Total error s ls 107 46.85 0.03 0.01 0.0017
Coefficient of.(C.V) Ol s g > i 6.14 1013 8.42 15.66
variation

9 e pae ™ oy g a3 5 xe glis” o yd S pdaw 3 I gime gls™
ns: None significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Fig.2. Interaction of cultivar, age and machine speed treatments on yield
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Fig.3. Non-harvested full-length sugarcane
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Introduction

Peanut (Arachis hypogaea L.) is an annual plant of the legume genus that is cultivated in 109 countries due to
its high-quality oil and seed protein. In Iran, this crop is cultivated on an area of 3000 hectares, with an average
yield of 4 tons per hectare. Threshing performance significantly affects seed loss and physical damage, including
cracking and crushing of seeds during harvest. Therefore, over the last century, extensive research has been
conducted on different types of threshing methods, as well as the design and development of various threshing
machines.

Research on seed crops such as cereals and seeds suggest that factors such as the rotational speed of the
thresher, threshing-concave distance, feeding rate, and shape of threshing teeth play a crucial role in determining
the threshing efficiency and quality of the threshed seeds. Although limited research has been conducted on
peanut threshing, there are currently no combine-machines available for this crop on global markets. Therefore,
this study aims to investigate several working parameters of an experimental peanut thresher, including the effect
of sieve angle, sieve range of movement, and suction speed on the separation unit.

Materials and Methods

The relevant experiments were conducted in the Parsabad Moghan region of Ardabil province (latitude 39.65
North, longitude 47.91 East). To conduct the experiments and separate the seeds from the pods, we used a peanut
threshing machine cultivar Nc2, which is commonly cultivated under agricultural conditions in Ardabil and
Gilan Agricultural Research Centers.

To achieve the aims of this research, we investigated several effective parameters in the performance of the
machine, including sieve angle, sieve movement range, and fan suction speed, to obtain the best settings for
maximum threshing performance and separation efficiency. It is worth noting that the average seed weight per
kilogram of peanut plant was between 300-400 grams, and the moisture content of the seeds in the tested cultivar
was 45%. Before using the machine, workers must first dig up the plants and place them on the ground in a
coupe, after which another worker must feed the plants into the machine through the feeder.

Results and Discussion

The study found that changes in sieve angle, sieve movement range, and suction speed significantly affect the
separation efficiency and peanut loss rate at a 1% significance level. Increasing the sieving angle leads to a
higher speed of material movement on the sieve, which results in insufficient time for separating straw from the
seed. Similarly, increasing the sieve movement range causes a rapid decrease in cleaning efficiency. To achieve
better straw-seed separation, it is necessary to apply impact shocks to the products located on the sieve within a
short period. However, as the range of movement increases, the time interval between impact shocks also
increases, which disrupts the straw's separation from the seed.
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The study found that increasing the sieve range and suction speed leads to a higher rate of peanut loss. This is
due to the fact that when the suction speed and sieve movement range are increased, the product spends less time
on the sieve, which results in insufficient time for proper separation. Additionally, high speed may exceed the
limit of peanut seed and cause it to move out of the machine with the straw. Increasing the sieve movement
range leads to a more uniform movement of straw and seed on the sieve; however, achieving better separation of
straw from the sieve requires dynamic shocks and sudden acceleration, which decreases as the sieve movement
range increases. The optimal farm capacity and material capacity were achieved with a 5-degree slope at 0.55
hectares per hour and 509 kilograms per hectare, respectively, using a sieve range of 3.5 centimeters and a fan
suction speed of 8 meters per second.

Conclusion

The study concluded that the sieve movement range has the most significant impact on cleaning efficiency,
while the sieve angle has the least effect. Similarly, the sieve movement range has the most significant influence
on the rate of peanut loss, while the sieve angle has the least effect.

Keywords: Cleaning efficiency, Peanut, Sieve, Suction velocity
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Table 1- Variable and controllable parameters of the separator unit
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Table 2- Results of analysis of variance (ANOVA) to evaluate the variables of sieve angle, sieve range and suction
speed on the separation efficiency and peanut loss rate

Ol o (b
& &3ljl 4y Mean Square
Source df OS5 a0 833l o> Cwd j1 55
Cleaning efficiency Loss rate
.l 2 1409%* 162.6%*
Slope
el 2 22.1%* 61.2%
Range
o 2 293.7%* 542.2%*
Speed
Ak .
™ il 4 0.61ns 2.41%*
Slope * range
- * .
e ™ aiah 4 1.22ns 22.2%%
Slope *Speed
. * .
e ¥ 4 0.08ns 0.231%*
Range *Speed
a2k . * .
T b T e 0.38ns 0.227%*
Slope * Range * Speed
b= 54 0.92 0.020
Error
K 80
Total

df: degrees of freedom; **: highly significant; ns: not significant.
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Table 3- Statistical characteristics of stepwise regression model for predicting cleaning efficiency based on sieve angle,
suction speed and sieve movement range

©)le Coef SE Coef T-Value P-Value VIF
Term

Constant 116.08 1.10 105.63 0.000
Slope -0.5597 0.0176 -31.82 0.000 1.00
Range -0.515 0.126 -4.09 0.000 1.00
Speed -0.8227 0.0553 -14.87 0.000 1.00

.(Taghinazhad & Rahmani, 2022)
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Table 4- Statistical characteristics of stepwise regression model for predicting peanut loss rate based on sieve angle,
suction speed and sieve movement range

© ke Coef  SE Coef
Term
b 968 131
Constant
<+ 01292 0.0209
Slope
29 0855  0.150
Range
S 11190 0.0659
Speed

T-Value P-Value VIF
-7.40 0.000
6.17 0.000  1.00
5.70 0.000 1.00
16.99 0.000 1.00
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Table 5- Farm capacity in various sieve slopes
o0 0 S gl (glas) o cud )b
Material capacity in sieve angle of 5 (he.hr?)

C,S/o ald
Range (cm)
35 5 7
o LiSe 8 0105 0.103 0.102

\ L, 12 0100 0985 0.0975
Fansuction (M.s™) 15 9099 0097 0.0965

oy Ve Sl cwd glp glas o cud b
Material capacity in sieve angle of 10 (he.hr?)

C,‘f)> aald
Range (cm)
35 5 7
o LiSe 8 0.1035 0.102 0.100

\ L 12 0098 0097 0.0955
Fansuction (M.s™) 16 0097  0.006 0.095

a0 VO S cud (gl (lasyie cud b
Material capacity in sieve angle of 15 (he.hr?)

C,‘f)> aald
Range (cm)
35 5 7
o LiSe 8 0.098 0.096 0.0935

. _ L 12 0097 0095 0.091
ansuction (Ms™) 15 g9s  0.0935 0.089
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Table 6- Material capacity in various sieve slopes
0 0 S s slp glodle o ls
Farm capacity in sieve angle of 5 (kg.hr™%)
Sy Al
Range (cm)
35 5 7
5 s 8 509 496 492
08 wise L 12 486 477 474
Fansuction (M.s™) 16 473 458 447
2V S sy ool e s
Farm capacity in sieve angle of 10 (kg.hr)
C,SP by
Range (cm)
35 5 7
5 s 8 501 492 488
08 i L 12 484 476 471
Fansuction (Ms™) 15 468 452 445
a0 V0 S s (gl slodle cud )b
Farm capacity in sieve angle of 15 (kg.hr)
C,SP by
Range (cm)
35 5 7
5 s 8 476 470 466
o . 468 463 460
Fansuction (M.s™) 16 451 454 439
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Introduction

Due to the disadvantages of using chemical materials as pretreatment before grape drying, the application of
non-chemical methods that not only take the environmental issues into account but also increase the drying rate
and improve the quality of the produced raisins is vitally important. The high-humidity hot air impingement
blanching (HHAIB) is one of the non-chemical methods that can be used as a suitable alternative for chemical
pretreatment in grape drying. In this research, the design, construction, and evaluation of a high-humidity hot air
impingement blanching system are discussed in terms of the drying kinetics of white seedless grapes. The results
are compared against the control and chemical pretreatment.

Materials and Methods
High-humidity hot air impingement blanching (HHAIB) system

The HHAIB system is composed of the steam generator, steam transfer pipes, side channel pump, closing
and opening valves, air recycling channel, electric air heater, hot-humid air transfer channel, pretreatment
chamber, hot-humid air distribution chamber, nozzles, temperature and humidity sensors and controllers. The
performance of the system depends on the humid air temperature, the output fluid velocity from the nozzle, the
distance of the nozzles from the product surface, as well as the diameter and arrangement of the nozzles. In order

to achieve optimal design of the nozzle array, the relationships existed for the heat transfer coefficient, air mass
flow, and blowing power were considered.
Application of the HHAIB pretreatment and evaluation of its effect on the grape drying process

Experiments were conducted to investigate the effect of temperature and duration of HHAIB pretreatment on
the kinetics of grape drying. A two-factor completely randomized factorial design with three replications was
used to analyze the data.

According to the studies, the air at temperatures of 90, 100, and 110°C, a velocity of 10 m s™, and relative
humidity in the range of 40-45% was applied to the product. Pretreatment durations of 30, 60, 90, 120, and 150 s
were also considered. Experiments were conducted with three replicates and control treatment and acid
pretreatment were used to compare the drying process. Due to the high quality of shade-dried raisins, this
method was used to study the process.

The effect of the pretreatment duration on the drying kinetics of white seedless grapes was assessed by
observing variations in moisture ratio and drying rate over time, as well as determining the effective diffusivity
of water.

For the color evaluation of the produced raisins, chroma (C), hue angle H®, and total color difference (AE)
parameters were calculated after measuring L", a", and b” values.

Results and Discussion
The comparison of the drying process among the control, chemical, and HHAIB showed the positive efficacy
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of HHAIB on the drying rate of grapes. Compared to fresh grapes, the increase in drying rate under the influence
of HHAIB varied from 8% for a duration of 30 s at 90°C to 68% for a duration of 150 s at 110°C. The values of
the diffusion coefficient of grapes for the HHAIB pretreatment at temperatures of 90, 100, and 110°C and
durations of 30, 60, 90, 120, and 150 s, as well as for the control and chemical pretreatments were determined.
The values of the coefficient changed from 2.28x10™° m? s for 30 s of applying pretreatment at 90°C to
3.53x10™ m? s for 150 s of applying the pretreatment at 110°C. The highest value of this coefficient (7.46x10"
%' m? sy was associated with the chemical pretreatment. The value of the diffusion coefficient increased with
increasing temperature and duration of the HHAIB pretreatment. In general, this increase in the drying rate and
the diffusion coefficient can be attributed to the effect of the HHAIB pretreatment on the texture and destruction
of the cell wall, as well as the microcracks created on the skin of the grapes. Moreover, the findings reveal that,
in comparison with the hot air temperature, the duration of the HHAIB pretreatment was more effective in
enhancing the drying rate. Additionally, based on the color analysis, a temperature of 110°C and a duration range
of 90-150 s were achieved as suitable conditions for applying pretreatment.

Conclusion

The HHAIB pretreatment, which combines the benefits of hot air blanching with jet technology, affects the
texture and skin of grapes, accelerates the drying process, and increases the quality of the produced raisins.
However, the correct application of this pretreatment depends on the proper design of the system and appropriate
conditions, including duration, temperature, and relative humidity. The results of drying Kinetics showed that the
drying rate increased with an increase in the temperature and duration of the pretreatment. The findings indicate
that the HHAIB pretreatment could improve the color indices of the raisins, resulting in an increase in the drying
rate and acceptable quality of the final product. This provides a basis for the use of HHAIB on larger and
industrial scales.

Keywords: Drying rate, Grapes, High-humidity hot air impingement blanching, Nonchemical pretreatment,
Organic product
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Fig.1. a- Schematic view of high-humidity hot air impingement blanching pretreatment system (1- Steam generator, 2-
Steam transfer pipes, 3- Side channel pump, 4- Closing valve, 5- Opening valve, 6- Air recycling channel, 7- Electric
air heater, 8- High-humid hot air transfer channel, 9- Pretreatment chamber, 10- High-humid hot air distribution
chamber and nozzles, 11- Temperature sensor, 12- Temperature and humidity sensors, and 13- Temperature controller),
and b- Fabricated system
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Fig.4. The image of the samples on the first and second days after applying high-humidity hot air impingement
blanching pretreatment

Fig.5. The image of the produced raisins related to durations of 30, 60, 90, 120, and 150 s of applying pretreatment,
respectively
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Table 2- Analysis of variance of grape drying duration affected by pretreatment temperature and duration

i &le
Sources of variation

@il ey Olarge (Kle

Degree of freedom Mean square

Lo>
Temperature (°C)
(456) Jlod sy oo

Pretreatment duration (s)

o g e X Lod

Temperature x Pretreatment duration

(19
Error

2 41.867"

4 128.633™
0.783"™

30 2.356

osine B pae ™ o>V Jlais] a3 5 gine M1
“Significant difference in 1% probability level, ™ No significant difference
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Table 3- Comparison of drying duration mean affected by pretreatment temperature

L>
Temperature (°C)

(39) OmbSais o
Drying duration (day)

90
100
110

30.60a
28.73b
27.27b

i 5SSIS y905] oluslp 2V gedaw 33 I gime U] (clyls bt pundSSl K68 gy (sl polio
Values followed by the common lower case letter do not differ statistically at 1% probability level.
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Table 4- Comparison of drying duration mean affected by pretreatment duration

(45) jlowi iy Jlos! 0
Pretreatment duration (s)

(595) obsidas ©ao
Drying duration (day)

30
60
90
120
150

33.22a
31.89a
28.67b
26.56¢
24d

s 5S31 0] ololys 7Y s )3 I ime B3] gyl aulie (pundSSl S g8 By > (gl polio
Values followed by the common lower case letter do not differ statistically at 1% probability level.
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Fig.6. Variation in moisture ratio with time for pretreatments of control, chemical, and high-humidity hot air
impingement blanching at durations of 30, 60, 90, 120, and 150 s and temperatures of a) 90°C, b) 100°C, and c) 110°C
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Fig.7. Variation in moisture ratio with time for high-humidity hot air impingement blanching pretreatment at
temperatures of 90, 100, and 110 °C and durations of a) 30 s, b) 60°s, ¢) 90 s, d) 120 s, and €) 150 s
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Fig. 8. Variation in drying rate with time for control treatment, chemical pretreatment, and high-humidity hot air
impingement blanching pretreatment at temperature of 110 °C and durations of 30, 60, 90, 120, and 150 s
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Table 5- Values of grape diffusion coefficient for control, chemical and high-humidity hot air impingement blanching
pretreatments at different durations and temperature of 110 °C

(dﬁab))bﬁi‘wJW‘u.\n aoleo Oyt g o (dybf@).o).;o X\f")a’bw‘y
Pretreatment duration (s) Equation R? Diffusion Coefficient (x10° m?s?)
A2L5 Lot LnMR=-4.41x10°5t+0.0824  0.9858 219
Control treatment

30 LnMR=-4.95x10"°t+0.0432 0.9955 2.46

60 LnMR=-5.09x10"t-0.0063 0.9985 2.53

90 LnMR=-5.67x10"t-0.0527 0.9982 2.82

120 LnMR=-6.23x10"t-0.1145 0.9899 3.10

150 LnMR=-7.11x10"t-0.1537 0.9808 3.53

coboed Sl LnMR=-15.01x10"+0.0201  0.9939 7.46

Chemical pretreatment
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Table 6- Values of grape diffusion coefficient for high-humidity hot air impingement blanching pretreatment at
different durations and temperature of 100 °C

(456) o i Jlos! o0 Wolzo oS caps (486 0 @ sie XV Bok o
Pretreatment duration (s) Equation R? Diffusion Coefficient (x10™° m?s)
30 LnMR=-4.79%x10-5t+0.0365 0.9962 2.38
60 LnMR=-4.83x10-5t+0.0042 0.9978 2.40
90 LnMR=-5.32x10-5t-0.0447 0.9974 2.64
120 LnMR=-5.79x10-5t-0.0973 0.9938 2.88
150 LnMR=-6.47x10-5t-0.1419 0.9833 3.22
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Table 7- Values of grape diffusion coefficient for high-humidity hot air impingement blanching pretreatment at
different durations and temperature of 90 °C

(450) ylowi Ly Jlos! oo aaleo re (486 2 e yie X3 7V) Beki g i
Pretreatment duration (s) Equation Diffusion Coefficient (x10° m? s™)
30 LnMR=-4.58x10-5t+0.0432  0.9953 2.28
60 LnMR=-4.71x10-5t+0.0268  0.9960 2.34
90 LnMR=-5.16x10-5t-0.0071  0.9964 2.56
120 LnMR=-5.41x10-5t-0.0655 0.9963 2.69
150 LnMR=-5.74x10-5t-0.1402  0.9884 2.85
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Table 8- Analysis of variance of color indices of raisins affected by pretreatment temperature and duration

o ple &350 as ©lrpe 5iSbe
Sources of variation Degree of freedom Mean square
9 C L* H (°) AE
o 2 817.886° 523.138° 113.375° 142.608"
Temperature (°C)
e e 4 82.529" 13591 22.189"  16.173"

Pretreatment duration (s)
o i e X Lod

_ 8 181.999°  7.248" 15949 2611
Temperature x Pretreatment duration
s 60 0.332 0.331 0.974 0.188
Error

2oy b Sl gdaw 55l sine M1
“Significant difference in 5% probability level
i S5, M 5 gub gl (ol degyS cai 4 AE gH LT C
C, L", H, and AE are chroma, lightness, hue angle, and total color difference, respectively.
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Table 9- Color parameters L*, C, H and AE of produced raisins under influence of different conditions of high-

humidity hot air impingement blanching pretreatment

L (46) o L* C H ) AE
Temperature (°C) Duration (s)
- - 48.48a" 35.02a 86.64a 0a
90 30 32.32h 17.15h 44.99¢fg 29.74i
90 60 34.20fg 16.56hi 44.28fg 29.10gh
90 90 34.25fg 16.84hi 45.93de 28.60fg
90 120 35.14ef 17.29h 43.76ghi 28.55fg
90 150 35.49de 16.85hi 43.96gh 28.47f
100 30 33.30gh 16.13i 46.01de 29.30hi
100 60 34.37fg 17.05h 42.65hi 29.26hi
100 90 35.19def 18.20g 40.78j 29.09gh
100 120 35.87de 19.27f 42.37di 28.11f
100 150 36.30d 19.87f 45.87de 26.74e
110 30 35.75de 23.24e 46.76cd 26.07d
110 60 36.08de 24.71d 48.07c 25.25¢
110 90 38.89¢ 28.14b 45.55def 24.90c
110 120 38.10c 25.31cd 46.63d 24.84c
110 150 41.47b 25.50c 51.17b 21.71b
it S35l Lwlel 2 70 pdaw )3 55 e B! (gl b ygins 5> dsliie oanndSSl SorgS By > (sl polio
Values followed by the common lower case letter in the columns do not differ statistically at 5% probability level.
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“ Values of this row are for fresh grapes
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