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Development and performance test of a prototype of a growing substrate
mixing and pot filling machine for greenhouse crops production

o o

a 1* f a 4 a ‘;o‘z a o a9
IUIZ IUAFAINIVU ™, LY AUNIUILANS” Lhag 1YY hUDYA

&9

Wanrat Abdullakasim'*, Chouw Inprasit* and Wichai Moyadee®

19IR3VITAINTIUNYAT AL TFINTIUAITNT FINUTY UNTINGITENNYHTAITNT SNUNOIWNINTY F9rInunsUga 73140

!Department of Agricultural Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, Nakhon Pathom 73140
2R 3W1IAINTTUNITONMIT ANSIFINTTUAIANT MNEY U TNIFENYNTAIANT BNNBAINNUAY VInTAUATUSY 73140
2Department of Food Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, Nakhon Pathom 73140

o

unfnge: mﬁ%’eﬁﬁamqﬂivmﬁﬂaﬁwmLﬂ%qwami’a@ﬂaﬂLLaWU'iﬁami“mﬁaTw%’Um'ﬁwamﬁﬂiqﬁau \n3esnaNTioanuuUi]
mavheudusuung fusinesussyresdwan 0.5 ava. Wlunuwuulume nyuieanudaseu 36 seu/uil aunsald
futanuan 4 viiafe YouEni1 MULEN31IEU LAAUAY wazkeauLNay IAdesHaniissuvangaLdBTanUgniinanudy
ﬂuummﬁaﬂanivmﬂLLameammamawmmmmmaamﬂimau mi‘mmaaummmaqmimawwﬂimmnam 25%, 50%
uay 75% vosUsimsgean uarfiannniaseumailuniu 24, 36 uay 48 seU/uUNT wuhdmsuTanUgni 4 vdin e
maqmimawwmeumqnuﬂimmmqiummaumwmmsaﬂumwmmuauwmnu3éiau/mmaqmimawu 1.63
Aladad Inensauunauduianugniidesnisindsiugean msvedeuaussauznsHaunuiasemaniisns s lunisuay
Wiulaaluan 2 il wagay mawﬁﬁulﬁﬁﬁamma‘lunm 5 Ul lﬁﬁﬂﬁuﬂivﬁméﬂwsﬁuLL‘Usm"’wamwhﬁ’u 11.06% uagen
siiinnsuengagaviniu 0.99 P30 IFLULUUTENTINTUTTINTEANIUIN 10 GRS 360 NSzANy/a. imswaNnzay 5 Ui
Ardhdny: LaSeda; LA3esusIINsEans; Tanuan; falsaidou

ABSTRACT: The objective of this study was to develop a substrate mixing and pot filling machine for greenhouse
crops production. A batch-type mixer with a capacity of 0.5 m® has been developed. The paddle-type agitator
rotating at 36 rpm was used. Four types of growing substrates were used, including coir dust, chopped coconut
bract, rice husk, and rice husk charcoal. The mixer has a screw conveyor for elevating the mixed substrates to the
pot filling unit equipped with a belt conveyor. Experiments at substrate volumes of 25%, 50% and 75% of full
capacity, and the paddle rotating speeds of 24, 36 and 48 rpm resulted in that the power requirement linearly
correlated with the substrate volume. The optimal paddle shaft speed was 36 rpm, rendering a power requirement
of 1.63 kW, and the rice husk charcoal consumed highest power. Testing indicated that the substrates were uniformly
blended in 2 min and best mixed within 5 min with a coefficient of variation of 11.06% and a mixing index of 0.99.
The fill rate for 10-L pots was 360 pots/h at a mixing time of 5 min/batch.
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Table 1 Physical properties of the growing substrates used in the experiment

Substrate Moisture content(d.b.) Wet bulk density Dry bulk density
(%) (ke/m?) (kg/m?)
Coir dust 19.9 95.6 81.3
Chopped coconut bract 38.4 48.5 33.1
Rice husk 11.2 110.2 88.7
Rice husk charcoal 64.4 376.9 160.8
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Figure 1 A prototype of the substrate mixer and pot filler developed
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Figure 2 Relationship between rotational speed of the screw conveyor and the power frequency



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1327-1341 (2022)./doi:10.14456/kaj.2022.xx 1331

0.16
0.14

0.12 4/'/‘
6.1 /./‘7

Velocity of belt conveyor (m/s)

0.08
0.06
004 My = 0.0027x - 0.0012
002 1 Re=09989

0 I I

30 35 40 45 50 55

Power frequency (Hz)

Figure 3 Relationship between velocity of the belt conveyor and the power frequency
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Figure 5 Substrate sampling positions in the evaluation of mixing uniformity
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Figure 8 Effects of substrate type, material volume, and rotational speed of the mixing paddle on torque

requirement for: (a) coir dust, (b) chopped coconut bract, (c) rice husk, and (d) rice husk charcoal
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Figure 9 Effects of substrate type, material volume, and rotational speed of the mixing paddle on power requirement

for: (a) coir dust, (b) chopped coconut bract, (c) rice husk, and (d) rice husk charcoal

Table 2 Effects of substrate type, filling volume, and rotational speed of paddles on torque and power required

Substrate type

Torque (N.m)

Power (W)

Coir dust
Chopped coconut bract
Rice husk

Rice husk charcoal

138.51145.06 b
154.27% 63.10 c
126.90% 35.43 a
267.76% 128.20 d

515.41% 196.03 b
584.981 287.29 ¢
483.091 210.50 a
1025.30t 590.87 d

Filling volume (% Full capacity)

25 100.05% 19.85 a 387.751 166.26 a

50 160.06F 59.60 b 609.971 318.65 b

75 255.471 103.80 ¢ 958.911 479.39 ¢
Rotational speed of paddles (rpm)

24 168.17194.74 a 422.641 238.10 a

36 168.951 97.95 a 636.91F 369.26 b

48 178.47£ 93.40 b 897.061 469.43 ¢

*Values of torque and power in the table are mean T standard deviation. Means within a category followed by the same letter are not

different at 0.05 significance level according to Duncan’s multiple ranges test
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Figure 12 Actual material discharge rate of screw conveyor at different rotational speeds

Table 3 Discharge efficiency of screw conveyor

Substrate Discharge rate(kg/s)

Theoretical Actual Efficiency (%)
Coir dust 0.240 0.149 62.19
Chopped coconut bract 0.122 0.121 99.36
Rice husk 0.277 0.245 88.48
Rice husk charcoal 0.946 0.624 65.97
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Table 4 Coefficient of variation of potted substrate weight

Pot conveyor speed (m/s) Coefficient of variation (%)
Coir dust Chopped coconut bract Rice husk Rice husk charcoal
0.10 5.67 2.85 5.99 3.53
0.11 a4.67 8.40 6.89 4.86
0.12 5.12 4.22 6.69 3.27
0.13 9.32 8.40 1.96 2.70
G

aAfelldiaunduuuedomaniangnuutlumesunaug 0.5 av. Afnsihnuduuunglasanns
nanfanUgnndenussynszansdmiunisuaniialsaseu msvaaevanssaugnuitauEIseulumuiiinzauiniy 36
rpmilmudosnsidstu 1.63 Aladad Taonsduunauiduianiidesnsidigeiian sosaauno nungnindu yeuznin
LazNauRy AudIRy maveaeuansInuznsHaunuTTFnaTlunanalandnfuldRneluam 5 undt Idenduusyans
nsffunUssgainAy 11.06% Afslinsuaugeanintu 0.99 wasUSinaianiiusseadluusagnszansdinuiiiswsdne

' o a

AENUTEANSNITIULUIAINTT 10% dmsuTanynudnia3 osfiuluuaINITaYNTHANKA UTIINTENTUIN 10 Fnslalu

L]

9931 360 NFLONY/VL.

AYBUAN
NITsilasuuaivayuINANgImNTIIMmEnT Munway ingdeinuasmans wardinauiauniide

ASLNBAT (BIANITUMIVL)

LaNE1581984

WANYIA 11953, 2560. NMsAIUANANINEINASRluFElulsuTeuINIUgnMeTEUUNUMTENn. Ingndinus USyay1iainssy
anTITndin a1 3YImNTAoINaLAY S UUNTYUIUMT v inedomaluladasuns. uassiadn,

SUINUA DTYNA WAL MeEANA. 2556. maﬁuaﬂmsLﬁ:wqEmsw%ﬁ’aaﬂui’a@ﬂqfm'aﬂixﬁw%mwmﬂ%ﬁ’mmmuﬁaﬂ‘ﬁ“
namduldnonnszana. sansununens.dl@iufivay 1): 549-555.

a 1 1Y a

yaynsn lanszans, AaySeyn Insys, Junilan quduns, 1ad qunsisyy, widl Wivsas, aade dufinsna wazaswa §hsu
na. 2563. Wisulsunelduwaganlddrensugnideuuarinlalasluindlulsaseuvennuasnsludmingsugs
518, MIasununung.a8@Uuiiiay 1): 719-726.

W33UINT 830uAnd, U1 Insendn uarlldsny Viedua. 2558. lsuseudgniivaivunuuazueiines snlulifAkussuy
\A308. 1. 450-458. Tu: MavszyuirnsanAsimnsTnwaswislssnalne seunf adedl 16 3esues
Y9I AINTTUNBATUALDINTT H ipauNART §98U17-19 Turay 2558 gudinssanisuaznisuszyuluimne,
NFANNUNIUAS.

A 35AAna, Ity lenuna, SRANA LEWNNIA, 9901 guiung, aquavg asguls, KBes 00T, eywn wniled, 8nsde anes

wazaviy 511 2558. NseanLuUkAsiALIAIaRaesnludfnunsins R udmiudes. T1e9unsideatu

auysal. NIIMNINLNT.



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1327-1341 (2022)./doi:10.14456/kaj.2022.xx 1341

FHA1 WIFUNTUAS, Useda ASNIVAY, WagdSwad 013na. 2555. msUsziulsEansnmiadosduuuulunsnaunaewEsy
ToloAuriinduuouluumdnadiusd. MIaIsnunsnIzaounal. 30(3): 59-67.

Tudy Sugaminidy, 2smatl navina, SAwsd InSans, AnBen Sunaain@u, uarsssudnd newns. 2563. sEUUIANITANS
Ugnivalulsaseu. srenunisideaduanysal lassmaTenuganyudidnauiauinsidensinens (e3dns
UAYW).

AnAnd aneaung, Janss smsanamana, a0 1dgns iwndnual wag uazuiund Tumed. 2553 MafauduLUULAS oS
rauJeninuuuimyusaTingrmansnsinens. 41: 25-28.

dilnauAnEnITINMTOMISWALE 2553, Allamugustneunsindeuslaawasulelofu. uunys.

oAMR ATYR, T5Ewa UAINT LATATNGY NaNDY. 2562, NIHALILAS DINALDINTEMLIIUBURElUNIL 2 T4, 15EnS
Aenssurhfulazimalulagnisaunudnluge. 5: 38-48.

ASAE Standards. 1998. ASAE S380 DEC95: Test procedure to measure mixing ability of portable farm batch mixers.
ASABE, St. Joseph, Michigan.

Bridewater, J. 2012. Mixing of powders and granular materials by mechanical means — A perspective. Particuology.
10: 397-427.

Buckmaster, D.R., D. Wang, and H. Wang. 2014. Assessing uniformity of total mixed rations. Applied Engineering in
Agriculture. 30(5): 1-6.

FAQ. 2017. Good Agricultural Practices for greenhouse vegetable production in the South East European countries.
FAO Plant Production and Protection Paper 230. Food and Agriculture Organization of the United Nations.
Rome.

FAO. 2020. Leveraging innovation and technology for food and agriculture in Asia and the Pacific. Food and
Agriculture Organization of the United Nations, Bangkok.

Coker, R.Y., B.C. Posadas, S.A. Langlois, P.R. Knight, and C.H. Coker. 2010. Current mechanization practices among
greenhouse operations. p. 4148. In Proceedings of the 2010 ASHS Conference, 31 July — 5 August 2010,
Palm Desert, CA.

Goldammer, T. 2019. Greenhouse Management: A Guide to Operations and Technology. Apex Publishers, U.S.A.

Hongpakdee, P., and S. Ruamrungsri. 2015. Water use efficiency, nutrient leaching, and growth in potted marigolds
affected by coconut coir dust amended in substrate media. Horticulture, Environment, and Biotechnology.
56: 27-35.

Jankauskiene, J., A. Brazaityte, and P. Viskelis.2015. Effect of different growing substrates on physiological processes,
productivity and quality of tomato in soilless culture. P. 99-124. In: Md. Asaduzzaman. Soilless Culture: Use
of Substrates for the Production of Quality Horticultural Crops. IntechOpen, London.

Neuyen, V. T., and C.H. Wang. 2017. Use of organic materials as growing media for honeydew melon seedlings in
organic agriculture. Communications in Soil Science and Plant Analysis. 48: 2137-2147.

Wang, D., M.Z. Gabriel, D. Legard, and T. Sjulin. 2016. Characteristics of growing media mixes and application for
open-field production of strawberry (Fragaria ananassa). Scientia Horticulturae. 198: 294-303.

Wilcox, R.A., and D.L. Unruh. 1986. Feed mixing times and feed mixers. Cooperative Extension Service, Kansas State

University, Manhattan. 829: 1-11.



