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Development and performance test of a prototype of a growing substrate
mixing and pot filling machine for greenhouse crops production
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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
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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 6 Characteristic of torque requirement during the mixing process
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Figure 7 Relationship between torque difference and material volume
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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 10 Mixing time required as considered from: (a) CV, and (b) Mixing index

deFeuiiisufuaniigmeinureand swanluauidoneunti Wilcox and Unruh (1986) Tsidedanadinis
vssyTanludssauanniuluagiaussougnsnananas dmiuiiesHauuuueunTUITy Irssiuresianinitluniuegig
tfon 5-8 wa.auSseulunuiidAvluassilinsiedeusvestanunanfulalii arundaseuluniufivnzaunised
5119 30-40 50U/ Fdlunsfinmildeenuuuiinnugiseu 36 seu/nil aeandesiu uazvhliiaTomalduiudes
srdanmiull Tureidiesannsonaumdldnelunafifesnisuenandudmiuedomauuuulune Msdnmsiums
uarmsUiudaesmvaslumeaziinaoganndeaussousluniasay Safesnisnmmadeudmiuniseonuuuusingd

TudunwasihianevesTanudnanBuckmaster et al. (2014) lfnadeuiaioiwanemsdnd (TMR) uwuuTa(Reel-
type) uaguuvlumie (Paddle-type) Ingldiannaaoy (Tracer) nangwiln liun windnlng 261 291 windhe wae
Fumiinstaanageuiiunnaaiu nuddmiuedomwaunuulumeflduauanidaue i Harilauag fums
nmsneanmageulidssared CV dauiaiemanuuuia wuitlumswauTagiidauenuinnin 19 . visvesianvadey

finasodn CV Inetaanaaeuiifinnnududu wu whadlne dad uaziivn onalian CV gedia 33% TunasiiTaamaaeund

q

I I

anudeanugeegraudatheasliian CV iies 18% Fvianugniia 4 wiedldlunisdnudfilutanniannudsamusoudi

guduiu waslianuadianevesTaandmanfnidun CV mgawindiu 11.06%

aussauglunsussansEans
annslaudnnvesanganaes
HANINAFBUINTINITANALIVDIANFANALUANINT Figure12 NUIBNTINNTAUFLIVOIHIUUNAULALUNAUAUIL

N o o

wUstiunseiuanasisevangegadlitedifny (P<0.05) dudnsinisaidesyeusniniuniungniduivuldudiinuny



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1327-1341 (2022)./doi:10.14456/kaj.2022.111. 1339

1Y

mnmSsevangituiy usnuduiuslifivedidny Table3 Wisuiisudnsnsdidssaiafusasnisaidommguii
arisouansgean dunsldidnnmasidenimosiani 4 via sndiamangel Tnegougnduar meaiuwnaud
Usravisnmmsandesdeuinein eralusamnanvuneymeidnaziden sudsauimenenimdug Wy anamuiuy
JUT9 Anudeavuserinseunaiie

Mnszezalumanansassnsnisdeoutaniivaaould ethumshnmsinurenaiomiinimauLaruse

N520°9UA 10 AT ANENn1sA 11 aglasnsinsyinulszuna 360 NIEaNy/au.

0.9
= 08 H @ Coir dust B Chopped coconut bract
Y
g 07 H A Rice husk ® Rice husk ash
3 ' 3 *
5 06 L ./,,/0 Rz = 0.9704
& 05
[
G 04
) L
a9 I e R? = 0.8617"
2 B2 r - . g R* = 05036
= 01 r " R? = 0.4704

0 1 1 1 1 1 1 Il
140 150 160 170 180 190 200 210 220

Rotational speed of screw conveyor (rpm)

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
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